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Happy Retirement, Jean!
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An illustrious career of achievements
◆ Beautiful results in many areas

– When flows in Queueing Networks are Poisson
– When delays are independent (non-overtaking)
– “Delay” explanation for geometric steady state under feedback
– Quick simulation for networks based on large deviations
– Very elegant use of coupling to simplify proofs

» Short probabilistic proof of our threshold result
– Multiarmed bandits: Simple interchange argument proof
– Very nice development of CSMA
– Seminal result on max weight solution for input-queued switches
– Decoupling bandwidth in the days of ATM
– Network security
– Economics of networks
– Network games
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A role model for genuine research values 
◆ High standard for theoretical results
◆ Role model for research of the highest caliber

◆ Papers and results are shorn of all adornment
◆ Explain the central idea in the simplest way
◆ No sentence is wasted – no sentence can be ignored

◆ And, in the same style, several succinct books

◆ Exemplary understatement and modesty

◆ And a serial entrepreneur (!)

◆ Has continually held aloft high standards to emulate for 
research and dissemination
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The Independent System Operator 
(ISO) Problem

◆ Many generators and loads
◆ Different dynamics, uncertainties, and 

costs/rewards
◆ Yet power generation and consumption 

should in balance at all times
◆ There is a System Operator
◆ Job of System Operator is to 

– Maintain power balance
– Maximize Social Welfare
– Budget Balance (no need for subsidy)
– Individual Rationality (agents will actively 

participate in the mechanism)
– Charge Fair Price: “Lagrange Optimality”

◆ Without knowing details of generators/loads
◆ ISO can ask them, but they can lie (Enron)
◆ How can System Operator operate?
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The mathematical problem
◆ N stochastic dynamic agents

◆ Social planner’s goal

– While maintaining

◆ Without knowing dynamics gi, utility functions Fi, or 
states xi(t)

xi(t +1) = gi(x i(t),u i(t),wi(t))   for i = 1,2,...,N

Max E Fi(x i(t),u i(t))
t=0

T−1

∑
i=1

N

∑

u i(t) = 0   for all t = 0,1,2,...,T
i=1

N

∑
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The strategic problem for the static 
deterministic case
◆ Agent    has a utility function           , but can lie and bid 

◆ If agent     is allocated      and is charged a payment     , then 
the net utility of agent    is

◆ The allocation is selected by the Social Planner to maximize
Social Welfare

◆ Payment      needs to be defined in a way that agent   
internalizes the social externality
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i
<latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit>

u⇤
i

<latexit sha1_base64="kKYPJ6BiTXRHEB+zwu362gnUDT0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBHssePFYwbSVNpbNdtMu3d2E3Y1QQn6FFw+KePXnePPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyc3M7zxRpVks7800oYHAI8kiRrCx0kM6yFj+mF3kg2rNrbtzoFXiFaQGBVqD6ld/GJNUUGkIx1r3PDcxQYaVYYTTvNJPNU0wmeAR7VkqsaA6yOYH5+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62VvJv7n9VITNYKMySQ1VJLFoijlyMRo9j0aMkWJ4VNLMFHM3orIGCtMjM2oYkPwll9eJe3LuufWvburWrNRxFGGEziFc/DgGppwCy3wgYCAZ3iFN0c5L86787FoLTnFzDH8gfP5AwLKkH8=</latexit><latexit sha1_base64="kKYPJ6BiTXRHEB+zwu362gnUDT0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBHssePFYwbSVNpbNdtMu3d2E3Y1QQn6FFw+KePXnePPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyc3M7zxRpVks7800oYHAI8kiRrCx0kM6yFj+mF3kg2rNrbtzoFXiFaQGBVqD6ld/GJNUUGkIx1r3PDcxQYaVYYTTvNJPNU0wmeAR7VkqsaA6yOYH5+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62VvJv7n9VITNYKMySQ1VJLFoijlyMRo9j0aMkWJ4VNLMFHM3orIGCtMjM2oYkPwll9eJe3LuufWvburWrNRxFGGEziFc/DgGppwCy3wgYCAZ3iFN0c5L86787FoLTnFzDH8gfP5AwLKkH8=</latexit><latexit sha1_base64="kKYPJ6BiTXRHEB+zwu362gnUDT0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBHssePFYwbSVNpbNdtMu3d2E3Y1QQn6FFw+KePXnePPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyc3M7zxRpVks7800oYHAI8kiRrCx0kM6yFj+mF3kg2rNrbtzoFXiFaQGBVqD6ld/GJNUUGkIx1r3PDcxQYaVYYTTvNJPNU0wmeAR7VkqsaA6yOYH5+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62VvJv7n9VITNYKMySQ1VJLFoijlyMRo9j0aMkWJ4VNLMFHM3orIGCtMjM2oYkPwll9eJe3LuufWvburWrNRxFGGEziFc/DgGppwCy3wgYCAZ3iFN0c5L86787FoLTnFzDH8gfP5AwLKkH8=</latexit><latexit sha1_base64="kKYPJ6BiTXRHEB+zwu362gnUDT0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBHssePFYwbSVNpbNdtMu3d2E3Y1QQn6FFw+KePXnePPfuG1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyc3M7zxRpVks7800oYHAI8kiRrCx0kM6yFj+mF3kg2rNrbtzoFXiFaQGBVqD6ld/GJNUUGkIx1r3PDcxQYaVYYTTvNJPNU0wmeAR7VkqsaA6yOYH5+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62VvJv7n9VITNYKMySQ1VJLFoijlyMRo9j0aMkWJ4VNLMFHM3orIGCtMjM2oYkPwll9eJe3LuufWvburWrNRxFGGEziFc/DgGppwCy3wgYCAZ3iFN0c5L86787FoLTnFzDH8gfP5AwLKkH8=</latexit>

Fi(u
⇤
i )� pi

<latexit sha1_base64="FeojJ8oN0cXbcrmBvmZd4a3aCa0=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEapgmRHBLguCuKxgL9COQyZN29DMhSQjlHEWvoobF4q49TXc+TZm2llo64GEj/8/h5z8XsSZVJb1bRSWlldW14rrpY3Nre0dc3evJcNYENokIQ9Fx8OSchbQpmKK004kKPY9Ttve+Crz2w9USBYGd2oSUcfHw4ANGMFKS655cO0mLK3E2X2fnKYnZ1GGrlm2qta00CLYOZQhr4ZrfvX6IYl9GijCsZRd24qUk2ChGOE0LfViSSNMxnhIuxoD7FPpJNP9U3SslT4ahEKfQKGp+nsiwb6UE9/TnT5WIznvZeJ/XjdWg5qTsCCKFQ3I7KFBzJEKURYG6jNBieITDZgIpndFZIQFJkpHVtIh2PNfXoTWedW2qvbtRbley+MowiEcQQVsuIQ63EADmkDgEZ7hFd6MJ+PFeDc+Zq0FI5/Zhz9lfP4Axi+V5g==</latexit><latexit sha1_base64="FeojJ8oN0cXbcrmBvmZd4a3aCa0=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEapgmRHBLguCuKxgL9COQyZN29DMhSQjlHEWvoobF4q49TXc+TZm2llo64GEj/8/h5z8XsSZVJb1bRSWlldW14rrpY3Nre0dc3evJcNYENokIQ9Fx8OSchbQpmKK004kKPY9Ttve+Crz2w9USBYGd2oSUcfHw4ANGMFKS655cO0mLK3E2X2fnKYnZ1GGrlm2qta00CLYOZQhr4ZrfvX6IYl9GijCsZRd24qUk2ChGOE0LfViSSNMxnhIuxoD7FPpJNP9U3SslT4ahEKfQKGp+nsiwb6UE9/TnT5WIznvZeJ/XjdWg5qTsCCKFQ3I7KFBzJEKURYG6jNBieITDZgIpndFZIQFJkpHVtIh2PNfXoTWedW2qvbtRbley+MowiEcQQVsuIQ63EADmkDgEZ7hFd6MJ+PFeDc+Zq0FI5/Zhz9lfP4Axi+V5g==</latexit><latexit sha1_base64="FeojJ8oN0cXbcrmBvmZd4a3aCa0=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEapgmRHBLguCuKxgL9COQyZN29DMhSQjlHEWvoobF4q49TXc+TZm2llo64GEj/8/h5z8XsSZVJb1bRSWlldW14rrpY3Nre0dc3evJcNYENokIQ9Fx8OSchbQpmKK004kKPY9Ttve+Crz2w9USBYGd2oSUcfHw4ANGMFKS655cO0mLK3E2X2fnKYnZ1GGrlm2qta00CLYOZQhr4ZrfvX6IYl9GijCsZRd24qUk2ChGOE0LfViSSNMxnhIuxoD7FPpJNP9U3SslT4ahEKfQKGp+nsiwb6UE9/TnT5WIznvZeJ/XjdWg5qTsCCKFQ3I7KFBzJEKURYG6jNBieITDZgIpndFZIQFJkpHVtIh2PNfXoTWedW2qvbtRbley+MowiEcQQVsuIQ63EADmkDgEZ7hFd6MJ+PFeDc+Zq0FI5/Zhz9lfP4Axi+V5g==</latexit><latexit sha1_base64="FeojJ8oN0cXbcrmBvmZd4a3aCa0=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEapgmRHBLguCuKxgL9COQyZN29DMhSQjlHEWvoobF4q49TXc+TZm2llo64GEj/8/h5z8XsSZVJb1bRSWlldW14rrpY3Nre0dc3evJcNYENokIQ9Fx8OSchbQpmKK004kKPY9Ttve+Crz2w9USBYGd2oSUcfHw4ANGMFKS655cO0mLK3E2X2fnKYnZ1GGrlm2qta00CLYOZQhr4ZrfvX6IYl9GijCsZRd24qUk2ChGOE0LfViSSNMxnhIuxoD7FPpJNP9U3SslT4ahEKfQKGp+nsiwb6UE9/TnT5WIznvZeJ/XjdWg5qTsCCKFQ3I7KFBzJEKURYG6jNBieITDZgIpndFZIQFJkpHVtIh2PNfXoTWedW2qvbtRbley+MowiEcQQVsuIQ63EADmkDgEZ7hFd6MJ+PFeDc+Zq0FI5/Zhz9lfP4Axi+V5g==</latexit>

u⇤(F̂ ) = argmax
u2U

NX

i=1

F̂i(ui)
<latexit sha1_base64="KYxvbLIbFJAjRnCOSNnOCVtP50s="></latexit><latexit sha1_base64="KYxvbLIbFJAjRnCOSNnOCVtP50s="></latexit><latexit sha1_base64="KYxvbLIbFJAjRnCOSNnOCVtP50s="></latexit><latexit sha1_base64="KYxvbLIbFJAjRnCOSNnOCVtP50s="></latexit>

pi
<latexit sha1_base64="eZHIWHt0NJ6K2gd6B3C3HO2r0Z4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZRyeZYuizRCSqF1KNgkv0DTcCe6lCGocCu+H0buF3n1BpnshHM0sxiOlY8ogzaqzkp8Ocz4fVmlt3lyCbxCtIDQq0h9WvwShhWYzSMEG17ntuaoKcKsOZwHllkGlMKZvSMfYtlTRGHeTLY+fkyiojEiXKljRkqf6eyGms9SwObWdMzUSvewvxP6+fmagZ5FymmUHJVouiTBCTkMXnZMQVMiNmllCmuL2VsAlVlBmbT8WG4K2/vEk6N3XPrXsPt7VWs4ijDBdwCdfgQQNacA9t8IEBh2d4hTdHOi/Ou/Oxai05xcw5/IHz+QMWK47S</latexit><latexit sha1_base64="eZHIWHt0NJ6K2gd6B3C3HO2r0Z4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZRyeZYuizRCSqF1KNgkv0DTcCe6lCGocCu+H0buF3n1BpnshHM0sxiOlY8ogzaqzkp8Ocz4fVmlt3lyCbxCtIDQq0h9WvwShhWYzSMEG17ntuaoKcKsOZwHllkGlMKZvSMfYtlTRGHeTLY+fkyiojEiXKljRkqf6eyGms9SwObWdMzUSvewvxP6+fmagZ5FymmUHJVouiTBCTkMXnZMQVMiNmllCmuL2VsAlVlBmbT8WG4K2/vEk6N3XPrXsPt7VWs4ijDBdwCdfgQQNacA9t8IEBh2d4hTdHOi/Ou/Oxai05xcw5/IHz+QMWK47S</latexit><latexit sha1_base64="eZHIWHt0NJ6K2gd6B3C3HO2r0Z4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZRyeZYuizRCSqF1KNgkv0DTcCe6lCGocCu+H0buF3n1BpnshHM0sxiOlY8ogzaqzkp8Ocz4fVmlt3lyCbxCtIDQq0h9WvwShhWYzSMEG17ntuaoKcKsOZwHllkGlMKZvSMfYtlTRGHeTLY+fkyiojEiXKljRkqf6eyGms9SwObWdMzUSvewvxP6+fmagZ5FymmUHJVouiTBCTkMXnZMQVMiNmllCmuL2VsAlVlBmbT8WG4K2/vEk6N3XPrXsPt7VWs4ijDBdwCdfgQQNacA9t8IEBh2d4hTdHOi/Ou/Oxai05xcw5/IHz+QMWK47S</latexit><latexit sha1_base64="eZHIWHt0NJ6K2gd6B3C3HO2r0Z4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZRyeZYuizRCSqF1KNgkv0DTcCe6lCGocCu+H0buF3n1BpnshHM0sxiOlY8ogzaqzkp8Ocz4fVmlt3lyCbxCtIDQq0h9WvwShhWYzSMEG17ntuaoKcKsOZwHllkGlMKZvSMfYtlTRGHeTLY+fkyiojEiXKljRkqf6eyGms9SwObWdMzUSvewvxP6+fmagZ5FymmUHJVouiTBCTkMXnZMQVMiNmllCmuL2VsAlVlBmbT8WG4K2/vEk6N3XPrXsPt7VWs4ijDBdwCdfgQQNacA9t8IEBh2d4hTdHOi/Ou/Oxai05xcw5/IHz+QMWK47S</latexit>

i
<latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit>
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Static VCG Mechanism
◆ Vickrey-Clarke-Groves (VCG) payments

where
◆ Ensures

– Incentive compatibility (Truth telling is dominant strategy)
– Social efficiency (Maximizes social welfare)

◆ More general Groves payments is the only such 
mechanism (Green, Laffont and Holmstrom)

pi(F̂ ) =
X

j 6=i

F̂j(u
(i))�

X

j 6=i

F̂j(u
⇤)

<latexit sha1_base64="uFyruxLwsqETEEMIyVCnN8ruAIU="></latexit><latexit sha1_base64="uFyruxLwsqETEEMIyVCnN8ruAIU="></latexit><latexit sha1_base64="uFyruxLwsqETEEMIyVCnN8ruAIU="></latexit><latexit sha1_base64="uFyruxLwsqETEEMIyVCnN8ruAIU="></latexit>

pi(F̂ ) = hi(F̂�i)�
X

j 6=i

F̂j(u
⇤)

<latexit sha1_base64="3OltUse3Bf7CrQ+Xaw0OiTrfATY="></latexit><latexit sha1_base64="3OltUse3Bf7CrQ+Xaw0OiTrfATY="></latexit><latexit sha1_base64="3OltUse3Bf7CrQ+Xaw0OiTrfATY="></latexit><latexit sha1_base64="3OltUse3Bf7CrQ+Xaw0OiTrfATY="></latexit>

u(i) = arg max
u�i2U�i

X

j 6=i

F̂j(uj)

<latexit sha1_base64="9419YqvNfwDy/a40Au9AWxAkX5k="></latexit><latexit sha1_base64="9419YqvNfwDy/a40Au9AWxAkX5k="></latexit><latexit sha1_base64="9419YqvNfwDy/a40Au9AWxAkX5k="></latexit><latexit sha1_base64="9419YqvNfwDy/a40Au9AWxAkX5k="></latexit>
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Deterministic dynamic VCG Mechanism 
vs. stochastic dynamic VCG Mechanism

◆ The standard VCG mechanism can be extended to 
deterministic dynamic systems

◆ The entire decision on the sequence of controls to be 
employed is taken at the initial time (open-loop 
solution)

◆ However, for stochastic dynamic systems, states of 
the system are private random variables

◆ The social welfare optimal allocation needs 
knowledge of the states of the private systems

◆ Hence, the Social Planner needs to additionally 
ensure that agents reveal “true” states at all times
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Difficulty in extending to stochastic 
dynamic agents
◆ Suppose      and     are known to the social planner and 

agents bid their states as            
◆ Natural extension of the static VCG mechanism is to collect 

payment         from agent    at time   as:

where          is the optimal solution to:

◆ Then truth-telling of states by all agents forms a subgame 
perfect Nash equilibrium, but is not a dominant strategy
– Bid                    need not be stochastically consistent with  

pi(t)
<latexit sha1_base64="6DtCNGuLxBHhsWbeCg4uLilWG/I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigj0WvHisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVA04T7kd0pEQoGEUrdZNBJmZVvByUK27NXYCsEy8nFcjRHJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362uHdGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeimHdz4RKUuSKLReFqSQYk/nzZCg0ZyinllCmhb2VsDHVlKGNqGRD8FZfXiftq5rn1rz760qjnsdRhDM4hyp4cAMNuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+27I+1</latexit><latexit sha1_base64="6DtCNGuLxBHhsWbeCg4uLilWG/I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigj0WvHisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVA04T7kd0pEQoGEUrdZNBJmZVvByUK27NXYCsEy8nFcjRHJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362uHdGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeimHdz4RKUuSKLReFqSQYk/nzZCg0ZyinllCmhb2VsDHVlKGNqGRD8FZfXiftq5rn1rz760qjnsdRhDM4hyp4cAMNuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+27I+1</latexit><latexit sha1_base64="6DtCNGuLxBHhsWbeCg4uLilWG/I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigj0WvHisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVA04T7kd0pEQoGEUrdZNBJmZVvByUK27NXYCsEy8nFcjRHJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362uHdGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeimHdz4RKUuSKLReFqSQYk/nzZCg0ZyinllCmhb2VsDHVlKGNqGRD8FZfXiftq5rn1rz760qjnsdRhDM4hyp4cAMNuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+27I+1</latexit><latexit sha1_base64="6DtCNGuLxBHhsWbeCg4uLilWG/I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigj0WvHisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVA04T7kd0pEQoGEUrdZNBJmZVvByUK27NXYCsEy8nFcjRHJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362uHdGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeimHdz4RKUuSKLReFqSQYk/nzZCg0ZyinllCmhb2VsDHVlKGNqGRD8FZfXiftq5rn1rz760qjnsdRhDM4hyp4cAMNuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+27I+1</latexit>

i
<latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit>

t
<latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit><latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit><latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit><latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit>

