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The setting
• We want to implement a social choice: for example, assign an item to 

some agent, assign students to school seats, or decide what will be the 
price of electricity tomorrow


• The assignment should satisfy some optimisation criteria such as utility 
maximisation or fairness


• Participants are strategic agents that have private information hidden 
from the mechanism 

• Algorithm must compute the assignment in a way that incentivises 
agents to participate (i.e. reveal enough information to compute the 
correct outcome)



Today’s talk

• What is a mechanism? I will overview some of the most important 
mechanisms 

• Mechanism design focuses on truthful mechanisms: this follows from 
the revelation principle


• How does truthfulness affect computation? How does this affect the 
usability of a mechanism?


• General design idea for mechanisms: pay for maximising other agents’ 
utility



What is a mechanism?

A. Mechanism is a game of incomplete information that implements a 
social choice function (the real definition)


B. Mechanism is an optimisation algorithm with additional game-
theoretic guarantees (a computer scientist’s naive definition)



Ex: Deferred acceptance
• Deferred acceptance algorithm (or Gale-Shapley algorithm) is one of the 

most important mechanisms in economics (2012 Nobel Memorial Prize in 
Economic Sciences to Lloyd Shapley and Alvin E. Roth)


• Computes a stable matching in a bipartite network where agents have a 
private linear (preference) order over their neighbours


• stable = no pair of neighbors prefer each other over their assigned 
match 

• The proposing side is incentivised to propose in the order of their 
preferences
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What is a mechanism?
• Each agent v has a hidden type tv (private 

information) from a known set of types T 
and an action space A (different algorithms) 

• The strategy of an agent v is a function  
sv : T → A 

• There is a set of outcomes O and each 
agent has a utility function uv : T × O → ℝ 

• Mechanism M maps actions (a1, a2, …, an) 
to an outcome; a mechanism is a game of 
incomplete information

1 2 3 4

<latexit sha1_base64="0rvYC84pEhFwtCAxewsi1sJlbsE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BItQLyUpfh0LXjxWsB/QhrDZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Rsf5tgpr6xubW8Xt0s7u3v5B+fCoreNUUdaisYhVNyCaCS5ZCzkK1k0UI1EgWCcY3878zhNTmsfyAScJ8yIylDzklKCRutp3q+i753654tScOexV4uakAjmafvmrP4hpGjGJVBCte66ToJcRhZwKNi31U80SQsdkyHqGShIx7WXze6f2mVEGdhgrUxLtufp7IiOR1pMoMJ0RwZFe9mbif14vxfDGy7hMUmSSLhaFqbAxtmfP2wOuGEUxMYRQxc2tNh0RRSiaiEomBHf55VXSrtfcq9rl/UWlUc/jKMIJnEIVXLiGBtxBE1pAQcAzvMKb9Wi9WO/Wx6K1YOUzx/AH1ucPyAqPHA==</latexit>

s1(t1)
<latexit sha1_base64="HrP1ZHbI1WMoIk6eRbL9GTPbYRE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BItQLyUpfh0LXjxWsB/QhrDZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Rsf5tgpr6xubW8Xt0s7u3v5B+fCoreNUUdaisYhVNyCaCS5ZCzkK1k0UI1EgWCcY3878zhNTmsfyAScJ8yIylDzklKCRutqvV9Gvn/vlilNz5rBXiZuTCuRo+uWv/iCmacQkUkG07rlOgl5GFHIq2LTUTzVLCB2TIesZKknEtJfN753aZ0YZ2GGsTEm05+rviYxEWk+iwHRGBEd62ZuJ/3m9FMMbL+MySZFJulgUpsLG2J49bw+4YhTFxBBCFTe32nREFKFoIiqZENzll1dJu15zr2qX9xeVRj2PowgncApVcOEaGnAHTWgBBQHP8Apv1qP1Yr1bH4vWgpXPHMMfWJ8/yxiPHg==</latexit>

s2(t2)
<latexit sha1_base64="B6b1fdJauxsWKRpPZ24hzSYTvdY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiDES5hJ3I4BLx4jmAWSYejp9CRNeha7a4QQ8hNePCji1d/x5t/YSeagiQ8KHu9VUVXPT6TQaNvfVm5tfWNzK79d2Nnd2z8oHh61dJwqxpsslrHq+FRzKSLeRIGSdxLFaehL3vZHtzO//cSVFnH0gOOEuyEdRCIQjKKROtqrldGrnXvFkl2x5yCrxMlICTI0vOJXrx+zNOQRMkm17jp2gu6EKhRM8mmhl2qeUDaiA941NKIh1+5kfu+UnBmlT4JYmYqQzNXfExMaaj0OfdMZUhzqZW8m/ud1Uwxu3ImIkhR5xBaLglQSjMnsedIXijOUY0MoU8LcStiQKsrQRFQwITjLL6+SVrXiXFUu7y9K9WoWRx5O4BTK4MA11OEOGtAEBhKe4RXerEfrxXq3PhatOSubOYY/sD5/AM4mjyA=</latexit>

s3(t3)
<latexit sha1_base64="pb3Hrz1cZaHbnEecN3pBHQNQ0YU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BItQLyUp9eNY8OKxgq2FNoTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBNTrOt1VYW9/Y3Cpul3Z29/YPyodHHR2nirI2jUWsugHRTHDJ2shRsG6iGIkCwR6C8c3Mf3hiSvNY3uMkYV5EhpKHnBI0Ulf7jSr6jXO/XHFqzhz2KnFzUoEcLb/81R/ENI2YRCqI1j3XSdDLiEJOBZuW+qlmCaFjMmQ9QyWJmPay+b1T+8woAzuMlSmJ9lz9PZGRSOtJFJjOiOBIL3sz8T+vl2J47WVcJikySReLwlTYGNuz5+0BV4yimBhCqOLmVpuOiCIUTUQlE4K7/PIq6dRr7mXt4q5RadbzOIpwAqdQBReuoAm30II2UBDwDK/wZj1aL9a79bFoLVj5zDH8gfX5A9E0jyI=</latexit>

s4(t4)

