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Motivation

Serial Dictatorship: an action sequence                            of n agents,  
                                   where each agent picks the best available option at her turn 
    

<latexit sha1_base64="jOet02hStqcvRpqyT9TIchkmM04=">AAACDnicdZDLSgMxFIYzXmu9VV26CZZCBRlmxqGtuCm4cVnBXqAtJZOmbWiSGZKMUIY+gRtfxY0LRdy6dufbmGmrqOgPgY//nJPk/EHEqNKO824tLa+srq1nNrKbW9s7u7m9/YYKY4lJHYcslK0AKcKoIHVNNSOtSBLEA0aawfgirTdviFQ0FNd6EpEuR0NBBxQjbaxerlDsKDrkqOeewAV5hvqhVl+GOO7l8o59Vil5fgk6tuOUXc9NwSv7pz50jZMqDxaq9XJv5goccyI0ZkiptutEupsgqSlmZJrtxIpECI/RkLQNCsSJ6iazdaawYJw+HITSHKHhzP0+kSCu1IQHppMjPVK/a6n5V60d60Glm1ARxZoIPH9oEDOoQ5hmA/tUEqzZxADCkpq/QjxCEmFtEsyaED43hf9Dw7Pdku1e+fnq+SKODDgER6AIXFAGVXAJaqAOMLgF9+ARPFl31oP1bL3MW5esxcwB+CHr9QMR5Zre</latexit>

(�1,�2, . . . ,�n)



Complete weighted bipartite graph 

Goal: Maximum-weight matching
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Motivation

remaining edge weights = 0

Serial Dictatorship: an action sequence                            of n agents,  
                                   where each agent picks the best available option at her turn 
    

<latexit sha1_base64="jOet02hStqcvRpqyT9TIchkmM04=">AAACDnicdZDLSgMxFIYzXmu9VV26CZZCBRlmxqGtuCm4cVnBXqAtJZOmbWiSGZKMUIY+gRtfxY0LRdy6dufbmGmrqOgPgY//nJPk/EHEqNKO824tLa+srq1nNrKbW9s7u7m9/YYKY4lJHYcslK0AKcKoIHVNNSOtSBLEA0aawfgirTdviFQ0FNd6EpEuR0NBBxQjbaxerlDsKDrkqOeewAV5hvqhVl+GOO7l8o59Vil5fgk6tuOUXc9NwSv7pz50jZMqDxaq9XJv5goccyI0ZkiptutEupsgqSlmZJrtxIpECI/RkLQNCsSJ6iazdaawYJw+HITSHKHhzP0+kSCu1IQHppMjPVK/a6n5V60d60Glm1ARxZoIPH9oEDOoQ5hmA/tUEqzZxADCkpq/QjxCEmFtEsyaED43hf9Dw7Pdku1e+fnq+SKODDgER6AIXFAGVXAJaqAOMLgF9+ARPFl31oP1bL3MW5esxcwB+CHr9QMR5Zre</latexit>

(�1,�2, . . . ,�n)
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Serial Dictatorship: an action sequence                            of n agents,  
                                   where each agent picks the best available option at her turn 
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(�1,�2, . . . ,�n)

remaining edge weights = 0

Complete weighted bipartite graph 

Goal: Maximum-weight matching
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Action sequence:                        produces the maximum-weight matching 1 234

Motivation

Serial Dictatorship: an action sequence                            of n agents,  
                                   where each agent picks the best available option at her turn 
    

<latexit sha1_base64="jOet02hStqcvRpqyT9TIchkmM04=">AAACDnicdZDLSgMxFIYzXmu9VV26CZZCBRlmxqGtuCm4cVnBXqAtJZOmbWiSGZKMUIY+gRtfxY0LRdy6dufbmGmrqOgPgY//nJPk/EHEqNKO824tLa+srq1nNrKbW9s7u7m9/YYKY4lJHYcslK0AKcKoIHVNNSOtSBLEA0aawfgirTdviFQ0FNd6EpEuR0NBBxQjbaxerlDsKDrkqOeewAV5hvqhVl+GOO7l8o59Vil5fgk6tuOUXc9NwSv7pz50jZMqDxaq9XJv5goccyI0ZkiptutEupsgqSlmZJrtxIpECI/RkLQNCsSJ6iazdaawYJw+HITSHKHhzP0+kSCu1IQHppMjPVK/a6n5V60d60Glm1ARxZoIPH9oEDOoQ5hmA/tUEqzZxADCkpq/QjxCEmFtEsyaED43hf9Dw7Pdku1e+fnq+SKODDgER6AIXFAGVXAJaqAOMLgF9+ARPFl31oP1bL3MW5esxcwB+CHr9QMR5Zre</latexit>

(�1,�2, . . . ,�n)

remaining edge weights = 0
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                                   where each agent picks the best available option at her turn 
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remaining edge weights = 0

Action sequence:                        produces the maximum-weight matching 1 234
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(�1,�2, . . . ,�n)

remaining edge weights = 0

Action sequence:                        produces the maximum-weight matching 1 234
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remaining edge weights = 0

Action sequence:                        produces the maximum-weight matching 1 234



remaining edge weights = 0

Theorem:   Any max-weight matching in a complete weighted bipartite graph,  
can always be induced by an action sequence of n agents. 
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Motivation

Serial Dictatorship: an action sequence                            of n agents,  
                                   where each agent picks the best available option at her turn 
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(�1,�2, . . . ,�n)



General Query model
<latexit sha1_base64="SZylFDb45xvdjK9TMXDxTR4TiDg=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgogxJ1VpxU3DjsoJ9QFtKJs20oZnMkGSUMvZT3LhQxK1f4s6/MX0IKnogcDjnHu7N8WPBtUHow8ksLa+srmXXcxubW9s7bn63oaNEUVankYhUyyeaCS5Z3XAjWCtWjIS+YE1/dDn1m7dMaR7JGzOOWTckA8kDTomxUs/Nd1JcLBVhpx8ZXYSyM+m5BeSdInxeRhB5aIYZqeBjDPFCKYAFaj333YZpEjJpqCBatzGKTTclynAq2CTXSTSLCR2RAWtbKknIdDednT6Bh1bpwyBS9kkDZ+r3REpCrcehbydDYob6tzcV//LaiQkq3ZTLODFM0vmiIBHQRHDaA+xzxagRY0sIVdzeCumQKEKNbStnS/j6KfyfNEoeLnv4+qRQvVjUkQX74AAcAQzOQBVcgRqoAwruwAN4As/OvfPovDiv89GMs8jsgR9w3j4Bb2KS0Q==</latexit>

{1, 2, . . . , n}• A set                         of n entities 

• Monotone valuation functions,                       for all                      
<latexit sha1_base64="Kuxc8FlBCzNE8HO4dwekc8fZ9cY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqOCl4MVjBfsBSSib7aZdutmE3YkQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpgKrsFxvq3K2vrG5lZ1u7azu7d/YB8edXWSKco6NBGJ6odEM8El6wAHwfqpYiQOBeuFk9uZ33tkSvNEPkCesiAmI8kjTgkYaWDXPRlgXzOIucw09gvuTwd2w2k6c+BV4pakgUq0B/aXP0xoFjMJVBCtPddJISiIAk4Fm9b8TLOU0AkZMc9QSWKmg2J+/BSfGmWIo0SZkoDn6u+JgsRa53FoOmMCY73szcT/PC+D6DoouEwzYJIuFkWZwJDgWRJ4yBWjIHJDCFXc3IrpmChCweRVMyG4yy+vku55071suvcXjdZNGUcVHaMTdIZcdIVa6A61UQdRlKNn9IrerCfrxXq3PhatFaucqaM/sD5/AJwxlLs=</latexit>

[n] \ {i}
<latexit sha1_base64="yC5mpWmM93jZsI8Q1L4/+SXbLx8=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIqOCl4MVjRWsLTSib7bZdutmE3RehhP4NLx4U8eqf8ea/cdPmoK0DC8PMe7zZCRMpDLrut1NaWV1b3yhvVra2d3b3qvsHjyZONeMtFstYd0JquBSKt1Cg5J1EcxqFkrfD8U3ut5+4NiJWDzhJeBDRoRIDwShayfcjiiNGZXY/Jb1qza27M5Bl4hWkBgWaveqX349ZGnGFTFJjup6bYJBRjYJJPq34qeEJZWM65F1LFY24CbJZ5ik5sUqfDGJtn0IyU39vZDQyZhKFdjLPaBa9XPzP66Y4uAoyoZIUuWLzQ4NUEoxJXgDpC80ZyokllGlhsxI2opoytDVVbAne4peXyeNZ3buoe3fntcZ1UUcZjuAYTsGDS2jALTShBQwSeIZXeHNS58V5dz7moyWn2DmEP3A+fwDlfpGS</latexit>

S(    is the set of all ordered subsets of              )

<latexit sha1_base64="ic7DrqT8+CI/0yLbSOXQ0cMGIgA="></latexit>

vi : S ! R+
<latexit sha1_base64="wC3BE8ZsJ0tYX4lUJGQoNBPDQzQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqOAl4MVjBBMjmyXMTmaTIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq74pQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGZJrRFFFe6E2NDOZO0ZZnltJNqikXM6UM8upn6D09UG6bkvR2nNBJ4IFnCCLZOemSoyyQKZdSr1vy6PwNaJkFBalCg2at+dfuKZIJKSzg2Jgz81EY51pYRTieVbmZoiskID2joqMSCmiifHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4nxdmNrmKcibTzFJJ5ouSjCOr0PR71GeaEsvHjmCimbsVkSHWmFiXUcWFECy+vEzaZ/Xgoh7cndca10UcZTiCYziFAC6hAbfQhBYQEPAMr/Dmae/Fe/c+5q0lr5g5hD/wPn8A8nqP1Q==</latexit>

i 2 [n]



<latexit sha1_base64="SZylFDb45xvdjK9TMXDxTR4TiDg=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgogxJ1VpxU3DjsoJ9QFtKJs20oZnMkGSUMvZT3LhQxK1f4s6/MX0IKnogcDjnHu7N8WPBtUHow8ksLa+srmXXcxubW9s7bn63oaNEUVankYhUyyeaCS5Z3XAjWCtWjIS+YE1/dDn1m7dMaR7JGzOOWTckA8kDTomxUs/Nd1JcLBVhpx8ZXYSyM+m5BeSdInxeRhB5aIYZqeBjDPFCKYAFaj333YZpEjJpqCBatzGKTTclynAq2CTXSTSLCR2RAWtbKknIdDednT6Bh1bpwyBS9kkDZ+r3REpCrcehbydDYob6tzcV//LaiQkq3ZTLODFM0vmiIBHQRHDaA+xzxagRY0sIVdzeCumQKEKNbStnS/j6KfyfNEoeLnv4+qRQvVjUkQX74AAcAQzOQBVcgRqoAwruwAN4As/OvfPovDiv89GMs8jsgR9w3j4Bb2KS0Q==</latexit>

{1, 2, . . . , n}• A set                         of n entities 

• Monotone valuation functions,                       for all                      
<latexit sha1_base64="Kuxc8FlBCzNE8HO4dwekc8fZ9cY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqOCl4MVjBfsBSSib7aZdutmE3YkQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpgKrsFxvq3K2vrG5lZ1u7azu7d/YB8edXWSKco6NBGJ6odEM8El6wAHwfqpYiQOBeuFk9uZ33tkSvNEPkCesiAmI8kjTgkYaWDXPRlgXzOIucw09gvuTwd2w2k6c+BV4pakgUq0B/aXP0xoFjMJVBCtPddJISiIAk4Fm9b8TLOU0AkZMc9QSWKmg2J+/BSfGmWIo0SZkoDn6u+JgsRa53FoOmMCY73szcT/PC+D6DoouEwzYJIuFkWZwJDgWRJ4yBWjIHJDCFXc3IrpmChCweRVMyG4yy+vku55071suvcXjdZNGUcVHaMTdIZcdIVa6A61UQdRlKNn9IrerCfrxXq3PhatFaucqaM/sD5/AJwxlLs=</latexit>