Fi
<latexit sha1_base64="06K0n9XnNPSvyJd5cG3W8Xlb6CA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCIB4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2gl/26Qi9mgWnPr7gJknXgFqUGB1qD61R8mLIu5QiapMT3PTTHIqUbBJJ9V+pnhKWUTOuI9SxWNuQnyxbEzcmGVIYkSbUshWai/J3IaGzONQ9sZUxybVW8u/uf1MowaQS5UmiFXbLkoyiTBhMw/J0OhOUM5tYQyLeythI2ppgxtPhUbgrf68jppX9U9t+49XNeajSKOMpzBOVyCBzfQhHtogQ8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/VzI6o</latexit><latexit sha1_base64="06K0n9XnNPSvyJd5cG3W8Xlb6CA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCIB4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2gl/26Qi9mgWnPr7gJknXgFqUGB1qD61R8mLIu5QiapMT3PTTHIqUbBJJ9V+pnhKWUTOuI9SxWNuQnyxbEzcmGVIYkSbUshWai/J3IaGzONQ9sZUxybVW8u/uf1MowaQS5UmiFXbLkoyiTBhMw/J0OhOUM5tYQyLeythI2ppgxtPhUbgrf68jppX9U9t+49XNeajSKOMpzBOVyCBzfQhHtogQ8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/VzI6o</latexit><latexit sha1_base64="06K0n9XnNPSvyJd5cG3W8Xlb6CA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCIB4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2gl/26Qi9mgWnPr7gJknXgFqUGB1qD61R8mLIu5QiapMT3PTTHIqUbBJJ9V+pnhKWUTOuI9SxWNuQnyxbEzcmGVIYkSbUshWai/J3IaGzONQ9sZUxybVW8u/uf1MowaQS5UmiFXbLkoyiTBhMw/J0OhOUM5tYQyLeythI2ppgxtPhUbgrf68jppX9U9t+49XNeajSKOMpzBOVyCBzfQhHtogQ8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/VzI6o</latexit><latexit sha1_base64="06K0n9XnNPSvyJd5cG3W8Xlb6CA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCIB4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2gl/26Qi9mgWnPr7gJknXgFqUGB1qD61R8mLIu5QiapMT3PTTHIqUbBJJ9V+pnhKWUTOuI9SxWNuQnyxbEzcmGVIYkSbUshWai/J3IaGzONQ9sZUxybVW8u/uf1MowaQS5UmiFXbLkoyiTBhMw/J0OhOUM5tYQyLeythI2ppgxtPhUbgrf68jppX9U9t+49XNeajSKOMpzBOVyCBzfQhHtogQ8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/VzI6o</latexit>

gi
<latexit sha1_base64="43lYheyXjqDXTIiRP2UNDYr6FfI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZRyeZYuizRCSqF1KNgkv0DTcCe6lCGocCu+H0buF3n1BpnshHM0sxiOlY8ogzaqzkj4c5nw+rNbfuLkE2iVeQGhRoD6tfg1HCshilYYJq3ffc1AQ5VYYzgfPKINOYUjalY+xbKmmMOsiXx87JlVVGJEqULWnIUv09kdNY61kc2s6Ymole9xbif14/M1EzyLlMM4OSrRZFmSAmIYvPyYgrZEbMLKFMcXsrYROqKDM2n4oNwVt/eZN0buqeW/cebmutZhFHGS7gEq7Bgwa04B7a4AMDDs/wCm+OdF6cd+dj1Vpyiplz+APn8wcIY47J</latexit><latexit sha1_base64="43lYheyXjqDXTIiRP2UNDYr6FfI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZRyeZYuizRCSqF1KNgkv0DTcCe6lCGocCu+H0buF3n1BpnshHM0sxiOlY8ogzaqzkj4c5nw+rNbfuLkE2iVeQGhRoD6tfg1HCshilYYJq3ffc1AQ5VYYzgfPKINOYUjalY+xbKmmMOsiXx87JlVVGJEqULWnIUv09kdNY61kc2s6Ymole9xbif14/M1EzyLlMM4OSrRZFmSAmIYvPyYgrZEbMLKFMcXsrYROqKDM2n4oNwVt/eZN0buqeW/cebmutZhFHGS7gEq7Bgwa04B7a4AMDDs/wCm+OdF6cd+dj1Vpyiplz+APn8wcIY47J</latexit><latexit sha1_base64="43lYheyXjqDXTIiRP2UNDYr6FfI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZRyeZYuizRCSqF1KNgkv0DTcCe6lCGocCu+H0buF3n1BpnshHM0sxiOlY8ogzaqzkj4c5nw+rNbfuLkE2iVeQGhRoD6tfg1HCshilYYJq3ffc1AQ5VYYzgfPKINOYUjalY+xbKmmMOsiXx87JlVVGJEqULWnIUv09kdNY61kc2s6Ymole9xbif14/M1EzyLlMM4OSrRZFmSAmIYvPyYgrZEbMLKFMcXsrYROqKDM2n4oNwVt/eZN0buqeW/cebmutZhFHGS7gEq7Bgwa04B7a4AMDDs/wCm+OdF6cd+dj1Vpyiplz+APn8wcIY47J</latexit><latexit sha1_base64="43lYheyXjqDXTIiRP2UNDYr6FfI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZS2tnd298r7lYPDo+OT6ulZRyeZYuizRCSqF1KNgkv0DTcCe6lCGocCu+H0buF3n1BpnshHM0sxiOlY8ogzaqzkj4c5nw+rNbfuLkE2iVeQGhRoD6tfg1HCshilYYJq3ffc1AQ5VYYzgfPKINOYUjalY+xbKmmMOsiXx87JlVVGJEqULWnIUv09kdNY61kc2s6Ymole9xbif14/M1EzyLlMM4OSrRZFmSAmIYvPyYgrZEbMLKFMcXsrYROqKDM2n4oNwVt/eZN0buqeW/cebmutZhFHGS7gEq7Bgwa04B7a4AMDDs/wCm+OdF6cd+dj1Vpyiplz+APn8wcIY47J</latexit>

pi(t) = hi(X̂�i(t))� E
X
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<latexit sha1_base64="pQNGtt7AIGwbZI3Fa5V0Rzw86Ts="></latexit><latexit sha1_base64="pQNGtt7AIGwbZI3Fa5V0Rzw86Ts="></latexit><latexit sha1_base64="pQNGtt7AIGwbZI3Fa5V0Rzw86Ts="></latexit><latexit sha1_base64="pQNGtt7AIGwbZI3Fa5V0Rzw86Ts="></latexit>

u⇤(t)
<latexit sha1_base64="BnKHhZe/PUNnZIeGaoEMs3lWw+o=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQPYRdEcwx4MVjBPOAZA2zk0kyZHZ2nekVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+Gbmt564NiJS9ziJuR/SoRIDwShaqZ08pBfTMp73iiW34s5BVomXkRJkqPeKX91+xJKQK2SSGtPx3Bj9lGoUTPJpoZsYHlM2pkPesVTRkBs/nd87JWdW6ZNBpG0pJHP190RKQ2MmYWA7Q4ojs+zNxP+8ToKDqp8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqKCDcFbfnmVNC8rnlvx7q5KtWoWRx5O4BTK4ME11OAW6tAABhKe4RXenEfnxXl3PhatOSebOYY/cD5/AFyhj3o=</latexit><latexit sha1_base64="BnKHhZe/PUNnZIeGaoEMs3lWw+o=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQPYRdEcwx4MVjBPOAZA2zk0kyZHZ2nekVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+Gbmt564NiJS9ziJuR/SoRIDwShaqZ08pBfTMp73iiW34s5BVomXkRJkqPeKX91+xJKQK2SSGtPx3Bj9lGoUTPJpoZsYHlM2pkPesVTRkBs/nd87JWdW6ZNBpG0pJHP190RKQ2MmYWA7Q4ojs+zNxP+8ToKDqp8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqKCDcFbfnmVNC8rnlvx7q5KtWoWRx5O4BTK4ME11OAW6tAABhKe4RXenEfnxXl3PhatOSebOYY/cD5/AFyhj3o=</latexit><latexit sha1_base64="BnKHhZe/PUNnZIeGaoEMs3lWw+o=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQPYRdEcwx4MVjBPOAZA2zk0kyZHZ2nekVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+Gbmt564NiJS9ziJuR/SoRIDwShaqZ08pBfTMp73iiW34s5BVomXkRJkqPeKX91+xJKQK2SSGtPx3Bj9lGoUTPJpoZsYHlM2pkPesVTRkBs/nd87JWdW6ZNBpG0pJHP190RKQ2MmYWA7Q4ojs+zNxP+8ToKDqp8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqKCDcFbfnmVNC8rnlvx7q5KtWoWRx5O4BTK4ME11OAW6tAABhKe4RXenEfnxXl3PhatOSebOYY/cD5/AFyhj3o=</latexit><latexit sha1_base64="BnKHhZe/PUNnZIeGaoEMs3lWw+o=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQPYRdEcwx4MVjBPOAZA2zk0kyZHZ2nekVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+Gbmt564NiJS9ziJuR/SoRIDwShaqZ08pBfTMp73iiW34s5BVomXkRJkqPeKX91+xJKQK2SSGtPx3Bj9lGoUTPJpoZsYHlM2pkPesVTRkBs/nd87JWdW6ZNBpG0pJHP190RKQ2MmYWA7Q4ojs+zNxP+8ToKDqp8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqKCDcFbfnmVNC8rnlvx7q5KtWoWRx5O4BTK4ME11OAW6tAABhKe4RXenEfnxXl3PhatOSebOYY/cD5/AFyhj3o=</latexit>

max
u(t)2U

E
NX

i=1

T�1X

⌧=t

h
Fi(xi(t), ui(t)) | X(t) = X̂(t)

i

<latexit sha1_base64="uAYoxIZ1ePgDuRreu61pzHbRnLg="></latexit><latexit sha1_base64="uAYoxIZ1ePgDuRreu61pzHbRnLg="></latexit><latexit sha1_base64="uAYoxIZ1ePgDuRreu61pzHbRnLg="></latexit><latexit sha1_base64="uAYoxIZ1ePgDuRreu61pzHbRnLg="></latexit>

x̂i(t)
<latexit sha1_base64="kpCi2h5C4MMHMGRNCFnoG5qe/hw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BItQLyURwR4LXjxWsB/QxrLZbtqlm03Ynagl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tgpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5ZCzkK1o0VI6EvWMefXM/8zgNTmkfyDqcx80IykjzglKCR7vtjgulTNkh5VsXzQbni1Jw57FXi5qQCOZqD8ld/GNEkZBKpIFr3XCdGLyUKORUsK/UTzWJCJ2TEeoZKEjLtpfOrM/vMKEM7iJQpifZc/T2RklDraeibzpDgWC97M/E/r5dgUPdSLuMEmaSLRUEibIzsWQT2kCtGUUwNIVRxc6tNx0QRiiaokgnBXX55lbQvaq5Tc28vK416HkcRTuAUquDCFTTgBprQAgoKnuEV3qxH68V6tz4WrQUrnzmGP7A+fwCfkpKK</latexit><latexit sha1_base64="kpCi2h5C4MMHMGRNCFnoG5qe/hw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BItQLyURwR4LXjxWsB/QxrLZbtqlm03Ynagl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tgpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5ZCzkK1o0VI6EvWMefXM/8zgNTmkfyDqcx80IykjzglKCR7vtjgulTNkh5VsXzQbni1Jw57FXi5qQCOZqD8ld/GNEkZBKpIFr3XCdGLyUKORUsK/UTzWJCJ2TEeoZKEjLtpfOrM/vMKEM7iJQpifZc/T2RklDraeibzpDgWC97M/E/r5dgUPdSLuMEmaSLRUEibIzsWQT2kCtGUUwNIVRxc6tNx0QRiiaokgnBXX55lbQvaq5Tc28vK416HkcRTuAUquDCFTTgBprQAgoKnuEV3qxH68V6tz4WrQUrnzmGP7A+fwCfkpKK</latexit><latexit sha1_base64="kpCi2h5C4MMHMGRNCFnoG5qe/hw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BItQLyURwR4LXjxWsB/QxrLZbtqlm03Ynagl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tgpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5ZCzkK1o0VI6EvWMefXM/8zgNTmkfyDqcx80IykjzglKCR7vtjgulTNkh5VsXzQbni1Jw57FXi5qQCOZqD8ld/GNEkZBKpIFr3XCdGLyUKORUsK/UTzWJCJ2TEeoZKEjLtpfOrM/vMKEM7iJQpifZc/T2RklDraeibzpDgWC97M/E/r5dgUPdSLuMEmaSLRUEibIzsWQT2kCtGUUwNIVRxc6tNx0QRiiaokgnBXX55lbQvaq5Tc28vK416HkcRTuAUquDCFTTgBprQAgoKnuEV3qxH68V6tz4WrQUrnzmGP7A+fwCfkpKK</latexit><latexit sha1_base64="kpCi2h5C4MMHMGRNCFnoG5qe/hw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BItQLyURwR4LXjxWsB/QxrLZbtqlm03Ynagl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tgpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5ZCzkK1o0VI6EvWMefXM/8zgNTmkfyDqcx80IykjzglKCR7vtjgulTNkh5VsXzQbni1Jw57FXi5qQCOZqD8ld/GNEkZBKpIFr3XCdGLyUKORUsK/UTzWJCJ2TEeoZKEjLtpfOrM/vMKEM7iJQpifZc/T2RklDraeibzpDgWC97M/E/r5dgUPdSLuMEmaSLRUEibIzsWQT2kCtGUUwNIVRxc6tNx0QRiiaokgnBXX55lbQvaq5Tc28vK416HkcRTuAUquDCFTTgBprQAgoKnuEV3qxH68V6tz4WrQUrnzmGP7A+fwCfkpKK</latexit>

x̂j(t+ 1)
<latexit sha1_base64="BJSC4YKUVWuVnN83HdxeW9scIaA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJUhJKIYI8FLx4r2A9oQ9hsN+3azSbsTool5J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YND++i4reNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY3878zoQpzWP5ANOEeREZSh5ySsBIvm33RwSyp9zPHvMqXLoXvl1xas4ceJW4BamgAk3f/uoPYppGTAIVROue6yTgZUQBp4Ll5X6qWULomAxZz1BJIqa9bH55js+NMsBhrExJwHP190RGIq2nUWA6IwIjvezNxP+8Xgph3cu4TFJgki4WhanAEONZDHjAFaMgpoYQqri5FdMRUYSCCatsQnCXX14l7aua69Tc++tKo17EUUKn6AxVkYtuUAPdoSZqIYom6Bm9ojcrs16sd+tj0bpmFTMn6A+szx/5vpMs</latexit><latexit sha1_base64="BJSC4YKUVWuVnN83HdxeW9scIaA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJUhJKIYI8FLx4r2A9oQ9hsN+3azSbsTool5J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YND++i4reNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY3878zoQpzWP5ANOEeREZSh5ySsBIvm33RwSyp9zPHvMqXLoXvl1xas4ceJW4BamgAk3f/uoPYppGTAIVROue6yTgZUQBp4Ll5X6qWULomAxZz1BJIqa9bH55js+NMsBhrExJwHP190RGIq2nUWA6IwIjvezNxP+8Xgph3cu4TFJgki4WhanAEONZDHjAFaMgpoYQqri5FdMRUYSCCatsQnCXX14l7aua69Tc++tKo17EUUKn6AxVkYtuUAPdoSZqIYom6Bm9ojcrs16sd+tj0bpmFTMn6A+szx/5vpMs</latexit><latexit sha1_base64="BJSC4YKUVWuVnN83HdxeW9scIaA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJUhJKIYI8FLx4r2A9oQ9hsN+3azSbsTool5J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YND++i4reNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY3878zoQpzWP5ANOEeREZSh5ySsBIvm33RwSyp9zPHvMqXLoXvl1xas4ceJW4BamgAk3f/uoPYppGTAIVROue6yTgZUQBp4Ll5X6qWULomAxZz1BJIqa9bH55js+NMsBhrExJwHP190RGIq2nUWA6IwIjvezNxP+8Xgph3cu4TFJgki4WhanAEONZDHjAFaMgpoYQqri5FdMRUYSCCatsQnCXX14l7aua69Tc++tKo17EUUKn6AxVkYtuUAPdoSZqIYom6Bm9ojcrs16sd+tj0bpmFTMn6A+szx/5vpMs</latexit><latexit sha1_base64="BJSC4YKUVWuVnN83HdxeW9scIaA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJUhJKIYI8FLx4r2A9oQ9hsN+3azSbsTool5J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YND++i4reNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY3878zoQpzWP5ANOEeREZSh5ySsBIvm33RwSyp9zPHvMqXLoXvl1xas4ceJW4BamgAk3f/uoPYppGTAIVROue6yTgZUQBp4Ll5X6qWULomAxZz1BJIqa9bH55js+NMsBhrExJwHP190RGIq2nUWA6IwIjvezNxP+8Xgph3cu4TFJgki4WhanAEONZDHjAFaMgpoYQqri5FdMRUYSCCatsQnCXX14l7aua69Tc++tKo17EUUKn6AxVkYtuUAPdoSZqIYom6Bm9ojcrs16sd+tj0bpmFTMn6A+szx/5vpMs</latexit>

x̂j(t)
<latexit sha1_base64="wqLqO9Z2jXeN0GC+w9DfZS0KVdE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi2GPBi8cK9gPaWDbbTbt2swm7E7WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHV1O//cCU5pG8xUnMvJAMJQ84JWiku96IYPqU9dP7rIJn/VLZqToz2MvEzUkZcjT6pa/eIKJJyCRSQbTuuk6MXkoUcipYVuwlmsWEjsmQdQ2VJGTaS2dXZ/apUQZ2EClTEu2Z+nsiJaHWk9A3nSHBkV70puJ/XjfBoOalXMYJMknni4JE2BjZ0wjsAVeMopgYQqji5labjogiFE1QRROCu/jyMmmdV12n6t5clOu1PI4CHMMJVMCFS6jDNTSgCRQUPMMrvFmP1ov1bn3MW1esfOYI/sD6/AGhGpKL</latexit><latexit sha1_base64="wqLqO9Z2jXeN0GC+w9DfZS0KVdE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi2GPBi8cK9gPaWDbbTbt2swm7E7WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHV1O//cCU5pG8xUnMvJAMJQ84JWiku96IYPqU9dP7rIJn/VLZqToz2MvEzUkZcjT6pa/eIKJJyCRSQbTuuk6MXkoUcipYVuwlmsWEjsmQdQ2VJGTaS2dXZ/apUQZ2EClTEu2Z+nsiJaHWk9A3nSHBkV70puJ/XjfBoOalXMYJMknni4JE2BjZ0wjsAVeMopgYQqji5labjogiFE1QRROCu/jyMmmdV12n6t5clOu1PI4CHMMJVMCFS6jDNTSgCRQUPMMrvFmP1ov1bn3MW1esfOYI/sD6/AGhGpKL</latexit><latexit sha1_base64="wqLqO9Z2jXeN0GC+w9DfZS0KVdE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi2GPBi8cK9gPaWDbbTbt2swm7E7WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHV1O//cCU5pG8xUnMvJAMJQ84JWiku96IYPqU9dP7rIJn/VLZqToz2MvEzUkZcjT6pa/eIKJJyCRSQbTuuk6MXkoUcipYVuwlmsWEjsmQdQ2VJGTaS2dXZ/apUQZ2EClTEu2Z+nsiJaHWk9A3nSHBkV70puJ/XjfBoOalXMYJMknni4JE2BjZ0wjsAVeMopgYQqji5labjogiFE1QRROCu/jyMmmdV12n6t5clOu1PI4CHMMJVMCFS6jDNTSgCRQUPMMrvFmP1ov1bn3MW1esfOYI/sD6/AGhGpKL</latexit><latexit sha1_base64="wqLqO9Z2jXeN0GC+w9DfZS0KVdE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi2GPBi8cK9gPaWDbbTbt2swm7E7WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjwXX6Djf1srq2vrGZmGruL2zu7dfOjhs6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHV1O//cCU5pG8xUnMvJAMJQ84JWiku96IYPqU9dP7rIJn/VLZqToz2MvEzUkZcjT6pa/eIKJJyCRSQbTuuk6MXkoUcipYVuwlmsWEjsmQdQ2VJGTaS2dXZ/apUQZ2EClTEu2Z+nsiJaHWk9A3nSHBkV70puJ/XjfBoOalXMYJMknni4JE2BjZ0wjsAVeMopgYQqji5labjogiFE1QRROCu/jyMmmdV12n6t5clOu1PI4CHMMJVMCFS6jDNTSgCRQUPMMrvFmP1ov1bn3MW1esfOYI/sD6/AGhGpKL</latexit>
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Yet another problem: Budget Balance and 
Individual Rationality

◆ Budget Balance if

◆ Individual Rationality if

◆ No mechanism can satisfy all the four properties (IC, EF, BB, 
IR) at the same time (Green and Laffont)

◆ Also, we want Fair Price: Price charged should be Lagrange 
Multiplier (in absence of strategic considerations)

◆ So what can Social Planner do?

P
i pi � 0

<latexit sha1_base64="NEGWFrh9uJ25PjAbEsIUdBKrSXg=">AAAB+3icbVDLSsNAFL2pr1pfsS5FGCyCq5K4scuCC11WsA9oQ5hMJ+3QySTMTMQS8isiuFDErZ/gD7jzb5y0XWjrgXs5nHMvc+cECWdKO863VVpb39jcKm9Xdnb39g/sw2pHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8HkqvC791QqFos7PU2oF+GRYCEjWBvJt6sDlUZ+xvKkaIMRRY5v15y6MwNaJe6C1Jon159PANDy7a/BMCZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG+owBFVXja7PUdnRhmiMJamhEYz9fdGhiOlplFgJiOsx2rZK8T/vH6qw4aXMZGkmgoyfyhMOdIxKoJAQyYp0XxqCCaSmVsRGWOJiTZxVUwI7vKXV0nnou46dffWrTUbMEcZjuEUzsGFS2jCDbSgDQQe4BFe4NXKrWfrzXqfj5asxc4R/IH18QPbF5Z0</latexit><latexit sha1_base64="N5NEk8nrDoDYuSKpQrQVt3Uepmc=">AAAB+3icbVDLSgMxFM3UV62vsS6LECyCqzLjxi4LLtplBdsKnWHIpJk2NMkMSUYsw/yKGxeKdOsn+APu/BszbRfaeuBeDufcS25OmDCqtON8W6Wt7Z3dvfJ+5eDw6PjEPq32VZxKTHo4ZrF8CJEijArS01Qz8pBIgnjIyCCc3hb+4JFIRWNxr2cJ8TkaCxpRjLSRArvqqZQHGc2TonljAp3ArjsNZwG4SdwVqbfO25/zdq3TDewvbxTjlBOhMUNKDV0n0X6GpKaYkbzipYokCE/RmAwNFYgT5WeL23N4aZQRjGJpSmi4UH9vZIgrNeOhmeRIT9S6V4j/ecNUR00/oyJJNRF4+VCUMqhjWAQBR1QSrNnMEIQlNbdCPEESYW3iqpgQ3PUvb5L+dcN1Gu6dW281wRJlUAMX4Aq44Aa0QAd0QQ9g8ASewSt4s3LrxXq35svRkrXaOQN/YH38AM5hlyo=</latexit><latexit sha1_base64="N5NEk8nrDoDYuSKpQrQVt3Uepmc=">AAAB+3icbVDLSgMxFM3UV62vsS6LECyCqzLjxi4LLtplBdsKnWHIpJk2NMkMSUYsw/yKGxeKdOsn+APu/BszbRfaeuBeDufcS25OmDCqtON8W6Wt7Z3dvfJ+5eDw6PjEPq32VZxKTHo4ZrF8CJEijArS01Qz8pBIgnjIyCCc3hb+4JFIRWNxr2cJ8TkaCxpRjLSRArvqqZQHGc2TonljAp3ArjsNZwG4SdwVqbfO25/zdq3TDewvbxTjlBOhMUNKDV0n0X6GpKaYkbzipYokCE/RmAwNFYgT5WeL23N4aZQRjGJpSmi4UH9vZIgrNeOhmeRIT9S6V4j/ecNUR00/oyJJNRF4+VCUMqhjWAQBR1QSrNnMEIQlNbdCPEESYW3iqpgQ3PUvb5L+dcN1Gu6dW281wRJlUAMX4Aq44Aa0QAd0QQ9g8ASewSt4s3LrxXq35svRkrXaOQN/YH38AM5hlyo=</latexit><latexit sha1_base64="WfHOm2MNi8Rp30xFBh8RWA4Lzws=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUsdKzEwlgk+pCaKHLcm9aqnUS2g6ii/AoLAwix8iNs/A1OmwFajnSvjs65V74+YcqZ0o7zbdW2tnd29+r7jYPDo+MT+7Q5UEkmKfRpwhM5CokCzmLoa6Y5jFIJRIQchuH8tvSHjyAVS+IHvUjBF2Qas4hRoo0U2E1PZSLIWZGWzZsCdgK75bSdJfAmcSvSQhV6gf3lTRKaCYg15USpseuk2s+J1IxyKBpepiAldE6mMDY0JgKUny9vL/ClUSY4SqSpWOOl+nsjJ0KphQjNpCB6pta9UvzPG2c66vg5i9NMQ0xXD0UZxzrBZRB4wiRQzReGECqZuRXTGZGEahNXw4Tgrn95kwyu267Tdu/dVrdTxVFH5+gCXSEX3aAuukM91EcUPaFn9IrerMJ6sd6tj9Vozap2ztAfWJ8/HDeUaw==</latexit>