<latexit sha1_base64="acptYdb14h4dj6iSWE5of3DsWHQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK/TgWvHisaGuhDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8sdgfDPzH5+4NiJWDzhJuB/RoRKhYBStdI/9er9ccavuHGSVeDmpQI5mv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKuVb3L6sVdvdKo5XEU4QRO4Rw8uIIG3EITWsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wcIlI2Z</latexit>

t4
<latexit sha1_base64="VG4r+yVKOhiwng3VoazjD271upw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd34PAa8eIxoHpAsYXYymwyZnV1meoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruCRAqDrvvtrKyurW9sFraK2zu7e/ulg8OmiVPNeIPFMtbtgBouheINFCh5O9GcRoHkrWB0O/VbT1wbEatHHCfcj+hAiVAwilZ6wN55r1R2K+4MZJl4OSlDjnqv9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9mpE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMb/xMqCRFrth8UZhKgjGZ/k36QnOGcmwJZVrYWwkbUk0Z2nSKNgRv8eVl0qxWvKvK5f1FuVbN4yjAMZzAGXhwDTW4gzo0gMEAnuEV3hzpvDjvzse8dcXJZ47gD5zPHwcQjZg=</latexit>

t3
<latexit sha1_base64="ZMAy2gvyeqmi2TWnjwvIqXotMlY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieONnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1VL+8vKvVaHkcRTuAUzsGDa6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAFjI2X</latexit>

t2
<latexit sha1_base64="tO2cRhQEt1qL9KXp5DiB2VgL+5A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9a6ql/cXlXotj6MIJ3AK5+DBNdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwQIjZY=</latexit>

t1

<latexit sha1_base64="S3AmIz2MCJFsMHCYMt/ZtINakik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1VL+8vKvVaHkcRTuAUzsGDa6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDnB42D</latexit>a1
<latexit sha1_base64="y/2KlnkJRwWIrX9rGH+eXeDuT1s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9qv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa1a1buqXt5fVOq1PI4inMApnIMH11CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDoi42E</latexit>a2

<latexit sha1_base64="40XV060L9CdSsVLIp5Qqg0GqdaI=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd34PAa8eIxoHpAsYXbSmwyZnV1mZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruCRHBtXPfbWVldW9/YLGwVt3d29/ZLB4dNHaeKYYPFIlbtgGoUXGLDcCOwnSikUSCwFYxup37rCZXmsXw04wT9iA4kDzmjxkoPtHfeK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEN37GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteFeVy/uLcq2ax1GAYziBM/DgGmpwB3VoAIMBPMMrvDnCeXHenY9564qTzxzBHzifP+oPjYU=</latexit>a3
<latexit sha1_base64="vJJ9pJH9sOQcWs4uZCV72iZmY6g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK/TgWvHisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMb2b+4xMqzWP5YCYJ+hEdSh5yRo2V7mm/3i9X3Ko7B1klXk4qkKPZL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6Rdq3qX1Yu7eqVRy+Mowgmcwjl4cAUNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/rk42G</latexit>a4

<latexit sha1_base64="0u/jpdpLKD7b6NgVpSqd14yStx0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEClKSWrUboeDGjVDBPqANYTKdtEMnmTAzEUoobvwVNy4UcetXuPNvnLRZaOuBuRzOuZc793gRo1JZ1reRW1peWV3Lrxc2Nre2d8zdvZbkscCkiTnjouMhSRgNSVNRxUgnEgQFHiNtb3Sd+u0HIiTl4b0aR8QJ0CCkPsVIack1D25LyLVPIXIraTlLS/UEXkHumkWrbE0BF4mdkSLI0HDNr16f4zggocIMSdm1rUg5CRKKYkYmhV4sSYTwCA1IV9MQBUQ6yfSECTzWSh/6XOgXKjhVf08kKJByHHi6M0BqKOe9VPzP68bKrzkJDaNYkRDPFvkxg4rDNA/Yp4JgxcaaICyo/ivEQyQQVjq1gg7Bnj95kbQqZfuifH5XLdZrWRx5cAiOQAnY4BLUwQ1ogCbA4BE8g1fwZjwZL8a78TFrzRnZzD74A+PzB9r7k90=</latexit>

M(a1, a2, a3, a4) = o

<latexit sha1_base64="v/OmvC85awTcYh5xo2JQ0OsriAg=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAiSNgNvo4BLx4jmAcmyzI7mU2GzM4sM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dYcKZNq777aysrq1vbBa2its7u3v7pYPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4up367SeqNJPiwYwT6sd4IFjECDZWekwDryLPTeCdBaWyW3VnQMvEy0kZcjSC0levL0kaU2EIx1p3PTcxfoaVYYTTSbGXappgMsID2rVU4JhqP5tdPEGnVumjSCpbwqCZ+nsiw7HW4zi0nTE2Q73oTcX/vG5qohs/YyJJDRVkvihKOTISTd9HfaYoMXxsCSaK2VsRGWKFibEhFW0I3uLLy6RVq3pX1cv7i3K9lsdRgGM4gQp4cA11uIMGNIGAgGd4hTdHOy/Ou/Mxb11x8pkj+APn8wcFRY/N</latexit>

u1(o, t1)
<latexit sha1_base64="PcQ2ECuOX2t4WzqmHlnRPPWC2ro=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAiSNhdfB0DXjxGMA9MlmV2MpsMmZ1ZZmaFEPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dUcqZNq777aysrq1vbBa2its7u3v7pYPDppaZIrRBJJeqHWFNORO0YZjhtJ0qipOI01Y0vJ36rSeqNJPiwYxSGiS4L1jMCDZWesxCvyLPTeifhaWyW3VnQMvEy0kZctTD0le3J0mWUGEIx1p3PDc1wRgrwwink2I30zTFZIj7tGOpwAnVwXh28QSdWqWHYqlsCYNm6u+JMU60HiWR7UywGehFbyr+53UyE98EYybSzFBB5ovijCMj0fR91GOKEsNHlmCimL0VkQFWmBgbUtGG4C2+vEyaftW7ql7eX5Rrfh5HAY7hBCrgwTXU4A7q0AACAp7hFd4c7bw4787HvHXFyWeO4A+czx8IVY/P</latexit>

u2(o, t2)
<latexit sha1_base64="bdYof+lymg78x8PwuZKtM0vu64U=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBAiSNhNfB0DXjxGMA9MlmV2MpsMmZ1ZZnqFEPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dYSK4Adf9dlZW19Y3NnNb+e2d3b39wsFh06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHt1O/9cS04Uo+wChhfkz6kkecErDSYxpUS+ocgupZUCi6ZXcGvEy8jBRRhnpQ+Or2FE1jJoEKYkzHcxPwx0QDp4JN8t3UsITQIemzjqWSxMz449nFE3xqlR6OlLYlAc/U3xNjEhszikPbGRMYmEVvKv7ndVKIbvwxl0kKTNL5oigVGBSevo97XDMKYmQJoZrbWzEdEE0o2JDyNgRv8eVl0qyUvavy5f1FsVbJ4sihY3SCSshD16iG7lAdNRBFEj2jV/TmGOfFeXc+5q0rTjZzhP7A+fwBC2WP0Q==</latexit>

u3(o, t3)
<latexit sha1_base64="xEmVt1y1m/96grDWwEMnJ+b87M8=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoMQQcJuiI9jwIvHCOaBybLMTmaTIbMzy0yvEEL+wosHRbz6N978GyfJHjSxoKGo6qa7K0wEN+C6305ubX1jcyu/XdjZ3ds/KB4etYxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wdDvz209MG67kA4wT5sdkIHnEKQErPaZBrawuIKidB8WSW3HnwKvEy0gJZWgExa9eX9E0ZhKoIMZ0PTcBf0I0cCrYtNBLDUsIHZEB61oqScyMP5lfPMVnVunjSGlbEvBc/T0xIbEx4zi0nTGBoVn2ZuJ/XjeF6MafcJmkwCRdLIpSgUHh2fu4zzWjIMaWEKq5vRXTIdGEgg2pYEPwll9eJa1qxbuqXN7XSvVqFkcenaBTVEYeukZ1dIcaqIkokugZvaI3xzgvzrvzsWjNOdnMMfoD5/MHDnWP0w==</latexit>

u4(o, t4)