[n] \ {i}
<latexit sha1_base64="yC5mpWmM93jZsI8Q1L4/+SXbLx8=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIqOCl4MVjRWsLTSib7bZdutmE3RehhP4NLx4U8eqf8ea/cdPmoK0DC8PMe7zZCRMpDLrut1NaWV1b3yhvVra2d3b3qvsHjyZONeMtFstYd0JquBSKt1Cg5J1EcxqFkrfD8U3ut5+4NiJWDzhJeBDRoRIDwShayfcjiiNGZXY/Jb1qza27M5Bl4hWkBgWaveqX349ZGnGFTFJjup6bYJBRjYJJPq34qeEJZWM65F1LFY24CbJZ5ik5sUqfDGJtn0IyU39vZDQyZhKFdjLPaBa9XPzP66Y4uAoyoZIUuWLzQ4NUEoxJXgDpC80ZyokllGlhsxI2opoytDVVbAne4peXyeNZ3buoe3fntcZ1UUcZjuAYTsGDS2jALTShBQwSeIZXeHNS58V5dz7moyWn2DmEP3A+fwDlfpGS</latexit>

S(    is the set of all ordered subsets of              )

<latexit sha1_base64="ic7DrqT8+CI/0yLbSOXQ0cMGIgA="></latexit>

vi : S ! R+
<latexit sha1_base64="wC3BE8ZsJ0tYX4lUJGQoNBPDQzQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqOAl4MVjBBMjmyXMTmaTIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq74pQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGZJrRFFFe6E2NDOZO0ZZnltJNqikXM6UM8upn6D09UG6bkvR2nNBJ4IFnCCLZOemSoyyQKZdSr1vy6PwNaJkFBalCg2at+dfuKZIJKSzg2Jgz81EY51pYRTieVbmZoiskID2joqMSCmiifHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4nxdmNrmKcibTzFJJ5ouSjCOr0PR71GeaEsvHjmCimbsVkSHWmFiXUcWFECy+vEzaZ/Xgoh7cndca10UcZTiCYziFAC6hAbfQhBYQEPAMr/Dmae/Fe/c+5q0lr5g5hD/wPn8A8nqP1Q==</latexit>

i 2 [n]

General Query model

<latexit sha1_base64="KhWTBu8QTjU9+ye7CuxK4iDs2HQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GRIftboquHFZ0T6gHUomTdvYzGRIMoUy9B/cuFDErf/jzr8xnY6gogcuHM65l3vv8SPBtUHow1lYXFpeWc2t5dc3Nre2Czu7DS1jRVmdSiFVyyeaCR6yuuFGsFakGAl8wZr+6GrmN8dMaS7DOzOJmBeQQcj7nBJjpca4y0u3R91CEblnCF+UEUQuSpGSCj7BEGdKEWSodQvvnZ6kccBCQwXRuo1RZLyEKMOpYNN8J9YsInREBqxtaUgCpr0kvXYKD63Sg32pbIUGpur3iYQEWk8C33YGxAz1b28m/uW1Y9OveAkPo9iwkM4X9WMBjYSz12GPK0aNmFhCqOL2VkiHRBFqbEB5G8LXp/B/0jh2cdnFN6fF6mUWRw7sgwNQAhicgyq4BjVQBxTcgwfwBJ4d6Tw6L87rvHXByWb2wA84b5/6R464</latexit>

vi(S)
<latexit sha1_base64="Z9FoOejQ2xlwKaJCO/gO/05xKm0=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KomIiquCG5eV2gc0oUymk3boZBJmJkqJ/RQ3LhRx65e482+ctFlo64GBwzn3cs+cIOFMacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvsn9zgOVisXiXk8S6kd4KFjICNZG6tuVJvKYQF6E9YhgnjWnfbvq1JwZ0DJxC1KFAo2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvZSRRNMxnhIe4YKHFHlZ7PoU3RilAEKY2me0Gim/t7IcKTUJArMZB5RLXq5+J/XS3V45WdMJKmmgswPhSlHOkZ5D2jAJCWaTwzBRDKTFZERlpho01bZlOAufnmZtM9q7kXNvTuv1q+LOkpwBMdwCi5cQh1uoQEtIPAIz/AKb9aT9WK9Wx/z0RWr2DmEP7A+fwCpYpOa</latexit>

S 2 S
   value of agent i when she gets to pick after  
    agents in the ordered set             have come

Value Queries: =



<latexit sha1_base64="8N2//TzXVPTwbw15WLbRxEO2IGY="></latexit>

vi(S
0) � vi(S) for all ordered subsets S0ofS

<latexit sha1_base64="8N2//TzXVPTwbw15WLbRxEO2IGY="></latexit>

vi(S
0) � vi(S) for all ordered subsets S0ofS

<latexit sha1_base64="HKvsDQqzU0MrOsN91eNefQES8Lk=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5VUVUFMlVgYi0QfUhNFjuu2Vh0n2E6lKuoPsPArLAwgxMrOxt/gtBlKy5EsnXvOvbq+x48YlcqyfozcxubW9k5+t7C3f3B4ZB6ftGUYC0xaOGSh6PpIEkY5aSmqGOlGgqDAZ6Tjj29TvzMhQtKQP6hpRNwADTkdUIyUljzzYuJVS040omXoDMkjTMu6vVzU7LJnFq2KNQdcJ3ZGiiBD0zO/nX6I44BwhRmSsmdbkXITJBTFjMwKTixJhPAYDUlPU44CIt1kfs0MXmqlDweh0I8rOFeXJxIUSDkNfN0ZIDWSq14q/uf1YjW4dhPKo1gRjheLBjGDKoRpNLBPBcGKTTVBWFD9V4hHSCCsdIAFHYK9evI6aVcrdr1i39eKjZssjjw4A+egBGxwBRrgDjRBC2DwBF7AG3g3no1X48P4XLTmjGzmFPyB8fULLAKYag==</latexit>

v2(�) � v2(61) � v2(641)Eg:

Monotonicity:

<latexit sha1_base64="KhWTBu8QTjU9+ye7CuxK4iDs2HQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GRIftboquHFZ0T6gHUomTdvYzGRIMoUy9B/cuFDErf/jzr8xnY6gogcuHM65l3vv8SPBtUHow1lYXFpeWc2t5dc3Nre2Czu7DS1jRVmdSiFVyyeaCR6yuuFGsFakGAl8wZr+6GrmN8dMaS7DOzOJmBeQQcj7nBJjpca4y0u3R91CEblnCF+UEUQuSpGSCj7BEGdKEWSodQvvnZ6kccBCQwXRuo1RZLyEKMOpYNN8J9YsInREBqxtaUgCpr0kvXYKD63Sg32pbIUGpur3iYQEWk8C33YGxAz1b28m/uW1Y9OveAkPo9iwkM4X9WMBjYSz12GPK0aNmFhCqOL2VkiHRBFqbEB5G8LXp/B/0jh2cdnFN6fF6mUWRw7sgwNQAhicgyq4BjVQBxTcgwfwBJ4d6Tw6L87rvHXByWb2wA84b5/6R464</latexit>

vi(S)
<latexit sha1_base64="Z9FoOejQ2xlwKaJCO/gO/05xKm0=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KomIiquCG5eV2gc0oUymk3boZBJmJkqJ/RQ3LhRx65e482+ctFlo64GBwzn3cs+cIOFMacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvsn9zgOVisXiXk8S6kd4KFjICNZG6tuVJvKYQF6E9YhgnjWnfbvq1JwZ0DJxC1KFAo2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvZSRRNMxnhIe4YKHFHlZ7PoU3RilAEKY2me0Gim/t7IcKTUJArMZB5RLXq5+J/XS3V45WdMJKmmgswPhSlHOkZ5D2jAJCWaTwzBRDKTFZERlpho01bZlOAufnmZtM9q7kXNvTuv1q+LOkpwBMdwCi5cQh1uoQEtIPAIz/AKb9aT9WK9Wx/z0RWr2DmEP7A+fwCpYpOa</latexit>

S 2 S
   value of agent i when she gets to pick after  
    agents in the ordered set             have come

Value Queries: =

<latexit sha1_base64="SZylFDb45xvdjK9TMXDxTR4TiDg=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgogxJ1VpxU3DjsoJ9QFtKJs20oZnMkGSUMvZT3LhQxK1f4s6/MX0IKnogcDjnHu7N8WPBtUHow8ksLa+srmXXcxubW9s7bn63oaNEUVankYhUyyeaCS5Z3XAjWCtWjIS+YE1/dDn1m7dMaR7JGzOOWTckA8kDTomxUs/Nd1JcLBVhpx8ZXYSyM+m5BeSdInxeRhB5aIYZqeBjDPFCKYAFaj333YZpEjJpqCBatzGKTTclynAq2CTXSTSLCR2RAWtbKknIdDednT6Bh1bpwyBS9kkDZ+r3REpCrcehbydDYob6tzcV//LaiQkq3ZTLODFM0vmiIBHQRHDaA+xzxagRY0sIVdzeCumQKEKNbStnS/j6KfyfNEoeLnv4+qRQvVjUkQX74AAcAQzOQBVcgRqoAwruwAN4As/OvfPovDiv89GMs8jsgR9w3j4Bb2KS0Q==</latexit>

{1, 2, . . . , n}• A set                         of n entities 

• Monotone valuation functions,                       for all                      
<latexit sha1_base64="Kuxc8FlBCzNE8HO4dwekc8fZ9cY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqOCl4MVjBfsBSSib7aZdutmE3YkQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpgKrsFxvq3K2vrG5lZ1u7azu7d/YB8edXWSKco6NBGJ6odEM8El6wAHwfqpYiQOBeuFk9uZ33tkSvNEPkCesiAmI8kjTgkYaWDXPRlgXzOIucw09gvuTwd2w2k6c+BV4pakgUq0B/aXP0xoFjMJVBCtPddJISiIAk4Fm9b8TLOU0AkZMc9QSWKmg2J+/BSfGmWIo0SZkoDn6u+JgsRa53FoOmMCY73szcT/PC+D6DoouEwzYJIuFkWZwJDgWRJ4yBWjIHJDCFXc3IrpmChCweRVMyG4yy+vku55071suvcXjdZNGUcVHaMTdIZcdIVa6A61UQdRlKNn9IrerCfrxXq3PhatFaucqaM/sD5/AJwxlLs=</latexit>

[n] \ {i}
<latexit sha1_base64="yC5mpWmM93jZsI8Q1L4/+SXbLx8=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIqOCl4MVjRWsLTSib7bZdutmE3RehhP4NLx4U8eqf8ea/cdPmoK0DC8PMe7zZCRMpDLrut1NaWV1b3yhvVra2d3b3qvsHjyZONeMtFstYd0JquBSKt1Cg5J1EcxqFkrfD8U3ut5+4NiJWDzhJeBDRoRIDwShayfcjiiNGZXY/Jb1qza27M5Bl4hWkBgWaveqX349ZGnGFTFJjup6bYJBRjYJJPq34qeEJZWM65F1LFY24CbJZ5ik5sUqfDGJtn0IyU39vZDQyZhKFdjLPaBa9XPzP66Y4uAoyoZIUuWLzQ4NUEoxJXgDpC80ZyokllGlhsxI2opoytDVVbAne4peXyeNZ3buoe3fntcZ1UUcZjuAYTsGDS2jALTShBQwSeIZXeHNS58V5dz7moyWn2DmEP3A+fwDlfpGS</latexit>

S(    is the set of all ordered subsets of              )

<latexit sha1_base64="ic7DrqT8+CI/0yLbSOXQ0cMGIgA="></latexit>

vi : S ! R+
<latexit sha1_base64="wC3BE8ZsJ0tYX4lUJGQoNBPDQzQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqOAl4MVjBBMjmyXMTmaTIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq74pQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGZJrRFFFe6E2NDOZO0ZZnltJNqikXM6UM8upn6D09UG6bkvR2nNBJ4IFnCCLZOemSoyyQKZdSr1vy6PwNaJkFBalCg2at+dfuKZIJKSzg2Jgz81EY51pYRTieVbmZoiskID2joqMSCmiifHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4nxdmNrmKcibTzFJJ5ouSjCOr0PR71GeaEsvHjmCimbsVkSHWmFiXUcWFECy+vEzaZ/Xgoh7cndca10UcZTiCYziFAC6hAbfQhBYQEPAMr/Dmae/Fe/c+5q0lr5g5hD/wPn8A8nqP1Q==</latexit>

i 2 [n]