Fi(ui
*)− pi ≥ 0
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Is there any hope?
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LQG Agents

xi(t +1) = Aix i(t)+ Biu i(t)+ wi(t)
wi(t) ∼ N (0,Σ i ),  i.i.d., x i(t) ∼ N (0,Pi )

Max xi
T (t)

t=0

T−1

∑ Qix i(t)+ ui
T (t)

t=0

T−1

∑ Riu i(t)

◆ The workhorse of system modeling

◆ Denote system comprised of all agents by 
and                           X = (x1,x2 ,...,xN ) U = (u1,u2 ,...,uN )
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Idea of Incentive Compatible and 
Social Welfare LQG

◆ At each time s, random disturbance wi(s) occurs at each agent

◆ ISO charges VCG payment taking into account the effect of all 
the disturbances at time s on future states, and balancing power 
at all times in the future

◆ Due to superposition of linear systems, future states can be 
written as the sum of the effects of all past disturbances

◆ The quadratic nature of cost renders the additional interaction 
between past and present as a product

◆ These can be shown in expectation to be zero

◆ This yields ex ante results
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◆ Will ask agents to bid their state noise 
◆ Let                                 and propagate state forward

◆ Trajectory resulting from the disturbance                at time s
◆ Use superposition to decompose state of system as:

◆ Suppose that            is the adjustment made at time s to 
allocation at time t Social Planner due to disturbance at 
time s

◆ Commensurately decompose 

Layered VCG Mechanism

X(t) :=
tX

s=0

X(s, t), 0  t  T � 1
<latexit sha1_base64="eDm8vRZv5bFdmtMxJb/VMlr0lAA=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0UsuMFBShUHDjskJf0BmHTJrW0MyD5I5Qhv6DG3/FjQtF3Lpx59+YabvQ1gP3cjjnXpJ7vEhwBab5bWRWVtfWN7Kbua3tnd29/P5BW4WxpKxFQxHKrkcUEzxgLeAgWDeSjPieYB1vdJ36nQcmFQ+DJowj5vhkGPABpwS05OZPu0UoXdVsFftuomrm5C6BSbeoylAq29i0BcOQtuaZ5eYLZsWcAi8Ta04KaI6Gm/+y+yGNfRYAFUSpnmVG4CREAqeCTXJ2rFhE6IgMWU/TgPhMOcn0pgk+0UofD0KpKwA8VX9vJMRXaux7etIncK8WvVT8z+vFMLh0Eh5EMbCAzh4axAJDiNOAcJ9LRkGMNSFUcv1XTO+JJBR0jDkdgrV48jJpn1css2LdVgv16jyOLDpCx6iILHSB6ugGNVALUfSIntErejOejBfj3fiYjWaM+c4h+gPj8wdWn5vb</latexit><latexit sha1_base64="eDm8vRZv5bFdmtMxJb/VMlr0lAA=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0UsuMFBShUHDjskJf0BmHTJrW0MyD5I5Qhv6DG3/FjQtF3Lpx59+YabvQ1gP3cjjnXpJ7vEhwBab5bWRWVtfWN7Kbua3tnd29/P5BW4WxpKxFQxHKrkcUEzxgLeAgWDeSjPieYB1vdJ36nQcmFQ+DJowj5vhkGPABpwS05OZPu0UoXdVsFftuomrm5C6BSbeoylAq29i0BcOQtuaZ5eYLZsWcAi8Ta04KaI6Gm/+y+yGNfRYAFUSpnmVG4CREAqeCTXJ2rFhE6IgMWU/TgPhMOcn0pgk+0UofD0KpKwA8VX9vJMRXaux7etIncK8WvVT8z+vFMLh0Eh5EMbCAzh4axAJDiNOAcJ9LRkGMNSFUcv1XTO+JJBR0jDkdgrV48jJpn1css2LdVgv16jyOLDpCx6iILHSB6ugGNVALUfSIntErejOejBfj3fiYjWaM+c4h+gPj8wdWn5vb</latexit><latexit sha1_base64="eDm8vRZv5bFdmtMxJb/VMlr0lAA=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0UsuMFBShUHDjskJf0BmHTJrW0MyD5I5Qhv6DG3/FjQtF3Lpx59+YabvQ1gP3cjjnXpJ7vEhwBab5bWRWVtfWN7Kbua3tnd29/P5BW4WxpKxFQxHKrkcUEzxgLeAgWDeSjPieYB1vdJ36nQcmFQ+DJowj5vhkGPABpwS05OZPu0UoXdVsFftuomrm5C6BSbeoylAq29i0BcOQtuaZ5eYLZsWcAi8Ta04KaI6Gm/+y+yGNfRYAFUSpnmVG4CREAqeCTXJ2rFhE6IgMWU/TgPhMOcn0pgk+0UofD0KpKwA8VX9vJMRXaux7etIncK8WvVT8z+vFMLh0Eh5EMbCAzh4axAJDiNOAcJ9LRkGMNSFUcv1XTO+JJBR0jDkdgrV48jJpn1css2LdVgv16jyOLDpCx6iILHSB6ugGNVALUfSIntErejOejBfj3fiYjWaM+c4h+gPj8wdWn5vb</latexit><latexit sha1_base64="eDm8vRZv5bFdmtMxJb/VMlr0lAA=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0UsuMFBShUHDjskJf0BmHTJrW0MyD5I5Qhv6DG3/FjQtF3Lpx59+YabvQ1gP3cjjnXpJ7vEhwBab5bWRWVtfWN7Kbua3tnd29/P5BW4WxpKxFQxHKrkcUEzxgLeAgWDeSjPieYB1vdJ36nQcmFQ+DJowj5vhkGPABpwS05OZPu0UoXdVsFftuomrm5C6BSbeoylAq29i0BcOQtuaZ5eYLZsWcAi8Ta04KaI6Gm/+y+yGNfRYAFUSpnmVG4CREAqeCTXJ2rFhE6IgMWU/TgPhMOcn0pgk+0UofD0KpKwA8VX9vJMRXaux7etIncK8WvVT8z+vFMLh0Eh5EMbCAzh4axAJDiNOAcJ9LRkGMNSFUcv1XTO+JJBR0jDkdgrV48jJpn1css2LdVgv16jyOLDpCx6iILHSB6ugGNVALUfSIntErejOejBfj3fiYjWaM+c4h+gPj8wdWn5vb</latexit>

X(s, s) := W (s� 1)
<latexit sha1_base64="+uQ4pY11d/NU7Bz5zpcD3kCpwJQ=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBahBS2JFBRBKHjxWMF+QBvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHN1G89UqlYJO71OKZeiAeCBYxgbaSHdkmdqvLVdaukztxyzy46FWcGtEzcjBQhQ71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXQTRWNMRnhAO4YKHFLlpbOrJ+jEKH0URNKU0Gim/p5IcajUOPRNZ4j1UC16U/E/r5Po4NJLmYgTTQWZLwoSjnSEphGgPpOUaD42BBPJzK2IDLHERJugCiYEd/HlZdI8r7hOxb2rFmvVLI48HMExlMCFC6jBLdShAQQkPMMrvFlP1ov1bn3MW3NWNnMIf2B9/gC1d5Cj</latexit><latexit sha1_base64="+uQ4pY11d/NU7Bz5zpcD3kCpwJQ=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBahBS2JFBRBKHjxWMF+QBvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHN1G89UqlYJO71OKZeiAeCBYxgbaSHdkmdqvLVdaukztxyzy46FWcGtEzcjBQhQ71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXQTRWNMRnhAO4YKHFLlpbOrJ+jEKH0URNKU0Gim/p5IcajUOPRNZ4j1UC16U/E/r5Po4NJLmYgTTQWZLwoSjnSEphGgPpOUaD42BBPJzK2IDLHERJugCiYEd/HlZdI8r7hOxb2rFmvVLI48HMExlMCFC6jBLdShAQQkPMMrvFlP1ov1bn3MW3NWNnMIf2B9/gC1d5Cj</latexit><latexit sha1_base64="+uQ4pY11d/NU7Bz5zpcD3kCpwJQ=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBahBS2JFBRBKHjxWMF+QBvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHN1G89UqlYJO71OKZeiAeCBYxgbaSHdkmdqvLVdaukztxyzy46FWcGtEzcjBQhQ71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXQTRWNMRnhAO4YKHFLlpbOrJ+jEKH0URNKU0Gim/p5IcajUOPRNZ4j1UC16U/E/r5Po4NJLmYgTTQWZLwoSjnSEphGgPpOUaD42BBPJzK2IDLHERJugCiYEd/HlZdI8r7hOxb2rFmvVLI48HMExlMCFC6jBLdShAQQkPMMrvFlP1ov1bn3MW3NWNnMIf2B9/gC1d5Cj</latexit><latexit sha1_base64="+uQ4pY11d/NU7Bz5zpcD3kCpwJQ=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBahBS2JFBRBKHjxWMF+QBvLZrtpl242YXejlND/4cWDIl79L978N27bHLT1wcDjvRlm5vkxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHN1G89UqlYJO71OKZeiAeCBYxgbaSHdkmdqvLVdaukztxyzy46FWcGtEzcjBQhQ71nf3X7EUlCKjThWKmO68TaS7HUjHA6KXQTRWNMRnhAO4YKHFLlpbOrJ+jEKH0URNKU0Gim/p5IcajUOPRNZ4j1UC16U/E/r5Po4NJLmYgTTQWZLwoSjnSEphGgPpOUaD42BBPJzK2IDLHERJugCiYEd/HlZdI8r7hOxb2rFmvVLI48HMExlMCFC6jBLdShAQQkPMMrvFlP1ov1bn3MW3NWNnMIf2B9/gC1d5Cj</latexit>

X(s, t) := AX(s, t� 1) +BU(s, t� 1), 0  s  t� 1
<latexit sha1_base64="vSpfD01iFSxrSiXQcTH8HxXAeeM=">AAACInicbZDLSgMxFIYz9VbrrerSTbAIirXMSMELCFU3LivYC7SlZNLTGsxcTM6IZeizuPFV3LhQ1JXgw5i2s9DqgZCP/z+H5PxuKIVG2/60UlPTM7Nz6fnMwuLS8kp2da2qg0hxqPBABqruMg1S+FBBgRLqoQLmuRJq7s350K/dgdIi8K+wH0LLYz1fdAVnaKR29qi+rfO4Q49P6OkI95yd3bNKQnnaRLjHmA6oTZsSbqkeX8ZsZ3N2wR4V/QtOAjmSVLmdfW92Ah554COXTOuGY4fYiplCwSUMMs1IQ8j4DetBw6DPPNCteLTigG4ZpUO7gTLHRzpSf07EzNO677mm02N4rSe9ofif14iwe9iKhR9GCD4fP9SNJMWADvOiHaGAo+wbYFwJ81fKr5liHE2qGROCM7nyX6juFxy74FwWc6ViEkeabJBNsk0cckBK5IKUSYVw8kCeyAt5tR6tZ+vN+hi3pqxkZp38KuvrG/P0nv8=</latexit><latexit sha1_base64="vSpfD01iFSxrSiXQcTH8HxXAeeM=">AAACInicbZDLSgMxFIYz9VbrrerSTbAIirXMSMELCFU3LivYC7SlZNLTGsxcTM6IZeizuPFV3LhQ1JXgw5i2s9DqgZCP/z+H5PxuKIVG2/60UlPTM7Nz6fnMwuLS8kp2da2qg0hxqPBABqruMg1S+FBBgRLqoQLmuRJq7s350K/dgdIi8K+wH0LLYz1fdAVnaKR29qi+rfO4Q49P6OkI95yd3bNKQnnaRLjHmA6oTZsSbqkeX8ZsZ3N2wR4V/QtOAjmSVLmdfW92Ah554COXTOuGY4fYiplCwSUMMs1IQ8j4DetBw6DPPNCteLTigG4ZpUO7gTLHRzpSf07EzNO677mm02N4rSe9ofif14iwe9iKhR9GCD4fP9SNJMWADvOiHaGAo+wbYFwJ81fKr5liHE2qGROCM7nyX6juFxy74FwWc6ViEkeabJBNsk0cckBK5IKUSYVw8kCeyAt5tR6tZ+vN+hi3pqxkZp38KuvrG/P0nv8=</latexit><latexit sha1_base64="vSpfD01iFSxrSiXQcTH8HxXAeeM=">AAACInicbZDLSgMxFIYz9VbrrerSTbAIirXMSMELCFU3LivYC7SlZNLTGsxcTM6IZeizuPFV3LhQ1JXgw5i2s9DqgZCP/z+H5PxuKIVG2/60UlPTM7Nz6fnMwuLS8kp2da2qg0hxqPBABqruMg1S+FBBgRLqoQLmuRJq7s350K/dgdIi8K+wH0LLYz1fdAVnaKR29qi+rfO4Q49P6OkI95yd3bNKQnnaRLjHmA6oTZsSbqkeX8ZsZ3N2wR4V/QtOAjmSVLmdfW92Ah554COXTOuGY4fYiplCwSUMMs1IQ8j4DetBw6DPPNCteLTigG4ZpUO7gTLHRzpSf07EzNO677mm02N4rSe9ofif14iwe9iKhR9GCD4fP9SNJMWADvOiHaGAo+wbYFwJ81fKr5liHE2qGROCM7nyX6juFxy74FwWc6ViEkeabJBNsk0cckBK5IKUSYVw8kCeyAt5tR6tZ+vN+hi3pqxkZp38KuvrG/P0nv8=</latexit><latexit sha1_base64="vSpfD01iFSxrSiXQcTH8HxXAeeM=">AAACInicbZDLSgMxFIYz9VbrrerSTbAIirXMSMELCFU3LivYC7SlZNLTGsxcTM6IZeizuPFV3LhQ1JXgw5i2s9DqgZCP/z+H5PxuKIVG2/60UlPTM7Nz6fnMwuLS8kp2da2qg0hxqPBABqruMg1S+FBBgRLqoQLmuRJq7s350K/dgdIi8K+wH0LLYz1fdAVnaKR29qi+rfO4Q49P6OkI95yd3bNKQnnaRLjHmA6oTZsSbqkeX8ZsZ3N2wR4V/QtOAjmSVLmdfW92Ah554COXTOuGY4fYiplCwSUMMs1IQ8j4DetBw6DPPNCteLTigG4ZpUO7gTLHRzpSf07EzNO677mm02N4rSe9ofif14iwe9iKhR9GCD4fP9SNJMWADvOiHaGAo+wbYFwJ81fKr5liHE2qGROCM7nyX6juFxy74FwWc6ViEkeabJBNsk0cckBK5IKUSYVw8kCeyAt5tR6tZ+vN+hi3pqxkZp38KuvrG/P0nv8=</latexit>

U(t) :=
tX

s=0

U(s, t), 0  t  T � 1
<latexit sha1_base64="wPqxl+2/n224eM8ajnF1I977xqw=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0WMuMFBShUHDjskKnLXTGIZOmbWjmQXJHKEM/wo2/4saFIm5duPNvTB8LrR64l8M595Lc48eCKzDNLyOzsrq2vpHdzG1t7+zu5fcPWipKJGU2jUQkOz5RTPCQ2cBBsE4sGQl8wdr+6Hrqt++ZVDwKmzCOmRuQQcj7nBLQkpc/tYtQuqo5Kgm8VNXMyV0KE7uoylAqO9h0BMOAp715Znn5glkxZ8B/ibUgBbRAw8t/Or2IJgELgQqiVNcyY3BTIoFTwSY5J1EsJnREBqyraUgCptx0dtQEn2ilh/uR1BUCnqk/N1ISKDUOfD0ZEBiqZW8q/ud1E+hfuikP4wRYSOcP9ROBIcLThHCPS0ZBjDUhVHL9V0yHRBIKOsecDsFaPvkvaZ1XLLNi3VYL9eoijiw6QseoiCx0geroBjWQjSh6QE/oBb0aj8az8Wa8z0czxmLnEP2C8fENrxeb/w==</latexit><latexit sha1_base64="wPqxl+2/n224eM8ajnF1I977xqw=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0WMuMFBShUHDjskKnLXTGIZOmbWjmQXJHKEM/wo2/4saFIm5duPNvTB8LrR64l8M595Lc48eCKzDNLyOzsrq2vpHdzG1t7+zu5fcPWipKJGU2jUQkOz5RTPCQ2cBBsE4sGQl8wdr+6Hrqt++ZVDwKmzCOmRuQQcj7nBLQkpc/tYtQuqo5Kgm8VNXMyV0KE7uoylAqO9h0BMOAp715Znn5glkxZ8B/ibUgBbRAw8t/Or2IJgELgQqiVNcyY3BTIoFTwSY5J1EsJnREBqyraUgCptx0dtQEn2ilh/uR1BUCnqk/N1ISKDUOfD0ZEBiqZW8q/ud1E+hfuikP4wRYSOcP9ROBIcLThHCPS0ZBjDUhVHL9V0yHRBIKOsecDsFaPvkvaZ1XLLNi3VYL9eoijiw6QseoiCx0geroBjWQjSh6QE/oBb0aj8az8Wa8z0czxmLnEP2C8fENrxeb/w==</latexit><latexit sha1_base64="wPqxl+2/n224eM8ajnF1I977xqw=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0WMuMFBShUHDjskKnLXTGIZOmbWjmQXJHKEM/wo2/4saFIm5duPNvTB8LrR64l8M595Lc48eCKzDNLyOzsrq2vpHdzG1t7+zu5fcPWipKJGU2jUQkOz5RTPCQ2cBBsE4sGQl8wdr+6Hrqt++ZVDwKmzCOmRuQQcj7nBLQkpc/tYtQuqo5Kgm8VNXMyV0KE7uoylAqO9h0BMOAp715Znn5glkxZ8B/ibUgBbRAw8t/Or2IJgELgQqiVNcyY3BTIoFTwSY5J1EsJnREBqyraUgCptx0dtQEn2ilh/uR1BUCnqk/N1ISKDUOfD0ZEBiqZW8q/ud1E+hfuikP4wRYSOcP9ROBIcLThHCPS0ZBjDUhVHL9V0yHRBIKOsecDsFaPvkvaZ1XLLNi3VYL9eoijiw6QseoiCx0geroBjWQjSh6QE/oBb0aj8az8Wa8z0czxmLnEP2C8fENrxeb/w==</latexit><latexit sha1_base64="wPqxl+2/n224eM8ajnF1I977xqw=">AAACFHicbVDLSgMxFM3UV62vqks3wSK0WMuMFBShUHDjskKnLXTGIZOmbWjmQXJHKEM/wo2/4saFIm5duPNvTB8LrR64l8M595Lc48eCKzDNLyOzsrq2vpHdzG1t7+zu5fcPWipKJGU2jUQkOz5RTPCQ2cBBsE4sGQl8wdr+6Hrqt++ZVDwKmzCOmRuQQcj7nBLQkpc/tYtQuqo5Kgm8VNXMyV0KE7uoylAqO9h0BMOAp715Znn5glkxZ8B/ibUgBbRAw8t/Or2IJgELgQqiVNcyY3BTIoFTwSY5J1EsJnREBqyraUgCptx0dtQEn2ilh/uR1BUCnqk/N1ISKDUOfD0ZEBiqZW8q/ud1E+hfuikP4wRYSOcP9ROBIcLThHCPS0ZBjDUhVHL9V0yHRBIKOsecDsFaPvkvaZ1XLLNi3VYL9eoijiw6QseoiCx0geroBjWQjSh6QE/oBb0aj8az8Wa8z0czxmLnEP2C8fENrxeb/w==</latexit>

W (s� 1)
<latexit sha1_base64="iYLgyV8f2zpVly/d0+h19UbQ4XA=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBHqwbIrgj0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RmvrG5tb24Wd4u7e/sFh6ei4ZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2d++4lpw5V8sJOEBTEZSh5xSqyTWu2KufQv+qWyV/XmwKvEz0kZcjT6pa/eQNE0ZtJSQYzp+l5ig4xoy6lg02IvNSwhdEyGrOuoJDEzQTa/dorPnTLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URrUg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6R1VfW9qn9/Xa7X8jgKcApnUAEfbqAOd9CAJlB4hGd4hTek0At6Rx+L1jWUz5zAH6DPHyWnjiU=</latexit><latexit sha1_base64="iYLgyV8f2zpVly/d0+h19UbQ4XA=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBHqwbIrgj0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RmvrG5tb24Wd4u7e/sFh6ei4ZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2d++4lpw5V8sJOEBTEZSh5xSqyTWu2KufQv+qWyV/XmwKvEz0kZcjT6pa/eQNE0ZtJSQYzp+l5ig4xoy6lg02IvNSwhdEyGrOuoJDEzQTa/dorPnTLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URrUg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6R1VfW9qn9/Xa7X8jgKcApnUAEfbqAOd9CAJlB4hGd4hTek0At6Rx+L1jWUz5zAH6DPHyWnjiU=</latexit><latexit sha1_base64="iYLgyV8f2zpVly/d0+h19UbQ4XA=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBHqwbIrgj0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RmvrG5tb24Wd4u7e/sFh6ei4ZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2d++4lpw5V8sJOEBTEZSh5xSqyTWu2KufQv+qWyV/XmwKvEz0kZcjT6pa/eQNE0ZtJSQYzp+l5ig4xoy6lg02IvNSwhdEyGrOuoJDEzQTa/dorPnTLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URrUg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6R1VfW9qn9/Xa7X8jgKcApnUAEfbqAOd9CAJlB4hGd4hTek0At6Rx+L1jWUz5zAH6DPHyWnjiU=</latexit><latexit sha1_base64="iYLgyV8f2zpVly/d0+h19UbQ4XA=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBHqwbIrgj0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RmvrG5tb24Wd4u7e/sFh6ei4ZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2d++4lpw5V8sJOEBTEZSh5xSqyTWu2KufQv+qWyV/XmwKvEz0kZcjT6pa/eQNE0ZtJSQYzp+l5ig4xoy6lg02IvNSwhdEyGrOuoJDEzQTa/dorPnTLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URrUg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6R1VfW9qn9/Xa7X8jgKcApnUAEfbqAOd9CAJlB4hGd4hTek0At6Rx+L1jWUz5zAH6DPHyWnjiU=</latexit>