What is a mechanism?
• Each agent v has a hidden type tv (private 

information) from a known set of types T 
and an action space A (different algorithms) 

• The strategy of an agent v is a function  
sv : T → A 

• There is a set of outcomes O and each 
agent has a utility function uv : T × O → ℝ 

• Mechanism M maps actions (a1, a2, …, an) 
to an outcome; a mechanism is a game of 
incomplete information
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s1(t1)
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s2(t2)
<latexit sha1_base64="B6b1fdJauxsWKRpPZ24hzSYTvdY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiDES5hJ3I4BLx4jmAWSYejp9CRNeha7a4QQ8hNePCji1d/x5t/YSeagiQ8KHu9VUVXPT6TQaNvfVm5tfWNzK79d2Nnd2z8oHh61dJwqxpsslrHq+FRzKSLeRIGSdxLFaehL3vZHtzO//cSVFnH0gOOEuyEdRCIQjKKROtqrldGrnXvFkl2x5yCrxMlICTI0vOJXrx+zNOQRMkm17jp2gu6EKhRM8mmhl2qeUDaiA941NKIh1+5kfu+UnBmlT4JYmYqQzNXfExMaaj0OfdMZUhzqZW8m/ud1Uwxu3ImIkhR5xBaLglQSjMnsedIXijOUY0MoU8LcStiQKsrQRFQwITjLL6+SVrXiXFUu7y9K9WoWRx5O4BTK4MA11OEOGtAEBhKe4RXerEfrxXq3PhatOSubOYY/sD5/AM4mjyA=</latexit>

s3(t3)
<latexit sha1_base64="pb3Hrz1cZaHbnEecN3pBHQNQ0YU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BItQLyUp9eNY8OKxgq2FNoTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBNTrOt1VYW9/Y3Cpul3Z29/YPyodHHR2nirI2jUWsugHRTHDJ2shRsG6iGIkCwR6C8c3Mf3hiSvNY3uMkYV5EhpKHnBI0Ulf7jSr6jXO/XHFqzhz2KnFzUoEcLb/81R/ENI2YRCqI1j3XSdDLiEJOBZuW+qlmCaFjMmQ9QyWJmPay+b1T+8woAzuMlSmJ9lz9PZGRSOtJFJjOiOBIL3sz8T+vl2J47WVcJikySReLwlTYGNuz5+0BV4yimBhCqOLmVpuOiCIUTUQlE4K7/PIq6dRr7mXt4q5RadbzOIpwAqdQBReuoAm30II2UBDwDK/wZj1aL9a79bFoLVj5zDH8gfX5A9E0jyI=</latexit>

s4(t4)

<latexit sha1_base64="acptYdb14h4dj6iSWE5of3DsWHQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK/TgWvHisaGuhDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8sdgfDPzH5+4NiJWDzhJuB/RoRKhYBStdI/9er9ccavuHGSVeDmpQI5mv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKuVb3L6sVdvdKo5XEU4QRO4Rw8uIIG3EITWsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wcIlI2Z</latexit>

t4
<latexit sha1_base64="VG4r+yVKOhiwng3VoazjD271upw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd34PAa8eIxoHpAsYXYymwyZnV1meoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruCRAqDrvvtrKyurW9sFraK2zu7e/ulg8OmiVPNeIPFMtbtgBouheINFCh5O9GcRoHkrWB0O/VbT1wbEatHHCfcj+hAiVAwilZ6wN55r1R2K+4MZJl4OSlDjnqv9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9mpE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMb/xMqCRFrth8UZhKgjGZ/k36QnOGcmwJZVrYWwkbUk0Z2nSKNgRv8eVl0qxWvKvK5f1FuVbN4yjAMZzAGXhwDTW4gzo0gMEAnuEV3hzpvDjvzse8dcXJZ47gD5zPHwcQjZg=</latexit>

t3
<latexit sha1_base64="ZMAy2gvyeqmi2TWnjwvIqXotMlY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieONnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1VL+8vKvVaHkcRTuAUzsGDa6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAFjI2X</latexit>

t2
<latexit sha1_base64="tO2cRhQEt1qL9KXp5DiB2VgL+5A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9a6ql/cXlXotj6MIJ3AK5+DBNdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwQIjZY=</latexit>

t1

<latexit sha1_base64="S3AmIz2MCJFsMHCYMt/ZtINakik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1VL+8vKvVaHkcRTuAUzsGDa6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDnB42D</latexit>a1
<latexit sha1_base64="y/2KlnkJRwWIrX9rGH+eXeDuT1s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9qv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa1a1buqXt5fVOq1PI4inMApnIMH11CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDoi42E</latexit>a2

<latexit sha1_base64="40XV060L9CdSsVLIp5Qqg0GqdaI=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd34PAa8eIxoHpAsYXbSmwyZnV1mZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruCRHBtXPfbWVldW9/YLGwVt3d29/ZLB4dNHaeKYYPFIlbtgGoUXGLDcCOwnSikUSCwFYxup37rCZXmsXw04wT9iA4kDzmjxkoPtHfeK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEN37GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpFmteFeVy/uLcq2ax1GAYziBM/DgGmpwB3VoAIMBPMMrvDnCeXHenY9564qTzxzBHzifP+oPjYU=</latexit>a3
<latexit sha1_base64="vJJ9pJH9sOQcWs4uZCV72iZmY6g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK/TgWvHisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMb2b+4xMqzWP5YCYJ+hEdSh5yRo2V7mm/3i9X3Ko7B1klXk4qkKPZL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6Rdq3qX1Yu7eqVRy+Mowgmcwjl4cAUNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/rk42G</latexit>a4