General Query model



<latexit sha1_base64="b0DjVne/rBtj1rZJ91ACD1lBRzI=">AAACCHicdVDLSgMxFM3UV62vUZcuDBahbsqMaH2sCm5cVrAPmBmHTJq2oUlmSDKFMnTpxl9x40IRt36CO//G9CFU0QMXDufcy733RAmjSjvOp5VbWFxaXsmvFtbWNza37O2dhopTiUkdxyyWrQgpwqggdU01I61EEsQjRppR/2rsNwdEKhqLWz1MSMBRV9AOxUgbKbT3oa9SHmYU+lRATwQjOAhpyVe0y9EdPQrtolN2JoBz5NRxLyoudGdKEcxQC+0Pvx3jlBOhMUNKea6T6CBDUlPMyKjgp4okCPdRl3iGCsSJCrLJIyN4aJQ27MTSlNBwos5PZIgrNeSR6eRI99Rvbyz+5Xmp7pwHGRVJqonA00WdlEEdw3EqsE0lwZoNDUFYUnMrxD0kEdYmu4IJ4ftT+D9pHJfdStm9OSlWL2dx5MEeOAAl4IIzUAXXoAbqAIN78AiewYv1YD1Zr9bbtDVnzWZ2wQ9Y71+FdpkC</latexit> X

i2[n]

vi(�
i)<latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�

<latexit sha1_base64="UgXSLCgjzlA44cK2UbUKF9RWc00=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKeyKiY9TwIvHCOYByRpmJ7PJkJnZdWZWCEt+wosHRbz6O978GyfJClG0oKGo6qa7K4g508Z1P53c0vLK6lp+vbCxubW9U9zda+ooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK6mfuuBKs0ieWvGMfUFHkgWMoKNldpdzQYC37FeseSW3RnQAqm43kXVQ16mlCBDvVf86PYjkggqDeFY647nxsZPsTKMcDopdBNNY0xGeEA7lkosqPbT2b0TdGSVPgojZUsaNFMXJ1IstB6LwHYKbIb6tzcV//I6iQnP/ZTJODFUkvmiMOHIRGj6POozRYnhY0swUczeisgQK0yMjahgQ/j+FP1Pmidlr1r2bk5LtcssjjwcwCEcgwdnUINrqEMDCHB4hGd4ce6dJ+fVeZu35pxsZh9+wHn/AjfNkBI=</latexit>

�i           an action sequence     that optimizes                 , where       : prefix of i in <latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�
Goal:  Understand the query complexity (# value queries required) of finding 

<latexit sha1_base64="8N2//TzXVPTwbw15WLbRxEO2IGY="></latexit>

vi(S
0) � vi(S) for all ordered subsets S0ofS

<latexit sha1_base64="8N2//TzXVPTwbw15WLbRxEO2IGY="></latexit>

vi(S
0) � vi(S) for all ordered subsets S0ofS

<latexit sha1_base64="HKvsDQqzU0MrOsN91eNefQES8Lk=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5VUVUFMlVgYi0QfUhNFjuu2Vh0n2E6lKuoPsPArLAwgxMrOxt/gtBlKy5EsnXvOvbq+x48YlcqyfozcxubW9k5+t7C3f3B4ZB6ftGUYC0xaOGSh6PpIEkY5aSmqGOlGgqDAZ6Tjj29TvzMhQtKQP6hpRNwADTkdUIyUljzzYuJVS040omXoDMkjTMu6vVzU7LJnFq2KNQdcJ3ZGiiBD0zO/nX6I44BwhRmSsmdbkXITJBTFjMwKTixJhPAYDUlPU44CIt1kfs0MXmqlDweh0I8rOFeXJxIUSDkNfN0ZIDWSq14q/uf1YjW4dhPKo1gRjheLBjGDKoRpNLBPBcGKTTVBWFD9V4hHSCCsdIAFHYK9evI6aVcrdr1i39eKjZssjjw4A+egBGxwBRrgDjRBC2DwBF7AG3g3no1X48P4XLTmjGzmFPyB8fULLAKYag==</latexit>

v2(�) � v2(61) � v2(641)Eg:

Monotonicity:

<latexit sha1_base64="KhWTBu8QTjU9+ye7CuxK4iDs2HQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GRIftboquHFZ0T6gHUomTdvYzGRIMoUy9B/cuFDErf/jzr8xnY6gogcuHM65l3vv8SPBtUHow1lYXFpeWc2t5dc3Nre2Czu7DS1jRVmdSiFVyyeaCR6yuuFGsFakGAl8wZr+6GrmN8dMaS7DOzOJmBeQQcj7nBJjpca4y0u3R91CEblnCF+UEUQuSpGSCj7BEGdKEWSodQvvnZ6kccBCQwXRuo1RZLyEKMOpYNN8J9YsInREBqxtaUgCpr0kvXYKD63Sg32pbIUGpur3iYQEWk8C33YGxAz1b28m/uW1Y9OveAkPo9iwkM4X9WMBjYSz12GPK0aNmFhCqOL2VkiHRBFqbEB5G8LXp/B/0jh2cdnFN6fF6mUWRw7sgwNQAhicgyq4BjVQBxTcgwfwBJ4d6Tw6L87rvHXByWb2wA84b5/6R464</latexit>

vi(S)
<latexit sha1_base64="Z9FoOejQ2xlwKaJCO/gO/05xKm0=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KomIiquCG5eV2gc0oUymk3boZBJmJkqJ/RQ3LhRx65e482+ctFlo64GBwzn3cs+cIOFMacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvsn9zgOVisXiXk8S6kd4KFjICNZG6tuVJvKYQF6E9YhgnjWnfbvq1JwZ0DJxC1KFAo2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvZSRRNMxnhIe4YKHFHlZ7PoU3RilAEKY2me0Gim/t7IcKTUJArMZB5RLXq5+J/XS3V45WdMJKmmgswPhSlHOkZ5D2jAJCWaTwzBRDKTFZERlpho01bZlOAufnmZtM9q7kXNvTuv1q+LOkpwBMdwCi5cQh1uoQEtIPAIz/AKb9aT9WK9Wx/z0RWr2DmEP7A+fwCpYpOa</latexit>

S 2 S
   value of agent i when she gets to pick after  
    agents in the ordered set             have come

Value Queries: =

<latexit sha1_base64="SnyW2arQlZx32qEfoMr7Nc5P+jE=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARpwhl0hYVVwU3LivYC7TDkEnTNjRzIckUytBHcOOruHGhiFuX7nwb084stPWHwMd/zuHk/F7EmVS2/W3k1tY3Nrfy24Wd3b39A/PwqCXDWBDaJCEPRcfDknIW0KZiitNOJCj2PU7b3vh2Xm9PqJAsDB7UNKKOj4cBGzCClbZc83ziIqsXjVgJXsCJW7NQClUL1VKqaKqWXLNol+2F4CqgDIogU8M1v3r9kMQ+DRThWMousiPlJFgoRjidFXqxpBEmYzykXY0B9ql0ksVBM3imnT4chEK/QMGF+3siwb6UU9/TnT5WI7lcm5v/1bqxGlw7CQuiWNGApIsGMYcqhPN0YJ8JShSfasBEMP1XSEZYYKJ0hgUdAlo+eRValTK6LKP7WrF+k8WRByfgFFgAgStQB3egAZqAgEfwDF7Bm/FkvBjvxkfamjOymWPwR8bnDzksl50=</latexit>

v1(�) + v4(1) + v3(14) + v2(143)
<latexit sha1_base64="8S0l7jzlCVeQpnPZKA21Q9+fSxo=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VKSWlQEoeDFYwX7AW0om+2mXbrZhN2NUEN/iRcPinj1p3jz37htc9DWBwOP92aYmefHnCntON9Wbm19Y3Mrv13Y2d3bL9oHhy0VJZLQJol4JDs+VpQzQZuaaU47saQ49Dlt++Pbmd9+pFKxSDzoSUy9EA8FCxjB2kh9u9hTbBhidIPKbu28eta3S07FmQOtEjcjJcjQ6NtfvUFEkpAKTThWqus6sfZSLDUjnE4LvUTRGJMxHtKuoQKHVHnp/PApOjXKAAWRNCU0mqu/J1IcKjUJfdMZYj1Sy95M/M/rJjq48lIm4kRTQRaLgoQjHaFZCmjAJCWaTwzBRDJzKyIjLDHRJquCCcFdfnmVtKoV96Li3tdK9essjjwcwwmUwYVLqMMdNKAJBBJ4hld4s56sF+vd+li05qxs5gj+wPr8AebmkUQ=</latexit>

� = (1432)For                   , the sum is 

<latexit sha1_base64="SZylFDb45xvdjK9TMXDxTR4TiDg=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgogxJ1VpxU3DjsoJ9QFtKJs20oZnMkGSUMvZT3LhQxK1f4s6/MX0IKnogcDjnHu7N8WPBtUHow8ksLa+srmXXcxubW9s7bn63oaNEUVankYhUyyeaCS5Z3XAjWCtWjIS+YE1/dDn1m7dMaR7JGzOOWTckA8kDTomxUs/Nd1JcLBVhpx8ZXYSyM+m5BeSdInxeRhB5aIYZqeBjDPFCKYAFaj333YZpEjJpqCBatzGKTTclynAq2CTXSTSLCR2RAWtbKknIdDednT6Bh1bpwyBS9kkDZ+r3REpCrcehbydDYob6tzcV//LaiQkq3ZTLODFM0vmiIBHQRHDaA+xzxagRY0sIVdzeCumQKEKNbStnS/j6KfyfNEoeLnv4+qRQvVjUkQX74AAcAQzOQBVcgRqoAwruwAN4As/OvfPovDiv89GMs8jsgR9w3j4Bb2KS0Q==</latexit>

{1, 2, . . . , n}• A set                         of n entities 

• Monotone valuation functions,                       for all                      
<latexit sha1_base64="Kuxc8FlBCzNE8HO4dwekc8fZ9cY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqOCl4MVjBfsBSSib7aZdutmE3YkQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpgKrsFxvq3K2vrG5lZ1u7azu7d/YB8edXWSKco6NBGJ6odEM8El6wAHwfqpYiQOBeuFk9uZ33tkSvNEPkCesiAmI8kjTgkYaWDXPRlgXzOIucw09gvuTwd2w2k6c+BV4pakgUq0B/aXP0xoFjMJVBCtPddJISiIAk4Fm9b8TLOU0AkZMc9QSWKmg2J+/BSfGmWIo0SZkoDn6u+JgsRa53FoOmMCY73szcT/PC+D6DoouEwzYJIuFkWZwJDgWRJ4yBWjIHJDCFXc3IrpmChCweRVMyG4yy+vku55071suvcXjdZNGUcVHaMTdIZcdIVa6A61UQdRlKNn9IrerCfrxXq3PhatFaucqaM/sD5/AJwxlLs=</latexit>

[n] \ {i}
<latexit sha1_base64="yC5mpWmM93jZsI8Q1L4/+SXbLx8=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIqOCl4MVjRWsLTSib7bZdutmE3RehhP4NLx4U8eqf8ea/cdPmoK0DC8PMe7zZCRMpDLrut1NaWV1b3yhvVra2d3b3qvsHjyZONeMtFstYd0JquBSKt1Cg5J1EcxqFkrfD8U3ut5+4NiJWDzhJeBDRoRIDwShayfcjiiNGZXY/Jb1qza27M5Bl4hWkBgWaveqX349ZGnGFTFJjup6bYJBRjYJJPq34qeEJZWM65F1LFY24CbJZ5ik5sUqfDGJtn0IyU39vZDQyZhKFdjLPaBa9XPzP66Y4uAoyoZIUuWLzQ4NUEoxJXgDpC80ZyokllGlhsxI2opoytDVVbAne4peXyeNZ3buoe3fntcZ1UUcZjuAYTsGDS2jALTShBQwSeIZXeHNS58V5dz7moyWn2DmEP3A+fwDlfpGS</latexit>