W (s� 1)
<latexit sha1_base64="iYLgyV8f2zpVly/d0+h19UbQ4XA=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBHqwbIrgj0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RmvrG5tb24Wd4u7e/sFh6ei4ZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2d++4lpw5V8sJOEBTEZSh5xSqyTWu2KufQv+qWyV/XmwKvEz0kZcjT6pa/eQNE0ZtJSQYzp+l5ig4xoy6lg02IvNSwhdEyGrOuoJDEzQTa/dorPnTLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URrUg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6R1VfW9qn9/Xa7X8jgKcApnUAEfbqAOd9CAJlB4hGd4hTek0At6Rx+L1jWUz5zAH6DPHyWnjiU=</latexit><latexit sha1_base64="iYLgyV8f2zpVly/d0+h19UbQ4XA=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBHqwbIrgj0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RmvrG5tb24Wd4u7e/sFh6ei4ZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2d++4lpw5V8sJOEBTEZSh5xSqyTWu2KufQv+qWyV/XmwKvEz0kZcjT6pa/eQNE0ZtJSQYzp+l5ig4xoy6lg02IvNSwhdEyGrOuoJDEzQTa/dorPnTLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URrUg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6R1VfW9qn9/Xa7X8jgKcApnUAEfbqAOd9CAJlB4hGd4hTek0At6Rx+L1jWUz5zAH6DPHyWnjiU=</latexit><latexit sha1_base64="iYLgyV8f2zpVly/d0+h19UbQ4XA=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBHqwbIrgj0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RmvrG5tb24Wd4u7e/sFh6ei4ZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2d++4lpw5V8sJOEBTEZSh5xSqyTWu2KufQv+qWyV/XmwKvEz0kZcjT6pa/eQNE0ZtJSQYzp+l5ig4xoy6lg02IvNSwhdEyGrOuoJDEzQTa/dorPnTLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URrUg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6R1VfW9qn9/Xa7X8jgKcApnUAEfbqAOd9CAJlB4hGd4hTek0At6Rx+L1jWUz5zAH6DPHyWnjiU=</latexit><latexit sha1_base64="iYLgyV8f2zpVly/d0+h19UbQ4XA=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBHqwbIrgj0WvHisYD+gXUo2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RmvrG5tb24Wd4u7e/sFh6ei4ZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2d++4lpw5V8sJOEBTEZSh5xSqyTWu2KufQv+qWyV/XmwKvEz0kZcjT6pa/eQNE0ZtJSQYzp+l5ig4xoy6lg02IvNSwhdEyGrOuoJDEzQTa/dorPnTLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URrUg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6R1VfW9qn9/Xa7X8jgKcApnUAEfbqAOd9CAJlB4hGd4hTek0At6Rx+L1jWUz5zAH6DPHyWnjiU=</latexit>

U(s, t)
<latexit sha1_base64="niVWRV6FSGsyu/QNzyAckX7Q4+8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBHssePFYwdRCG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzbjPYhnrdkgNl0JxHwVK3k40p1Eo+UM4vpn5D09cGxGre5wkPIjoUImBYBSt1PKr5gLPe+WKW3PnIKvEy0kFcjR75a9uP2ZpxBUySY3peG6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2vnZIzq/TJINa2FJK5+nsio5Exkyi0nRHFkVn2ZuJ/XifFQT3IhEpS5IotFg1SSTAms9dJX2jOUE4soUwLeythI6opQxtQyYbgLb+8SlqXNc+teXdXlUY9j6MIJ3AKVfDgGhpwC03wgcEjPMMrvDmx8+K8Ox+L1oKTzxzDHzifP4bejmU=</latexit><latexit sha1_base64="niVWRV6FSGsyu/QNzyAckX7Q4+8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBHssePFYwdRCG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzbjPYhnrdkgNl0JxHwVK3k40p1Eo+UM4vpn5D09cGxGre5wkPIjoUImBYBSt1PKr5gLPe+WKW3PnIKvEy0kFcjR75a9uP2ZpxBUySY3peG6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2vnZIzq/TJINa2FJK5+nsio5Exkyi0nRHFkVn2ZuJ/XifFQT3IhEpS5IotFg1SSTAms9dJX2jOUE4soUwLeythI6opQxtQyYbgLb+8SlqXNc+teXdXlUY9j6MIJ3AKVfDgGhpwC03wgcEjPMMrvDmx8+K8Ox+L1oKTzxzDHzifP4bejmU=</latexit><latexit sha1_base64="niVWRV6FSGsyu/QNzyAckX7Q4+8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBHssePFYwdRCG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzbjPYhnrdkgNl0JxHwVK3k40p1Eo+UM4vpn5D09cGxGre5wkPIjoUImBYBSt1PKr5gLPe+WKW3PnIKvEy0kFcjR75a9uP2ZpxBUySY3peG6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2vnZIzq/TJINa2FJK5+nsio5Exkyi0nRHFkVn2ZuJ/XifFQT3IhEpS5IotFg1SSTAms9dJX2jOUE4soUwLeythI6opQxtQyYbgLb+8SlqXNc+teXdXlUY9j6MIJ3AKVfDgGhpwC03wgcEjPMMrvDmx8+K8Ox+L1oKTzxzDHzifP4bejmU=</latexit><latexit sha1_base64="niVWRV6FSGsyu/QNzyAckX7Q4+8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBHssePFYwdRCG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzbjPYhnrdkgNl0JxHwVK3k40p1Eo+UM4vpn5D09cGxGre5wkPIjoUImBYBSt1PKr5gLPe+WKW3PnIKvEy0kFcjR75a9uP2ZpxBUySY3peG6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2vnZIzq/TJINa2FJK5+nsio5Exkyi0nRHFkVn2ZuJ/XifFQT3IhEpS5IotFg1SSTAms9dJX2jOUE4soUwLeythI6opQxtQyYbgLb+8SlqXNc+teXdXlUY9j6MIJ3AKVfDgGhpwC03wgcEjPMMrvDmx8+K8Ox+L1oKTzxzDHzifP4bejmU=</latexit>
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Random social welfare
◆ The random social welfare can be decomposed in terms of             ’s

and             ’s as

where

◆ There are certain cross terms involving             and
– Can only be eliminated in expectation  
– Results are “ex ante” (in expected sense) rather than “ex post” 

(almost surely)

Ls : =
T�1X

t=s


XT (s, t)QX(s, t) + UT (s, t)RU(s, t)

+2

 
s�1X

⌧=0

X(⌧, t)

!
QX(s, t) + 2

 
s�1X

⌧=0

U(⌧, t)

!
RU(s, t)

�
,

<latexit sha1_base64="renWQs8DBTlfDaUyFr4FzRsy+fI="></latexit><latexit sha1_base64="renWQs8DBTlfDaUyFr4FzRsy+fI="></latexit><latexit sha1_base64="renWQs8DBTlfDaUyFr4FzRsy+fI="></latexit><latexit sha1_base64="renWQs8DBTlfDaUyFr4FzRsy+fI="></latexit>

RSW =
T�1X

s=0

Ls

<latexit sha1_base64="+F2fo9OzKCCb3nZEHxXls7DsCec=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZKeimUHDjwkXVvqAdh0yatqFJZkgyQhkGN/6KGxeKuPUr3Pk3pu0stPXAhZNz7iX3niBiVGnH+bZyS8srq2v59cLG5tb2jr2711RhLDFp4JCFsh0gRRgVpKGpZqQdSYJ4wEgrGF1O/NYDkYqGoq7HEfE4GgjapxhpI/n2we1dq9JVMfcTVXHS+6R+6qbX5pH6dtEpOVPAReJmpAgy1Hz7q9sLccyJ0JghpTquE2kvQVJTzEha6MaKRAiP0IB0DBWIE+Ul0xNSeGyUHuyH0pTQcKr+nkgQV2rMA9PJkR6qeW8i/ud1Yt2/8BIqolgTgWcf9WMGdQgnecAelQRrNjYEYUnNrhAPkURYm9QKJgR3/uRF0jwruU7JvSkXq+Usjjw4BEfgBLjgHFTBFaiBBsDgETyDV/BmPVkv1rv1MWvNWdnMPvgD6/MHjT6W1g==</latexit><latexit sha1_base64="+F2fo9OzKCCb3nZEHxXls7DsCec=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZKeimUHDjwkXVvqAdh0yatqFJZkgyQhkGN/6KGxeKuPUr3Pk3pu0stPXAhZNz7iX3niBiVGnH+bZyS8srq2v59cLG5tb2jr2711RhLDFp4JCFsh0gRRgVpKGpZqQdSYJ4wEgrGF1O/NYDkYqGoq7HEfE4GgjapxhpI/n2we1dq9JVMfcTVXHS+6R+6qbX5pH6dtEpOVPAReJmpAgy1Hz7q9sLccyJ0JghpTquE2kvQVJTzEha6MaKRAiP0IB0DBWIE+Ul0xNSeGyUHuyH0pTQcKr+nkgQV2rMA9PJkR6qeW8i/ud1Yt2/8BIqolgTgWcf9WMGdQgnecAelQRrNjYEYUnNrhAPkURYm9QKJgR3/uRF0jwruU7JvSkXq+Usjjw4BEfgBLjgHFTBFaiBBsDgETyDV/BmPVkv1rv1MWvNWdnMPvgD6/MHjT6W1g==</latexit><latexit sha1_base64="+F2fo9OzKCCb3nZEHxXls7DsCec=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZKeimUHDjwkXVvqAdh0yatqFJZkgyQhkGN/6KGxeKuPUr3Pk3pu0stPXAhZNz7iX3niBiVGnH+bZyS8srq2v59cLG5tb2jr2711RhLDFp4JCFsh0gRRgVpKGpZqQdSYJ4wEgrGF1O/NYDkYqGoq7HEfE4GgjapxhpI/n2we1dq9JVMfcTVXHS+6R+6qbX5pH6dtEpOVPAReJmpAgy1Hz7q9sLccyJ0JghpTquE2kvQVJTzEha6MaKRAiP0IB0DBWIE+Ul0xNSeGyUHuyH0pTQcKr+nkgQV2rMA9PJkR6qeW8i/ud1Yt2/8BIqolgTgWcf9WMGdQgnecAelQRrNjYEYUnNrhAPkURYm9QKJgR3/uRF0jwruU7JvSkXq+Usjjw4BEfgBLjgHFTBFaiBBsDgETyDV/BmPVkv1rv1MWvNWdnMPvgD6/MHjT6W1g==</latexit><latexit sha1_base64="+F2fo9OzKCCb3nZEHxXls7DsCec=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZKeimUHDjwkXVvqAdh0yatqFJZkgyQhkGN/6KGxeKuPUr3Pk3pu0stPXAhZNz7iX3niBiVGnH+bZyS8srq2v59cLG5tb2jr2711RhLDFp4JCFsh0gRRgVpKGpZqQdSYJ4wEgrGF1O/NYDkYqGoq7HEfE4GgjapxhpI/n2we1dq9JVMfcTVXHS+6R+6qbX5pH6dtEpOVPAReJmpAgy1Hz7q9sLccyJ0JghpTquE2kvQVJTzEha6MaKRAiP0IB0DBWIE+Ul0xNSeGyUHuyH0pTQcKr+nkgQV2rMA9PJkR6qeW8i/ud1Yt2/8BIqolgTgWcf9WMGdQgnecAelQRrNjYEYUnNrhAPkURYm9QKJgR3/uRF0jwruU7JvSkXq+Usjjw4BEfgBLjgHFTBFaiBBsDgETyDV/BmPVkv1rv1MWvNWdnMPvgD6/MHjT6W1g==</latexit>

X(s, t)
<latexit sha1_base64="qV8f7ZkNPm8loN5IBZux62e2SwQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQQUoigj0WvHisYGuhDWWz3bRrN7thdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJeshRwF6ySakTgU7CEc38z8hyemDVfyHicJC2IylDzilKCV2p2qucDzfrni1bw53FXi56QCOZr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIupZKEjMTZPNrp+6ZVQZupLQtie5c/T2RkdiYSRzazpjgyCx7M/E/r5tiVA8yLpMUmaSLRVEqXFTu7HV3wDWjKCaWEKq5vdWlI6IJRRtQyYbgL7+8StqXNd+r+XdXlUY9j6MIJ3AKVfDhGhpwC01oAYVHeIZXeHOU8+K8Ox+L1oKTzxzDHzifP4t5jmg=</latexit><latexit sha1_base64="qV8f7ZkNPm8loN5IBZux62e2SwQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQQUoigj0WvHisYGuhDWWz3bRrN7thdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJeshRwF6ySakTgU7CEc38z8hyemDVfyHicJC2IylDzilKCV2p2qucDzfrni1bw53FXi56QCOZr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIupZKEjMTZPNrp+6ZVQZupLQtie5c/T2RkdiYSRzazpjgyCx7M/E/r5tiVA8yLpMUmaSLRVEqXFTu7HV3wDWjKCaWEKq5vdWlI6IJRRtQyYbgL7+8StqXNd+r+XdXlUY9j6MIJ3AKVfDhGhpwC01oAYVHeIZXeHOU8+K8Ox+L1oKTzxzDHzifP4t5jmg=</latexit><latexit sha1_base64="qV8f7ZkNPm8loN5IBZux62e2SwQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQQUoigj0WvHisYGuhDWWz3bRrN7thdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJeshRwF6ySakTgU7CEc38z8hyemDVfyHicJC2IylDzilKCV2p2qucDzfrni1bw53FXi56QCOZr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIupZKEjMTZPNrp+6ZVQZupLQtie5c/T2RkdiYSRzazpjgyCx7M/E/r5tiVA8yLpMUmaSLRVEqXFTu7HV3wDWjKCaWEKq5vdWlI6IJRRtQyYbgL7+8StqXNd+r+XdXlUY9j6MIJ3AKVfDhGhpwC01oAYVHeIZXeHOU8+K8Ox+L1oKTzxzDHzifP4t5jmg=</latexit><latexit sha1_base64="qV8f7ZkNPm8loN5IBZux62e2SwQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQQUoigj0WvHisYGuhDWWz3bRrN7thdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJeshRwF6ySakTgU7CEc38z8hyemDVfyHicJC2IylDzilKCV2p2qucDzfrni1bw53FXi56QCOZr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIupZKEjMTZPNrp+6ZVQZupLQtie5c/T2RkdiYSRzazpjgyCx7M/E/r5tiVA8yLpMUmaSLRVEqXFTu7HV3wDWjKCaWEKq5vdWlI6IJRRtQyYbgL7+8StqXNd+r+XdXlUY9j6MIJ3AKVfDhGhpwC01oAYVHeIZXeHOU8+K8Ox+L1oKTzxzDHzifP4t5jmg=</latexit>

U(s, t)
<latexit sha1_base64="niVWRV6FSGsyu/QNzyAckX7Q4+8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBHssePFYwdRCG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzbjPYhnrdkgNl0JxHwVK3k40p1Eo+UM4vpn5D09cGxGre5wkPIjoUImBYBSt1PKr5gLPe+WKW3PnIKvEy0kFcjR75a9uP2ZpxBUySY3peG6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2vnZIzq/TJINa2FJK5+nsio5Exkyi0nRHFkVn2ZuJ/XifFQT3IhEpS5IotFg1SSTAms9dJX2jOUE4soUwLeythI6opQxtQyYbgLb+8SlqXNc+teXdXlUY9j6MIJ3AKVfDgGhpwC03wgcEjPMMrvDmx8+K8Ox+L1oKTzxzDHzifP4bejmU=</latexit><latexit sha1_base64="niVWRV6FSGsyu/QNzyAckX7Q4+8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBHssePFYwdRCG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzbjPYhnrdkgNl0JxHwVK3k40p1Eo+UM4vpn5D09cGxGre5wkPIjoUImBYBSt1PKr5gLPe+WKW3PnIKvEy0kFcjR75a9uP2ZpxBUySY3peG6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2vnZIzq/TJINa2FJK5+nsio5Exkyi0nRHFkVn2ZuJ/XifFQT3IhEpS5IotFg1SSTAms9dJX2jOUE4soUwLeythI6opQxtQyYbgLb+8SlqXNc+teXdXlUY9j6MIJ3AKVfDgGhpwC03wgcEjPMMrvDmx8+K8Ox+L1oKTzxzDHzifP4bejmU=</latexit><latexit sha1_base64="niVWRV6FSGsyu/QNzyAckX7Q4+8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBHssePFYwdRCG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzbjPYhnrdkgNl0JxHwVK3k40p1Eo+UM4vpn5D09cGxGre5wkPIjoUImBYBSt1PKr5gLPe+WKW3PnIKvEy0kFcjR75a9uP2ZpxBUySY3peG6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2vnZIzq/TJINa2FJK5+nsio5Exkyi0nRHFkVn2ZuJ/XifFQT3IhEpS5IotFg1SSTAms9dJX2jOUE4soUwLeythI6opQxtQyYbgLb+8SlqXNc+teXdXlUY9j6MIJ3AKVfDgGhpwC03wgcEjPMMrvDmx8+K8Ox+L1oKTzxzDHzifP4bejmU=</latexit><latexit sha1_base64="niVWRV6FSGsyu/QNzyAckX7Q4+8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBHssePFYwdRCG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzbjPYhnrdkgNl0JxHwVK3k40p1Eo+UM4vpn5D09cGxGre5wkPIjoUImBYBSt1PKr5gLPe+WKW3PnIKvEy0kFcjR75a9uP2ZpxBUySY3peG6CQUY1Cib5tNRNDU8oG9Mh71iqaMRNkM2vnZIzq/TJINa2FJK5+nsio5Exkyi0nRHFkVn2ZuJ/XifFQT3IhEpS5IotFg1SSTAms9dJX2jOUE4soUwLeythI6opQxtQyYbgLb+8SlqXNc+teXdXlUY9j6MIJ3AKVfDgGhpwC03wgcEjPMMrvDmx8+K8Ox+L1oKTzxzDHzifP4bejmU=</latexit>

X(s, t)
<latexit sha1_base64="qV8f7ZkNPm8loN5IBZux62e2SwQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQQUoigj0WvHisYGuhDWWz3bRrN7thdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJeshRwF6ySakTgU7CEc38z8hyemDVfyHicJC2IylDzilKCV2p2qucDzfrni1bw53FXi56QCOZr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIupZKEjMTZPNrp+6ZVQZupLQtie5c/T2RkdiYSRzazpjgyCx7M/E/r5tiVA8yLpMUmaSLRVEqXFTu7HV3wDWjKCaWEKq5vdWlI6IJRRtQyYbgL7+8StqXNd+r+XdXlUY9j6MIJ3AKVfDhGhpwC01oAYVHeIZXeHOU8+K8Ox+L1oKTzxzDHzifP4t5jmg=</latexit><latexit sha1_base64="qV8f7ZkNPm8loN5IBZux62e2SwQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQQUoigj0WvHisYGuhDWWz3bRrN7thdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJeshRwF6ySakTgU7CEc38z8hyemDVfyHicJC2IylDzilKCV2p2qucDzfrni1bw53FXi56QCOZr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIupZKEjMTZPNrp+6ZVQZupLQtie5c/T2RkdiYSRzazpjgyCx7M/E/r5tiVA8yLpMUmaSLRVEqXFTu7HV3wDWjKCaWEKq5vdWlI6IJRRtQyYbgL7+8StqXNd+r+XdXlUY9j6MIJ3AKVfDhGhpwC01oAYVHeIZXeHOU8+K8Ox+L1oKTzxzDHzifP4t5jmg=</latexit><latexit sha1_base64="qV8f7ZkNPm8loN5IBZux62e2SwQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQQUoigj0WvHisYGuhDWWz3bRrN7thdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJeshRwF6ySakTgU7CEc38z8hyemDVfyHicJC2IylDzilKCV2p2qucDzfrni1bw53FXi56QCOZr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIupZKEjMTZPNrp+6ZVQZupLQtie5c/T2RkdiYSRzazpjgyCx7M/E/r5tiVA8yLpMUmaSLRVEqXFTu7HV3wDWjKCaWEKq5vdWlI6IJRRtQyYbgL7+8StqXNd+r+XdXlUY9j6MIJ3AKVfDhGhpwC01oAYVHeIZXeHOU8+K8Ox+L1oKTzxzDHzifP4t5jmg=</latexit><latexit sha1_base64="qV8f7ZkNPm8loN5IBZux62e2SwQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQQUoigj0WvHisYGuhDWWz3bRrN7thdyKU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJeshRwF6ySakTgU7CEc38z8hyemDVfyHicJC2IylDzilKCV2p2qucDzfrni1bw53FXi56QCOZr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIupZKEjMTZPNrp+6ZVQZupLQtie5c/T2RkdiYSRzazpjgyCx7M/E/r5tiVA8yLpMUmaSLRVEqXFTu7HV3wDWjKCaWEKq5vdWlI6IJRRtQyYbgL7+8StqXNd+r+XdXlUY9j6MIJ3AKVfDhGhpwC01oAYVHeIZXeHOU8+K8Ox+L1oKTzxzDHzifP4t5jmg=</latexit>