<latexit sha1_base64="0u/jpdpLKD7b6NgVpSqd14yStx0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEClKSWrUboeDGjVDBPqANYTKdtEMnmTAzEUoobvwVNy4UcetXuPNvnLRZaOuBuRzOuZc793gRo1JZ1reRW1peWV3Lrxc2Nre2d8zdvZbkscCkiTnjouMhSRgNSVNRxUgnEgQFHiNtb3Sd+u0HIiTl4b0aR8QJ0CCkPsVIack1D25LyLVPIXIraTlLS/UEXkHumkWrbE0BF4mdkSLI0HDNr16f4zggocIMSdm1rUg5CRKKYkYmhV4sSYTwCA1IV9MQBUQ6yfSECTzWSh/6XOgXKjhVf08kKJByHHi6M0BqKOe9VPzP68bKrzkJDaNYkRDPFvkxg4rDNA/Yp4JgxcaaICyo/ivEQyQQVjq1gg7Bnj95kbQqZfuifH5XLdZrWRx5cAiOQAnY4BLUwQ1ogCbA4BE8g1fwZjwZL8a78TFrzRnZzD74A+PzB9r7k90=</latexit>

M(a1, a2, a3, a4) = o

<latexit sha1_base64="v/OmvC85awTcYh5xo2JQ0OsriAg=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAiSNgNvo4BLx4jmAcmyzI7mU2GzM4sM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dYcKZNq777aysrq1vbBa2its7u3v7pYPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4up367SeqNJPiwYwT6sd4IFjECDZWekwDryLPTeCdBaWyW3VnQMvEy0kZcjSC0levL0kaU2EIx1p3PTcxfoaVYYTTSbGXappgMsID2rVU4JhqP5tdPEGnVumjSCpbwqCZ+nsiw7HW4zi0nTE2Q73oTcX/vG5qohs/YyJJDRVkvihKOTISTd9HfaYoMXxsCSaK2VsRGWKFibEhFW0I3uLLy6RVq3pX1cv7i3K9lsdRgGM4gQp4cA11uIMGNIGAgGd4hTdHOy/Ou/Mxb11x8pkj+APn8wcFRY/N</latexit>

u1(o, t1)
<latexit sha1_base64="PcQ2ECuOX2t4WzqmHlnRPPWC2ro=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAiSNhdfB0DXjxGMA9MlmV2MpsMmZ1ZZmaFEPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dUcqZNq777aysrq1vbBa2its7u3v7pYPDppaZIrRBJJeqHWFNORO0YZjhtJ0qipOI01Y0vJ36rSeqNJPiwYxSGiS4L1jMCDZWesxCvyLPTeifhaWyW3VnQMvEy0kZctTD0le3J0mWUGEIx1p3PDc1wRgrwwink2I30zTFZIj7tGOpwAnVwXh28QSdWqWHYqlsCYNm6u+JMU60HiWR7UywGehFbyr+53UyE98EYybSzFBB5ovijCMj0fR91GOKEsNHlmCimL0VkQFWmBgbUtGG4C2+vEyaftW7ql7eX5Rrfh5HAY7hBCrgwTXU4A7q0AACAp7hFd4c7bw4787HvHXFyWeO4A+czx8IVY/P</latexit>

u2(o, t2)
<latexit sha1_base64="bdYof+lymg78x8PwuZKtM0vu64U=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBAiSNhNfB0DXjxGMA9MlmV2MpsMmZ1ZZnqFEPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dYSK4Adf9dlZW19Y3NnNb+e2d3b39wsFh06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHt1O/9cS04Uo+wChhfkz6kkecErDSYxpUS+ocgupZUCi6ZXcGvEy8jBRRhnpQ+Or2FE1jJoEKYkzHcxPwx0QDp4JN8t3UsITQIemzjqWSxMz449nFE3xqlR6OlLYlAc/U3xNjEhszikPbGRMYmEVvKv7ndVKIbvwxl0kKTNL5oigVGBSevo97XDMKYmQJoZrbWzEdEE0o2JDyNgRv8eVl0qyUvavy5f1FsVbJ4sihY3SCSshD16iG7lAdNRBFEj2jV/TmGOfFeXc+5q0rTjZzhP7A+fwBC2WP0Q==</latexit>

u3(o, t3)
<latexit sha1_base64="xEmVt1y1m/96grDWwEMnJ+b87M8=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoMQQcJuiI9jwIvHCOaBybLMTmaTIbMzy0yvEEL+wosHRbz6N978GyfJHjSxoKGo6qa7K0wEN+C6305ubX1jcyu/XdjZ3ds/KB4etYxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wdDvz209MG67kA4wT5sdkIHnEKQErPaZBrawuIKidB8WSW3HnwKvEy0gJZWgExa9eX9E0ZhKoIMZ0PTcBf0I0cCrYtNBLDUsIHZEB61oqScyMP5lfPMVnVunjSGlbEvBc/T0xIbEx4zi0nTGBoVn2ZuJ/XjeF6MafcJmkwCRdLIpSgUHh2fu4zzWjIMaWEKq5vRXTIdGEgg2pYEPwll9eJa1qxbuqXN7XSvVqFkcenaBTVEYeukZ1dIcaqIkokugZvaI3xzgvzrvzsWjNOdnMMfoD5/MHDnWP0w==</latexit>

u4(o, t4)
proposal orders

preference order

matchings



Computation in a mechanism
• Typically mechanism implements some social choice function; a social 

choice function F is a mapping from the (private) types to the outcomes


• ”Give the item to the agent that prefers it the most” or ”Find an 
assignment that maximises total welfare”


• A mechanism M implements (in dominant strategies) F if there exists a 
Nash equilibrium strategy s such that for all (t1, t2, …, tn) we have that  
M(s1(t1), s2(t2), …, sn(tn)) = F(t1, t2, …, tn) 

• Nash equilibrium = no agent has incentive to unilaterally deviate from s



Revelation principle
• Limits the family of relevant mechanisms to direct and truthful (incentive 

compatible) mechanisms


• Mechanism is direct if the actions of the agents are the types (i.e. ”reveal 
your type”)


• Mechanism is truthful or incentive-compatible if reporting the true type 
is a dominant strategy (truth gives an outcome at least as good as any lie)


• Revelation principle: If there exists a mechanism that implements a 
social choice function F, then there exists a direct truthful mechanism that 
implements F (Meyerson, 1981)



Revelation principle
• Theorem: If there exists a mechanism M 

that implements a social choice function 
F, then there exists a direct truthful 
mechanism that implements F 

• Proof: Direct mechanism M’: Let agents 
report their types tv (can lie). Take the NE 
s for M, for each v compute sv(tv) = t’v and 
simulate M.