S(    is the set of all ordered subsets of              )

<latexit sha1_base64="ic7DrqT8+CI/0yLbSOXQ0cMGIgA="></latexit>

vi : S ! R+
<latexit sha1_base64="wC3BE8ZsJ0tYX4lUJGQoNBPDQzQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqOAl4MVjBBMjmyXMTmaTIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq74pQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGZJrRFFFe6E2NDOZO0ZZnltJNqikXM6UM8upn6D09UG6bkvR2nNBJ4IFnCCLZOemSoyyQKZdSr1vy6PwNaJkFBalCg2at+dfuKZIJKSzg2Jgz81EY51pYRTieVbmZoiskID2joqMSCmiifHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4nxdmNrmKcibTzFJJ5ouSjCOr0PR71GeaEsvHjmCimbsVkSHWmFiXUcWFECy+vEzaZ/Xgoh7cndca10UcZTiCYziFAC6hAbfQhBYQEPAMr/Dmae/Fe/c+5q0lr5g5hD/wPn8A8nqP1Q==</latexit>

i 2 [n]

General Query model



<latexit sha1_base64="b0DjVne/rBtj1rZJ91ACD1lBRzI=">AAACCHicdVDLSgMxFM3UV62vUZcuDBahbsqMaH2sCm5cVrAPmBmHTJq2oUlmSDKFMnTpxl9x40IRt36CO//G9CFU0QMXDufcy733RAmjSjvOp5VbWFxaXsmvFtbWNza37O2dhopTiUkdxyyWrQgpwqggdU01I61EEsQjRppR/2rsNwdEKhqLWz1MSMBRV9AOxUgbKbT3oa9SHmYU+lRATwQjOAhpyVe0y9EdPQrtolN2JoBz5NRxLyoudGdKEcxQC+0Pvx3jlBOhMUNKea6T6CBDUlPMyKjgp4okCPdRl3iGCsSJCrLJIyN4aJQ27MTSlNBwos5PZIgrNeSR6eRI99Rvbyz+5Xmp7pwHGRVJqonA00WdlEEdw3EqsE0lwZoNDUFYUnMrxD0kEdYmu4IJ4ftT+D9pHJfdStm9OSlWL2dx5MEeOAAl4IIzUAXXoAbqAIN78AiewYv1YD1Zr9bbtDVnzWZ2wQ9Y71+FdpkC</latexit> X

i2[n]

vi(�
i)<latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�

<latexit sha1_base64="UgXSLCgjzlA44cK2UbUKF9RWc00=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKeyKiY9TwIvHCOYByRpmJ7PJkJnZdWZWCEt+wosHRbz6O978GyfJClG0oKGo6qa7K4g508Z1P53c0vLK6lp+vbCxubW9U9zda+ooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK6mfuuBKs0ieWvGMfUFHkgWMoKNldpdzQYC37FeseSW3RnQAqm43kXVQ16mlCBDvVf86PYjkggqDeFY647nxsZPsTKMcDopdBNNY0xGeEA7lkosqPbT2b0TdGSVPgojZUsaNFMXJ1IstB6LwHYKbIb6tzcV//I6iQnP/ZTJODFUkvmiMOHIRGj6POozRYnhY0swUczeisgQK0yMjahgQ/j+FP1Pmidlr1r2bk5LtcssjjwcwCEcgwdnUINrqEMDCHB4hGd4ce6dJ+fVeZu35pxsZh9+wHn/AjfNkBI=</latexit>

�i           an action sequence     that optimizes                 , where       : prefix of i in <latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�
Goal:  Understand the query complexity (# value queries required) of finding 

For instances with binary valuations and a given parameter
<latexit sha1_base64="Or9gNtKAjiamh57YiiG43zlvLBk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYhA8hV0RHxcJePEYwTwgWcLspDcZMjuzzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunuChPOtPG8b2dldW19Y7OwVdze2d3bLx0cNrRMFcU6lVyqVkg0ciawbpjh2EoUkjjk2AyHd1O/OUKlmRSPZpxgEJO+YBGjxFgp6IyIwkQzLsWt1y2VvYo3g7tM/JyUIUetW/rq9CRNYxSGcqJ12/cSE2REGUY5ToqdVGNC6JD0sW2pIDHqIJsdPXFPrdJzI6lsCePO1N8TGYm1Hseh7YyJGehFbyr+57VTE10HGRNJalDQ+aIo5a6R7jQBt8cUUsPHlhCqmL3VpQOiCDU2p6INwV98eZk0ziv+ZcV/uChXb/I4CnAMJ3AGPlxBFe6hBnWg8ATP8Apvzsh5cd6dj3nripPPHMEfOJ8/s0eSBg==</latexit>

" > 0

<latexit sha1_base64="ic7DrqT8+CI/0yLbSOXQ0cMGIgA="></latexit>

vi : S ! R+
<latexit sha1_base64="wC3BE8ZsJ0tYX4lUJGQoNBPDQzQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqOAl4MVjBBMjmyXMTmaTIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq74pQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGZJrRFFFe6E2NDOZO0ZZnltJNqikXM6UM8upn6D09UG6bkvR2nNBJ4IFnCCLZOemSoyyQKZdSr1vy6PwNaJkFBalCg2at+dfuKZIJKSzg2Jgz81EY51pYRTieVbmZoiskID2joqMSCmiifHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4nxdmNrmKcibTzFJJ5ouSjCOr0PR71GeaEsvHjmCimbsVkSHWmFiXUcWFECy+vEzaZ/Xgoh7cndca10UcZTiCYziFAC6hAbfQhBYQEPAMr/Dmae/Fe/c+5q0lr5g5hD/wPn8A8nqP1Q==</latexit>

i 2 [n]

• Access via value queries of the form 
<latexit sha1_base64="KhWTBu8QTjU9+ye7CuxK4iDs2HQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GRIftboquHFZ0T6gHUomTdvYzGRIMoUy9B/cuFDErf/jzr8xnY6gogcuHM65l3vv8SPBtUHow1lYXFpeWc2t5dc3Nre2Czu7DS1jRVmdSiFVyyeaCR6yuuFGsFakGAl8wZr+6GrmN8dMaS7DOzOJmBeQQcj7nBJjpca4y0u3R91CEblnCF+UEUQuSpGSCj7BEGdKEWSodQvvnZ6kccBCQwXRuo1RZLyEKMOpYNN8J9YsInREBqxtaUgCpr0kvXYKD63Sg32pbIUGpur3iYQEWk8C33YGxAz1b28m/uW1Y9OveAkPo9iwkM4X9WMBjYSz12GPK0aNmFhCqOL2VkiHRBFqbEB5G8LXp/B/0jh2cdnFN6fF6mUWRw7sgwNQAhicgyq4BjVQBxTcgwfwBJ4d6Tw6L87rvHXByWb2wA84b5/6R464</latexit>

vi(S)

• Monotone valuation functions,                       for all                      

General Query model

Theorem:



For instances with binary valuations and a given parameter

• any deterministic algorithm that makes at most         value queries has  
    an approximation ratio of at least     . 

<latexit sha1_base64="weCN33mxTYYXOxnCIY1E2IbjAg0=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFc1YlotbuCG5cV7APasWTSTBuaSYYkUyljP8WNC0Xc+iXu/BvTdoQqeuDC4Zx7ufeeIOZMG8/7dJaWV1bX1nMb+c2t7Z1dt7DX0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyGV1O/OaJKMyluzTimfoT7goWMYGOlrlsQdyk66YyworFmXIpJ1y16JW8GuEDOPVQpI4gypQgy1LruR6cnSRJRYQjHWreRFxs/xcowwukk30k0jTEZ4j5tWypwRLWfzk6fwCOr9GAolS1h4ExdnEhxpPU4CmxnhM1A//am4l9eOzHhpZ8yESeGCjJfFCYcGgmnOcAeU5QYPrYEE8XsrZAMsMLE2LTyNoTvT+H/pHFaQuUSujkrVitZHDlwAA7BMUDgAlTBNaiBOiDgHjyCZ/DiPDhPzqvzNm9dcrKZffADzvsXiUiUKw==</latexit>

n1/"
<latexit sha1_base64="weCN33mxTYYXOxnCIY1E2IbjAg0=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFc1YlotbuCG5cV7APasWTSTBuaSYYkUyljP8WNC0Xc+iXu/BvTdoQqeuDC4Zx7ufeeIOZMG8/7dJaWV1bX1nMb+c2t7Z1dt7DX0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyGV1O/OaJKMyluzTimfoT7goWMYGOlrlsQdyk66YyworFmXIpJ1y16JW8GuEDOPVQpI4gypQgy1LruR6cnSRJRYQjHWreRFxs/xcowwukk30k0jTEZ4j5tWypwRLWfzk6fwCOr9GAolS1h4ExdnEhxpPU4CmxnhM1A//am4l9eOzHhpZ8yESeGCjJfFCYcGgmnOcAeU5QYPrYEE8XsrZAMsMLE2LTyNoTvT+H/pHFaQuUSujkrVitZHDlwAA7BMUDgAlTBNaiBOiDgHjyCZ/DiPDhPzqvzNm9dcrKZffADzvsXiUiUKw==</latexit>

n1/"

<latexit sha1_base64="WSbwdQRjxTnRIcI9YgW+ByB3M8A=">AAAB9HicdVDLSgNBEOz1GeMr6tHLYBA8hV3RaG4BLx4jmAckS5id9CZDZmfXmdlACPkOLx4U8erHePNvnCQrRNGChqKqm+6uIBFcG9f9dFZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbDm5nfHKHSPJb3ZpygH9G+5CFn1FjJl6QzogoTzUUsu4WiW3LnIEvk0vUqZY94mVKEDLVu4aPTi1kaoTRMUK3bnpsYf0KV4UzgNN9JNSaUDWkf25ZKGqH2J/Ojp+TUKj0SxsqWNGSuLk9MaKT1OApsZ0TNQP/2ZuJfXjs14bU/4TJJDUq2WBSmgpiYzBIgPa6QGTG2hDLF7a2EDaiizNic8jaE70/J/6RxXvLKJe/uolitZHHk4BhO4Aw8uIIq3EIN6sDgAR7hGV6ckfPkvDpvi9YVJ5s5gh9w3r8A/+GSPA==</latexit>n"<latexit sha1_base64="WSbwdQRjxTnRIcI9YgW+ByB3M8A=">AAAB9HicdVDLSgNBEOz1GeMr6tHLYBA8hV3RaG4BLx4jmAckS5id9CZDZmfXmdlACPkOLx4U8erHePNvnCQrRNGChqKqm+6uIBFcG9f9dFZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbDm5nfHKHSPJb3ZpygH9G+5CFn1FjJl6QzogoTzUUsu4WiW3LnIEvk0vUqZY94mVKEDLVu4aPTi1kaoTRMUK3bnpsYf0KV4UzgNN9JNSaUDWkf25ZKGqH2J/Ojp+TUKj0SxsqWNGSuLk9MaKT1OApsZ0TNQP/2ZuJfXjs14bU/4TJJDUq2WBSmgpiYzBIgPa6QGTG2hDLF7a2EDaiizNic8jaE70/J/6RxXvLKJe/uolitZHHk4BhO4Aw8uIIq3EIN6sDgAR7hGV6ckfPkvDpvi9YVJ5s5gh9w3r8A/+GSPA==</latexit>n"

<latexit sha1_base64="Or9gNtKAjiamh57YiiG43zlvLBk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYhA8hV0RHxcJePEYwTwgWcLspDcZMjuzzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunuChPOtPG8b2dldW19Y7OwVdze2d3bLx0cNrRMFcU6lVyqVkg0ciawbpjh2EoUkjjk2AyHd1O/OUKlmRSPZpxgEJO+YBGjxFgp6IyIwkQzLsWt1y2VvYo3g7tM/JyUIUetW/rq9CRNYxSGcqJ12/cSE2REGUY5ToqdVGNC6JD0sW2pIDHqIJsdPXFPrdJzI6lsCePO1N8TGYm1Hseh7YyJGehFbyr+57VTE10HGRNJalDQ+aIo5a6R7jQBt8cUUsPHlhCqmL3VpQOiCDU2p6INwV98eZk0ziv+ZcV/uChXb/I4CnAMJ3AGPlxBFe6hBnWg8ATP8Apvzsh5cd6dj3nripPPHMEfOJ8/s0eSBg==</latexit>