X (τ ,t)
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Layered VCG Mechanism
◆ Agent   bids             at time
◆ The social planner solves the problem:

subject to

◆ Social planner collects payment          from agent    at
equal to random cost to system of Agent   ‘s noise at time  

i
<latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit>

x̂i(s, s)
<latexit sha1_base64="oRT+4FPz1ehunTy1boNzw25lIis=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahgpREBHssePFYwX5AG8Jmu2mXbjZhd1MsIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk7u5351SqVgsHvUsoV6ER4KFjGBtJN+2B2Oss6fcz1heU1fq0rerTt1ZAK0TtyBVKNDy7a/BMCZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG+owBFVXra4PEcXRhmiMJamhEYL9fdEhiOlZlFgOiOsx2rVm4v/ef1Uhw0vYyJJNRVkuShMOdIxmseAhkxSovnMEEwkM7ciMsYSE23CqpgQ3NWX10nnuu46dffhptpsFHGU4QzOoQYu3EIT7qEFbSAwhWd4hTcrs16sd+tj2VqyiplT+APr8wdcjJNt</latexit><latexit sha1_base64="oRT+4FPz1ehunTy1boNzw25lIis=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahgpREBHssePFYwX5AG8Jmu2mXbjZhd1MsIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk7u5351SqVgsHvUsoV6ER4KFjGBtJN+2B2Oss6fcz1heU1fq0rerTt1ZAK0TtyBVKNDy7a/BMCZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG+owBFVXra4PEcXRhmiMJamhEYL9fdEhiOlZlFgOiOsx2rVm4v/ef1Uhw0vYyJJNRVkuShMOdIxmseAhkxSovnMEEwkM7ciMsYSE23CqpgQ3NWX10nnuu46dffhptpsFHGU4QzOoQYu3EIT7qEFbSAwhWd4hTcrs16sd+tj2VqyiplT+APr8wdcjJNt</latexit><latexit sha1_base64="oRT+4FPz1ehunTy1boNzw25lIis=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahgpREBHssePFYwX5AG8Jmu2mXbjZhd1MsIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk7u5351SqVgsHvUsoV6ER4KFjGBtJN+2B2Oss6fcz1heU1fq0rerTt1ZAK0TtyBVKNDy7a/BMCZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG+owBFVXra4PEcXRhmiMJamhEYL9fdEhiOlZlFgOiOsx2rVm4v/ef1Uhw0vYyJJNRVkuShMOdIxmseAhkxSovnMEEwkM7ciMsYSE23CqpgQ3NWX10nnuu46dffhptpsFHGU4QzOoQYu3EIT7qEFbSAwhWd4hTcrs16sd+tj2VqyiplT+APr8wdcjJNt</latexit><latexit sha1_base64="oRT+4FPz1ehunTy1boNzw25lIis=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahgpREBHssePFYwX5AG8Jmu2mXbjZhd1MsIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk7u5351SqVgsHvUsoV6ER4KFjGBtJN+2B2Oss6fcz1heU1fq0rerTt1ZAK0TtyBVKNDy7a/BMCZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG+owBFVXra4PEcXRhmiMJamhEYL9fdEhiOlZlFgOiOsx2rVm4v/ef1Uhw0vYyJJNRVkuShMOdIxmseAhkxSovnMEEwkM7ciMsYSE23CqpgQ3NWX10nnuu46dffhptpsFHGU4QzOoQYu3EIT7qEFbSAwhWd4hTcrs16sd+tj2VqyiplT+APr8wdcjJNt</latexit>

s
<latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit><latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit><latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit><latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit>

X̂(s, t) = AX̂(s, t� 1) +BU(s, t� 1)
<latexit sha1_base64="ZtnDFeDtY29+Yc/RriJf0NzOOEQ=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BRWtQyI4LdCFU3Lis4baEdSiZN29DMheSMUIa+gRtfxY0LRdy6defbmLazqK0/BL785xyS83uR4Aos68fILC2vrK5l13Mbm1vbO+buXk2FsaTMoaEIZcMjigkeMAc4CNaIJCO+J1jdG9yO6/VHJhUPgwcYRsz1SS/gXU4JaKttHrf6BJLGqKBOoXh1PXM7s4snN05KbTNvlayJ8CLYKeRRqmrb/G51Qhr7LAAqiFJN24rATYgETgUb5VqxYhGhA9JjTY0B8Zlyk8k+I3yknQ7uhlKfAPDEnZ1IiK/U0Pd0p0+gr+ZrY/O/WjOGbtlNeBDFwAI6fagbCwwhHoeDO1wyCmKogVDJ9V8x7RNJKOgIczoEe37lRaidl2yrZN9f5CvlNI4sOkCHqIBsdIkq6A5VkYMoekIv6A29G8/Gq/FhfE5bM0Y6s4/+yPj6BRzImhc=</latexit><latexit sha1_base64="ZtnDFeDtY29+Yc/RriJf0NzOOEQ=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BRWtQyI4LdCFU3Lis4baEdSiZN29DMheSMUIa+gRtfxY0LRdy6defbmLazqK0/BL785xyS83uR4Aos68fILC2vrK5l13Mbm1vbO+buXk2FsaTMoaEIZcMjigkeMAc4CNaIJCO+J1jdG9yO6/VHJhUPgwcYRsz1SS/gXU4JaKttHrf6BJLGqKBOoXh1PXM7s4snN05KbTNvlayJ8CLYKeRRqmrb/G51Qhr7LAAqiFJN24rATYgETgUb5VqxYhGhA9JjTY0B8Zlyk8k+I3yknQ7uhlKfAPDEnZ1IiK/U0Pd0p0+gr+ZrY/O/WjOGbtlNeBDFwAI6fagbCwwhHoeDO1wyCmKogVDJ9V8x7RNJKOgIczoEe37lRaidl2yrZN9f5CvlNI4sOkCHqIBsdIkq6A5VkYMoekIv6A29G8/Gq/FhfE5bM0Y6s4/+yPj6BRzImhc=</latexit><latexit sha1_base64="ZtnDFeDtY29+Yc/RriJf0NzOOEQ=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BRWtQyI4LdCFU3Lis4baEdSiZN29DMheSMUIa+gRtfxY0LRdy6defbmLazqK0/BL785xyS83uR4Aos68fILC2vrK5l13Mbm1vbO+buXk2FsaTMoaEIZcMjigkeMAc4CNaIJCO+J1jdG9yO6/VHJhUPgwcYRsz1SS/gXU4JaKttHrf6BJLGqKBOoXh1PXM7s4snN05KbTNvlayJ8CLYKeRRqmrb/G51Qhr7LAAqiFJN24rATYgETgUb5VqxYhGhA9JjTY0B8Zlyk8k+I3yknQ7uhlKfAPDEnZ1IiK/U0Pd0p0+gr+ZrY/O/WjOGbtlNeBDFwAI6fagbCwwhHoeDO1wyCmKogVDJ9V8x7RNJKOgIczoEe37lRaidl2yrZN9f5CvlNI4sOkCHqIBsdIkq6A5VkYMoekIv6A29G8/Gq/FhfE5bM0Y6s4/+yPj6BRzImhc=</latexit><latexit sha1_base64="ZtnDFeDtY29+Yc/RriJf0NzOOEQ=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BRWtQyI4LdCFU3Lis4baEdSiZN29DMheSMUIa+gRtfxY0LRdy6defbmLazqK0/BL785xyS83uR4Aos68fILC2vrK5l13Mbm1vbO+buXk2FsaTMoaEIZcMjigkeMAc4CNaIJCO+J1jdG9yO6/VHJhUPgwcYRsz1SS/gXU4JaKttHrf6BJLGqKBOoXh1PXM7s4snN05KbTNvlayJ8CLYKeRRqmrb/G51Qhr7LAAqiFJN24rATYgETgUb5VqxYhGhA9JjTY0B8Zlyk8k+I3yknQ7uhlKfAPDEnZ1IiK/U0Pd0p0+gr+ZrY/O/WjOGbtlNeBDFwAI6fagbCwwhHoeDO1wyCmKogVDJ9V8x7RNJKOgIczoEe37lRaidl2yrZN9f5CvlNI4sOkCHqIBsdIkq6A5VkYMoekIv6A29G8/Gq/FhfE5bM0Y6s4/+yPj6BRzImhc=</latexit>

max
U(s,t)2U

Ls
<latexit sha1_base64="X8uMNqeo9h/ucGDvJbIQJxmbXgA=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksQgUpiQj2WPDiwUMF0xaaEDbbbbt0dxN2N2IJufhXvHhQxKs/w5v/xm2bg7Y+GHi8N8PMvChhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FZxKjHxcMxi2Y2QIowK4mmqGekmkiAeMdKJxtdTv/NApKKxuNeThAQcDQUdUIy0kUL7yOfoMcy8mjrXZz4V0Mtvw0zloV116s4McJm4BamCAq3Q/vL7MU45ERozpFTPdRIdZEhqihnJK36qSILwGA1Jz1CBOFFBNnsgh6dG6cNBLE0JDWfq74kMcaUmPDKdHOmRWvSm4n9eL9WDRpBRkaSaCDxfNEgZ1DGcpgH7VBKs2cQQhCU1t0I8QhJhbTKrmBDcxZeXSfui7jp19+6y2mwUcZTBMTgBNeCCK9AEN6AFPIBBDp7BK3iznqwX6936mLeWrGLmEPyB9fkD+WeV9w==</latexit><latexit sha1_base64="X8uMNqeo9h/ucGDvJbIQJxmbXgA=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksQgUpiQj2WPDiwUMF0xaaEDbbbbt0dxN2N2IJufhXvHhQxKs/w5v/xm2bg7Y+GHi8N8PMvChhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FZxKjHxcMxi2Y2QIowK4mmqGekmkiAeMdKJxtdTv/NApKKxuNeThAQcDQUdUIy0kUL7yOfoMcy8mjrXZz4V0Mtvw0zloV116s4McJm4BamCAq3Q/vL7MU45ERozpFTPdRIdZEhqihnJK36qSILwGA1Jz1CBOFFBNnsgh6dG6cNBLE0JDWfq74kMcaUmPDKdHOmRWvSm4n9eL9WDRpBRkaSaCDxfNEgZ1DGcpgH7VBKs2cQQhCU1t0I8QhJhbTKrmBDcxZeXSfui7jp19+6y2mwUcZTBMTgBNeCCK9AEN6AFPIBBDp7BK3iznqwX6936mLeWrGLmEPyB9fkD+WeV9w==</latexit><latexit sha1_base64="X8uMNqeo9h/ucGDvJbIQJxmbXgA=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksQgUpiQj2WPDiwUMF0xaaEDbbbbt0dxN2N2IJufhXvHhQxKs/w5v/xm2bg7Y+GHi8N8PMvChhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FZxKjHxcMxi2Y2QIowK4mmqGekmkiAeMdKJxtdTv/NApKKxuNeThAQcDQUdUIy0kUL7yOfoMcy8mjrXZz4V0Mtvw0zloV116s4McJm4BamCAq3Q/vL7MU45ERozpFTPdRIdZEhqihnJK36qSILwGA1Jz1CBOFFBNnsgh6dG6cNBLE0JDWfq74kMcaUmPDKdHOmRWvSm4n9eL9WDRpBRkaSaCDxfNEgZ1DGcpgH7VBKs2cQQhCU1t0I8QhJhbTKrmBDcxZeXSfui7jp19+6y2mwUcZTBMTgBNeCCK9AEN6AFPIBBDp7BK3iznqwX6936mLeWrGLmEPyB9fkD+WeV9w==</latexit><latexit sha1_base64="X8uMNqeo9h/ucGDvJbIQJxmbXgA=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksQgUpiQj2WPDiwUMF0xaaEDbbbbt0dxN2N2IJufhXvHhQxKs/w5v/xm2bg7Y+GHi8N8PMvChhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FZxKjHxcMxi2Y2QIowK4mmqGekmkiAeMdKJxtdTv/NApKKxuNeThAQcDQUdUIy0kUL7yOfoMcy8mjrXZz4V0Mtvw0zloV116s4McJm4BamCAq3Q/vL7MU45ERozpFTPdRIdZEhqihnJK36qSILwGA1Jz1CBOFFBNnsgh6dG6cNBLE0JDWfq74kMcaUmPDKdHOmRWvSm4n9eL9WDRpBRkaSaCDxfNEgZ1DGcpgH7VBKs2cQQhCU1t0I8QhJhbTKrmBDcxZeXSfui7jp19+6y2mwUcZTBMTgBNeCCK9AEN6AFPIBBDp7BK3iznqwX6936mLeWrGLmEPyB9fkD+WeV9w==</latexit>

pi(s)
<latexit sha1_base64="z8ihzcFRy7ov3uJJX4lEQTR6Ioo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigj0WvHisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlbjLI+KyqLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLe2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDuZ1wmqUHJlovCVBATk/nzZMgVMiOmllCmuL2VsDFVlBkbUcmG4K2+vE7aVzXPrXn315VGPY+jCGdwDlXw4AYacAdNaAEDAc/wCm/Oo/PivDsfy9aCk8+cwh84nz+1Z4+0</latexit><latexit sha1_base64="z8ihzcFRy7ov3uJJX4lEQTR6Ioo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigj0WvHisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlbjLI+KyqLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLe2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDuZ1wmqUHJlovCVBATk/nzZMgVMiOmllCmuL2VsDFVlBkbUcmG4K2+vE7aVzXPrXn315VGPY+jCGdwDlXw4AYacAdNaAEDAc/wCm/Oo/PivDsfy9aCk8+cwh84nz+1Z4+0</latexit><latexit sha1_base64="z8ihzcFRy7ov3uJJX4lEQTR6Ioo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigj0WvHisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlbjLI+KyqLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLe2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDuZ1wmqUHJlovCVBATk/nzZMgVMiOmllCmuL2VsDFVlBkbUcmG4K2+vE7aVzXPrXn315VGPY+jCGdwDlXw4AYacAdNaAEDAc/wCm/Oo/PivDsfy9aCk8+cwh84nz+1Z4+0</latexit><latexit sha1_base64="z8ihzcFRy7ov3uJJX4lEQTR6Ioo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahXkoigj0WvHisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlbjLI+KyqLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLe2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDuZ1wmqUHJlovCVBATk/nzZMgVMiOmllCmuL2VsDFVlBkbUcmG4K2+vE7aVzXPrXn315VGPY+jCGdwDlXw4AYacAdNaAEDAc/wCm/Oo/PivDsfy9aCk8+cwh84nz+1Z4+0</latexit>

i
<latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit>

s
<latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit><latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit><latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit><latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit>

pi(s) := hi(X̂�i(s, s))�
X
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<latexit sha1_base64="yXsBLhG0k00zf1IqQvF0UagKd9s="></latexit><latexit sha1_base64="yXsBLhG0k00zf1IqQvF0UagKd9s="></latexit><latexit sha1_base64="yXsBLhG0k00zf1IqQvF0UagKd9s="></latexit><latexit sha1_base64="yXsBLhG0k00zf1IqQvF0UagKd9s="></latexit>

s
<latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit><latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit><latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit><latexit sha1_base64="A9RHp2fbLZqBviDJ+oBUdVUZTmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/bo4zt</latexit>

i
<latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit>
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Rational Agents and Incentive 
Compatibility
◆ We need agents to be rational
◆ Agent   is rational at time         , if it adopts a dominant 

strategy, when there is a unique dominant strategy. 
◆ An agent   is rational at time   if it adopts a dominant 

strategy at time   under the assumption that all agents 
including itself are rational at times                        , when 
there is a unique such dominant strategy

◆ Theorem: 
Truth-telling of state, i.e.,                               , for                              
is a dominant strategy for the layered VCG mechanism, if 
system parameters                  are truthfully known, and 
agents are rational.
◆ There is a counterexample if system parameters unknown

i
<latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit>

T � 1
<latexit sha1_base64="J09jdrS3xgFPl+kpabZcZs5FSTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURwR4LXjxW7Be0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmd3O/88S1EbFq4jThfkRHSoSCUbTSY/PKG5QrbtVdgKwTLycVyNEYlL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6KYc3PhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+3rqudWvYebSr2Wx1GEMziHS/DgFupwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH4XNjUA=</latexit><latexit sha1_base64="J09jdrS3xgFPl+kpabZcZs5FSTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURwR4LXjxW7Be0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmd3O/88S1EbFq4jThfkRHSoSCUbTSY/PKG5QrbtVdgKwTLycVyNEYlL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6KYc3PhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+3rqudWvYebSr2Wx1GEMziHS/DgFupwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH4XNjUA=</latexit><latexit sha1_base64="J09jdrS3xgFPl+kpabZcZs5FSTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURwR4LXjxW7Be0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmd3O/88S1EbFq4jThfkRHSoSCUbTSY/PKG5QrbtVdgKwTLycVyNEYlL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6KYc3PhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+3rqudWvYebSr2Wx1GEMziHS/DgFupwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH4XNjUA=</latexit><latexit sha1_base64="J09jdrS3xgFPl+kpabZcZs5FSTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURwR4LXjxW7Be0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmd3O/88S1EbFq4jThfkRHSoSCUbTSY/PKG5QrbtVdgKwTLycVyNEYlL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6KYc3PhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+3rqudWvYebSr2Wx1GEMziHS/DgFupwDw1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH4XNjUA=</latexit>

i
<latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit><latexit sha1_base64="qBVGNizdWwPa/ecXWv6TqzC20Kw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Me4zj</latexit>

t
<latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit><latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit><latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit><latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit>

x̂i(s, s) = wi(s� 1)
<latexit sha1_base64="BonWhTpnBeuDTWlCMpLBwg4mA1c=">AAACBHicbZDLSsNAFIYn9VbrLeqym2ARWtCSiGA3QsGNywr2Am0Ik+mkHTqZhJkTtYQu3Pgqblwo4taHcOfbOG2z0NYfBj7+cw5nzu/HnCmw7W8jt7K6tr6R3yxsbe/s7pn7By0VJZLQJol4JDs+VpQzQZvAgNNOLCkOfU7b/uhqWm/fUalYJG5hHFM3xAPBAkYwaMszi70hhvRh4qVsUlYnqnJ5P8dTp+KZJbtqz2Qtg5NBCWVqeOZXrx+RJKQCCMdKdR07BjfFEhjhdFLoJYrGmIzwgHY1ChxS5aazIybWsXb6VhBJ/QRYM/f3RIpDpcahrztDDEO1WJua/9W6CQQ1N2UiToAKMl8UJNyCyJomYvWZpAT4WAMmkum/WmSIJSagcyvoEJzFk5ehdVZ17Kpzc16q17I48qiIjlAZOegC1dE1aqAmIugRPaNX9GY8GS/Gu/Exb80Z2cwh+iPj8we9W5dx</latexit><latexit sha1_base64="BonWhTpnBeuDTWlCMpLBwg4mA1c=">AAACBHicbZDLSsNAFIYn9VbrLeqym2ARWtCSiGA3QsGNywr2Am0Ik+mkHTqZhJkTtYQu3Pgqblwo4taHcOfbOG2z0NYfBj7+cw5nzu/HnCmw7W8jt7K6tr6R3yxsbe/s7pn7By0VJZLQJol4JDs+VpQzQZvAgNNOLCkOfU7b/uhqWm/fUalYJG5hHFM3xAPBAkYwaMszi70hhvRh4qVsUlYnqnJ5P8dTp+KZJbtqz2Qtg5NBCWVqeOZXrx+RJKQCCMdKdR07BjfFEhjhdFLoJYrGmIzwgHY1ChxS5aazIybWsXb6VhBJ/QRYM/f3RIpDpcahrztDDEO1WJua/9W6CQQ1N2UiToAKMl8UJNyCyJomYvWZpAT4WAMmkum/WmSIJSagcyvoEJzFk5ehdVZ17Kpzc16q17I48qiIjlAZOegC1dE1aqAmIugRPaNX9GY8GS/Gu/Exb80Z2cwh+iPj8we9W5dx</latexit><latexit sha1_base64="BonWhTpnBeuDTWlCMpLBwg4mA1c=">AAACBHicbZDLSsNAFIYn9VbrLeqym2ARWtCSiGA3QsGNywr2Am0Ik+mkHTqZhJkTtYQu3Pgqblwo4taHcOfbOG2z0NYfBj7+cw5nzu/HnCmw7W8jt7K6tr6R3yxsbe/s7pn7By0VJZLQJol4JDs+VpQzQZvAgNNOLCkOfU7b/uhqWm/fUalYJG5hHFM3xAPBAkYwaMszi70hhvRh4qVsUlYnqnJ5P8dTp+KZJbtqz2Qtg5NBCWVqeOZXrx+RJKQCCMdKdR07BjfFEhjhdFLoJYrGmIzwgHY1ChxS5aazIybWsXb6VhBJ/QRYM/f3RIpDpcahrztDDEO1WJua/9W6CQQ1N2UiToAKMl8UJNyCyJomYvWZpAT4WAMmkum/WmSIJSagcyvoEJzFk5ehdVZ17Kpzc16q17I48qiIjlAZOegC1dE1aqAmIugRPaNX9GY8GS/Gu/Exb80Z2cwh+iPj8we9W5dx</latexit><latexit sha1_base64="BonWhTpnBeuDTWlCMpLBwg4mA1c=">AAACBHicbZDLSsNAFIYn9VbrLeqym2ARWtCSiGA3QsGNywr2Am0Ik+mkHTqZhJkTtYQu3Pgqblwo4taHcOfbOG2z0NYfBj7+cw5nzu/HnCmw7W8jt7K6tr6R3yxsbe/s7pn7By0VJZLQJol4JDs+VpQzQZvAgNNOLCkOfU7b/uhqWm/fUalYJG5hHFM3xAPBAkYwaMszi70hhvRh4qVsUlYnqnJ5P8dTp+KZJbtqz2Qtg5NBCWVqeOZXrx+RJKQCCMdKdR07BjfFEhjhdFLoJYrGmIzwgHY1ChxS5aazIybWsXb6VhBJ/QRYM/f3RIpDpcahrztDDEO1WJua/9W6CQQ1N2UiToAKMl8UJNyCyJomYvWZpAT4WAMmkum/WmSIJSagcyvoEJzFk5ehdVZ17Kpzc16q17I48qiIjlAZOegC1dE1aqAmIugRPaNX9GY8GS/Gu/Exb80Z2cwh+iPj8we9W5dx</latexit>