• Can focus on very specific types of 
mechanisms, truthfulness comes for 
”free”
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<latexit sha1_base64="0rvYC84pEhFwtCAxewsi1sJlbsE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BItQLyUpfh0LXjxWsB/QhrDZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Rsf5tgpr6xubW8Xt0s7u3v5B+fCoreNUUdaisYhVNyCaCS5ZCzkK1k0UI1EgWCcY3878zhNTmsfyAScJ8yIylDzklKCRutp3q+i753654tScOexV4uakAjmafvmrP4hpGjGJVBCte66ToJcRhZwKNi31U80SQsdkyHqGShIx7WXze6f2mVEGdhgrUxLtufp7IiOR1pMoMJ0RwZFe9mbif14vxfDGy7hMUmSSLhaFqbAxtmfP2wOuGEUxMYRQxc2tNh0RRSiaiEomBHf55VXSrtfcq9rl/UWlUc/jKMIJnEIVXLiGBtxBE1pAQcAzvMKb9Wi9WO/Wx6K1YOUzx/AH1ucPyAqPHA==</latexit>

s1(t1)
<latexit sha1_base64="HrP1ZHbI1WMoIk6eRbL9GTPbYRE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BItQLyUpfh0LXjxWsB/QhrDZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Rsf5tgpr6xubW8Xt0s7u3v5B+fCoreNUUdaisYhVNyCaCS5ZCzkK1k0UI1EgWCcY3878zhNTmsfyAScJ8yIylDzklKCRutqvV9Gvn/vlilNz5rBXiZuTCuRo+uWv/iCmacQkUkG07rlOgl5GFHIq2LTUTzVLCB2TIesZKknEtJfN753aZ0YZ2GGsTEm05+rviYxEWk+iwHRGBEd62ZuJ/3m9FMMbL+MySZFJulgUpsLG2J49bw+4YhTFxBBCFTe32nREFKFoIiqZENzll1dJu15zr2qX9xeVRj2PowgncApVcOEaGnAHTWgBBQHP8Apv1qP1Yr1bH4vWgpXPHMMfWJ8/yxiPHg==</latexit>

s2(t2)
<latexit sha1_base64="B6b1fdJauxsWKRpPZ24hzSYTvdY=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiDES5hJ3I4BLx4jmAWSYejp9CRNeha7a4QQ8hNePCji1d/x5t/YSeagiQ8KHu9VUVXPT6TQaNvfVm5tfWNzK79d2Nnd2z8oHh61dJwqxpsslrHq+FRzKSLeRIGSdxLFaehL3vZHtzO//cSVFnH0gOOEuyEdRCIQjKKROtqrldGrnXvFkl2x5yCrxMlICTI0vOJXrx+zNOQRMkm17jp2gu6EKhRM8mmhl2qeUDaiA941NKIh1+5kfu+UnBmlT4JYmYqQzNXfExMaaj0OfdMZUhzqZW8m/ud1Uwxu3ImIkhR5xBaLglQSjMnsedIXijOUY0MoU8LcStiQKsrQRFQwITjLL6+SVrXiXFUu7y9K9WoWRx5O4BTK4MA11OEOGtAEBhKe4RXerEfrxXq3PhatOSubOYY/sD5/AM4mjyA=</latexit>

s3(t3)
<latexit sha1_base64="pb3Hrz1cZaHbnEecN3pBHQNQ0YU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BItQLyUp9eNY8OKxgq2FNoTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBNTrOt1VYW9/Y3Cpul3Z29/YPyodHHR2nirI2jUWsugHRTHDJ2shRsG6iGIkCwR6C8c3Mf3hiSvNY3uMkYV5EhpKHnBI0Ulf7jSr6jXO/XHFqzhz2KnFzUoEcLb/81R/ENI2YRCqI1j3XSdDLiEJOBZuW+qlmCaFjMmQ9QyWJmPay+b1T+8woAzuMlSmJ9lz9PZGRSOtJFJjOiOBIL3sz8T+vl2J47WVcJikySReLwlTYGNuz5+0BV4yimBhCqOLmVpuOiCIUTUQlE4K7/PIq6dRr7mXt4q5RadbzOIpwAqdQBReuoAm30II2UBDwDK/wZj1aL9a79bFoLVj5zDH8gfX5A9E0jyI=</latexit>

s4(t4)

<latexit sha1_base64="acptYdb14h4dj6iSWE5of3DsWHQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK/TgWvHisaGuhDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8sdgfDPzH5+4NiJWDzhJuB/RoRKhYBStdI/9er9ccavuHGSVeDmpQI5mv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKuVb3L6sVdvdKo5XEU4QRO4Rw8uIIG3EITWsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wcIlI2Z</latexit>

t4
<latexit sha1_base64="VG4r+yVKOhiwng3VoazjD271upw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd34PAa8eIxoHpAsYXYymwyZnV1meoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruCRAqDrvvtrKyurW9sFraK2zu7e/ulg8OmiVPNeIPFMtbtgBouheINFCh5O9GcRoHkrWB0O/VbT1wbEatHHCfcj+hAiVAwilZ6wN55r1R2K+4MZJl4OSlDjnqv9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9mpE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMb/xMqCRFrth8UZhKgjGZ/k36QnOGcmwJZVrYWwkbUk0Z2nSKNgRv8eVl0qxWvKvK5f1FuVbN4yjAMZzAGXhwDTW4gzo0gMEAnuEV3hzpvDjvzse8dcXJZ47gD5zPHwcQjZg=</latexit>

t3
<latexit sha1_base64="ZMAy2gvyeqmi2TWnjwvIqXotMlY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieONnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1VL+8vKvVaHkcRTuAUzsGDa6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAFjI2X</latexit>

t2
<latexit sha1_base64="tO2cRhQEt1qL9KXp5DiB2VgL+5A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9a6ql/cXlXotj6MIJ3AK5+DBNdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwQIjZY=</latexit>

t1

<latexit sha1_base64="v/OmvC85awTcYh5xo2JQ0OsriAg=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAiSNgNvo4BLx4jmAcmyzI7mU2GzM4sM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dYcKZNq777aysrq1vbBa2its7u3v7pYPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4up367SeqNJPiwYwT6sd4IFjECDZWekwDryLPTeCdBaWyW3VnQMvEy0kZcjSC0levL0kaU2EIx1p3PTcxfoaVYYTTSbGXappgMsID2rVU4JhqP5tdPEGnVumjSCpbwqCZ+nsiw7HW4zi0nTE2Q73oTcX/vG5qohs/YyJJDRVkvihKOTISTd9HfaYoMXxsCSaK2VsRGWKFibEhFW0I3uLLy6RVq3pX1cv7i3K9lsdRgGM4gQp4cA11uIMGNIGAgGd4hTdHOy/Ou/Mxb11x8pkj+APn8wcFRY/N</latexit>

u1(o, t1)
<latexit sha1_base64="PcQ2ECuOX2t4WzqmHlnRPPWC2ro=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAiSNhdfB0DXjxGMA9MlmV2MpsMmZ1ZZmaFEPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dUcqZNq777aysrq1vbBa2its7u3v7pYPDppaZIrRBJJeqHWFNORO0YZjhtJ0qipOI01Y0vJ36rSeqNJPiwYxSGiS4L1jMCDZWesxCvyLPTeifhaWyW3VnQMvEy0kZctTD0le3J0mWUGEIx1p3PDc1wRgrwwink2I30zTFZIj7tGOpwAnVwXh28QSdWqWHYqlsCYNm6u+JMU60HiWR7UywGehFbyr+53UyE98EYybSzFBB5ovijCMj0fR91GOKEsNHlmCimL0VkQFWmBgbUtGG4C2+vEyaftW7ql7eX5Rrfh5HAY7hBCrgwTXU4A7q0AACAp7hFd4c7bw4787HvHXFyWeO4A+czx8IVY/P</latexit>