" > 0

Theorem:

<latexit sha1_base64="ic7DrqT8+CI/0yLbSOXQ0cMGIgA="></latexit>

vi : S ! R+
<latexit sha1_base64="wC3BE8ZsJ0tYX4lUJGQoNBPDQzQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqOAl4MVjBBMjmyXMTmaTIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq74pQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGZJrRFFFe6E2NDOZO0ZZnltJNqikXM6UM8upn6D09UG6bkvR2nNBJ4IFnCCLZOemSoyyQKZdSr1vy6PwNaJkFBalCg2at+dfuKZIJKSzg2Jgz81EY51pYRTieVbmZoiskID2joqMSCmiifHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4nxdmNrmKcibTzFJJ5ouSjCOr0PR71GeaEsvHjmCimbsVkSHWmFiXUcWFECy+vEzaZ/Xgoh7cndca10UcZTiCYziFAC6hAbfQhBYQEPAMr/Dmae/Fe/c+5q0lr5g5hD/wPn8A8nqP1Q==</latexit>

i 2 [n]

• Access via value queries of the form 
<latexit sha1_base64="KhWTBu8QTjU9+ye7CuxK4iDs2HQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GRIftboquHFZ0T6gHUomTdvYzGRIMoUy9B/cuFDErf/jzr8xnY6gogcuHM65l3vv8SPBtUHow1lYXFpeWc2t5dc3Nre2Czu7DS1jRVmdSiFVyyeaCR6yuuFGsFakGAl8wZr+6GrmN8dMaS7DOzOJmBeQQcj7nBJjpca4y0u3R91CEblnCF+UEUQuSpGSCj7BEGdKEWSodQvvnZ6kccBCQwXRuo1RZLyEKMOpYNN8J9YsInREBqxtaUgCpr0kvXYKD63Sg32pbIUGpur3iYQEWk8C33YGxAz1b28m/uW1Y9OveAkPo9iwkM4X9WMBjYSz12GPK0aNmFhCqOL2VkiHRBFqbEB5G8LXp/B/0jh2cdnFN6fF6mUWRw7sgwNQAhicgyq4BjVQBxTcgwfwBJ4d6Tw6L87rvHXByWb2wA84b5/6R464</latexit>

vi(S)

• Monotone valuation functions,                       for all                      

General Query model

<latexit sha1_base64="b0DjVne/rBtj1rZJ91ACD1lBRzI=">AAACCHicdVDLSgMxFM3UV62vUZcuDBahbsqMaH2sCm5cVrAPmBmHTJq2oUlmSDKFMnTpxl9x40IRt36CO//G9CFU0QMXDufcy733RAmjSjvOp5VbWFxaXsmvFtbWNza37O2dhopTiUkdxyyWrQgpwqggdU01I61EEsQjRppR/2rsNwdEKhqLWz1MSMBRV9AOxUgbKbT3oa9SHmYU+lRATwQjOAhpyVe0y9EdPQrtolN2JoBz5NRxLyoudGdKEcxQC+0Pvx3jlBOhMUNKea6T6CBDUlPMyKjgp4okCPdRl3iGCsSJCrLJIyN4aJQ27MTSlNBwos5PZIgrNeSR6eRI99Rvbyz+5Xmp7pwHGRVJqonA00WdlEEdw3EqsE0lwZoNDUFYUnMrxD0kEdYmu4IJ4ftT+D9pHJfdStm9OSlWL2dx5MEeOAAl4IIzUAXXoAbqAIN78AiewYv1YD1Zr9bbtDVnzWZ2wQ9Y71+FdpkC</latexit> X

i2[n]

vi(�
i)<latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�

<latexit sha1_base64="UgXSLCgjzlA44cK2UbUKF9RWc00=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKeyKiY9TwIvHCOYByRpmJ7PJkJnZdWZWCEt+wosHRbz6O978GyfJClG0oKGo6qa7K4g508Z1P53c0vLK6lp+vbCxubW9U9zda+ooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK6mfuuBKs0ieWvGMfUFHkgWMoKNldpdzQYC37FeseSW3RnQAqm43kXVQ16mlCBDvVf86PYjkggqDeFY647nxsZPsTKMcDopdBNNY0xGeEA7lkosqPbT2b0TdGSVPgojZUsaNFMXJ1IstB6LwHYKbIb6tzcV//I6iQnP/ZTJODFUkvmiMOHIRGj6POozRYnhY0swUczeisgQK0yMjahgQ/j+FP1Pmidlr1r2bk5LtcssjjwcwCEcgwdnUINrqEMDCHB4hGd4ce6dJ+fVeZu35pxsZh9+wHn/AjfNkBI=</latexit>

�i           an action sequence     that optimizes                 , where       : prefix of i in <latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�
Goal:  Understand the query complexity (# value queries required) of finding 



For instances with binary valuations and a given parameter

• any deterministic algorithm that makes at most         value queries has  
    an approximation ratio of at least     . 

• any randomized algorithm that makes at most                     value queries has  
    an approximation ratio of at least                   . 

<latexit sha1_base64="weCN33mxTYYXOxnCIY1E2IbjAg0=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFc1YlotbuCG5cV7APasWTSTBuaSYYkUyljP8WNC0Xc+iXu/BvTdoQqeuDC4Zx7ufeeIOZMG8/7dJaWV1bX1nMb+c2t7Z1dt7DX0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyGV1O/OaJKMyluzTimfoT7goWMYGOlrlsQdyk66YyworFmXIpJ1y16JW8GuEDOPVQpI4gypQgy1LruR6cnSRJRYQjHWreRFxs/xcowwukk30k0jTEZ4j5tWypwRLWfzk6fwCOr9GAolS1h4ExdnEhxpPU4CmxnhM1A//am4l9eOzHhpZ8yESeGCjJfFCYcGgmnOcAeU5QYPrYEE8XsrZAMsMLE2LTyNoTvT+H/pHFaQuUSujkrVitZHDlwAA7BMUDgAlTBNaiBOiDgHjyCZ/DiPDhPzqvzNm9dcrKZffADzvsXiUiUKw==</latexit>

n1/"
<latexit sha1_base64="weCN33mxTYYXOxnCIY1E2IbjAg0=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFc1YlotbuCG5cV7APasWTSTBuaSYYkUyljP8WNC0Xc+iXu/BvTdoQqeuDC4Zx7ufeeIOZMG8/7dJaWV1bX1nMb+c2t7Z1dt7DX0DJRhNaJ5FK1AqwpZ4LWDTOctmJFcRRw2gyGV1O/OaJKMyluzTimfoT7goWMYGOlrlsQdyk66YyworFmXIpJ1y16JW8GuEDOPVQpI4gypQgy1LruR6cnSRJRYQjHWreRFxs/xcowwukk30k0jTEZ4j5tWypwRLWfzk6fwCOr9GAolS1h4ExdnEhxpPU4CmxnhM1A//am4l9eOzHhpZ8yESeGCjJfFCYcGgmnOcAeU5QYPrYEE8XsrZAMsMLE2LTyNoTvT+H/pHFaQuUSujkrVitZHDlwAA7BMUDgAlTBNaiBOiDgHjyCZ/DiPDhPzqvzNm9dcrKZffADzvsXiUiUKw==</latexit>

n1/"

<latexit sha1_base64="WSbwdQRjxTnRIcI9YgW+ByB3M8A=">AAAB9HicdVDLSgNBEOz1GeMr6tHLYBA8hV3RaG4BLx4jmAckS5id9CZDZmfXmdlACPkOLx4U8erHePNvnCQrRNGChqKqm+6uIBFcG9f9dFZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbDm5nfHKHSPJb3ZpygH9G+5CFn1FjJl6QzogoTzUUsu4WiW3LnIEvk0vUqZY94mVKEDLVu4aPTi1kaoTRMUK3bnpsYf0KV4UzgNN9JNSaUDWkf25ZKGqH2J/Ojp+TUKj0SxsqWNGSuLk9MaKT1OApsZ0TNQP/2ZuJfXjs14bU/4TJJDUq2WBSmgpiYzBIgPa6QGTG2hDLF7a2EDaiizNic8jaE70/J/6RxXvLKJe/uolitZHHk4BhO4Aw8uIIq3EIN6sDgAR7hGV6ckfPkvDpvi9YVJ5s5gh9w3r8A/+GSPA==</latexit>n"<latexit sha1_base64="WSbwdQRjxTnRIcI9YgW+ByB3M8A=">AAAB9HicdVDLSgNBEOz1GeMr6tHLYBA8hV3RaG4BLx4jmAckS5id9CZDZmfXmdlACPkOLx4U8erHePNvnCQrRNGChqKqm+6uIBFcG9f9dFZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbDm5nfHKHSPJb3ZpygH9G+5CFn1FjJl6QzogoTzUUsu4WiW3LnIEvk0vUqZY94mVKEDLVu4aPTi1kaoTRMUK3bnpsYf0KV4UzgNN9JNSaUDWkf25ZKGqH2J/Ojp+TUKj0SxsqWNGSuLk9MaKT1OApsZ0TNQP/2ZuJfXjs14bU/4TJJDUq2WBSmgpiYzBIgPa6QGTG2hDLF7a2EDaiizNic8jaE70/J/6RxXvLKJe/uolitZHHk4BhO4Aw8uIIq3EIN6sDgAR7hGV6ckfPkvDpvi9YVJ5s5gh9w3r8A/+GSPA==</latexit>n"

<latexit sha1_base64="bPvHwVGBpKSLBqma9MIIcpSqI4A=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyxCuykzotXuCm7cWcE+oB1KJk3b0EwyJBlhHIq/4saFIm79D3f+jZl2hCp6IHA4517uyfFDRpV2nE8rt7S8srqWXy9sbG5t79i7ey0lIolJEwsmZMdHijDKSVNTzUgnlAQFPiNtf3KZ+u07IhUV/FbHIfECNOJ0SDHSRurbB70A6TFGLLmelkLB4hIvl/t20ak4M8AFcua4taoL3UwpggyNvv3RGwgcBYRrzJBSXdcJtZcgqSlmZFroRYqECE/QiHQN5Sggyktm6afw2CgDOBTSPK7hTF3cSFCgVBz4ZjLNqn57qfiX14308MJLKA8jTTieHxpGDGoB0yrggEqCNYsNQVhSkxXiMZIIa1NYwZTw/VP4P2mdVNxqxb05LdZrWR15cAiOQAm44BzUwRVogCbA4B48gmfwYj1YT9ar9TYfzVnZzj74Aev9C+erlNc=</latexit>

O(poly(n))
<latexit sha1_base64="bPvHwVGBpKSLBqma9MIIcpSqI4A=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyxCuykzotXuCm7cWcE+oB1KJk3b0EwyJBlhHIq/4saFIm79D3f+jZl2hCp6IHA4517uyfFDRpV2nE8rt7S8srqWXy9sbG5t79i7ey0lIolJEwsmZMdHijDKSVNTzUgnlAQFPiNtf3KZ+u07IhUV/FbHIfECNOJ0SDHSRurbB70A6TFGLLmelkLB4hIvl/t20ak4M8AFcua4taoL3UwpggyNvv3RGwgcBYRrzJBSXdcJtZcgqSlmZFroRYqECE/QiHQN5Sggyktm6afw2CgDOBTSPK7hTF3cSFCgVBz4ZjLNqn57qfiX14308MJLKA8jTTieHxpGDGoB0yrggEqCNYsNQVhSkxXiMZIIa1NYwZTw/VP4P2mdVNxqxb05LdZrWR15cAiOQAm44BzUwRVogCbA4B48gmfwYj1YT9ar9TYfzVnZzj74Aev9C+erlNc=</latexit>