0  s  T � 1
<latexit sha1_base64="LqFXT8Fl6WDIRJxkihzM7gC/CeU=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4seyKYI8FLx4r9AvapWTTaRuaza5JtlCW/g4vHhTx6o/x5r8x2+5BWx/M8HhvhkxeEAuujet+OxubW9s7u4W94v7B4dFx6eS0paNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJfea3p6g0j2TDzGL0QzqSfMgZNVby3Z5AorPWuPb6pbJbcRcg68TLSRly1Pulr94gYkmI0jBBte56bmz8lCrDmcB5sZdojCmb0BF2LZU0RO2ni6Pn5NIqAzKMlC1pyEL9vZHSUOtZGNjJkJqxXvUy8T+vm5hh1U+5jBODki0fGiaCmIhkCZABV8iMmFlCmeL2VsLGVFFmbE5FG4K3+uV10rqpeG7Fe7wt16p5HAU4hwu4Ag/uoAYPUIcmMHiCZ3iFN2fqvDjvzsdydMPJd87gD5zPH/hbkOE=</latexit><latexit sha1_base64="LqFXT8Fl6WDIRJxkihzM7gC/CeU=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4seyKYI8FLx4r9AvapWTTaRuaza5JtlCW/g4vHhTx6o/x5r8x2+5BWx/M8HhvhkxeEAuujet+OxubW9s7u4W94v7B4dFx6eS0paNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJfea3p6g0j2TDzGL0QzqSfMgZNVby3Z5AorPWuPb6pbJbcRcg68TLSRly1Pulr94gYkmI0jBBte56bmz8lCrDmcB5sZdojCmb0BF2LZU0RO2ni6Pn5NIqAzKMlC1pyEL9vZHSUOtZGNjJkJqxXvUy8T+vm5hh1U+5jBODki0fGiaCmIhkCZABV8iMmFlCmeL2VsLGVFFmbE5FG4K3+uV10rqpeG7Fe7wt16p5HAU4hwu4Ag/uoAYPUIcmMHiCZ3iFN2fqvDjvzsdydMPJd87gD5zPH/hbkOE=</latexit><latexit sha1_base64="LqFXT8Fl6WDIRJxkihzM7gC/CeU=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4seyKYI8FLx4r9AvapWTTaRuaza5JtlCW/g4vHhTx6o/x5r8x2+5BWx/M8HhvhkxeEAuujet+OxubW9s7u4W94v7B4dFx6eS0paNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJfea3p6g0j2TDzGL0QzqSfMgZNVby3Z5AorPWuPb6pbJbcRcg68TLSRly1Pulr94gYkmI0jBBte56bmz8lCrDmcB5sZdojCmb0BF2LZU0RO2ni6Pn5NIqAzKMlC1pyEL9vZHSUOtZGNjJkJqxXvUy8T+vm5hh1U+5jBODki0fGiaCmIhkCZABV8iMmFlCmeL2VsLGVFFmbE5FG4K3+uV10rqpeG7Fe7wt16p5HAU4hwu4Ag/uoAYPUIcmMHiCZ3iFN2fqvDjvzsdydMPJd87gD5zPH/hbkOE=</latexit><latexit sha1_base64="LqFXT8Fl6WDIRJxkihzM7gC/CeU=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4seyKYI8FLx4r9AvapWTTaRuaza5JtlCW/g4vHhTx6o/x5r8x2+5BWx/M8HhvhkxeEAuujet+OxubW9s7u4W94v7B4dFx6eS0paNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJfea3p6g0j2TDzGL0QzqSfMgZNVby3Z5AorPWuPb6pbJbcRcg68TLSRly1Pulr94gYkmI0jBBte56bmz8lCrDmcB5sZdojCmb0BF2LZU0RO2ni6Pn5NIqAzKMlC1pyEL9vZHSUOtZGNjJkJqxXvUy8T+vm5hh1U+5jBODki0fGiaCmIhkCZABV8iMmFlCmeL2VsLGVFFmbE5FG4K3+uV10rqpeG7Fe7wt16p5HAU4hwu4Ag/uoAYPUIcmMHiCZ3iFN2fqvDjvzsdydMPJd87gD5zPH/hbkOE=</latexit>

Q,R,A,B
<latexit sha1_base64="LCp7BtLWnsM/mnjxOMvgAI/ysMA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBQym7Ithj1YvHVuwHtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxrczv/1ElWaRfDCTmPoCDyULGcHGSo+NMrovo+syuukXS27FnQOtEi8jJchQ7xe/eoOIJIJKQzjWuuu5sfFTrAwjnE4LvUTTGJMxHtKupRILqv10fvEUnVllgMJI2ZIGzdXfEykWWk9EYDsFNiO97M3E/7xuYsKqnzIZJ4ZKslgUJhyZCM3eRwOmKDF8YgkmitlbERlhhYmxIRVsCN7yy6ukdVHx3IrXuCzVqlkceTiBUzgHD66gBndQhyYQkPAMr/DmaOfFeXc+Fq05J5s5hj9wPn8AmqOO3g==</latexit><latexit sha1_base64="LCp7BtLWnsM/mnjxOMvgAI/ysMA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBQym7Ithj1YvHVuwHtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxrczv/1ElWaRfDCTmPoCDyULGcHGSo+NMrovo+syuukXS27FnQOtEi8jJchQ7xe/eoOIJIJKQzjWuuu5sfFTrAwjnE4LvUTTGJMxHtKupRILqv10fvEUnVllgMJI2ZIGzdXfEykWWk9EYDsFNiO97M3E/7xuYsKqnzIZJ4ZKslgUJhyZCM3eRwOmKDF8YgkmitlbERlhhYmxIRVsCN7yy6ukdVHx3IrXuCzVqlkceTiBUzgHD66gBndQhyYQkPAMr/DmaOfFeXc+Fq05J5s5hj9wPn8AmqOO3g==</latexit><latexit sha1_base64="LCp7BtLWnsM/mnjxOMvgAI/ysMA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBQym7Ithj1YvHVuwHtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxrczv/1ElWaRfDCTmPoCDyULGcHGSo+NMrovo+syuukXS27FnQOtEi8jJchQ7xe/eoOIJIJKQzjWuuu5sfFTrAwjnE4LvUTTGJMxHtKupRILqv10fvEUnVllgMJI2ZIGzdXfEykWWk9EYDsFNiO97M3E/7xuYsKqnzIZJ4ZKslgUJhyZCM3eRwOmKDF8YgkmitlbERlhhYmxIRVsCN7yy6ukdVHx3IrXuCzVqlkceTiBUzgHD66gBndQhyYQkPAMr/DmaOfFeXc+Fq05J5s5hj9wPn8AmqOO3g==</latexit><latexit sha1_base64="LCp7BtLWnsM/mnjxOMvgAI/ysMA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBQym7Ithj1YvHVuwHtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxrczv/1ElWaRfDCTmPoCDyULGcHGSo+NMrovo+syuukXS27FnQOtEi8jJchQ7xe/eoOIJIJKQzjWuuu5sfFTrAwjnE4LvUTTGJMxHtKupRILqv10fvEUnVllgMJI2ZIGzdXfEykWWk9EYDsFNiO97M3E/7xuYsKqnzIZJ4ZKslgUJhyZCM3eRwOmKDF8YgkmitlbERlhhYmxIRVsCN7yy6ukdVHx3IrXuCzVqlkceTiBUzgHD66gBndQhyYQkPAMr/DmaOfFeXc+Fq05J5s5hj9wPn8AmqOO3g==</latexit>

t+ 1, ..., T � 1
<latexit sha1_base64="WE2oQRQpjgWfWx+pzRiXcnH5pdA=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIsgWJeNCPZY8OKxQr9gu5Rsmm1Ds5slmRVK6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwlQKA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hMM95iSirdDanhUiS8BQIk76aa0ziUvBOO7+d+54lrI1TShEnKg5gOExEJRsFKPlyRquu61eY16ZcrnustgNcJyUkF5Wj0y1+9gWJZzBNgkhrjEy+FYEo1CCb5rNTLDE8pG9Mh9y1NaMxNMF2cPMMXVhngSGlbCeCF+ntiSmNjJnFoO2MKI7PqzcX/PD+DqBZMRZJmwBO2XBRlEoPC8//xQGjOQE4soUwLeytmI6opA5tSyYZAVl9eJ+0bl3guebyt1Gt5HEV0hs7RJSLoDtXRA2qgFmJIoWf0it4ccF6cd+dj2Vpw8plT9AfO5w9LRo9C</latexit><latexit sha1_base64="WE2oQRQpjgWfWx+pzRiXcnH5pdA=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIsgWJeNCPZY8OKxQr9gu5Rsmm1Ds5slmRVK6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwlQKA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hMM95iSirdDanhUiS8BQIk76aa0ziUvBOO7+d+54lrI1TShEnKg5gOExEJRsFKPlyRquu61eY16ZcrnustgNcJyUkF5Wj0y1+9gWJZzBNgkhrjEy+FYEo1CCb5rNTLDE8pG9Mh9y1NaMxNMF2cPMMXVhngSGlbCeCF+ntiSmNjJnFoO2MKI7PqzcX/PD+DqBZMRZJmwBO2XBRlEoPC8//xQGjOQE4soUwLeytmI6opA5tSyYZAVl9eJ+0bl3guebyt1Gt5HEV0hs7RJSLoDtXRA2qgFmJIoWf0it4ccF6cd+dj2Vpw8plT9AfO5w9LRo9C</latexit><latexit sha1_base64="WE2oQRQpjgWfWx+pzRiXcnH5pdA=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIsgWJeNCPZY8OKxQr9gu5Rsmm1Ds5slmRVK6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwlQKA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hMM95iSirdDanhUiS8BQIk76aa0ziUvBOO7+d+54lrI1TShEnKg5gOExEJRsFKPlyRquu61eY16ZcrnustgNcJyUkF5Wj0y1+9gWJZzBNgkhrjEy+FYEo1CCb5rNTLDE8pG9Mh9y1NaMxNMF2cPMMXVhngSGlbCeCF+ntiSmNjJnFoO2MKI7PqzcX/PD+DqBZMRZJmwBO2XBRlEoPC8//xQGjOQE4soUwLeytmI6opA5tSyYZAVl9eJ+0bl3guebyt1Gt5HEV0hs7RJSLoDtXRA2qgFmJIoWf0it4ccF6cd+dj2Vpw8plT9AfO5w9LRo9C</latexit><latexit sha1_base64="WE2oQRQpjgWfWx+pzRiXcnH5pdA=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIsgWJeNCPZY8OKxQr9gu5Rsmm1Ds5slmRVK6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwlQKA5737RQ2Nre2d4q7pb39g8Oj8vFJ26hMM95iSirdDanhUiS8BQIk76aa0ziUvBOO7+d+54lrI1TShEnKg5gOExEJRsFKPlyRquu61eY16ZcrnustgNcJyUkF5Wj0y1+9gWJZzBNgkhrjEy+FYEo1CCb5rNTLDE8pG9Mh9y1NaMxNMF2cPMMXVhngSGlbCeCF+ntiSmNjJnFoO2MKI7PqzcX/PD+DqBZMRZJmwBO2XBRlEoPC8//xQGjOQE4soUwLeytmI6opA5tSyYZAVl9eJ+0bl3guebyt1Gt5HEV0hs7RJSLoDtXRA2qgFmJIoWf0it4ccF6cd+dj2Vpw8plT9AfO5w9LRo9C</latexit>

t
<latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit><latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit><latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit><latexit sha1_base64="zes3vBFXxjNR5abVqS2GqVmU2R0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWMC5gHJEmYnvcmY2QczvUII+QIvHhTx6id582+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7hb3i/sHh0XHp5LRlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7refUBuZxA80SdGP+DCWoRScrNSgfqnsVtwF2DrxclKGHPV+6as3SEQWYUxCcWO6npuSP+WapFA4K/YygykXYz7ErqUxj9D408WhM3ZplQELE20rJrZQf09MeWTMJApsZ8RpZFa9ufif180orPpTGacZYSyWi8JMMUrY/Gs2kBoFqYklXGhpb2VixDUXZLMp2hC81ZfXSeu64rkVr3FTrlXzOApwDhdwBR7cQg3uoQ5NEIDwDK/w5jw6L86787Fs3XDymTP4A+fzB90njO4=</latexit>
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Scaled VCG Mechanism for Budget 
Balance and Individual Rationality

◆ How to ensure that the layered VCG mechanism is BB and IR?
◆ Solution: Inflate (or deflate) the first term in the standard VCG 

mechanism by a constant factor c

◆ Scaled VCG mechanism (SVCG)
◆ Want to adjust c to achieve BB and IR
◆ But if c is chosen as a function of the utility bids    , then incentive 

compatibility is lost, since the first term is not allowed to depend on      
in the Groves mechanism

◆ However, under a Market Power Balance condition there is a range 
of values of    that ensures BB and IR for a given system

◆ Through repeated long-term interactions, the social planner may be 
able to learn at least a subset of this range of values

pi(F̂ ) = c ·
X

j 6=i

F̂j(u
(i))�

X

j 6=i

F̂j(u
⇤)

<latexit sha1_base64="hoSiI013hvsUKjF7EN+KlCodWEE="></latexit><latexit sha1_base64="hoSiI013hvsUKjF7EN+KlCodWEE="></latexit><latexit sha1_base64="hoSiI013hvsUKjF7EN+KlCodWEE="></latexit><latexit sha1_base64="hoSiI013hvsUKjF7EN+KlCodWEE="></latexit>

F̂
F̂i

<latexit sha1_base64="RwgHG5Mj6Lr71MgATZTsnnHB9To=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi2GNBEI8V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6WNza3tnfJuZW//4PCoenzSMSrVlLWpEkr3QmKY4JK1kaNgvUQzEoeCdcPp7dzvPjFtuJKPOEtYEJOx5BGnBK3UH0wIZnf5MOP5sFrz6t4C7jrxC1KDAq1h9WswUjSNmUQqiDF930swyIhGTgXLK4PUsITQKRmzvqWSxMwE2eLk3L2wysiNlLYl0V2ovycyEhszi0PbGROcmFVvLv7n9VOMGkHGZZIik3S5KEqFi8qd/++OuGYUxcwSQjW3t7p0QjShaFOq2BD81ZfXSeeq7nt1/+G61mwUcZThDM7hEny4gSbcQwvaQEHBM7zCm4POi/PufCxbS04xcwp/4Hz+AKoRkXU=</latexit><latexit sha1_base64="RwgHG5Mj6Lr71MgATZTsnnHB9To=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi2GNBEI8V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6WNza3tnfJuZW//4PCoenzSMSrVlLWpEkr3QmKY4JK1kaNgvUQzEoeCdcPp7dzvPjFtuJKPOEtYEJOx5BGnBK3UH0wIZnf5MOP5sFrz6t4C7jrxC1KDAq1h9WswUjSNmUQqiDF930swyIhGTgXLK4PUsITQKRmzvqWSxMwE2eLk3L2wysiNlLYl0V2ovycyEhszi0PbGROcmFVvLv7n9VOMGkHGZZIik3S5KEqFi8qd/++OuGYUxcwSQjW3t7p0QjShaFOq2BD81ZfXSeeq7nt1/+G61mwUcZThDM7hEny4gSbcQwvaQEHBM7zCm4POi/PufCxbS04xcwp/4Hz+AKoRkXU=</latexit><latexit sha1_base64="RwgHG5Mj6Lr71MgATZTsnnHB9To=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi2GNBEI8V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6WNza3tnfJuZW//4PCoenzSMSrVlLWpEkr3QmKY4JK1kaNgvUQzEoeCdcPp7dzvPjFtuJKPOEtYEJOx5BGnBK3UH0wIZnf5MOP5sFrz6t4C7jrxC1KDAq1h9WswUjSNmUQqiDF930swyIhGTgXLK4PUsITQKRmzvqWSxMwE2eLk3L2wysiNlLYl0V2ovycyEhszi0PbGROcmFVvLv7n9VOMGkHGZZIik3S5KEqFi8qd/++OuGYUxcwSQjW3t7p0QjShaFOq2BD81ZfXSeeq7nt1/+G61mwUcZThDM7hEny4gSbcQwvaQEHBM7zCm4POi/PufCxbS04xcwp/4Hz+AKoRkXU=</latexit><latexit sha1_base64="RwgHG5Mj6Lr71MgATZTsnnHB9To=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi2GNBEI8V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6WNza3tnfJuZW//4PCoenzSMSrVlLWpEkr3QmKY4JK1kaNgvUQzEoeCdcPp7dzvPjFtuJKPOEtYEJOx5BGnBK3UH0wIZnf5MOP5sFrz6t4C7jrxC1KDAq1h9WswUjSNmUQqiDF930swyIhGTgXLK4PUsITQKRmzvqWSxMwE2eLk3L2wysiNlLYl0V2ovycyEhszi0PbGROcmFVvLv7n9VOMGkHGZZIik3S5KEqFi8qd/++OuGYUxcwSQjW3t7p0QjShaFOq2BD81ZfXSeeq7nt1/+G61mwUcZThDM7hEny4gSbcQwvaQEHBM7zCm4POi/PufCxbS04xcwp/4Hz+AKoRkXU=</latexit>

c 2 [c, c̄]
<latexit sha1_base64="0MQDNt2YBeI+u2UWL9NU17sivLA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIYJcFNy4r2Ac0oUwmN+3QySTMTIQSunHjr7hxoYhb/8Gdf+OkzUJbDwxzOOfeO3NPkHKmtON8Wyura+sbm5Wt6vbO7t6+fXDYUUkmKbRpwhPZC4gCzgS0NdMceqkEEgccusH4pvC7DyAVS8S9nqTgx2QoWMQo0UYa2CfUY6LvZSIEWczI6fTCC4g0t18d2DWn7syAl4lbkhoq0RrYX16Y0CwGoSknSvVdJ9V+TqRmlMO06mUKUkLHZAh9QwWJQfn5bIspPjNKiKNEmiM0nqm/O3ISKzWJA1MZEz1Si14h/uf1Mx01/JyJNNMg6PyhKONYJ7iIBIdMAtV8Ygihkpm/YjoiklBtgitCcBdXXiady7rr1N27q1qzUcZRQcfoFJ0jF12jJrpFLdRGFD2iZ/SK3qwn68V6tz7mpStW2XOE/sD6/AG1iZim</latexit><latexit sha1_base64="0MQDNt2YBeI+u2UWL9NU17sivLA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIYJcFNy4r2Ac0oUwmN+3QySTMTIQSunHjr7hxoYhb/8Gdf+OkzUJbDwxzOOfeO3NPkHKmtON8Wyura+sbm5Wt6vbO7t6+fXDYUUkmKbRpwhPZC4gCzgS0NdMceqkEEgccusH4pvC7DyAVS8S9nqTgx2QoWMQo0UYa2CfUY6LvZSIEWczI6fTCC4g0t18d2DWn7syAl4lbkhoq0RrYX16Y0CwGoSknSvVdJ9V+TqRmlMO06mUKUkLHZAh9QwWJQfn5bIspPjNKiKNEmiM0nqm/O3ISKzWJA1MZEz1Si14h/uf1Mx01/JyJNNMg6PyhKONYJ7iIBIdMAtV8Ygihkpm/YjoiklBtgitCcBdXXiady7rr1N27q1qzUcZRQcfoFJ0jF12jJrpFLdRGFD2iZ/SK3qwn68V6tz7mpStW2XOE/sD6/AG1iZim</latexit><latexit sha1_base64="0MQDNt2YBeI+u2UWL9NU17sivLA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIYJcFNy4r2Ac0oUwmN+3QySTMTIQSunHjr7hxoYhb/8Gdf+OkzUJbDwxzOOfeO3NPkHKmtON8Wyura+sbm5Wt6vbO7t6+fXDYUUkmKbRpwhPZC4gCzgS0NdMceqkEEgccusH4pvC7DyAVS8S9nqTgx2QoWMQo0UYa2CfUY6LvZSIEWczI6fTCC4g0t18d2DWn7syAl4lbkhoq0RrYX16Y0CwGoSknSvVdJ9V+TqRmlMO06mUKUkLHZAh9QwWJQfn5bIspPjNKiKNEmiM0nqm/O3ISKzWJA1MZEz1Si14h/uf1Mx01/JyJNNMg6PyhKONYJ7iIBIdMAtV8Ygihkpm/YjoiklBtgitCcBdXXiady7rr1N27q1qzUcZRQcfoFJ0jF12jJrpFLdRGFD2iZ/SK3qwn68V6tz7mpStW2XOE/sD6/AG1iZim</latexit><latexit sha1_base64="0MQDNt2YBeI+u2UWL9NU17sivLA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIYJcFNy4r2Ac0oUwmN+3QySTMTIQSunHjr7hxoYhb/8Gdf+OkzUJbDwxzOOfeO3NPkHKmtON8Wyura+sbm5Wt6vbO7t6+fXDYUUkmKbRpwhPZC4gCzgS0NdMceqkEEgccusH4pvC7DyAVS8S9nqTgx2QoWMQo0UYa2CfUY6LvZSIEWczI6fTCC4g0t18d2DWn7syAl4lbkhoq0RrYX16Y0CwGoSknSvVdJ9V+TqRmlMO06mUKUkLHZAh9QwWJQfn5bIspPjNKiKNEmiM0nqm/O3ISKzWJA1MZEz1Si14h/uf1Mx01/JyJNNMg6PyhKONYJ7iIBIdMAtV8Ygihkpm/YjoiklBtgitCcBdXXiady7rr1N27q1qzUcZRQcfoFJ0jF12jJrpFLdRGFD2iZ/SK3qwn68V6tz7mpStW2XOE/sD6/AG1iZim</latexit>
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Market Power Balance (MPB) 
condition
◆ Market Power Balance (MPB) condition: 