u2(o, t2)
<latexit sha1_base64="bdYof+lymg78x8PwuZKtM0vu64U=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBAiSNhNfB0DXjxGMA9MlmV2MpsMmZ1ZZnqFEPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dYSK4Adf9dlZW19Y3NnNb+e2d3b39wsFh06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHt1O/9cS04Uo+wChhfkz6kkecErDSYxpUS+ocgupZUCi6ZXcGvEy8jBRRhnpQ+Or2FE1jJoEKYkzHcxPwx0QDp4JN8t3UsITQIemzjqWSxMz449nFE3xqlR6OlLYlAc/U3xNjEhszikPbGRMYmEVvKv7ndVKIbvwxl0kKTNL5oigVGBSevo97XDMKYmQJoZrbWzEdEE0o2JDyNgRv8eVl0qyUvavy5f1FsVbJ4sihY3SCSshD16iG7lAdNRBFEj2jV/TmGOfFeXc+5q0rTjZzhP7A+fwBC2WP0Q==</latexit>

u3(o, t3)
<latexit sha1_base64="xEmVt1y1m/96grDWwEMnJ+b87M8=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoMQQcJuiI9jwIvHCOaBybLMTmaTIbMzy0yvEEL+wosHRbz6N978GyfJHjSxoKGo6qa7K0wEN+C6305ubX1jcyu/XdjZ3ds/KB4etYxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wdDvz209MG67kA4wT5sdkIHnEKQErPaZBrawuIKidB8WSW3HnwKvEy0gJZWgExa9eX9E0ZhKoIMZ0PTcBf0I0cCrYtNBLDUsIHZEB61oqScyMP5lfPMVnVunjSGlbEvBc/T0xIbEx4zi0nTGBoVn2ZuJ/XjeF6MafcJmkwCRdLIpSgUHh2fu4zzWjIMaWEKq5vRXTIdGEgg2pYEPwll9eJa1qxbuqXN7XSvVqFkcenaBTVEYeukZ1dIcaqIkokugZvaI3xzgvzrvzsWjNOdnMMfoD5/MHDnWP0w==</latexit>

u4(o, t4)

<latexit sha1_base64="A/SwEi0AKOXE+Y2bGKXQ9Al0F/k=">AAAB63icbVDLSsNAFL2pr1pfVZduBovoqiTF17LgxmUF+4A2lMl00g6dmYSZiVBCf8GNC0Xc+kPu/BsnaRbaeuDC4Zx7ufeeIOZMG9f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvcv87hNVmkXy0cxi6gs8lixkBJtcOh96w2rNrbs50CrxClKDAq1h9WswikgiqDSEY637nhsbP8XKMMLpvDJINI0xmeIx7VsqsaDaT/Nb5+jMKiMURsqWNChXf0+kWGg9E4HtFNhM9LKXif95/cSEt37KZJwYKsliUZhwZCKUPY5GTFFi+MwSTBSztyIywQoTY+Op2BC85ZdXSadR967rVw+XtWajiKMMJ3AKF+DBDTThHlrQBgITeIZXeHOE8+K8Ox+L1pJTzBzDHzifP2TOjcc=</latexit>

t01
<latexit sha1_base64="aR9Xj53WriMSYfxOKxvQDRNNUYs=">AAAB63icbVDLSsNAFL2pr1pfVZduBovoqiTF17LgxmUF+4A2lMl00g6dmYSZiVBCf8GNC0Xc+kPu/BsnaRbaeuDC4Zx7ufeeIOZMG9f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvcv87hNVmkXy0cxi6gs8lixkBJtcOh82htWaW3dzoFXiFaQGBVrD6tdgFJFEUGkIx1r3PTc2foqVYYTTeWWQaBpjMsVj2rdUYkG1n+a3ztGZVUYojJQtaVCu/p5IsdB6JgLbKbCZ6GUvE//z+okJb/2UyTgxVJLFojDhyEQoexyNmKLE8JklmChmb0VkghUmxsZTsSF4yy+vkk6j7l3Xrx4ua81GEUcZTuAULsCDG2jCPbSgDQQm8Ayv8OYI58V5dz4WrSWnmDmGP3A+fwBmUo3I</latexit>

t02
<latexit sha1_base64="Au+tzt0HoCviu+lyV92elFhZoc8=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPoKewmvo4BLx4jmAckS5idzCZDZmaXmVkhLPkFLx4U8eoPefNvnGz2oIkFDUVVN91dQcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjf3O09UaRbJRzONqS/wSLKQEWwy6XxQH5QrbtXNgFaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfprdOkNnVhmiMFK2pEGZ+nsixULrqQhsp8BmrJe9ufif10tMeOunTMaJoZIsFoUJRyZC88fRkClKDJ9agoli9lZExlhhYmw8JRuCt/zyKmnXqt519erhstKo5XEU4QRO4QI8uIEG3EMTWkBgDM/wCm+OcF6cd+dj0Vpw8plj+APn8wdn1o3J</latexit>

t03
<latexit sha1_base64="URLdmz88jUsDsBx2DEchUVotzNQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU9ktrXosePFYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N6XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9G7hd5+o0iySj2YWU1/gsWQhI9hk0uWwPixX3KqbAa0TLycVyNEalr8Go4gkgkpDONa677mx8VOsDCOczkuDRNMYkyke076lEguq/TS7dY4urDJCYaRsSYMy9fdEioXWMxHYToHNRK96C/E/r5+Y8NZPmYwTQyVZLgoTjkyEFo+jEVOUGD6zBBPF7K2ITLDCxNh4SjYEb/XlddKpVb3rauOhXmnW8jiKcAbncAUe3EAT7qEFbSAwgWd4hTdHOC/Ou/OxbC04+cwp/IHz+QNpWo3K</latexit>

t04

<latexit sha1_base64="06MBUCivyT2/lmLP3MRp8yWIF6g=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyxi3ZSk+FoW3LisYB/QhjCZ3LRDJ5MwMxFKKPgrblwo4tbvcOffOGmz0NYDA4dz7uHeOX7CqFS2/W2UVlbX1jfKm5Wt7Z3dPXP/oCPjVBBok5jFoudjCYxyaCuqGPQSATjyGXT98W3udx9BSBrzBzVJwI3wkNOQEqy05JlHg5QHIPJ4JqeeU1NnnnPumVW7bs9gLROnIFVUoOWZX4MgJmkEXBGGpew7dqLcDAtFCYNpZZBKSDAZ4yH0NeU4Aulms/On1qlWAiuMhX5cWTP1dyLDkZSTyNeTEVYjuejl4n9eP1XhjZtRnqQKOJkvClNmqdjKu7ACKoAoNtEEE0H1rRYZYYGJ0o1VdAnO4peXSadRd67ql/cX1WajqKOMjtEJqiEHXaMmukMt1EYEZegZvaI348l4Md6Nj/loySgyh+gPjM8fY76VEA==</latexit>

s1(t
0
1)