O(poly(n))
<latexit sha1_base64="p5WUs1lrYDqddnE4yhPfgXZ4P2U=">AAACD3icdVC7TsMwFHV4lvIKMLJYVKCyVAmCQrcKFsYi0YfURJXjOqlVx4lsB6mK+gcs/AoLAwixsrLxNzhpkAqCI9n36Jx7Zd/jxYxKZVmfxsLi0vLKammtvL6xubVt7ux2ZJQITNo4YpHoeUgSRjlpK6oY6cWCoNBjpOuNrzK/e0eEpBG/VZOYuCEKOPUpRkpLA/OIQ+eSBlXHFwinDosCmF98mhY1s48HZsWqWTngHDmz7EbdhnahVECB1sD8cIYRTkLCFWZIyr5txcpNkVAUMzItO4kkMcJjFJC+phyFRLppvs8UHmplCP1I6MMVzNX5iRSFUk5CT3eGSI3kby8T//L6ifIv3JTyOFGE49lDfsKgimAWDhxSQbBiE00QFlT/FeIR0skoHWFZh/C9KfyfdE5qdr1m35xWmo0ijhLYBwegCmxwDprgGrRAG2BwDx7BM3gxHown49V4m7UuGMXMHvgB4/0L7Q6b8w==</latexit>

n
⇣ log log n

log n

⌘<latexit sha1_base64="p5WUs1lrYDqddnE4yhPfgXZ4P2U=">AAACD3icdVC7TsMwFHV4lvIKMLJYVKCyVAmCQrcKFsYi0YfURJXjOqlVx4lsB6mK+gcs/AoLAwixsrLxNzhpkAqCI9n36Jx7Zd/jxYxKZVmfxsLi0vLKammtvL6xubVt7ux2ZJQITNo4YpHoeUgSRjlpK6oY6cWCoNBjpOuNrzK/e0eEpBG/VZOYuCEKOPUpRkpLA/OIQ+eSBlXHFwinDosCmF98mhY1s48HZsWqWTngHDmz7EbdhnahVECB1sD8cIYRTkLCFWZIyr5txcpNkVAUMzItO4kkMcJjFJC+phyFRLppvs8UHmplCP1I6MMVzNX5iRSFUk5CT3eGSI3kby8T//L6ifIv3JTyOFGE49lDfsKgimAWDhxSQbBiE00QFlT/FeIR0skoHWFZh/C9KfyfdE5qdr1m35xWmo0ijhLYBwegCmxwDprgGrRAG2BwDx7BM3gxHown49V4m7UuGMXMHvgB4/0L7Q6b8w==</latexit>

n
⇣ log log n

log n

⌘

<latexit sha1_base64="Or9gNtKAjiamh57YiiG43zlvLBk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYhA8hV0RHxcJePEYwTwgWcLspDcZMjuzzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunuChPOtPG8b2dldW19Y7OwVdze2d3bLx0cNrRMFcU6lVyqVkg0ciawbpjh2EoUkjjk2AyHd1O/OUKlmRSPZpxgEJO+YBGjxFgp6IyIwkQzLsWt1y2VvYo3g7tM/JyUIUetW/rq9CRNYxSGcqJ12/cSE2REGUY5ToqdVGNC6JD0sW2pIDHqIJsdPXFPrdJzI6lsCePO1N8TGYm1Hseh7YyJGehFbyr+57VTE10HGRNJalDQ+aIo5a6R7jQBt8cUUsPHlhCqmL3VpQOiCDU2p6INwV98eZk0ziv+ZcV/uChXb/I4CnAMJ3AGPlxBFe6hBnWg8ATP8Apvzsh5cd6dj3nripPPHMEfOJ8/s0eSBg==</latexit>

" > 0

Theorem:

<latexit sha1_base64="ic7DrqT8+CI/0yLbSOXQ0cMGIgA="></latexit>

vi : S ! R+
<latexit sha1_base64="wC3BE8ZsJ0tYX4lUJGQoNBPDQzQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqOAl4MVjBBMjmyXMTmaTIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq74pQzY33/2yutrK6tb5Q3K1vbO7t71f2DtlGZJrRFFFe6E2NDOZO0ZZnltJNqikXM6UM8upn6D09UG6bkvR2nNBJ4IFnCCLZOemSoyyQKZdSr1vy6PwNaJkFBalCg2at+dfuKZIJKSzg2Jgz81EY51pYRTieVbmZoiskID2joqMSCmiifHTxBJ07po0RpV9Kimfp7IsfCmLGIXafAdmgWvan4nxdmNrmKcibTzFJJ5ouSjCOr0PR71GeaEsvHjmCimbsVkSHWmFiXUcWFECy+vEzaZ/Xgoh7cndca10UcZTiCYziFAC6hAbfQhBYQEPAMr/Dmae/Fe/c+5q0lr5g5hD/wPn8A8nqP1Q==</latexit>

i 2 [n]

• Access via value queries of the form 
<latexit sha1_base64="KhWTBu8QTjU9+ye7CuxK4iDs2HQ=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GRIftboquHFZ0T6gHUomTdvYzGRIMoUy9B/cuFDErf/jzr8xnY6gogcuHM65l3vv8SPBtUHow1lYXFpeWc2t5dc3Nre2Czu7DS1jRVmdSiFVyyeaCR6yuuFGsFakGAl8wZr+6GrmN8dMaS7DOzOJmBeQQcj7nBJjpca4y0u3R91CEblnCF+UEUQuSpGSCj7BEGdKEWSodQvvnZ6kccBCQwXRuo1RZLyEKMOpYNN8J9YsInREBqxtaUgCpr0kvXYKD63Sg32pbIUGpur3iYQEWk8C33YGxAz1b28m/uW1Y9OveAkPo9iwkM4X9WMBjYSz12GPK0aNmFhCqOL2VkiHRBFqbEB5G8LXp/B/0jh2cdnFN6fF6mUWRw7sgwNQAhicgyq4BjVQBxTcgwfwBJ4d6Tw6L87rvHXByWb2wA84b5/6R464</latexit>

vi(S)

• Monotone valuation functions,                       for all                      

General Query model

<latexit sha1_base64="b0DjVne/rBtj1rZJ91ACD1lBRzI=">AAACCHicdVDLSgMxFM3UV62vUZcuDBahbsqMaH2sCm5cVrAPmBmHTJq2oUlmSDKFMnTpxl9x40IRt36CO//G9CFU0QMXDufcy733RAmjSjvOp5VbWFxaXsmvFtbWNza37O2dhopTiUkdxyyWrQgpwqggdU01I61EEsQjRppR/2rsNwdEKhqLWz1MSMBRV9AOxUgbKbT3oa9SHmYU+lRATwQjOAhpyVe0y9EdPQrtolN2JoBz5NRxLyoudGdKEcxQC+0Pvx3jlBOhMUNKea6T6CBDUlPMyKjgp4okCPdRl3iGCsSJCrLJIyN4aJQ27MTSlNBwos5PZIgrNeSR6eRI99Rvbyz+5Xmp7pwHGRVJqonA00WdlEEdw3EqsE0lwZoNDUFYUnMrxD0kEdYmu4IJ4ftT+D9pHJfdStm9OSlWL2dx5MEeOAAl4IIzUAXXoAbqAIN78AiewYv1YD1Zr9bbtDVnzWZ2wQ9Y71+FdpkC</latexit> X

i2[n]

vi(�
i)<latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�

<latexit sha1_base64="UgXSLCgjzlA44cK2UbUKF9RWc00=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKeyKiY9TwIvHCOYByRpmJ7PJkJnZdWZWCEt+wosHRbz6O978GyfJClG0oKGo6qa7K4g508Z1P53c0vLK6lp+vbCxubW9U9zda+ooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK6mfuuBKs0ieWvGMfUFHkgWMoKNldpdzQYC37FeseSW3RnQAqm43kXVQ16mlCBDvVf86PYjkggqDeFY647nxsZPsTKMcDopdBNNY0xGeEA7lkosqPbT2b0TdGSVPgojZUsaNFMXJ1IstB6LwHYKbIb6tzcV//I6iQnP/ZTJODFUkvmiMOHIRGj6POozRYnhY0swUczeisgQK0yMjahgQ/j+FP1Pmidlr1r2bk5LtcssjjwcwCEcgwdnUINrqEMDCHB4hGd4ce6dJ+fVeZu35pxsZh9+wHn/AjfNkBI=</latexit>

�i           an action sequence     that optimizes                 , where       : prefix of i in <latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�
Goal:  Understand the query complexity (# value queries required) of finding 



Specific Problems

<latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�
<latexit sha1_base64="b0DjVne/rBtj1rZJ91ACD1lBRzI=">AAACCHicdVDLSgMxFM3UV62vUZcuDBahbsqMaH2sCm5cVrAPmBmHTJq2oUlmSDKFMnTpxl9x40IRt36CO//G9CFU0QMXDufcy733RAmjSjvOp5VbWFxaXsmvFtbWNza37O2dhopTiUkdxyyWrQgpwqggdU01I61EEsQjRppR/2rsNwdEKhqLWz1MSMBRV9AOxUgbKbT3oa9SHmYU+lRATwQjOAhpyVe0y9EdPQrtolN2JoBz5NRxLyoudGdKEcxQC+0Pvx3jlBOhMUNKea6T6CBDUlPMyKjgp4okCPdRl3iGCsSJCrLJIyN4aJQ27MTSlNBwos5PZIgrNeSR6eRI99Rvbyz+5Xmp7pwHGRVJqonA00WdlEEdw3EqsE0lwZoNDUFYUnMrxD0kEdYmu4IJ4ftT+D9pHJfdStm9OSlWL2dx5MEeOAAl4IIzUAXXoAbqAIN78AiewYv1YD1Zr9bbtDVnzWZ2wQ9Y71+FdpkC</latexit> X

i2[n]

vi(�
i)    Find an action sequence     that maximizes the social welfare, 

    and understand its relation with the overall maximum social welfare.    

<latexit sha1_base64="IPPxhu6JphX6BeX34RhGtAEsPpI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9kVrfYgFLx4rGA/oF1KNs22oUl2SbJCWfojvHhQxKu/x5v/xmy7QhV9MPB4b4aZeUHMmTau++kUVlbX1jeKm6Wt7Z3dvfL+QVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHKT+Z0HqjSL5L2ZxtQXeCRZyAg2Vur0NRsJfD0oV9yqOwdaIheuV695yMuVCuRoDsof/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46P3eGTqwyRGGkbEmD5uryRIqF1lMR2E6BzVj/9jLxL6+XmPDKT5mME0MlWSwKE45MhLLf0ZApSgyfWoKJYvZWRMZYYWJsQiUbwven6H/SPqt6tap3d15p1PM4inAEx3AKHlxCA26hCS0gMIFHeIYXJ3aenFfnbdFacPKZQ/gB5/0LPo6PfQ==</latexit>� =

Goal: <latexit sha1_base64="5MpOmsrNO+sj1AvKhDznxQJ7O/4=">AAAB83icdVBNSwMxEJ31s9avqkcvwSLUS9kVrfYgFLx4rGg/oLuUbJptQ5PskmSFUvo3vHhQxKt/xpv/xrRdoYo+GHi8N8PMvDDhTBvX/XSWlldW19ZzG/nNre2d3cLeflPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHg99VsPVGkWy3szSmggcF+yiBFsrOTftUq+Zn2BT9BVt1B0y+4MaIGcu1614iEvU4qQod4tfPi9mKSCSkM41rrjuYkJxlgZRjid5P1U0wSTIe7TjqUSC6qD8ezmCTq2Sg9FsbIlDZqpixNjLLQeidB2CmwG+rc3Ff/yOqmJLoMxk0lqqCTzRVHKkYnRNADUY4oSw0eWYKKYvRWRAVaYGBtT3obw/Sn6nzRPy16l7N2eFWvVLI4cHMIRlMCDC6jBDdShAQQSeIRneHFS58l5dd7mrUtONnMAP+C8fwGyB5DK</latexit>

SW (�) =

 Maximum weight matching:

1 234

12

10

7
9

7

51

1

2

4

3

<latexit sha1_base64="wU0R/0hlk8QoiF2oJBGGlnpB0jw=">AAAB7nicdVBNS8NAEJ3Ur1q/oh69LBahXkoiWu1BKHjxWNF+QBvKZrtpl242YXdTKKE/wosHRbz6e7z5b9y2Earog4HHezPMzPNjzpR2nE8rt7K6tr6R3yxsbe/s7tn7B00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aObmd8aU6lYJB70JKZeiAeCBYxgbaTWuMdK96fXPbvolJ050BK5cNxqxUVuphQhQ71nf3T7EUlCKjThWKmO68TaS7HUjHA6LXQTRWNMRnhAO4YKHFLlpfNzp+jEKH0URNKU0GiuLk+kOFRqEvqmM8R6qH57M/Evr5Po4MpLmYgTTQVZLAoSjnSEZr+jPpOUaD4xBBPJzK2IDLHERJuECiaE70/R/6R5VnYrZffuvFirZnHk4QiOoQQuXEINbqEODSAwgkd4hhcrtp6sV+tt0ZqzsplD+AHr/Qtq4o7y</latexit>

vi(S) = value of maximum-valued item 
available for i, after agents in S have 
picked their items.