– Consider optimal solution with Agent i excluded

◆ We say the outcome satisfies MPB if
– Influence of excluding one agent on social welfare is not 

too great
◆ Theorem: If the socially optimal outcome satisfies MPB, 

there exists a range of                  such that the SVCG 
mechanism satisfies IC, EF, BB and IR at the same time

◆ MPB provides an economic justification for load aggregators 
as entities that guarantee achievement of social welfare 
maximization

Hi := E
PT�1

t=0 [X(i)T (t)Q(i)
X

(i)(t) + U
(i)T (t)R(i)

U
(i)(t)]

<latexit sha1_base64="upwEvDk8n6td/RzG9LLIG70F0iE="></latexit><latexit sha1_base64="1QTdeqYFhH9uLLjVPotkqeOmOgk="></latexit><latexit sha1_base64="1QTdeqYFhH9uLLjVPotkqeOmOgk="></latexit><latexit sha1_base64="WD0KKw13h5YbcTKhSUt65iW0uKc="></latexit>

Hmax := maxi Hi
<latexit sha1_base64="6k0j0Zk/2LHxXsBZBN9chmKh6Ow=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAIrsqMCIogFNx0WcE+oB2GTJq2ocnMkGTEMs7CX3HjQhG3LvwDV+78GzNtF9p6ILmHc+4lNyeIOVPacb6thcWl5ZXVwlpxfWNza9ve2W2oKJGE1knEI9kKsKKchbSumea0FUuKRcBpMxhe5X7zlkrFovBGj2LqCdwPWY8RrI3k2/tVPxX4Lru47Jjipyyr5pdvl5yyMwaaJ+6UlCqFzw8wqPn2V6cbkUTQUBOOlWq7Tqy9FEvNCKdZsZMoGmMyxH3aNjTEgiovHe+foSOjdFEvkuaEGo3V3xMpFkqNRGA6BdYDNevl4n9eO9G9cy9lYZxoGpLJQ72EIx2hPAzUZZISzUeGYCKZ2RWRAZaYaBNZ0YTgzn55njROyq5Tdq/dUuUUJijAARzCMbhwBhWoQg3qQOAeHuEZXqwH68l6td4mrQvWdGYP/sB6/wHHFJgN</latexit><latexit sha1_base64="hUMp0vLzLHZz5JoV/9lZN/kq+lQ=">AAAB/3icbVDLSgMxFM34rPU1VnDjJrQIrsqMCIogFHTRZQX7gHYYMmmmDU0yQ5IRy9iFv+JCF4q4deEfuHLn35hpu9DWA8k9nHMvuTlBzKjSjvNtLSwuLa+s5tby6xubW9v2TqGhokRiUscRi2QrQIowKkhdU81IK5YE8YCRZjC4yPzmDZGKRuJaD2PicdQTNKQYaSP59l7VTzm6HZ2dd0zxUzqqZpdvl5yyMwacJ+6UlCq5z4/C5WOx5ttfnW6EE06Exgwp1XadWHspkppiRkb5TqJIjPAA9UjbUIE4UV463n8ED4zShWEkzREajtXfEyniSg15YDo50n0162Xif1470eGpl1IRJ5oIPHkoTBjUEczCgF0qCdZsaAjCkppdIe4jibA2keVNCO7sl+dJ46jsOmX3yi1VjsEEObAPiuAQuOAEVEAV1EAdYHAHHsAzeLHurSfr1XqbtC5Y05ld8AfW+w9FjJkr</latexit><latexit sha1_base64="hUMp0vLzLHZz5JoV/9lZN/kq+lQ=">AAAB/3icbVDLSgMxFM34rPU1VnDjJrQIrsqMCIogFHTRZQX7gHYYMmmmDU0yQ5IRy9iFv+JCF4q4deEfuHLn35hpu9DWA8k9nHMvuTlBzKjSjvNtLSwuLa+s5tby6xubW9v2TqGhokRiUscRi2QrQIowKkhdU81IK5YE8YCRZjC4yPzmDZGKRuJaD2PicdQTNKQYaSP59l7VTzm6HZ2dd0zxUzqqZpdvl5yyMwacJ+6UlCq5z4/C5WOx5ttfnW6EE06Exgwp1XadWHspkppiRkb5TqJIjPAA9UjbUIE4UV463n8ED4zShWEkzREajtXfEyniSg15YDo50n0162Xif1470eGpl1IRJ5oIPHkoTBjUEczCgF0qCdZsaAjCkppdIe4jibA2keVNCO7sl+dJ46jsOmX3yi1VjsEEObAPiuAQuOAEVEAV1EAdYHAHHsAzeLHurSfr1XqbtC5Y05ld8AfW+w9FjJkr</latexit><latexit sha1_base64="LI8T2SdwgkyB9v7DZOb6GWJGsNw=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAIrsqMCIogFNx0WcE+oB2GTJppQ5OZIcmIZZyFv+LGhSJu/Q13/o1pOwttPZDcwzn3kpsTJJwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJxKQpsk5rHsBFhRziLa1Exz2kkkxSLgtB2MbiZ++55KxeLoTo8T6gk8iFjICNZG8u3Dup8J/JBfXfdM8TOW1yeXb1ecqjMFWiRuQSpQoOHbX71+TFJBI004VqrrOon2Miw1I5zm5V6qaILJCA9o19AIC6q8bLp/jk6M0kdhLM2JNJqqvycyLJQai8B0CqyHat6biP953VSHl17GoiTVNCKzh8KUIx2jSRiozyQlmo8NwUQysysiQywx0SaysgnBnf/yImmdVV2n6t66ldp5EUcJjuAYTsGFC6hBHRrQBAKP8Ayv8GY9WS/Wu/Uxa12yipkD+APr8wdSsZY8</latexit>

c 2 [c, c̄]
<latexit sha1_base64="0MQDNt2YBeI+u2UWL9NU17sivLA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIYJcFNy4r2Ac0oUwmN+3QySTMTIQSunHjr7hxoYhb/8Gdf+OkzUJbDwxzOOfeO3NPkHKmtON8Wyura+sbm5Wt6vbO7t6+fXDYUUkmKbRpwhPZC4gCzgS0NdMceqkEEgccusH4pvC7DyAVS8S9nqTgx2QoWMQo0UYa2CfUY6LvZSIEWczI6fTCC4g0t18d2DWn7syAl4lbkhoq0RrYX16Y0CwGoSknSvVdJ9V+TqRmlMO06mUKUkLHZAh9QwWJQfn5bIspPjNKiKNEmiM0nqm/O3ISKzWJA1MZEz1Si14h/uf1Mx01/JyJNNMg6PyhKONYJ7iIBIdMAtV8Ygihkpm/YjoiklBtgitCcBdXXiady7rr1N27q1qzUcZRQcfoFJ0jF12jJrpFLdRGFD2iZ/SK3qwn68V6tz7mpStW2XOE/sD6/AG1iZim</latexit><latexit sha1_base64="0MQDNt2YBeI+u2UWL9NU17sivLA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIYJcFNy4r2Ac0oUwmN+3QySTMTIQSunHjr7hxoYhb/8Gdf+OkzUJbDwxzOOfeO3NPkHKmtON8Wyura+sbm5Wt6vbO7t6+fXDYUUkmKbRpwhPZC4gCzgS0NdMceqkEEgccusH4pvC7DyAVS8S9nqTgx2QoWMQo0UYa2CfUY6LvZSIEWczI6fTCC4g0t18d2DWn7syAl4lbkhoq0RrYX16Y0CwGoSknSvVdJ9V+TqRmlMO06mUKUkLHZAh9QwWJQfn5bIspPjNKiKNEmiM0nqm/O3ISKzWJA1MZEz1Si14h/uf1Mx01/JyJNNMg6PyhKONYJ7iIBIdMAtV8Ygihkpm/YjoiklBtgitCcBdXXiady7rr1N27q1qzUcZRQcfoFJ0jF12jJrpFLdRGFD2iZ/SK3qwn68V6tz7mpStW2XOE/sD6/AG1iZim</latexit><latexit sha1_base64="0MQDNt2YBeI+u2UWL9NU17sivLA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIYJcFNy4r2Ac0oUwmN+3QySTMTIQSunHjr7hxoYhb/8Gdf+OkzUJbDwxzOOfeO3NPkHKmtON8Wyura+sbm5Wt6vbO7t6+fXDYUUkmKbRpwhPZC4gCzgS0NdMceqkEEgccusH4pvC7DyAVS8S9nqTgx2QoWMQo0UYa2CfUY6LvZSIEWczI6fTCC4g0t18d2DWn7syAl4lbkhoq0RrYX16Y0CwGoSknSvVdJ9V+TqRmlMO06mUKUkLHZAh9QwWJQfn5bIspPjNKiKNEmiM0nqm/O3ISKzWJA1MZEz1Si14h/uf1Mx01/JyJNNMg6PyhKONYJ7iIBIdMAtV8Ygihkpm/YjoiklBtgitCcBdXXiady7rr1N27q1qzUcZRQcfoFJ0jF12jJrpFLdRGFD2iZ/SK3qwn68V6tz7mpStW2XOE/sD6/AG1iZim</latexit><latexit sha1_base64="0MQDNt2YBeI+u2UWL9NU17sivLA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIYJcFNy4r2Ac0oUwmN+3QySTMTIQSunHjr7hxoYhb/8Gdf+OkzUJbDwxzOOfeO3NPkHKmtON8Wyura+sbm5Wt6vbO7t6+fXDYUUkmKbRpwhPZC4gCzgS0NdMceqkEEgccusH4pvC7DyAVS8S9nqTgx2QoWMQo0UYa2CfUY6LvZSIEWczI6fTCC4g0t18d2DWn7syAl4lbkhoq0RrYX16Y0CwGoSknSvVdJ9V+TqRmlMO06mUKUkLHZAh9QwWJQfn5bIspPjNKiKNEmiM0nqm/O3ISKzWJA1MZEz1Si14h/uf1Mx01/JyJNNMg6PyhKONYJ7iIBIdMAtV8Ygihkpm/YjoiklBtgitCcBdXXiady7rr1N27q1qzUcZRQcfoFJ0jF12jJrpFLdRGFD2iZ/SK3qwn68V6tz7mpStW2XOE/sD6/AG1iZim</latexit>

(N � 1)Hmax 
P

i Hi
<latexit sha1_base64="D1ziDFsrah8Xpgsn8WGH1Y+icmA=">AAACBnicbVC7SgNBFL0bXzG+opYSGAxCLAy7NqYMWJhKIpgHJMsyO5kkQ2Z2l5lZMSxb2fgZtjYWitja+AN2/o2TR6HRA/dyOOdeZu7xI86Utu0vK7O0vLK6ll3PbWxube/kd/eaKowloQ0S8lC2fawoZwFtaKY5bUeSYuFz2vJH5xO/dUOlYmFwrccRdQUeBKzPCNZG8vKF0uWJc1zzEoFv0y6nqKti4SUsrU2aly/aZXsK9Jc4c1KsFi4+HgCg7uU/u72QxIIGmnCsVMexI+0mWGpGOE1z3VjRCJMRHtCOoQEWVLnJ9IwUHRmlh/qhNBVoNFV/biRYKDUWvpkUWA/VojcR//M6se5X3IQFUaxpQGYP9WOOdIgmmaAek5RoPjYEE8nMXxEZYomJNsnlTAjO4sl/SfO07Nhl58opViswQxYO4BBK4MAZVKEGdWgAgTt4hGd4se6tJ+vVepuNZqz5zj78gvX+DR8wmnE=</latexit><latexit sha1_base64="6qzArZkeAov9tYMhqhsAsjaej1A=">AAACBnicbVDLSgMxFM3UV62vUZelECxCXVgmbuyy4KJdSQX7gLYMmTRtQ5OZIcmIZZiVG39FEBeKuHXjD7jzb8y0XWj1wL0czrmX5B4v5Expx/myMiura+sb2c3c1vbO7p69f9BSQSQJbZKAB7LjYUU582lTM81pJ5QUC4/Ttje5SP32DZWKBf61noa0L/DIZ0NGsDaSaxdKl6fopO7GAt8mPU5hT0XCjVlST5trF52yMwP8S9CCFKuF2sdjLV9vuPZnbxCQSFBfE46V6iIn1P0YS80Ip0muFykaYjLBI9o11MeCqn48OyOBx0YZwGEgTfkaztSfGzEWSk2FZyYF1mO17KXif1430sNKP2Z+GGnqk/lDw4hDHcA0EzhgkhLNp4ZgIpn5KyRjLDHRJrmcCQEtn/yXtM7KyCmjK1SsVsAcWZAHR6AEEDgHVVAHDdAEBNyBB/AMXqx768l6td7moxlrsXMIfsF6/wYSepsn</latexit><latexit sha1_base64="6qzArZkeAov9tYMhqhsAsjaej1A=">AAACBnicbVDLSgMxFM3UV62vUZelECxCXVgmbuyy4KJdSQX7gLYMmTRtQ5OZIcmIZZiVG39FEBeKuHXjD7jzb8y0XWj1wL0czrmX5B4v5Expx/myMiura+sb2c3c1vbO7p69f9BSQSQJbZKAB7LjYUU582lTM81pJ5QUC4/Ttje5SP32DZWKBf61noa0L/DIZ0NGsDaSaxdKl6fopO7GAt8mPU5hT0XCjVlST5trF52yMwP8S9CCFKuF2sdjLV9vuPZnbxCQSFBfE46V6iIn1P0YS80Ip0muFykaYjLBI9o11MeCqn48OyOBx0YZwGEgTfkaztSfGzEWSk2FZyYF1mO17KXif1430sNKP2Z+GGnqk/lDw4hDHcA0EzhgkhLNp4ZgIpn5KyRjLDHRJrmcCQEtn/yXtM7KyCmjK1SsVsAcWZAHR6AEEDgHVVAHDdAEBNyBB/AMXqx768l6td7moxlrsXMIfsF6/wYSepsn</latexit><latexit sha1_base64="+vcPOdu6x5z+8wwziuOfEDw4BLI=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqwjLjxi4LbrqSCvYBnWHIpJk2NMkMSUYsQ1du/BU3LhRx6ze482/MtLPQ1gP3cjjnXpJ7woRRpR3n21pZXVvf2Cxtlbd3dvf27YPDjopTiUkbxyyWvRApwqggbU01I71EEsRDRrrh+Dr3u/dEKhqLOz1JiM/RUNCIYqSNFNgn1ZsL97wZZBw9TD1GoKdSHmR02sxbYFecmjMDXCZuQSqgQCuwv7xBjFNOhMYMKdV3nUT7GZKaYkamZS9VJEF4jIakb6hAnCg/m50xhWdGGcAolqaEhjP190aGuFITHppJjvRILXq5+J/XT3VU9zMqklQTgecPRSmDOoZ5JnBAJcGaTQxBWFLzV4hHSCKsTXJlE4K7ePIy6VzWXKfm3rqVRr2IowSOwSmoAhdcgQZoghZoAwwewTN4BW/Wk/VivVsf89EVq9g5An9gff4AYEGYaA==</latexit>
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Asymptotic Lagrange Optimality
◆ Lagrange Optimality

For constrained optimization problem  with
if optimal solution             is unique, then mechanism is      
Lagrange optimal if payment        =

◆ Theorem: 
If 
and MPB condition holds, then the range               satisfies

1.
2. Asymptotic Lagrange Optimality

(�⇤, u⇤)
<latexit sha1_base64="09t9/d71ABZH+xTMwD6pDT6E9NU=">AAAB/HicbVDLSsNAFL2pr1pf0W4EN8EiVJGSuLHLghuXFewD2lgmk0k7dDIJMxMhhvorblwo4tYPcSf4MU7aLrT1wAyHc85l7hwvZlQq2/4yCiura+sbxc3S1vbO7p65f9CWUSIwaeGIRaLrIUkY5aSlqGKkGwuCQo+Rjje+yv3OPRGSRvxWpTFxQzTkNKAYKS0NzHK1z3TaR3fZ2eQ8ye/TgVmxa/YU1jJx5qTSOHz4Bo3mwPzs+xFOQsIVZkjKnmPHys2QUBQzMin1E0lihMdoSHqachQS6WbT5SfWiVZ8K4iEPlxZU/X3RIZCKdPQ08kQqZFc9HLxP6+XqKDuZpTHiSIczx4KEmapyMqbsHwqCFYs1QRhQfWuFh4hgbDSfZV0Cc7il5dJ+6Lm2DXnxqk06jBDEY7gGKrgwCU04Bqa0AIMKTzBC7waj8az8Wa8z6IFYz5Thj8wPn4A4cKVuQ==</latexit><latexit sha1_base64="l+o19BID0D3B5Az+cS1u57XrH/Q=">AAAB/HicbVDNS8MwHE3n1za/qrsIXoJDmCKj9eKOQy8eJ7gP2OpI03QLS9OSpEItE/8TLx4U8eLBP8Sb4B9juu2gmw8SHu+9H/nluRGjUlnWl5FbWl5ZXcsXiusbm1vb5s5uS4axwKSJQxaKjoskYZSTpqKKkU4kCApcRtru6CLz27dESBrya5VExAnQgFOfYqS01DdLlR7TaQ/dpMfjkzi7j/pm2apaE8BFYs9Iub539114eD9v9M3PnhfiOCBcYYak7NpWpJwUCUUxI+NiL5YkQniEBqSrKUcBkU46WX4MD7XiQT8U+nAFJ+rviRQFUiaBq5MBUkM572Xif143Vn7NSSmPYkU4nj7kxwyqEGZNQI8KghVLNEFYUL0rxEMkEFa6r6IuwZ7/8iJpnVZtq2pf2eV6DUyRB/vgAFSADc5AHVyCBmgCDBLwCJ7Bi3FvPBmvxts0mjNmMyXwB8bHD98ulzY=</latexit><latexit sha1_base64="l+o19BID0D3B5Az+cS1u57XrH/Q=">AAAB/HicbVDNS8MwHE3n1za/qrsIXoJDmCKj9eKOQy8eJ7gP2OpI03QLS9OSpEItE/8TLx4U8eLBP8Sb4B9juu2gmw8SHu+9H/nluRGjUlnWl5FbWl5ZXcsXiusbm1vb5s5uS4axwKSJQxaKjoskYZSTpqKKkU4kCApcRtru6CLz27dESBrya5VExAnQgFOfYqS01DdLlR7TaQ/dpMfjkzi7j/pm2apaE8BFYs9Iub539114eD9v9M3PnhfiOCBcYYak7NpWpJwUCUUxI+NiL5YkQniEBqSrKUcBkU46WX4MD7XiQT8U+nAFJ+rviRQFUiaBq5MBUkM572Xif143Vn7NSSmPYkU4nj7kxwyqEGZNQI8KghVLNEFYUL0rxEMkEFa6r6IuwZ7/8iJpnVZtq2pf2eV6DUyRB/vgAFSADc5AHVyCBmgCDBLwCJ7Bi3FvPBmvxts0mjNmMyXwB8bHD98ulzY=</latexit><latexit sha1_base64="bgCVqB9xpJtL5qBu6OiPVmLpIXU=">AAAB/HicbVDLSgMxFL3js9bXaJdugkWoImXGjV0W3LisYB/QjiWTSdvQTGZIMsIw1F9x40IRt36IO//GTDsLbT2QcDjnXHJz/JgzpR3n21pb39jc2i7tlHf39g8O7aPjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96U3udx+pVCwS9zqNqRfisWAjRrA20tCu1AbcpAP8kF3MLpP8Ph/aVafuzIFWiVuQKhRoDe2vQRCRJKRCE46V6rtOrL0MS80Ip7PyIFE0xmSKx7RvqMAhVV42X36GzowSoFEkzREazdXfExkOlUpD3yRDrCdq2cvF/7x+okcNL2MiTjQVZPHQKOFIRyhvAgVMUqJ5aggmkpldEZlgiYk2fZVNCe7yl1dJ56ruOnX3zq02G0UdJTiBU6iBC9fQhFtoQRsIpPAMr/BmPVkv1rv1sYiuWcVMBf7A+vwBnLyUCw==</latexit>