<latexit sha1_base64="H24mfF2oO1Wi4+98wsx9KYr47fw=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyxi3ZQk+FoW3LisYB/QhjCZTNuhk0mYuRFKKPgrblwo4tbvcOffOGmz0NYDA4dz7uHeOUHCmQLb/jZKK6tr6xvlzcrW9s7unrl/0FZxKgltkZjHshtgRTkTtAUMOO0mkuIo4LQTjG9zv/NIpWKxeIBJQr0IDwUbMIJBS7551E9FSGUez9TUd2tw5rvnvlm16/YM1jJxClJFBZq++dUPY5JGVADhWKmeYyfgZVgCI5xOK/1U0QSTMR7SnqYCR1R52ez8qXWqldAaxFI/AdZM/Z3IcKTUJAr0ZIRhpBa9XPzP66UwuPEyJpIUqCDzRYOUWxBbeRdWyCQlwCeaYCKZvtUiIywxAd1YRZfgLH55mbTdunNVv7y/qDbcoo4yOkYnqIYcdI0a6A41UQsRlKFn9IrejCfjxXg3PuajJaPIHKI/MD5/AGbNlRI=</latexit>

s2(t
0
2)

<latexit sha1_base64="ZH+0Rz8UVg0a/8AFP8UKVCqiH4s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyxi3ZSk9bUsuHFZwT6gDWEymbRDJ5MwcyOUUPBX3LhQxK3f4c6/cdpmoa0HBg7n3MO9c/yEMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oK3iVBLaIjGPZdfHinImaAsYcNpNJMWRz2nHH91O/c4jlYrF4gHGCXUjPBAsZASDljzzqJ+KgMppPFMTr16BM69+7pllu2rPYC0TJydllKPpmV/9ICZpRAUQjpXqOXYCboYlMMLppNRPFU0wGeEB7WkqcESVm83On1inWgmsMJb6CbBm6u9EhiOlxpGvJyMMQ7XoTcX/vF4K4Y2bMZGkQAWZLwpTbkFsTbuwAiYpAT7WBBPJ9K0WGWKJCejGSroEZ/HLy6RdqzpX1cv7i3KjltdRRMfoBFWQg65RA92hJmohgjL0jF7Rm/FkvBjvxsd8tGDkmUP0B8bnD2nclRQ=</latexit>

s3(t
0
3)

<latexit sha1_base64="XxqBKi+IsTGLGIugQDpKwhp5Pss=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkWsm5KU+lgW3LisYB/QhjCZ3LRDJ5MwMxFKKPgrblwo4tbvcOffOGmz0NYDA4dz7uHeOX7CqFS2/W2srK6tb2yWtsrbO7t7++bBYUfGqSDQJjGLRc/HEhjl0FZUMeglAnDkM+j649vc7z6CkDTmD2qSgBvhIachJVhpyTOPBykPQOTxTE69RlWde40Lz6zYNXsGa5k4BamgAi3P/BoEMUkj4IowLGXfsRPlZlgoShhMy4NUQoLJGA+hrynHEUg3m50/tc60ElhhLPTjypqpvxMZjqScRL6ejLAayUUvF//z+qkKb9yM8iRVwMl8UZgyS8VW3oUVUAFEsYkmmAiqb7XICAtMlG6srEtwFr+8TDr1mnNVu7xvVJr1oo4SOkGnqIocdI2a6A61UBsRlKFn9IrejCfjxXg3PuajK0aROUJ/YHz+AGzrlRY=</latexit>

s4(t
0
4)

<latexit sha1_base64="vsKzedGFuXxY6bB2Cjq+eGLI+vw=">AAACBHicbVDLSgMxFM34rPU16rKbYJFWKGWmVu1GKLhxI1SwD2iHIZOmbWgmMyQZoQxduPFX3LhQxK0f4c6/MdPOQlsv5HA4515u7vFCRqWyrG9jZXVtfWMzs5Xd3tnd2zcPDlsyiAQmTRywQHQ8JAmjnDQVVYx0QkGQ7zHS9sbXid9+IELSgN+rSUgcHw05HVCMlJZcM3dbKKqCa5egxkpJw1kC1VN4BV0zb5WtWcFlYqckD9JquOZXrx/gyCdcYYak7NpWqJwYCUUxI9NsL5IkRHiMhqSrKUc+kU48O2IKT7TSh4NA6McVnKm/J2LkSznxPd3pIzWSi14i/ud1IzWoOTHlYaQIx/NFg4hBFcAkEdingmDFJpogLKj+K8QjJBBWOresDsFePHmZtCpl+6J8flfN12tpHBmQA8egCGxwCergBjRAE2DwCJ7BK3gznowX4934mLeuGOnMEfhTxucPw1KUUQ==</latexit>

M 0(t01, t
0
2, t

0
3, t

0
4) =

<latexit sha1_base64="sw/2JO1QozPHUiTPv7bI6WxHXCI=">AAACQ3icbZBNS8MwGMdTX+d8q3r0UhziBjLabeqOAy9ehAnuBbdS0jTdwtK0JKkwyr6bF7+AN7+AFw+KeBVMtx1c5wOBP7//8zxJ/m5EiZCm+aqtrK6tb2zmtvLbO7t7+/rBYVuEMUe4hUIa8q4LBaaE4ZYkkuJuxDEMXIo77ug69TuPmAsSsns5jrAdwAEjPkFQKuToD7fFfsw8zNMFiZg4VlGeOVbpfJFWUlrJ0mpKq1laS2mtVHL0glk2p2UsC2suCmBeTUd/6XshigPMJKJQiJ5lRtJOIJcEUTzJ92OBI4hGcIB7SjIYYGEn0wwmxqkinuGHXB0mjSn9O5HAQIhx4KrOAMqhyHop/M/rxdKv2wlhUSwxQ7OL/JgaMjTSQA2PcIwkHSsBESfqrQYaQg6RVLHnVQhW9svLol0pW5fli7taoVGfx5EDx+AEFIEFrkAD3IAmaAEEnsAb+ACf2rP2rn1p37PWFW0+cwQWSvv5BRupr8E=</latexit>

M(s1(t
0
1), s2(t

0
2), s3(t

0
3), s4(t

0
4))



Truthfulness
• In a sense, revelation principle transfers the maximal amount of 

computation from the agents to the mechanism function M: agents 
only need to know (compute) their own type


• More generally, truthfulness can be seen as a computational guarantee 
for the participating agents: mechanism is ”as easy as possible”


• Unfortunately this is not always as simple: type can be cumbersome to 
list, knowing type also requires computation 

• Indirect mechanisms can have exponentially smaller communication 
complexity (Conitzer and Sandholm, 2004)



Truthfulness and other goals

• Given revelation principle, truthfulness has become a standard 
assumption in mechanism design


• There are also other goals, such as individual rationality (utility > 0), 
budget balance (sum of payments ≥ 0), effectiveness (optimal solution), 
and revenue maximisation (maximise sum of payments)


• While optimisation is ”just” one of the goals, as we will see next, it often 
also is necessary



Existence of mechanisms

• Deferred acceptance is an example of a mechanism without money 

• Revelation principle with the Gibbard-Satterwaite Theorem implies that for 
general preferences, only dictatorial rules can be implemented in 
dominant strategies → there is no general framework for mechanisms 
without money


• One solution is to include payments (money) in the mechanism



”The” truthful mechanism:  
Vickrey-Clarke-Groves (VCG)

• Family of direct, truthful mechanisms with payments: in addition to an 
outcome, mechanism computes a payment p for each agent (can be 
positive or negative)


• Works in any utilitarian setting: goal is to maximise the total welfare of 
the agents 

• Generally computationally infeasible to implement: requires computing 
the optimum assignment



VCG mechanism
• Each agent submits their type, mechanism computes the assignment that 

maximises total utility 

• Each agent gets their utility + a payment function p consisting of two 
parts: 
+ The total utility of all other agents (the incentive) 
-  The total utility of all other agents in the assignment that maximises 
this sum (normalisation, known as Clarke pivot)

• The difference is the ”externality” of the agent (how much loss does it 

cause to the rest of the system)


• In total the mechanism has to compute the optimal assignment and the 
optimal assignment of a ”subproblem” corresponding to each agent



Example: second price auction

• Let bids be b1, b2, …, bn in decreasing 
order


• p = -b2 for the agent with the highest bid, 
other agents get 0 utility


• p = 0 for agents that don’t get the item


• This is truthful (each agent should bid 
true valuation)
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The payment function
• Optimal to the system, but not the mechanism designer: does not 

maximise payments 

• Payment function ensures that all agents are incentivised to maximise the 
total utility of the system: payment + own utility = total utility 

• Intuitively makes sense that the payment should not depend on agent’s 
own type: could incentivise to lie about type to increase payment


• Roberts’ Theorem (1979): for many settings, only truthful mechanisms 
are affine maximisers (weighted generalisations of the VCG)



Computability

• While the VCG-mechanism in general is not computationally feasible, 
there are special cases that are 

• One significant use case are keyword advertisements on Google: for 
each search, a multi-item auction is held to sell the advertisement spots 
on top of the search*


• A variant of the second-price auction that is computationally efficient

*As far as I understand, Google does not actually use the VCG-mechanism, but something similar that is computationally more 
efficient but lacks the theoretical guarantees



Approximations?
• Unfortunately VCG does not generalise to approximation!


• Problem: assume mechanism does not guarantee optimum assignment; a 
lie could ”accidentally” cause the algorithm to perform better, improving 
utility of the other agents → improves agent’s own payment


• Asymmetry of computation: typically cannot prove agents are 
computationally incapable of doing this


• There exist individual approximate and truthful mechanisms, but no general 
theory 

• My work (in progress): distributed truthful mechanisms based on local 
guarantees



Applying in practice

• Mechanisms are actually deployed and tested in practice 


• Examples: school choice, electricity markets, spectrum auctions


• Practical considerations often cause slight modifications to the 
mechanisms, this can cause serious problems!


• I will look at two use cases from Finland: school choice and spectrum 
auctions



Example: School choice in Finland

• Secondary school joint application system runs the deferred acceptance 
allocation algorithm (allocation to vocational / academic track or 
ammattikoulu / lukio)


• In 2019 students could apply to at most 5 tracks (has been changed to 7)


• Limit causes the system to lose truthfulness: applicants must estimate 
what are realistic schools to apply to with their GPA and what are the best 
safe options 

• Causes computational burden on applicants and gives an advantage to 
sophisticated applicants



Otaniemi 2019
• Espoo has 11 upper secondary schools and 

Helsinki 14


• In 2018 the most competitive school in Espoo 
was Etelä-Tapiolan lukio with GPA requirement 
of 9.17/10 


• In 2019 a new upper secondary school started 
in Otaniemi


• In 2019 joint application students with GPA 
7.0 were admitted to Etelä-Tapiolan lukio (7.0 
is minimum GPA required to apply to USS in 
Espoo); 35 seats were left unfilled



Example: combinatorial auctions

• Auctions where multiple items are sold and buyers have different 
valuations for different subsets of items 

• e.g. buyer needs at least two items, some buyers view all items as 
substitutes while others require a certain item, …


• Spectrum auction: government sells the right to transmit signals on 
specific bands of the electromagnetic spectrum


• A teleoperator requires a sufficient volume and spread of bands,  
geographic coverage



Spectrum auctions
• VCG is generally not practical due to having to bid for every possible 

combination of items


• In the US, FCC has been using competitive auctions designed by prominent 
economists since 1994 (simultaneous multiple-round ascending auction)


• Variants have been adopted e.g. in Germany and Finland


• Does not have game-theoretic guarantees, but is considered to be a 
reasonably good auction system in practice


• Relatively complicated to participate in: Milgrom et al. (2017) report a case 
where a US company saved $1 bn compared to competitors with 
sophisticated auction strategy 



2020 Finnish Spectrum auction

• In 2020 the operating licences for 25.1-27.5 GHz frequency band were 
auctioned


• Auction system was a simultaneous multiple-round ascending auction, 
band was split into three items, and the minimum bid for each sub-band 
was set at 7 000 000€


• Finland has three established teleoperators, Elisa, Telia, and DNA



https://traficom.fi/en/communications/communications-networks/spectrum-auction-26-ghz-frequency-band

https://traficom.fi/en/communications/communications-networks/spectrum-auction-26-ghz-frequency-band


Even good mechanisms can fail…

• Systemic issue compounded by multiple factors:


• When selling multiple items, VCG-type auctions often vulnerable to 
collusion 

• Hard for new operators to enter the market without a portfolio of 
spectrum licences; bands for sale not sufficient and existing licences 


• Frequency band split into three intervals benefiting existing operators



Concluding
• Revelation principle: truthful mechanisms come for ”free”


• General truthful mechanisms without money do not exist as social choice 
functions do not exist 

• Money does help: VCG-mechanisms are a general framework for truthful 
utilitarian optimisation


• Payment function incentivises maximising the common good 

• Truthfulness helps with the computational load of the participants, 
important in practice!
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Thank you for your attention!