Specific Problems

<latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�
<latexit sha1_base64="b0DjVne/rBtj1rZJ91ACD1lBRzI=">AAACCHicdVDLSgMxFM3UV62vUZcuDBahbsqMaH2sCm5cVrAPmBmHTJq2oUlmSDKFMnTpxl9x40IRt36CO//G9CFU0QMXDufcy733RAmjSjvOp5VbWFxaXsmvFtbWNza37O2dhopTiUkdxyyWrQgpwqggdU01I61EEsQjRppR/2rsNwdEKhqLWz1MSMBRV9AOxUgbKbT3oa9SHmYU+lRATwQjOAhpyVe0y9EdPQrtolN2JoBz5NRxLyoudGdKEcxQC+0Pvx3jlBOhMUNKea6T6CBDUlPMyKjgp4okCPdRl3iGCsSJCrLJIyN4aJQ27MTSlNBwos5PZIgrNeSR6eRI99Rvbyz+5Xmp7pwHGRVJqonA00WdlEEdw3EqsE0lwZoNDUFYUnMrxD0kEdYmu4IJ4ftT+D9pHJfdStm9OSlWL2dx5MEeOAAl4IIzUAXXoAbqAIN78AiewYv1YD1Zr9bbtDVnzWZ2wQ9Y71+FdpkC</latexit> X

i2[n]

vi(�
i)    Find an action sequence     that maximizes the social welfare, 

    and understand its relation with the overall maximum social welfare.    

<latexit sha1_base64="IPPxhu6JphX6BeX34RhGtAEsPpI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9kVrfYgFLx4rGA/oF1KNs22oUl2SbJCWfojvHhQxKu/x5v/xmy7QhV9MPB4b4aZeUHMmTau++kUVlbX1jeKm6Wt7Z3dvfL+QVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHKT+Z0HqjSL5L2ZxtQXeCRZyAg2Vur0NRsJfD0oV9yqOwdaIheuV695yMuVCuRoDsof/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46P3eGTqwyRGGkbEmD5uryRIqF1lMR2E6BzVj/9jLxL6+XmPDKT5mME0MlWSwKE45MhLLf0ZApSgyfWoKJYvZWRMZYYWJsQiUbwven6H/SPqt6tap3d15p1PM4inAEx3AKHlxCA26hCS0gMIFHeIYXJ3aenFfnbdFacPKZQ/gB5/0LPo6PfQ==</latexit>� =

Goal:

Our results:

<latexit sha1_base64="5MpOmsrNO+sj1AvKhDznxQJ7O/4=">AAAB83icdVBNSwMxEJ31s9avqkcvwSLUS9kVrfYgFLx4rGg/oLuUbJptQ5PskmSFUvo3vHhQxKt/xpv/xrRdoYo+GHi8N8PMvDDhTBvX/XSWlldW19ZzG/nNre2d3cLeflPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHg99VsPVGkWy3szSmggcF+yiBFsrOTftUq+Zn2BT9BVt1B0y+4MaIGcu1614iEvU4qQod4tfPi9mKSCSkM41rrjuYkJxlgZRjid5P1U0wSTIe7TjqUSC6qD8ezmCTq2Sg9FsbIlDZqpixNjLLQeidB2CmwG+rc3Ff/yOqmJLoMxk0lqqCTzRVHKkYnRNADUY4oSw0eWYKKYvRWRAVaYGBtT3obw/Sn6nzRPy16l7N2eFWvVLI4cHMIRlMCDC6jBDdShAQQSeIRneHFS58l5dd7mrUtONnMAP+C8fwGyB5DK</latexit>

SW (�) =

 Maximum weight matching:
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<latexit sha1_base64="wU0R/0hlk8QoiF2oJBGGlnpB0jw=">AAAB7nicdVBNS8NAEJ3Ur1q/oh69LBahXkoiWu1BKHjxWNF+QBvKZrtpl242YXdTKKE/wosHRbz6e7z5b9y2Earog4HHezPMzPNjzpR2nE8rt7K6tr6R3yxsbe/s7tn7B00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aObmd8aU6lYJB70JKZeiAeCBYxgbaTWuMdK96fXPbvolJ050BK5cNxqxUVuphQhQ71nf3T7EUlCKjThWKmO68TaS7HUjHA6LXQTRWNMRnhAO4YKHFLlpfNzp+jEKH0URNKU0GiuLk+kOFRqEvqmM8R6qH57M/Evr5Po4MpLmYgTTQVZLAoSjnSEZr+jPpOUaD4xBBPJzK2IDLHERJuECiaE70/R/6R5VnYrZffuvFirZnHk4QiOoQQuXEINbqEODSAwgkd4hhcrtp6sV+tt0ZqzsplD+AHr/Qtq4o7y</latexit>

vi(S) = value of maximum-valued item 
available for i, after agents in S have 
picked their items.

• Any max-weight matching has a corresponding 
    action sequence of n agents that induces it. 



Specific Problems

<latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�
<latexit sha1_base64="b0DjVne/rBtj1rZJ91ACD1lBRzI=">AAACCHicdVDLSgMxFM3UV62vUZcuDBahbsqMaH2sCm5cVrAPmBmHTJq2oUlmSDKFMnTpxl9x40IRt36CO//G9CFU0QMXDufcy733RAmjSjvOp5VbWFxaXsmvFtbWNza37O2dhopTiUkdxyyWrQgpwqggdU01I61EEsQjRppR/2rsNwdEKhqLWz1MSMBRV9AOxUgbKbT3oa9SHmYU+lRATwQjOAhpyVe0y9EdPQrtolN2JoBz5NRxLyoudGdKEcxQC+0Pvx3jlBOhMUNKea6T6CBDUlPMyKjgp4okCPdRl3iGCsSJCrLJIyN4aJQ27MTSlNBwos5PZIgrNeSR6eRI99Rvbyz+5Xmp7pwHGRVJqonA00WdlEEdw3EqsE0lwZoNDUFYUnMrxD0kEdYmu4IJ4ftT+D9pHJfdStm9OSlWL2dx5MEeOAAl4IIzUAXXoAbqAIN78AiewYv1YD1Zr9bbtDVnzWZ2wQ9Y71+FdpkC</latexit> X

i2[n]

vi(�
i)    Find an action sequence     that maximizes the social welfare, 

    and understand its relation with the overall maximum social welfare.    

<latexit sha1_base64="IPPxhu6JphX6BeX34RhGtAEsPpI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9kVrfYgFLx4rGA/oF1KNs22oUl2SbJCWfojvHhQxKu/x5v/xmy7QhV9MPB4b4aZeUHMmTau++kUVlbX1jeKm6Wt7Z3dvfL+QVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHKT+Z0HqjSL5L2ZxtQXeCRZyAg2Vur0NRsJfD0oV9yqOwdaIheuV695yMuVCuRoDsof/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46P3eGTqwyRGGkbEmD5uryRIqF1lMR2E6BzVj/9jLxL6+XmPDKT5mME0MlWSwKE45MhLLf0ZApSgyfWoKJYvZWRMZYYWJsQiUbwven6H/SPqt6tap3d15p1PM4inAEx3AKHlxCA26hCS0gMIFHeIYXJ3aenFfnbdFacPKZQ/gB5/0LPo6PfQ==</latexit>� =

Goal:

Our results:

<latexit sha1_base64="5MpOmsrNO+sj1AvKhDznxQJ7O/4=">AAAB83icdVBNSwMxEJ31s9avqkcvwSLUS9kVrfYgFLx4rGg/oLuUbJptQ5PskmSFUvo3vHhQxKt/xpv/xrRdoYo+GHi8N8PMvDDhTBvX/XSWlldW19ZzG/nNre2d3cLeflPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHg99VsPVGkWy3szSmggcF+yiBFsrOTftUq+Zn2BT9BVt1B0y+4MaIGcu1614iEvU4qQod4tfPi9mKSCSkM41rrjuYkJxlgZRjid5P1U0wSTIe7TjqUSC6qD8ezmCTq2Sg9FsbIlDZqpixNjLLQeidB2CmwG+rc3Ff/yOqmJLoMxk0lqqCTzRVHKkYnRNADUY4oSw0eWYKKYvRWRAVaYGBtT3obw/Sn6nzRPy16l7N2eFWvVLI4cHMIRlMCDC6jBDdShAQQSeIRneHFS58l5dd7mrUtONnMAP+C8fwGyB5DK</latexit>

SW (�) =

 Maximum weight matching:
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<latexit sha1_base64="wU0R/0hlk8QoiF2oJBGGlnpB0jw=">AAAB7nicdVBNS8NAEJ3Ur1q/oh69LBahXkoiWu1BKHjxWNF+QBvKZrtpl242YXdTKKE/wosHRbz6e7z5b9y2Earog4HHezPMzPNjzpR2nE8rt7K6tr6R3yxsbe/s7tn7B00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aObmd8aU6lYJB70JKZeiAeCBYxgbaTWuMdK96fXPbvolJ050BK5cNxqxUVuphQhQ71nf3T7EUlCKjThWKmO68TaS7HUjHA6LXQTRWNMRnhAO4YKHFLlpfNzp+jEKH0URNKU0GiuLk+kOFRqEvqmM8R6qH57M/Evr5Po4MpLmYgTTQVZLAoSjnSEZr+jPpOUaD4xBBPJzK2IDLHERJuECiaE70/R/6R5VnYrZffuvFirZnHk4QiOoQQuXEINbqEODSAwgkd4hhcrtp6sV+tt0ZqzsplD+AHr/Qtq4o7y</latexit>

vi(S) = value of maximum-valued item 
available for i, after agents in S have 
picked their items.

• Any max-weight matching has a corresponding 
    action sequence of n agents that induces it. 

• 2-approximation polynomial-time algorithm. 
    Can we do better? 