pi
<latexit sha1_base64="UqpQz/MqBalmauQItvzJnUlbtLc=">AAAB7HicbZA9SwNBEIbn4leMX9GUNoshYBXubEwZsLGM4CWB5Ah7m7lkyd7esbsnhCOdvY2FIrb+IDs7f4qbj0ITX1h4eN8ZdmbCVHBtXPfLKWxt7+zuFfdLB4dHxyfl07O2TjLF0GeJSFQ3pBoFl+gbbgR2U4U0DgV2wsnNPO88oNI8kfdmmmIQ05HkEWfUWMtPBzmfDcpVt+4uRDbBW0G1Wak9fgNAa1D+7A8TlsUoDRNU657npibIqTKcCZyV+pnGlLIJHWHPoqQx6iBfDDsjNesMSZQo+6QhC/d3R05jradxaCtjasZ6PZub/2W9zESNIOcyzQxKtvwoygQxCZlvToZcITNiaoEyxe2shI2poszY+5TsEbz1lTehfVX33Lp351WbDViqCOdwAZfgwTU04RZa4AMDDk/wAq+OdJ6dN+d9WVpwVj0V+CPn4weXAJCr</latexit><latexit sha1_base64="G6oM1y0lVIZCOzJ1kbtte72sDLs=">AAAB7HicbZC7SgNBFIbPeo3xFk1pMxgCVmHXxpQBG8sIbhJIQpidzCZDZmeXmbNCWNLZ21goYuuj+AB2+gA+gQ/g5FJo4g8DH/9/DnPOCRIpDLruh7O2vrG5tZ3bye/u7R8cFo6OGyZONeM+i2WsWwE1XArFfRQoeSvRnEaB5M1gdDnNm7dcGxGrGxwnvBvRgRKhYBSt5Se9TEx6hZJbcWciq+AtoFQrlu++374+673Ce6cfszTiCpmkxrQ9N8FuRjUKJvkk30kNTygb0QFvW1Q04qabzYadkLJ1+iSMtX0Kycz93ZHRyJhxFNjKiOLQLGdT87+snWJY7WZCJSlyxeYfhakkGJPp5qQvNGcoxxYo08LOStiQasrQ3idvj+Atr7wKjfOK51a8a69Uq8JcOTiBUzgDDy6gBldQBx8YCLiHR3hylPPgPDsv89I1Z9FThD9yXn8AEQyTRQ==</latexit><latexit sha1_base64="G6oM1y0lVIZCOzJ1kbtte72sDLs=">AAAB7HicbZC7SgNBFIbPeo3xFk1pMxgCVmHXxpQBG8sIbhJIQpidzCZDZmeXmbNCWNLZ21goYuuj+AB2+gA+gQ/g5FJo4g8DH/9/DnPOCRIpDLruh7O2vrG5tZ3bye/u7R8cFo6OGyZONeM+i2WsWwE1XArFfRQoeSvRnEaB5M1gdDnNm7dcGxGrGxwnvBvRgRKhYBSt5Se9TEx6hZJbcWciq+AtoFQrlu++374+673Ce6cfszTiCpmkxrQ9N8FuRjUKJvkk30kNTygb0QFvW1Q04qabzYadkLJ1+iSMtX0Kycz93ZHRyJhxFNjKiOLQLGdT87+snWJY7WZCJSlyxeYfhakkGJPp5qQvNGcoxxYo08LOStiQasrQ3idvj+Atr7wKjfOK51a8a69Uq8JcOTiBUzgDDy6gBldQBx8YCLiHR3hylPPgPDsv89I1Z9FThD9yXn8AEQyTRQ==</latexit><latexit sha1_base64="RSoVOT9wR5cMvpPGGEdfOVy2B7o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m82GPBi8cKpi20oWy2m3bpZhN2J0IJ+Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ncrW9s7uXnW/dnB4dHxSPz3rmiTTjPsskYnuh9RwKRT3UaDk/VRzGoeS98LZ3cLvPXFtRKIecZ7yIKYTJSLBKFrJT0e5KEb1htt0lyCbxCtJA0p0RvWv4ThhWcwVMkmNGXhuikFONQomeVEbZoanlM3ohA8sVTTmJsiXxxbkyipjEiXalkKyVH9P5DQ2Zh6HtjOmODXr3kL8zxtkGLWCXKg0Q67YalGUSYIJWXxOxkJzhnJuCWVa2FsJm1JNGdp8ajYEb/3lTdK9aXpu03vwGu1WGUcVLuASrsGDW2jDPXTABwYCnuEV3hzlvDjvzseqteKUM+fwB87nDxU7js8=</latexit>

�⇤u⇤
i

<latexit sha1_base64="TrGhVLmJjzBbZwn4BBKFRa0X2ZE=">AAAB/XicbVDLSsNAFL2pr1pf8bERN8EiiIuSuLHLghuXFewD2hgmk0k7dDIJMxOlhuCvdONCEbd+g1t3/o2TtgutHhg4nHMu987xE0alsu0vo7S0vLK6Vl6vbGxube+Yu3ttGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fijy8Lv3BEhacxv1DghboQGnIYUI6UlzzzoMx0O0G12lqdeRvOCeGbVrtlTWH+JMyfVxuH9xwQAmp752Q9inEaEK8yQlD3HTpSbIaEoZiSv9FNJEoRHaEB6mnIUEelm0+tz60QrgRXGQj+urKn6cyJDkZTjyNfJCKmhXPQK8T+vl6qw7maUJ6kiHM8WhSmzVGwVVVgBFQQrNtYEYUH1rRYeIoGw0oVVdAnO4pf/kvZ5zbFrzrVTbdRhhjIcwTGcggMX0IAraEILMDzABJ7hxXg0noxX420WLRnzmX34BeP9G7lRl5E=</latexit><latexit sha1_base64="iIW3Fbl9VJG13dYvtDL2alBAeXw=">AAAB/XicbVC7TsMwFHXKq5RXeCyIxaIgIYYqYaFjJRbGItGH1IbIcZzWquNEtgMqUcR/MLEwgBAr38DKxiew8gU4bQdoOZKlo3PO1b0+XsyoVJb1aRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcJb7rWsiJI34pRrGxAlRj9OAYqS05Jo7XabDPrpKj7PETWmWE9csWxVrBDhL7Akp13Zv3u+/Dr7rrvnR9SOchIQrzJCUHduKlZMioShmJCt1E0lihAeoRzqachQS6aSj6zN4qBUfBpHQjys4Un9PpCiUchh6Ohki1ZfTXi7+53USFVSdlPI4UYTj8aIgYVBFMK8C+lQQrNhQE4QF1bdC3EcCYaULK+kS7Okvz5LmScW2KvaFXa5VwRhFsAf2wRGwwSmogXNQBw2AwS14AE/g2bgzHo0X43UcLRiTmW3wB8bbD1wPmYo=</latexit><latexit sha1_base64="iIW3Fbl9VJG13dYvtDL2alBAeXw=">AAAB/XicbVC7TsMwFHXKq5RXeCyIxaIgIYYqYaFjJRbGItGH1IbIcZzWquNEtgMqUcR/MLEwgBAr38DKxiew8gU4bQdoOZKlo3PO1b0+XsyoVJb1aRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcJb7rWsiJI34pRrGxAlRj9OAYqS05Jo7XabDPrpKj7PETWmWE9csWxVrBDhL7Akp13Zv3u+/Dr7rrvnR9SOchIQrzJCUHduKlZMioShmJCt1E0lihAeoRzqachQS6aSj6zN4qBUfBpHQjys4Un9PpCiUchh6Ohki1ZfTXi7+53USFVSdlPI4UYTj8aIgYVBFMK8C+lQQrNhQE4QF1bdC3EcCYaULK+kS7Okvz5LmScW2KvaFXa5VwRhFsAf2wRGwwSmogXNQBw2AwS14AE/g2bgzHo0X43UcLRiTmW3wB8bbD1wPmYo=</latexit><latexit sha1_base64="dYKXbfJ54g1qDER6Zw0+YKrhpNI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBosgLkrixi4LblxWsA9oY5hMJu3QySTMTIQair/ixoUibv0Pd/6NkzYLbT0wcDjnXO6dE6ScKe0439bK6tr6xmZlq7q9s7u3bx8cdlSSSULbJOGJ7AVYUc4EbWumOe2lkuI44LQbjK8Lv/tApWKJuNOTlHoxHgoWMYK1kXz7eMBNOMT3+cU083M2LYhv15y6MwNaJm5JalCi5dtfgzAhWUyFJhwr1XedVHs5lpoRTqfVQaZoiskYD2nfUIFjqrx8dv0UnRklRFEizRMazdTfEzmOlZrEgUnGWI/UoleI/3n9TEcNL2cizTQVZL4oyjjSCSqqQCGTlGg+MQQTycytiIywxESbwqqmBHfxy8ukc1l3nbp769aajbKOCpzAKZyDC1fQhBtoQRsIPMIzvMKb9WS9WO/Wxzy6YpUzR/AH1ucPuYqVWA==</latexit>

P
i ui(t) = 0

<latexit sha1_base64="SN+hkECkR1Hk7w9y48thqyZB8iM=">AAAB+3icbVDLSsNAFL3xWesr1qUIwSLUTUnc2I1QcKHLCvYBbQiT6aQdOpmEeYgl9FdEcKGIWz/BH3Dn3zhpu9DWA/dyOOde5s4JU0alct1va2V1bX1js7BV3N7Z3du3D0otmWiBSRMnLBGdEEnCKCdNRRUjnVQQFIeMtMPRVe6374mQNOF3apwSP0YDTiOKkTJSYJd6UsdBRic6bxV1dukGdtmtulM4y8Sbk3L9+PrzCQAagf3V6ydYx4QrzJCUXc9NlZ8hoShmZFLsaUlShEdoQLqGchQT6WfT2yfOqVH6TpQIU1w5U/X3RoZiKcdxaCZjpIZy0cvF/7yuVlHNzyhPtSIczx6KNHNU4uRBOH0qCFZsbAjCgppbHTxEAmFl4iqaELzFLy+T1nnVc6verVeu12CGAhzBCVTAgwuoww00oAkYHuARXuDVmljP1pv1PhtdseY7h/AH1scPd7yWMw==</latexit><latexit sha1_base64="Wzo05N1wJQCHTBe1nRm7k6MPZ4U=">AAAB+3icbVDLSsNAFJ3UV62vWJdFCBahbkrixm6Egot2WcE+oA1hMp20Q2cmYR5iCf0VNy4U6dZP8Afc+TdO2i609cC9HM65l7lzwoQSqVz328ptbe/s7uX3CweHR8cn9mmxI2MtEG6jmMaiF0KJKeG4rYiiuJcIDFlIcTec3GV+9xELSWL+oKYJ9hkccRIRBJWRArs4kJoFKZnprFXU1a0b2GW36i7gbBJvRcr188bnvFFqtgL7azCMkWaYK0ShlH3PTZSfQqEIonhWGGiJE4gmcIT7hnLIsPTTxe0z59IoQyeKhSmunIX6eyOFTMopC80kg2os171M/M/raxXV/JTwRCvM0fKhSFNHxU4WhDMkAiNFp4ZAJIi51UFjKCBSJq6CCcFb//Im6VxXPbfq3Xvleg0skQclcAEqwAM3oA6aoAXaAIEn8AxewZs1s16sd2u+HM1Zq50z8AfWxw9rBpbp</latexit><latexit sha1_base64="Wzo05N1wJQCHTBe1nRm7k6MPZ4U=">AAAB+3icbVDLSsNAFJ3UV62vWJdFCBahbkrixm6Egot2WcE+oA1hMp20Q2cmYR5iCf0VNy4U6dZP8Afc+TdO2i609cC9HM65l7lzwoQSqVz328ptbe/s7uX3CweHR8cn9mmxI2MtEG6jmMaiF0KJKeG4rYiiuJcIDFlIcTec3GV+9xELSWL+oKYJ9hkccRIRBJWRArs4kJoFKZnprFXU1a0b2GW36i7gbBJvRcr188bnvFFqtgL7azCMkWaYK0ShlH3PTZSfQqEIonhWGGiJE4gmcIT7hnLIsPTTxe0z59IoQyeKhSmunIX6eyOFTMopC80kg2os171M/M/raxXV/JTwRCvM0fKhSFNHxU4WhDMkAiNFp4ZAJIi51UFjKCBSJq6CCcFb//Im6VxXPbfq3Xvleg0skQclcAEqwAM3oA6aoAXaAIEn8AxewZs1s16sd2u+HM1Zq50z8AfWxw9rBpbp</latexit><latexit sha1_base64="7DbxeWH/Tl5vwaTL1lHcqeWT9uc=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRu7EYouHFZwT6gDWEynbRDZyZhHmIJ+RU3LhRx64+482+ctFlo64F7OZxzL3PnRCmjSnvet7OxubW9s1vZq+4fHB4duye1nkqMxKSLE5bIQYQUYVSQrqaakUEqCeIRI/1odlv4/UciFU3Eg56nJOBoImhMMdJWCt3aSBkeZjQ3RWvoyxsvdOte01sArhO/JHVQohO6X6Nxgg0nQmOGlBr6XqqDDElNMSN5dWQUSRGeoQkZWioQJyrIFrfn8MIqYxgn0pbQcKH+3sgQV2rOIzvJkZ6qVa8Q//OGRsetIKMiNZoIvHwoNgzqBBZBwDGVBGs2twRhSe2tEE+RRFjbuKo2BH/1y+ukd9X0vaZ/79fbrTKOCjgD56ABfHAN2uAOdEAXYPAEnsEreHNy58V5dz6WoxtOuXMK/sD5/AG4zZQq</latexit>

a  |ai|  ā, b  |bi|  b̄, q  qi  q̄ < 0,
<latexit sha1_base64="4PWirBiyGMYmv4YFrarb2Fe07RI="></latexit><latexit sha1_base64="4PWirBiyGMYmv4YFrarb2Fe07RI="></latexit><latexit sha1_base64="4PWirBiyGMYmv4YFrarb2Fe07RI="></latexit><latexit sha1_base64="4PWirBiyGMYmv4YFrarb2Fe07RI="></latexit>

r  ri  r̄ < 0
<latexit sha1_base64="KTQ2yMqdwy+TKWi6i0W/whDcQEI=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCXbgouHFZwT6gCWEyvW2HTiZhZiKU0B9w46+4caGIW/fu/BsnaRbaemDgcM493LknTDhT2nG+rZXVtfWNzcpWdXtnd2/fPjjsqDiVFNo05rHshUQBZwLammkOvUQCiUIO3XByk/vdB5CKxeJeTxPwIzISbMgo0UYK7FMvFQOQeTyTM48DlkHGCuKFRBrt2qkGds2pOwXwMnFLUkMlWoH95Q1imkYgNOVEqb7rJNrPiNSMcphVvVRBQuiEjKBvqCARKD8rrpnhM6MM8DCW5gmNC/V3IiORUtMoNJMR0WO16OXif14/1cOGnzGRpBoEnS8aphzrGOfV4AGTQDWfGkKoZOavmI6JJFSbAvMS3MWTl0nnou46dffustZslHVU0DE6QefIRVeoiW5RC7URRY/oGb2iN+vJerHerY/56IpVZo7QH1ifP5zPm9I=</latexit><latexit sha1_base64="KTQ2yMqdwy+TKWi6i0W/whDcQEI=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCXbgouHFZwT6gCWEyvW2HTiZhZiKU0B9w46+4caGIW/fu/BsnaRbaemDgcM493LknTDhT2nG+rZXVtfWNzcpWdXtnd2/fPjjsqDiVFNo05rHshUQBZwLammkOvUQCiUIO3XByk/vdB5CKxeJeTxPwIzISbMgo0UYK7FMvFQOQeTyTM48DlkHGCuKFRBrt2qkGds2pOwXwMnFLUkMlWoH95Q1imkYgNOVEqb7rJNrPiNSMcphVvVRBQuiEjKBvqCARKD8rrpnhM6MM8DCW5gmNC/V3IiORUtMoNJMR0WO16OXif14/1cOGnzGRpBoEnS8aphzrGOfV4AGTQDWfGkKoZOavmI6JJFSbAvMS3MWTl0nnou46dffustZslHVU0DE6QefIRVeoiW5RC7URRY/oGb2iN+vJerHerY/56IpVZo7QH1ifP5zPm9I=</latexit><latexit sha1_base64="KTQ2yMqdwy+TKWi6i0W/whDcQEI=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCXbgouHFZwT6gCWEyvW2HTiZhZiKU0B9w46+4caGIW/fu/BsnaRbaemDgcM493LknTDhT2nG+rZXVtfWNzcpWdXtnd2/fPjjsqDiVFNo05rHshUQBZwLammkOvUQCiUIO3XByk/vdB5CKxeJeTxPwIzISbMgo0UYK7FMvFQOQeTyTM48DlkHGCuKFRBrt2qkGds2pOwXwMnFLUkMlWoH95Q1imkYgNOVEqb7rJNrPiNSMcphVvVRBQuiEjKBvqCARKD8rrpnhM6MM8DCW5gmNC/V3IiORUtMoNJMR0WO16OXif14/1cOGnzGRpBoEnS8aphzrGOfV4AGTQDWfGkKoZOavmI6JJFSbAvMS3MWTl0nnou46dffustZslHVU0DE6QefIRVeoiW5RC7URRY/oGb2iN+vJerHerY/56IpVZo7QH1ifP5zPm9I=</latexit><latexit sha1_base64="KTQ2yMqdwy+TKWi6i0W/whDcQEI=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCXbgouHFZwT6gCWEyvW2HTiZhZiKU0B9w46+4caGIW/fu/BsnaRbaemDgcM493LknTDhT2nG+rZXVtfWNzcpWdXtnd2/fPjjsqDiVFNo05rHshUQBZwLammkOvUQCiUIO3XByk/vdB5CKxeJeTxPwIzISbMgo0UYK7FMvFQOQeTyTM48DlkHGCuKFRBrt2qkGds2pOwXwMnFLUkMlWoH95Q1imkYgNOVEqb7rJNrPiNSMcphVvVRBQuiEjKBvqCARKD8rrpnhM6MM8DCW5gmNC/V3IiORUtMoNJMR0WO16OXif14/1cOGnzGRpBoEnS8aphzrGOfV4AGTQDWfGkKoZOavmI6JJFSbAvMS3MWTl0nnou46dffustZslHVU0DE6QefIRVeoiW5RC7URRY/oGb2iN+vJerHerY/56IpVZo7QH1ifP5zPm9I=</latexit>

limN!1 cN = 1, limN!1 c̄N = 1
<latexit sha1_base64="ptWm1ulJP5e2vjcYjxgp8l0H5RU=">AAACLXicbVBNSwMxFHzrt/Wr6tFLsAgepOx60YtQ0IOnUsG2QreWbJqtwWx2Sd4KZdn/4lkQf4kgggdFvPo3TFsRbR0IDDPzkrwJEikMuu6rMzU9Mzs3v7BYWFpeWV0rrm80TJxqxusslrG+CKjhUiheR4GSXySa0yiQvBlcHw/85g3XRsTqHPsJb0e0p0QoGEUrdYonvhRRJ6v6GPtChdjP/VR1uR7cl7H8MqvmR94emUwFVP/4nWLJLbtDkEnifZNSZfP+8RYAap3is9+NWRpxhUxSY1qem2A7oxoFkzwv+KnhCWXXtMdblioacdPOhtvmZMcqXRLG2h6FZKj+nshoZEw/Cmwyonhlxr2B+J/XSjE8bGdCJSlyxUYPhakkGJNBdaQrNGco+5ZQpoX9K2FXVFOGtuCCLcEbX3mSNPbLnlv2zrxS5RBGWIAt2IZd8OAAKnAKNagDgzt4gld4cx6cF+fd+RhFp5zvmU34A+fzCwakrJw=</latexit><latexit sha1_base64="E/QIW3N65bqWcVDQfvUPFLl/HK0="></latexit><latexit sha1_base64="E/QIW3N65bqWcVDQfvUPFLl/HK0="></latexit><latexit sha1_base64="O0lH+GDEYAxzye0NK6ArKlvJNXw=">AAACLXicbVDLSgMxFM34rPU16tJNsAgupMy4sRuhoAtXpYJ9QKeWTJppQzOZIbkjlGF+yI2/IoKLirj1N0zbQbT1QOBwzrlJ7vFjwTU4zsRaWV1b39gsbBW3d3b39u2Dw6aOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3Q99VuPTGkeyXsYx6wbkoHkAacEjNSzbzzBw15a8yDyuAxgnHmJ7DM1vS+l2UNay67cc7yc8on68Xt2ySk7M+Bl4uakhHLUe/ar149oEjIJVBCtO64TQzclCjgVLCt6iWYxoSMyYB1DJQmZ7qazbTN8apQ+DiJljgQ8U39PpCTUehz6JhkSGOpFbyr+53USCCrdlMs4ASbp/KEgERgiPK0O97liFMTYEEIVN3/FdEgUoWAKLpoS3MWVl0nzouw6ZffOLVUreR0FdIxO0Bly0SWqoltURw1E0RN6QRP0bj1bb9aH9TmPrlj5zBH6A+vrG8CQqi8=</latexit>

lim
N!1

E
T�1X

t=0

⇥
�N (t)uN

i (t)� pNi (t)
⇤
= 0

<latexit sha1_base64="aO/zj1eooNUz99rLRuT9l/Q3HRA="></latexit><latexit sha1_base64="aO/zj1eooNUz99rLRuT9l/Q3HRA="></latexit><latexit sha1_base64="aO/zj1eooNUz99rLRuT9l/Q3HRA="></latexit><latexit sha1_base64="aO/zj1eooNUz99rLRuT9l/Q3HRA="></latexit>
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Some thoughts
◆ Today’s bidding is essentially static

– Does not allow dynamic optimization of uncertain resources
– May be wasteful of resources

◆ Need Stochastic Dynamic Bidding Scheme
◆ Must satisfy IC, SW Optimality, BB, IR, Correct price payment (LO)

◆ Large LQG systems can be easily solved today by ISO
◆ So can LQG become the workhorse of dynamic bidding?

Precedent: ap2+bp+c

◆ Tuning just one parameter c can achieve all this
– Prior knowledge acquired through repeated daily interaction, enough to tune “c”?

◆ Does Market Power Balance condition for Social Welfare maximization 
provide justification for Load Aggregators?

◆ Ke Ma is investigating these issues at his new job in PNNL 
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Happy retirement, Jean!

Wishing you the very best and 
continued success in everything!