Specific Problems

<latexit sha1_base64="N7XT1ONAPVABcYZqRPhThbRZgYs=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4CjOicTkFvHiMYBZIhtDT6SRtehm6e4Qw5B+8eFDEq//jzb+xk4wQRR8UPN6roqpeFHNmrO9/erml5ZXVtfx6YWNza3unuLvXMCrRhNaJ4kq3ImwoZ5LWLbOctmJNsYg4bUaj66nffKDaMCXv7DimocADyfqMYOukRsewgcDdYskv+zOgBXLmB5eVAAWZUoIMtW7xo9NTJBFUWsKxMe3Aj22YYm0Z4XRS6CSGxpiM8IC2HZVYUBOms2sn6MgpPdRX2pW0aKYuTqRYGDMWkesU2A7Nb28q/uW1E9u/CFMm48RSSeaL+glHVqHp66jHNCWWjx3BRDN3KyJDrDGxLqCCC+H7U/Q/aZyUg0o5uD0tVa+yOPJwAIdwDAGcQxVuoAZ1IHAPj/AML57ynrxX723emvOymX34Ae/9C7r9jzc=</latexit>�
<latexit sha1_base64="b0DjVne/rBtj1rZJ91ACD1lBRzI=">AAACCHicdVDLSgMxFM3UV62vUZcuDBahbsqMaH2sCm5cVrAPmBmHTJq2oUlmSDKFMnTpxl9x40IRt36CO//G9CFU0QMXDufcy733RAmjSjvOp5VbWFxaXsmvFtbWNza37O2dhopTiUkdxyyWrQgpwqggdU01I61EEsQjRppR/2rsNwdEKhqLWz1MSMBRV9AOxUgbKbT3oa9SHmYU+lRATwQjOAhpyVe0y9EdPQrtolN2JoBz5NRxLyoudGdKEcxQC+0Pvx3jlBOhMUNKea6T6CBDUlPMyKjgp4okCPdRl3iGCsSJCrLJIyN4aJQ27MTSlNBwos5PZIgrNeSR6eRI99Rvbyz+5Xmp7pwHGRVJqonA00WdlEEdw3EqsE0lwZoNDUFYUnMrxD0kEdYmu4IJ4ftT+D9pHJfdStm9OSlWL2dx5MEeOAAl4IIzUAXXoAbqAIN78AiewYv1YD1Zr9bbtDVnzWZ2wQ9Y71+FdpkC</latexit> X

i2[n]

vi(�
i)    Find an action sequence     that maximizes the social welfare, 

    and understand its relation with the overall maximum social welfare.    
Goal: <latexit sha1_base64="5MpOmsrNO+sj1AvKhDznxQJ7O/4=">AAAB83icdVBNSwMxEJ31s9avqkcvwSLUS9kVrfYgFLx4rGg/oLuUbJptQ5PskmSFUvo3vHhQxKt/xpv/xrRdoYo+GHi8N8PMvDDhTBvX/XSWlldW19ZzG/nNre2d3cLeflPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHg99VsPVGkWy3szSmggcF+yiBFsrOTftUq+Zn2BT9BVt1B0y+4MaIGcu1614iEvU4qQod4tfPi9mKSCSkM41rrjuYkJxlgZRjid5P1U0wSTIe7TjqUSC6qD8ezmCTq2Sg9FsbIlDZqpixNjLLQeidB2CmwG+rc3Ff/yOqmJLoMxk0lqqCTzRVHKkYnRNADUY4oSw0eWYKKYvRWRAVaYGBtT3obw/Sn6nzRPy16l7N2eFWvVLI4cHMIRlMCDC6jBDdShAQQSeIRneHFS58l5dd7mrUtONnMAP+C8fwGyB5DK</latexit>

SW (�) =

 Maximum Satisfiability (weighted version):
<latexit sha1_base64="wU0R/0hlk8QoiF2oJBGGlnpB0jw=">AAAB7nicdVBNS8NAEJ3Ur1q/oh69LBahXkoiWu1BKHjxWNF+QBvKZrtpl242YXdTKKE/wosHRbz6e7z5b9y2Earog4HHezPMzPNjzpR2nE8rt7K6tr6R3yxsbe/s7tn7B00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aObmd8aU6lYJB70JKZeiAeCBYxgbaTWuMdK96fXPbvolJ050BK5cNxqxUVuphQhQ71nf3T7EUlCKjThWKmO68TaS7HUjHA6LXQTRWNMRnhAO4YKHFLlpfNzp+jEKH0URNKU0GiuLk+kOFRqEvqmM8R6qH57M/Evr5Po4MpLmYgTTQVZLAoSjnSEZr+jPpOUaD4xBBPJzK2IDLHERJuECiaE70/R/6R5VnYrZffuvFirZnHk4QiOoQQuXEINbqEODSAwgkd4hhcrtp6sV+tt0ZqzsplD+AHr/Qtq4o7y</latexit>

vi(S) = Maximum weight of new clauses satisfied by variable  
after the variables in ordered set S have been set as T or F.

<latexit sha1_base64="ZWWT+FmswsWPdHB80TdX7dNqlpo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiMaB6QLGF2MpsMmZ1dZnrFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3T/1RK9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oXVe/uvFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w9f043V</latexit>xi



Specific Problems

<latexit sha1_base64="wU0R/0hlk8QoiF2oJBGGlnpB0jw=">AAAB7nicdVBNS8NAEJ3Ur1q/oh69LBahXkoiWu1BKHjxWNF+QBvKZrtpl242YXdTKKE/wosHRbz6e7z5b9y2Earog4HHezPMzPNjzpR2nE8rt7K6tr6R3yxsbe/s7tn7B00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aObmd8aU6lYJB70JKZeiAeCBYxgbaTWuMdK96fXPbvolJ050BK5cNxqxUVuphQhQ71nf3T7EUlCKjThWKmO68TaS7HUjHA6LXQTRWNMRnhAO4YKHFLlpfNzp+jEKH0URNKU0GiuLk+kOFRqEvqmM8R6qH57M/Evr5Po4MpLmYgTTQVZLAoSjnSEZr+jPpOUaD4xBBPJzK2IDLHERJuECiaE70/R/6R5VnYrZffuvFirZnHk4QiOoQQuXEINbqEODSAwgkd4hhcrtp6sV+tt0ZqzsplD+AHr/Qtq4o7y</latexit>

vi(S) = Maximum weight of new clauses satisfied by variable  
after the variables in ordered set S have been set as T or F.

<latexit sha1_base64="ZWWT+FmswsWPdHB80TdX7dNqlpo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiMaB6QLGF2MpsMmZ1dZnrFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3T/1RK9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oXVe/uvFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w9f043V</latexit>xi

• An optimal assignment for MAX-SAT may not be produced from 
    any action sequence of n variables!

Our results:

 Maximum Satisfiability (weighted version):



Specific Problems

 Maximum Satisfiability (weighted version):

• An optimal assignment for MAX-SAT may not be produced from 
    any action sequence of n variables! 

Conjecture: For any instance of MAX-SAT, there exists an action sequence 
                    that achieves 2/3 of the optimal value. 
                     (2-approximation is doable)

Our results:

<latexit sha1_base64="wU0R/0hlk8QoiF2oJBGGlnpB0jw=">AAAB7nicdVBNS8NAEJ3Ur1q/oh69LBahXkoiWu1BKHjxWNF+QBvKZrtpl242YXdTKKE/wosHRbz6e7z5b9y2Earog4HHezPMzPNjzpR2nE8rt7K6tr6R3yxsbe/s7tn7B00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aObmd8aU6lYJB70JKZeiAeCBYxgbaTWuMdK96fXPbvolJ050BK5cNxqxUVuphQhQ71nf3T7EUlCKjThWKmO68TaS7HUjHA6LXQTRWNMRnhAO4YKHFLlpfNzp+jEKH0URNKU0GiuLk+kOFRqEvqmM8R6qH57M/Evr5Po4MpLmYgTTQVZLAoSjnSEZr+jPpOUaD4xBBPJzK2IDLHERJuECiaE70/R/6R5VnYrZffuvFirZnHk4QiOoQQuXEINbqEODSAwgkd4hhcrtp6sV+tt0ZqzsplD+AHr/Qtq4o7y</latexit>

vi(S) = Maximum weight of new clauses satisfied by variable  
after the variables in ordered set S have been set as T or F.

<latexit sha1_base64="ZWWT+FmswsWPdHB80TdX7dNqlpo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiMaB6QLGF2MpsMmZ1dZnrFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3T/1RK9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oXVe/uvFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w9f043V</latexit>xi



Specific Problems

 Maximum Satisfiability (weighted version):

• An optimal assignment for MAX-SAT may not be produced from 
    any action sequence of n variables! 

• Given an instance of MAX-SAT, does there exist an action sequence  
    for all 1’s assignment? 

Conjecture: For any instance of MAX-SAT, there exists an action sequence 
                    that achieves 2/3 of the optimal value. 
                     (2-approximation is doable)

Our results:

NP-complete

<latexit sha1_base64="wU0R/0hlk8QoiF2oJBGGlnpB0jw=">AAAB7nicdVBNS8NAEJ3Ur1q/oh69LBahXkoiWu1BKHjxWNF+QBvKZrtpl242YXdTKKE/wosHRbz6e7z5b9y2Earog4HHezPMzPNjzpR2nE8rt7K6tr6R3yxsbe/s7tn7B00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aObmd8aU6lYJB70JKZeiAeCBYxgbaTWuMdK96fXPbvolJ050BK5cNxqxUVuphQhQ71nf3T7EUlCKjThWKmO68TaS7HUjHA6LXQTRWNMRnhAO4YKHFLlpfNzp+jEKH0URNKU0GiuLk+kOFRqEvqmM8R6qH57M/Evr5Po4MpLmYgTTQVZLAoSjnSEZr+jPpOUaD4xBBPJzK2IDLHERJuECiaE70/R/6R5VnYrZffuvFirZnHk4QiOoQQuXEINbqEODSAwgkd4hhcrtp6sV+tt0ZqzsplD+AHr/Qtq4o7y</latexit>

vi(S) = Maximum weight of new clauses satisfied by variable  
after the variables in ordered set S have been set as T or F.

<latexit sha1_base64="ZWWT+FmswsWPdHB80TdX7dNqlpo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiMaB6QLGF2MpsMmZ1dZnrFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3T/1RK9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oXVe/uvFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w9f043V</latexit>xi



• Introduce a query model for understanding serial dictatorship in the abstract setting. 

• Upper and Lower bounds for the query complexity of optimizing serial dictatorship 
    (the action sequence that maximizes the social welfare)  

The Big Picture



• Introduce a query model for understanding serial dictatorship in the abstract setting. 

• Upper and Lower bounds for the query complexity of optimizing serial dictatorship 
    (the action sequence that maximizes the social welfare)   

• Revisit some of the celebrated problems in theoretical computer science and 
    inspect the connection between their optimal solutions and serial dictatorships.

The Big Picture

 Maximum-weight Matching in bipartite graph 
Maximum-weight Matching in non-bipartite graph 
 Maximum Satisfiability (weighted version) 
 Longest path with maximum-weight 
 Maximum-weight Arborescence   
 Maximum-weight Cut



• Introduce a query model for understanding serial dictatorship in the abstract setting. 

• Upper and Lower bounds for the query complexity of optimizing serial dictatorship 
    (the action sequence that maximizes the social welfare)   

• Revisit some of the celebrated problems in theoretical computer science and 
    inspect the connection between their optimal solutions and serial dictatorships.

The Big Picture

 Maximum-weight Matching in bipartite graph 
Maximum-weight Matching in non-bipartite graph 
 Maximum Satisfiability (weighted version) 
 Longest path with maximum-weight 
 Maximum-weight Arborescence   
 Maximum-weight Cut

Thank you!
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i2[n]

vi(�
i)    Find an action sequence     that maximizes the social welfare, 

    and understand its relation with the overall maximum social welfare.    
Goal: <latexit sha1_base64="5MpOmsrNO+sj1AvKhDznxQJ7O/4=">AAAB83icdVBNSwMxEJ31s9avqkcvwSLUS9kVrfYgFLx4rGg/oLuUbJptQ5PskmSFUvo3vHhQxKt/xpv/xrRdoYo+GHi8N8PMvDDhTBvX/XSWlldW19ZzG/nNre2d3cLeflPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHg99VsPVGkWy3szSmggcF+yiBFsrOTftUq+Zn2BT9BVt1B0y+4MaIGcu1614iEvU4qQod4tfPi9mKSCSkM41rrjuYkJxlgZRjid5P1U0wSTIe7TjqUSC6qD8ezmCTq2Sg9FsbIlDZqpixNjLLQeidB2CmwG+rc3Ff/yOqmJLoMxk0lqqCTzRVHKkYnRNADUY4oSw0eWYKKYvRWRAVaYGBtT3obw/Sn6nzRPy16l7N2eFWvVLI4cHMIRlMCDC6jBDdShAQQSeIRneHFS58l5dd7mrUtONnMAP+C8fwGyB5DK</latexit>

SW (�) =

 Longest path with maximum weight:

• An optimal assignment for Longest-Path may not be produced from 
    any action sequence of n nodes. 

• For any instance of Longest-Path, there always exists an action sequence 
    that recovers 1/2 of the optimal value. 

   Conjecture: The above factor is 2/3.
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vi(S) = Maximum weight that node i can achieve such that the underlying  
structure is a union of paths

Specific Problems

Our results:


