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Application: Housing the Homeless
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Shelter
42%

Housing
58%

HOUSING: TOTAL 39K

Sheltered
25%

Unsheltered
75%

HOMELESS: TOTAL 50K

Housing assistance is a scarce resource
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Coordinated Entry Systems

*: https://www.hud.gov/sites/dfiles/SPM/documents/HUDSTRATEGICPLAN2018-2022.pdf

Youth 
information

1 John

2 Maria

3 Alexander

4 Lea

… …

C.E.S

Housing resource 
information

https://www.hud.gov/sites/dfiles/SPM/documents/HUDSTRATEGICPLAN2018-2022.pdf
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Vulnerability Score

Services only0-3

4-7

8-17

Rapid ReHousing (RRH)

Permanent Supportive

Housing (PSH)

Current Policy
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Today



Motivation: Housing the Homeless
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Policy Priorities

Fairness

Efficiency

Interpretability

• What are the policy priorities?

• How important is each? 
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Efficiency vs. Equity
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probability of exiting homelessness
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Elicitation & Recommendation
Preference Elicitation


What does the {agent | customer | user} want? 

Marketing 
     What products does the customer like?  

Medicine 
     What procedures do patients like?  

Public Policy 
     Which projects to citizens like?
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Recommendation

Which item should we offer? 

Marketing 
     Which product should we advertise?  

Medicine 
     Which procedure should we perform?  

Public Policy 
     Which project should we fund?
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Preferences
We have a set of items    

• products 
• policies 

• procedures


Could be discrete (we have a fixed set of items)


       … or continuous (we can create items)


X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>
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X = {x 2 RJ | x>b  c}
<latexit sha1_base64="25MRmvlPnPm0/a+UOpl3uahk6UE="></latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>
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An agent has an ordinal preference 
relation over : 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


           (  “  ”  means “either   or  “ )


X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

�
<latexit sha1_base64="jQNpTpVq7iNJnfgXDObJfnv3c60=">AAAB/HicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qmLbQhjKZTtqhM5MwMxFKqL/gVvfuxK3/4tYvcdJmoa0HLhzOuZdzOWHCmTau++WUVlbX1jfKm5Wt7Z3dver+QUvHqSLUJzGPVSfEmnImqW+Y4bSTKIpFyGk7HN/kfvuRKs1i+WAmCQ0EHkoWMYKNlfyeTgnpV2tu3Z0BLROvIDUo0OxXv3uDmKSCSkM41rrruYkJMqwMI5xOK71U0wSTMR7SrqUSC6qDbPbsFJ1YZYCiWNmRBs3U3xcZFlpPRGg3BTYjvejl4r9eKBaSTXQdZEwmqaGSzIOjlCMTo7wJNGCKEsMnlmCimP0dkRFWmBjbV8WW4i1WsExaZ3XvvH55f1Fr3BX1lOEIjuEUPLiCBtxCE3wgwOAZXuDVeXLenHfnY75acoqbQ/gD5/MHNVaVag==</latexit> ⇠<latexit sha1_base64="Kmik9YWPgZlHzKOPkPzt1kJycMo=">AAAB+3icbVDLSgMxFL2pr1pfVZdugkVwVWZ8oMuCG91VsLbQDiWTZtrQJDMkGaEM/QW3uncnbv0Yt36JmXYW2nrgwuGcezmXEyaCG+t5X6i0srq2vlHerGxt7+zuVfcPHk2caspaNBax7oTEMMEVa1luBeskmhEZCtYOxze5335i2vBYPdhJwgJJhopHnBKbSz3DZb9a8+reDHiZ+AWpQYFmv/rdG8Q0lUxZKogxXd9LbJARbTkVbFrppYYlhI7JkHUdVUQyE2SzX6f4xCkDHMXajbJ4pv6+yIg0ZiJDtymJHZlFLxf/9UK5kGyj6yDjKkktU3QeHKUC2xjnReAB14xaMXGEUM3d75iOiCbUuroqrhR/sYJl8nhW98/rl/cXtcZdUU8ZjuAYTsGHK2jALTShBRRG8Awv8Iqm6A29o4/5agkVN4fwB+jzB282lPs=</latexit>



Preferences
We have a set of items    

• products 
• policies 

• procedures


Could be discrete (we have a fixed set of items)


       … or continuous (we can create items)


X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>
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X = {x 2 RJ | x>b  c}
<latexit sha1_base64="25MRmvlPnPm0/a+UOpl3uahk6UE="></latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

An agent has an ordinal preference 
relation over : 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


           (  “  ”  means “either   or  “ )


X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

�
<latexit sha1_base64="jQNpTpVq7iNJnfgXDObJfnv3c60=">AAAB/HicbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qmLbQhjKZTtqhM5MwMxFKqL/gVvfuxK3/4tYvcdJmoa0HLhzOuZdzOWHCmTau++WUVlbX1jfKm5Wt7Z3dver+QUvHqSLUJzGPVSfEmnImqW+Y4bSTKIpFyGk7HN/kfvuRKs1i+WAmCQ0EHkoWMYKNlfyeTgnpV2tu3Z0BLROvIDUo0OxXv3uDmKSCSkM41rrruYkJMqwMI5xOK71U0wSTMR7SrqUSC6qDbPbsFJ1YZYCiWNmRBs3U3xcZFlpPRGg3BTYjvejl4r9eKBaSTXQdZEwmqaGSzIOjlCMTo7wJNGCKEsMnlmCimP0dkRFWmBjbV8WW4i1WsExaZ3XvvH55f1Fr3BX1lOEIjuEUPLiCBtxCE3wgwOAZXuDVeXLenHfnY75acoqbQ/gD5/MHNVaVag==</latexit> ⇠<latexit sha1_base64="Kmik9YWPgZlHzKOPkPzt1kJycMo=">AAAB+3icbVDLSgMxFL2pr1pfVZdugkVwVWZ8oMuCG91VsLbQDiWTZtrQJDMkGaEM/QW3uncnbv0Yt36JmXYW2nrgwuGcezmXEyaCG+t5X6i0srq2vlHerGxt7+zuVfcPHk2caspaNBax7oTEMMEVa1luBeskmhEZCtYOxze5335i2vBYPdhJwgJJhopHnBKbSz3DZb9a8+reDHiZ+AWpQYFmv/rdG8Q0lUxZKogxXd9LbJARbTkVbFrppYYlhI7JkHUdVUQyE2SzX6f4xCkDHMXajbJ4pv6+yIg0ZiJDtymJHZlFLxf/9UK5kGyj6yDjKkktU3QeHKUC2xjnReAB14xaMXGEUM3d75iOiCbUuroqrhR/sYJl8nhW98/rl/cXtcZdUU8ZjuAYTsGHK2jALTShBRRG8Awv8Iqm6A29o4/5agkVN4fwB+jzB282lPs=</latexit>Aside  

Cardinal preferences tell us how much 
one item is preferred over another. 

Ordinal preferences only tell us which of 
two items is more-preferred.



Preferences
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Representation Theorem 



Preferences
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

How do we model an agent’s preferences?

Representation Theorem 
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

How do we model an agent’s preferences?
First, some assumptions…

Representation Theorem 
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15

Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

How do we model an agent’s preferences?
First, some assumptions…

Representation Theorem 
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15

Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

How do we model an agent’s preferences?
First, some assumptions…

A. Their preferences are complete, 
 

 For all x,y 2 X , either x � y, x ⌫ y, or both.
<latexit sha1_base64="rJh7+kYS6TiDEoEIoF8laWTTXF0="></latexit>

Representation Theorem 
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

How do we model an agent’s preferences?
First, some assumptions…

A. Their preferences are complete, 
 

 For all x,y 2 X , either x � y, x ⌫ y, or both.
<latexit sha1_base64="rJh7+kYS6TiDEoEIoF8laWTTXF0="></latexit>

B. transitive, 
 

 If x ⌫ y and y ⌫ z, then x ⌫ z.
<latexit sha1_base64="wIiqVyHkDSBmcnR5ZeVzd8SDB0c="></latexit>

Representation Theorem 
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

How do we model an agent’s preferences?
First, some assumptions…

A. Their preferences are complete, 
 

 For all x,y 2 X , either x � y, x ⌫ y, or both.
<latexit sha1_base64="rJh7+kYS6TiDEoEIoF8laWTTXF0="></latexit>

B. transitive, 
 

 If x ⌫ y and y ⌫ z, then x ⌫ z.
<latexit sha1_base64="wIiqVyHkDSBmcnR5ZeVzd8SDB0c="></latexit>

C. and continuous   <== ( only for continuous ) 
 

 

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

If x ⌫ y, then there is a neighborhood Bx (By) around x (y)
<latexit sha1_base64="1HCnGYUxWuRyr6Tsbyro+KCgu9I="></latexit>

such that x0 ⌫ y0 for all x0 2 Bx and y0 2 By.
<latexit sha1_base64="Np191ylV1+OkM8OPl8HJfVI8IFY="></latexit>

Representation Theorem 
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

How do we model an agent’s preferences?
First, some assumptions…

A. Their preferences are complete, 
 

 For all x,y 2 X , either x � y, x ⌫ y, or both.
<latexit sha1_base64="rJh7+kYS6TiDEoEIoF8laWTTXF0="></latexit>

B. transitive, 
 

 If x ⌫ y and y ⌫ z, then x ⌫ z.
<latexit sha1_base64="wIiqVyHkDSBmcnR5ZeVzd8SDB0c="></latexit>

C. and continuous   <== ( only for continuous ) 
 

 

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

If x ⌫ y, then there is a neighborhood Bx (By) around x (y)
<latexit sha1_base64="1HCnGYUxWuRyr6Tsbyro+KCgu9I="></latexit>

such that x0 ⌫ y0 for all x0 2 Bx and y0 2 By.
<latexit sha1_base64="Np191ylV1+OkM8OPl8HJfVI8IFY="></latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation  is 
complete, transitive, and continuous, then it is 
representable by a utility function  , s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem 
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 
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16

Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 
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16

Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Define a utility function as follows: Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 



Preferences

16

Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Define a utility function as follows: Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Define a utility function as follows:

1.  Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Define a utility function as follows:

1.  Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

2. For i = 1:N:

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Define a utility function as follows:

1.  Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

2. For i = 1:N:
3.       least-preferred item(s) in Z  

<latexit sha1_base64="NP5xQD0QsS9tT4wJPsviUqo0yLw=">AAACCnicbVDLSsNAFL3xWesr1aWbwSK4KokPdFlwo7sK9oFNKJPppB06mYSZiVJC/8BfcKt7d+LWn3Drlzhps9DWAxcO59zLPZwg4Uxpx/mylpZXVtfWSxvlza3tnV27stdScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32A5WKxeJOjxPqR3ggWMgI1kbq2RUvwnpIMEf3yBtQrco9u+rUnCnQInELUoUCjZ797fVjkkZUaMKxUl3XSbSfYakZ4XRS9lJFE0xGeEC7hgocUeVn0+gTdGSUPgpjaUZoNFV/X2Q4UmocBWYzD6rmvVz81wuiuc86vPQzJpJUU0Fmj8OUIx2jvBfUZ5ISzceGYCKZyY7IEEtMtGkvL8Wdr2CRtE5q7mnt/PasWr8p6inBARzCMbhwAXW4hgY0gcAjPMMLvFpP1pv1bn3MVpes4mYf/sD6/AG2D5ny</latexit>

Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 



Preferences
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Define a utility function as follows:

1.  Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

2. For i = 1:N:
3.       least-preferred item(s) in Z  

<latexit sha1_base64="NP5xQD0QsS9tT4wJPsviUqo0yLw=">AAACCnicbVDLSsNAFL3xWesr1aWbwSK4KokPdFlwo7sK9oFNKJPppB06mYSZiVJC/8BfcKt7d+LWn3Drlzhps9DWAxcO59zLPZwg4Uxpx/mylpZXVtfWSxvlza3tnV27stdScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32A5WKxeJOjxPqR3ggWMgI1kbq2RUvwnpIMEf3yBtQrco9u+rUnCnQInELUoUCjZ797fVjkkZUaMKxUl3XSbSfYakZ4XRS9lJFE0xGeEC7hgocUeVn0+gTdGSUPgpjaUZoNFV/X2Q4UmocBWYzD6rmvVz81wuiuc86vPQzJpJUU0Fmj8OUIx2jvBfUZ5ISzceGYCKZyY7IEEtMtGkvL8Wdr2CRtE5q7mnt/PasWr8p6inBARzCMbhwAXW4hgY0gcAjPMMLvFpP1pv1bn3MVpes4mYf/sD6/AG2D5ny</latexit>

Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

4.       u(z) i, 8z 2 Z
<latexit sha1_base64="T24W0qMCRA6Q8fEqXqI9BDzSy4c=">AAACLnicbVDLSgMxFM3Ud31VXbq5WIQKUmZ8oOCm4EZ3CtaKZiiZNG1Dk8yQZIRa+iX+hL/gVveCCxFc+Rlm6iy0eiBwOOde7smJEsGN9f1XrzAxOTU9MztXnF9YXFouraxemjjVlNVpLGJ9FRHDBFesbrkV7CrRjMhIsEbUO878xi3ThsfqwvYTFkrSUbzNKbFOapb20wqOJNxtAe4wa4BvAz7CR4DbsSZCwMgEzBVgSWyXEgHXUGyWyn7VHwH+kiAnZZTjrFn6wK2YppIpSwUx5ibwExsOiLacCjYs4tSwhNAe6bAbRxWRzISD0feGsOmUFrhA7ikLI/XnxoBIY/oycpNZRjPuZeK/XiTHLtv2YTjgKkktU/T7cDsVYGPIuoMW14xa0XeEUM1ddqBdogm1ruGslGC8gr/kcqca7Fb3z/fKtdO8nlm0jjZQBQXoANXQCTpDdUTRPXpET+jZe/BevDfv/Xu04OU7a+gXvM8v3sSmXA==</latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Define a utility function as follows:

1.  Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

2. For i = 1:N:
3.       least-preferred item(s) in Z  

<latexit sha1_base64="NP5xQD0QsS9tT4wJPsviUqo0yLw=">AAACCnicbVDLSsNAFL3xWesr1aWbwSK4KokPdFlwo7sK9oFNKJPppB06mYSZiVJC/8BfcKt7d+LWn3Drlzhps9DWAxcO59zLPZwg4Uxpx/mylpZXVtfWSxvlza3tnV27stdScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32A5WKxeJOjxPqR3ggWMgI1kbq2RUvwnpIMEf3yBtQrco9u+rUnCnQInELUoUCjZ797fVjkkZUaMKxUl3XSbSfYakZ4XRS9lJFE0xGeEC7hgocUeVn0+gTdGSUPgpjaUZoNFV/X2Q4UmocBWYzD6rmvVz81wuiuc86vPQzJpJUU0Fmj8OUIx2jvBfUZ5ISzceGYCKZyY7IEEtMtGkvL8Wdr2CRtE5q7mnt/PasWr8p6inBARzCMbhwAXW4hgY0gcAjPMMLvFpP1pv1bn3MVpes4mYf/sD6/AG2D5ny</latexit>

Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

4.       u(z) i, 8z 2 Z
<latexit sha1_base64="T24W0qMCRA6Q8fEqXqI9BDzSy4c=">AAACLnicbVDLSgMxFM3Ud31VXbq5WIQKUmZ8oOCm4EZ3CtaKZiiZNG1Dk8yQZIRa+iX+hL/gVveCCxFc+Rlm6iy0eiBwOOde7smJEsGN9f1XrzAxOTU9MztXnF9YXFouraxemjjVlNVpLGJ9FRHDBFesbrkV7CrRjMhIsEbUO878xi3ThsfqwvYTFkrSUbzNKbFOapb20wqOJNxtAe4wa4BvAz7CR4DbsSZCwMgEzBVgSWyXEgHXUGyWyn7VHwH+kiAnZZTjrFn6wK2YppIpSwUx5ibwExsOiLacCjYs4tSwhNAe6bAbRxWRzISD0feGsOmUFrhA7ikLI/XnxoBIY/oycpNZRjPuZeK/XiTHLtv2YTjgKkktU/T7cDsVYGPIuoMW14xa0XeEUM1ddqBdogm1ruGslGC8gr/kcqca7Fb3z/fKtdO8nlm0jjZQBQXoANXQCTpDdUTRPXpET+jZe/BevDfv/Xu04OU7a+gXvM8v3sSmXA==</latexit>

5.       Y  Y \ Z
<latexit sha1_base64="9sW6V3JZs1nplmDu6tCfOvIN3+I=">AAACK3icbZDLSgMxFIYzXmu9jbp0EyyCqzJTFV0W3Oiugr1oW0omPW1Dk8yQnBFK6Xv4Er6CW927UlwJvoczbRe19YfAz3fO4Zz8QSSFRc/7cJaWV1bX1jMb2c2t7Z1dd2+/YsPYcCjzUIamFjALUmgoo0AJtcgAU4GEatC/SuvVRzBWhPoOBxE0Fetq0RGcYYJabqGhGPY4k/SeNrqAls4CC6iEjmfgA8223JyX98aii8afmhyZqtRyvxvtkMcKNHLJrK37XoTNITMouIRRthFbiBjvsy7UE6uZAtscjv82oscJadNOaJKnkY7p7MSQKWsHKkg60xvtfC2F/9YCNbcZO5fNodBRjKD5ZHEnlhRDmgZH28IARzlIDONGJLdT3mOGcUziTUPx5yNYNJVC3j/Nn9+e5Yo303gy5JAckRPikwtSJNekRMqEkyfyQl7Jm/PsvDufztekdcmZzhyQP3J+fgGGYKbu</latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Define a utility function as follows:

1.  Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

2. For i = 1:N:
3.       least-preferred item(s) in Z  

<latexit sha1_base64="NP5xQD0QsS9tT4wJPsviUqo0yLw=">AAACCnicbVDLSsNAFL3xWesr1aWbwSK4KokPdFlwo7sK9oFNKJPppB06mYSZiVJC/8BfcKt7d+LWn3Drlzhps9DWAxcO59zLPZwg4Uxpx/mylpZXVtfWSxvlza3tnV27stdScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32A5WKxeJOjxPqR3ggWMgI1kbq2RUvwnpIMEf3yBtQrco9u+rUnCnQInELUoUCjZ797fVjkkZUaMKxUl3XSbSfYakZ4XRS9lJFE0xGeEC7hgocUeVn0+gTdGSUPgpjaUZoNFV/X2Q4UmocBWYzD6rmvVz81wuiuc86vPQzJpJUU0Fmj8OUIx2jvBfUZ5ISzceGYCKZyY7IEEtMtGkvL8Wdr2CRtE5q7mnt/PasWr8p6inBARzCMbhwAXW4hgY0gcAjPMMLvFpP1pv1bn3MVpes4mYf/sD6/AG2D5ny</latexit>

Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

4.       u(z) i, 8z 2 Z
<latexit sha1_base64="T24W0qMCRA6Q8fEqXqI9BDzSy4c=">AAACLnicbVDLSgMxFM3Ud31VXbq5WIQKUmZ8oOCm4EZ3CtaKZiiZNG1Dk8yQZIRa+iX+hL/gVveCCxFc+Rlm6iy0eiBwOOde7smJEsGN9f1XrzAxOTU9MztXnF9YXFouraxemjjVlNVpLGJ9FRHDBFesbrkV7CrRjMhIsEbUO878xi3ThsfqwvYTFkrSUbzNKbFOapb20wqOJNxtAe4wa4BvAz7CR4DbsSZCwMgEzBVgSWyXEgHXUGyWyn7VHwH+kiAnZZTjrFn6wK2YppIpSwUx5ibwExsOiLacCjYs4tSwhNAe6bAbRxWRzISD0feGsOmUFrhA7ikLI/XnxoBIY/oycpNZRjPuZeK/XiTHLtv2YTjgKkktU/T7cDsVYGPIuoMW14xa0XeEUM1ddqBdogm1ruGslGC8gr/kcqca7Fb3z/fKtdO8nlm0jjZQBQXoANXQCTpDdUTRPXpET+jZe/BevDfv/Xu04OU7a+gXvM8v3sSmXA==</latexit>

5.       Y  Y \ Z
<latexit sha1_base64="9sW6V3JZs1nplmDu6tCfOvIN3+I=">AAACK3icbZDLSgMxFIYzXmu9jbp0EyyCqzJTFV0W3Oiugr1oW0omPW1Dk8yQnBFK6Xv4Er6CW927UlwJvoczbRe19YfAz3fO4Zz8QSSFRc/7cJaWV1bX1jMb2c2t7Z1dd2+/YsPYcCjzUIamFjALUmgoo0AJtcgAU4GEatC/SuvVRzBWhPoOBxE0Fetq0RGcYYJabqGhGPY4k/SeNrqAls4CC6iEjmfgA8223JyX98aii8afmhyZqtRyvxvtkMcKNHLJrK37XoTNITMouIRRthFbiBjvsy7UE6uZAtscjv82oscJadNOaJKnkY7p7MSQKWsHKkg60xvtfC2F/9YCNbcZO5fNodBRjKD5ZHEnlhRDmgZH28IARzlIDONGJLdT3mOGcUziTUPx5yNYNJVC3j/Nn9+e5Yo303gy5JAckRPikwtSJNekRMqEkyfyQl7Jm/PsvDufztekdcmZzhyQP3J+fgGGYKbu</latexit>

6.      If  is empty, stopY
<latexit sha1_base64="z/8oO5qkwdCsotv/9uu3n/ue0hg=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10E89BkCbOT2WTIzOwyMyuEJZW/YKu9ndj6JbZ+ibPJFpp44MLhnHu5hxPEnGnjul9OYWl5ZXWtuF7a2Nza3inv7jV1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkZXmd96pEqzSN6ZcUx9gQeShYxgY6WHrsBmSDBH971yxa26U6BF4uWkAjnqvfJ3tx+RRFBpCMdadzw3Nn6KlWGE00mpm2gaYzLCA9qxVGJBtZ9OE0/QkVX6KIyUHWnQVP19kWKh9VgEdjNLqOe9TPzXC8TcZxNe+imTcWKoJLPHYcKRiVBWB+ozRYnhY0swUcxmR2SIFSbGllaypXjzFSyS5knVO62e355Vajd5PUU4gEM4Bg8uoAbXUIcGEJDwDC/w6jw5b8678zFbLTj5zT78gfP5A5SDl0E=</latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 



Preferences

16

Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Define a utility function as follows:

1.  Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

2. For i = 1:N:
3.       least-preferred item(s) in Z  

<latexit sha1_base64="NP5xQD0QsS9tT4wJPsviUqo0yLw=">AAACCnicbVDLSsNAFL3xWesr1aWbwSK4KokPdFlwo7sK9oFNKJPppB06mYSZiVJC/8BfcKt7d+LWn3Drlzhps9DWAxcO59zLPZwg4Uxpx/mylpZXVtfWSxvlza3tnV27stdScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32A5WKxeJOjxPqR3ggWMgI1kbq2RUvwnpIMEf3yBtQrco9u+rUnCnQInELUoUCjZ797fVjkkZUaMKxUl3XSbSfYakZ4XRS9lJFE0xGeEC7hgocUeVn0+gTdGSUPgpjaUZoNFV/X2Q4UmocBWYzD6rmvVz81wuiuc86vPQzJpJUU0Fmj8OUIx2jvBfUZ5ISzceGYCKZyY7IEEtMtGkvL8Wdr2CRtE5q7mnt/PasWr8p6inBARzCMbhwAXW4hgY0gcAjPMMLvFpP1pv1bn3MVpes4mYf/sD6/AG2D5ny</latexit>

Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

4.       u(z) i, 8z 2 Z
<latexit sha1_base64="T24W0qMCRA6Q8fEqXqI9BDzSy4c=">AAACLnicbVDLSgMxFM3Ud31VXbq5WIQKUmZ8oOCm4EZ3CtaKZiiZNG1Dk8yQZIRa+iX+hL/gVveCCxFc+Rlm6iy0eiBwOOde7smJEsGN9f1XrzAxOTU9MztXnF9YXFouraxemjjVlNVpLGJ9FRHDBFesbrkV7CrRjMhIsEbUO878xi3ThsfqwvYTFkrSUbzNKbFOapb20wqOJNxtAe4wa4BvAz7CR4DbsSZCwMgEzBVgSWyXEgHXUGyWyn7VHwH+kiAnZZTjrFn6wK2YppIpSwUx5ibwExsOiLacCjYs4tSwhNAe6bAbRxWRzISD0feGsOmUFrhA7ikLI/XnxoBIY/oycpNZRjPuZeK/XiTHLtv2YTjgKkktU/T7cDsVYGPIuoMW14xa0XeEUM1ddqBdogm1ruGslGC8gr/kcqca7Fb3z/fKtdO8nlm0jjZQBQXoANXQCTpDdUTRPXpET+jZe/BevDfv/Xu04OU7a+gXvM8v3sSmXA==</latexit>

5.       Y  Y \ Z
<latexit sha1_base64="9sW6V3JZs1nplmDu6tCfOvIN3+I=">AAACK3icbZDLSgMxFIYzXmu9jbp0EyyCqzJTFV0W3Oiugr1oW0omPW1Dk8yQnBFK6Xv4Er6CW927UlwJvoczbRe19YfAz3fO4Zz8QSSFRc/7cJaWV1bX1jMb2c2t7Z1dd2+/YsPYcCjzUIamFjALUmgoo0AJtcgAU4GEatC/SuvVRzBWhPoOBxE0Fetq0RGcYYJabqGhGPY4k/SeNrqAls4CC6iEjmfgA8223JyX98aii8afmhyZqtRyvxvtkMcKNHLJrK37XoTNITMouIRRthFbiBjvsy7UE6uZAtscjv82oscJadNOaJKnkY7p7MSQKWsHKkg60xvtfC2F/9YCNbcZO5fNodBRjKD5ZHEnlhRDmgZH28IARzlIDONGJLdT3mOGcUziTUPx5yNYNJVC3j/Nn9+e5Yo303gy5JAckRPikwtSJNekRMqEkyfyQl7Jm/PsvDufztekdcmZzhyQP3J+fgGGYKbu</latexit>

6.      If  is empty, stopY
<latexit sha1_base64="z/8oO5qkwdCsotv/9uu3n/ue0hg=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10E89BkCbOT2WTIzOwyMyuEJZW/YKu9ndj6JbZ+ibPJFpp44MLhnHu5hxPEnGnjul9OYWl5ZXWtuF7a2Nza3inv7jV1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkZXmd96pEqzSN6ZcUx9gQeShYxgY6WHrsBmSDBH971yxa26U6BF4uWkAjnqvfJ3tx+RRFBpCMdadzw3Nn6KlWGE00mpm2gaYzLCA9qxVGJBtZ9OE0/QkVX6KIyUHWnQVP19kWKh9VgEdjNLqOe9TPzXC8TcZxNe+imTcWKoJLPHYcKRiVBWB+ozRYnhY0swUcxmR2SIFSbGllaypXjzFSyS5knVO62e355Vajd5PUU4gEM4Bg8uoAbXUIcGEJDwDC/w6jw5b8678zFbLTj5zT78gfP5A5SDl0E=</latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 



Preferences
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Define a utility function as follows:

1.  Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

2. For i = 1:N:
3.       least-preferred item(s) in Z  

<latexit sha1_base64="NP5xQD0QsS9tT4wJPsviUqo0yLw=">AAACCnicbVDLSsNAFL3xWesr1aWbwSK4KokPdFlwo7sK9oFNKJPppB06mYSZiVJC/8BfcKt7d+LWn3Drlzhps9DWAxcO59zLPZwg4Uxpx/mylpZXVtfWSxvlza3tnV27stdScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32A5WKxeJOjxPqR3ggWMgI1kbq2RUvwnpIMEf3yBtQrco9u+rUnCnQInELUoUCjZ797fVjkkZUaMKxUl3XSbSfYakZ4XRS9lJFE0xGeEC7hgocUeVn0+gTdGSUPgpjaUZoNFV/X2Q4UmocBWYzD6rmvVz81wuiuc86vPQzJpJUU0Fmj8OUIx2jvBfUZ5ISzceGYCKZyY7IEEtMtGkvL8Wdr2CRtE5q7mnt/PasWr8p6inBARzCMbhwAXW4hgY0gcAjPMMLvFpP1pv1bn3MVpes4mYf/sD6/AG2D5ny</latexit>

Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

4.       u(z) i, 8z 2 Z
<latexit sha1_base64="T24W0qMCRA6Q8fEqXqI9BDzSy4c=">AAACLnicbVDLSgMxFM3Ud31VXbq5WIQKUmZ8oOCm4EZ3CtaKZiiZNG1Dk8yQZIRa+iX+hL/gVveCCxFc+Rlm6iy0eiBwOOde7smJEsGN9f1XrzAxOTU9MztXnF9YXFouraxemjjVlNVpLGJ9FRHDBFesbrkV7CrRjMhIsEbUO878xi3ThsfqwvYTFkrSUbzNKbFOapb20wqOJNxtAe4wa4BvAz7CR4DbsSZCwMgEzBVgSWyXEgHXUGyWyn7VHwH+kiAnZZTjrFn6wK2YppIpSwUx5ibwExsOiLacCjYs4tSwhNAe6bAbRxWRzISD0feGsOmUFrhA7ikLI/XnxoBIY/oycpNZRjPuZeK/XiTHLtv2YTjgKkktU/T7cDsVYGPIuoMW14xa0XeEUM1ddqBdogm1ruGslGC8gr/kcqca7Fb3z/fKtdO8nlm0jjZQBQXoANXQCTpDdUTRPXpET+jZe/BevDfv/Xu04OU7a+gXvM8v3sSmXA==</latexit>

5.       Y  Y \ Z
<latexit sha1_base64="9sW6V3JZs1nplmDu6tCfOvIN3+I=">AAACK3icbZDLSgMxFIYzXmu9jbp0EyyCqzJTFV0W3Oiugr1oW0omPW1Dk8yQnBFK6Xv4Er6CW927UlwJvoczbRe19YfAz3fO4Zz8QSSFRc/7cJaWV1bX1jMb2c2t7Z1dd2+/YsPYcCjzUIamFjALUmgoo0AJtcgAU4GEatC/SuvVRzBWhPoOBxE0Fetq0RGcYYJabqGhGPY4k/SeNrqAls4CC6iEjmfgA8223JyX98aii8afmhyZqtRyvxvtkMcKNHLJrK37XoTNITMouIRRthFbiBjvsy7UE6uZAtscjv82oscJadNOaJKnkY7p7MSQKWsHKkg60xvtfC2F/9YCNbcZO5fNodBRjKD5ZHEnlhRDmgZH28IARzlIDONGJLdT3mOGcUziTUPx5yNYNJVC3j/Nn9+e5Yo303gy5JAckRPikwtSJNekRMqEkyfyQl7Jm/PsvDufztekdcmZzhyQP3J+fgGGYKbu</latexit>

6.      If  is empty, stopY
<latexit sha1_base64="z/8oO5qkwdCsotv/9uu3n/ue0hg=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10E89BkCbOT2WTIzOwyMyuEJZW/YKu9ndj6JbZ+ibPJFpp44MLhnHu5hxPEnGnjul9OYWl5ZXWtuF7a2Nza3inv7jV1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkZXmd96pEqzSN6ZcUx9gQeShYxgY6WHrsBmSDBH971yxa26U6BF4uWkAjnqvfJ3tx+RRFBpCMdadzw3Nn6KlWGE00mpm2gaYzLCA9qxVGJBtZ9OE0/QkVX6KIyUHWnQVP19kWKh9VgEdjNLqOe9TPzXC8TcZxNe+imTcWKoJLPHYcKRiVBWB+ozRYnhY0swUcxmR2SIFSbGllaypXjzFSyS5knVO62e355Vajd5PUU4gEM4Bg8uoAbXUIcGEJDwDC/w6jw5b8678zFbLTj5zT78gfP5A5SDl0E=</latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 



Preferences
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Ordinal Preferences: 


For two items …


•     “the agent prefers A over B”


•    “the agent prefers B over A”


•    “the agent is indifferent”


(xA,xB)
<latexit sha1_base64="iXZnGYbY5nxBTqScbsY7yYTNtCQ=">AAACDnicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxAu6rLrRXQV7gTaWyXTSDp2ZhJmJWELfwVdwq3t34tZXcOuTOGmz0NYfDnz85xzO4fcjRpV2nC8rNze/sLiUXy6srK6tb9ibW3UVxhKTGg5ZKJs+UoRRQWqaakaakSSI+4w0/MFV2m88EKloKO70MCIeRz1BA4qRNlbH3im1fQ4f7y/gIZzQJTwodOyiU3bGgrPgZlAEmaod+7vdDXHMidCYIaVarhNpL0FSU8zIqNCOFYkQHqAeaRkUiBPlJeP3R3DfOF0YhNKU0HDs/t5IEFdqyH0zyZHuq+leav7b8/nUZR2cewkVUayJwJPDQcygDmGaDexSSbBmQwMIS2p+h7iPJMLaJJiG4k5HMAv1o7J7XD69PSlWbrJ48mAX7IEScMEZqIBrUAU1gEECnsELeLWerDfr3fqYjOasbGcb/JH1+QP1p5nd</latexit>

xA � xB
<latexit sha1_base64="ED0oy1ivGFzxmbfUgSZc1gexHx0=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fM69utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX438xgOVisXRnR4k1Be4G7GQEayN1LZ3vUCgx/sLhDyVEmKu8fuybZecsjMGmiVuTkqQo9q2v71OTFJBI004VqrlOon2Myw1I5wOi16qaIJJH3dpy9AIC6r8bPyBITowSgeFsTQn0mis/u7IsFBqIAJTKbDuqWlvJP7rBWJqsg7P/YxFSappRCaDw5QjHaNROqjDJCWaDwzBRDKzOyI9LDHRJsOiCcWdjmCW1I/K7nH59PakVLnJ4ynAHuzDIbhwBhW4hirUgMAQnuEFXq0n6816tz4mpXNW3rMDf2B9/gDpSJuU</latexit>

xA � xB
<latexit sha1_base64="i5K8Mah+2OrtzHJdo/pulUBgSm8=">AAACEHicbVC7TsMwFL3hWcorwMDAYlEhMVUJD8FYYIGtSPQhNaFyXKe1aieR7SCqqD/BL7DCzoZY+QNWvgS3zQAtR7J8fO49utcnSDhT2nG+rLn5hcWl5cJKcXVtfWPT3tquqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbqW3veoFAj/cXCHnGR8w1fl+27ZJTdsZAs8TNSQlyVNv2t9eJSSpopAnHSrVcJ9F+hqVmhNNh0UsVTTDp4y5tGRphQZWfjT8wRAdG6aAwluZEGo3V344MC6UGIjCdAuuemq6NxH9rgZiarMNzP2NRkmoakcngMOVIx2iUDuowE4LmA0MwkczsjkgPS0y0ybBoQnGnI5gl9aOye1w+vT0pVW7yeAqwB/twCC6cQQWuoQo1IDCEZ3iBV+vJerPerY9J65yVe3bgD6zPH+LHm5A=</latexit>

xA ⇠ xB
<latexit sha1_base64="8nugN0WX2OpLt+sUZdtA/dVwGdw=">AAACD3icbVC7TsMwFHXKq5RXAImFxaJCYqoSHoKxwAJbkehDakLluE5r1XYi20FUoR/BL7DCzoZY+QRWvgQ3zQAtR7J17jn36l6dIGZUacf5sgpz8wuLS8Xl0srq2vqGvbnVUFEiManjiEWyFSBFGBWkrqlmpBVLgnjASDMYXI795j2RikbiVg9j4nPUEzSkGGkjdewdL+Dw4e4cQk9Rbv6svOjYZafiZICzxM1JGeSodexvrxvhhBOhMUNKtV0n1n6KpKaYkVHJSxSJER6gHmkbKhAnyk+z+0dw3yhdGEbSPKFhpv6eSBFXasgD08mR7qtpbyz+6wV8arMOz/yUijjRRODJ4jBhUEdwHA7sUkmwZkNDEJbU3A5xH0mEtYmwZEJxpyOYJY3DintUObk5Llev83iKYBfsgQPgglNQBVegBuoAg0fwDF7Aq/VkvVnv1sektWDlM9vgD6zPHxzFmyU=</latexit>

Suppose we know an agent’s preference 
relation,  , over: 
 

 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Define a utility function as follows:

1.  Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

2. For i = 1:N:
3.       least-preferred item(s) in Z  

<latexit sha1_base64="NP5xQD0QsS9tT4wJPsviUqo0yLw=">AAACCnicbVDLSsNAFL3xWesr1aWbwSK4KokPdFlwo7sK9oFNKJPppB06mYSZiVJC/8BfcKt7d+LWn3Drlzhps9DWAxcO59zLPZwg4Uxpx/mylpZXVtfWSxvlza3tnV27stdScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32A5WKxeJOjxPqR3ggWMgI1kbq2RUvwnpIMEf3yBtQrco9u+rUnCnQInELUoUCjZ797fVjkkZUaMKxUl3XSbSfYakZ4XRS9lJFE0xGeEC7hgocUeVn0+gTdGSUPgpjaUZoNFV/X2Q4UmocBWYzD6rmvVz81wuiuc86vPQzJpJUU0Fmj8OUIx2jvBfUZ5ISzceGYCKZyY7IEEtMtGkvL8Wdr2CRtE5q7mnt/PasWr8p6inBARzCMbhwAXW4hgY0gcAjPMMLvFpP1pv1bn3MVpes4mYf/sD6/AG2D5ny</latexit>

Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

4.       u(z) i, 8z 2 Z
<latexit sha1_base64="T24W0qMCRA6Q8fEqXqI9BDzSy4c=">AAACLnicbVDLSgMxFM3Ud31VXbq5WIQKUmZ8oOCm4EZ3CtaKZiiZNG1Dk8yQZIRa+iX+hL/gVveCCxFc+Rlm6iy0eiBwOOde7smJEsGN9f1XrzAxOTU9MztXnF9YXFouraxemjjVlNVpLGJ9FRHDBFesbrkV7CrRjMhIsEbUO878xi3ThsfqwvYTFkrSUbzNKbFOapb20wqOJNxtAe4wa4BvAz7CR4DbsSZCwMgEzBVgSWyXEgHXUGyWyn7VHwH+kiAnZZTjrFn6wK2YppIpSwUx5ibwExsOiLacCjYs4tSwhNAe6bAbRxWRzISD0feGsOmUFrhA7ikLI/XnxoBIY/oycpNZRjPuZeK/XiTHLtv2YTjgKkktU/T7cDsVYGPIuoMW14xa0XeEUM1ddqBdogm1ruGslGC8gr/kcqca7Fb3z/fKtdO8nlm0jjZQBQXoANXQCTpDdUTRPXpET+jZe/BevDfv/Xu04OU7a+gXvM8v3sSmXA==</latexit>

5.       Y  Y \ Z
<latexit sha1_base64="9sW6V3JZs1nplmDu6tCfOvIN3+I=">AAACK3icbZDLSgMxFIYzXmu9jbp0EyyCqzJTFV0W3Oiugr1oW0omPW1Dk8yQnBFK6Xv4Er6CW927UlwJvoczbRe19YfAz3fO4Zz8QSSFRc/7cJaWV1bX1jMb2c2t7Z1dd2+/YsPYcCjzUIamFjALUmgoo0AJtcgAU4GEatC/SuvVRzBWhPoOBxE0Fetq0RGcYYJabqGhGPY4k/SeNrqAls4CC6iEjmfgA8223JyX98aii8afmhyZqtRyvxvtkMcKNHLJrK37XoTNITMouIRRthFbiBjvsy7UE6uZAtscjv82oscJadNOaJKnkY7p7MSQKWsHKkg60xvtfC2F/9YCNbcZO5fNodBRjKD5ZHEnlhRDmgZH28IARzlIDONGJLdT3mOGcUziTUPx5yNYNJVC3j/Nn9+e5Yo303gy5JAckRPikwtSJNekRMqEkyfyQl7Jm/PsvDufztekdcmZzhyQP3J+fgGGYKbu</latexit>

6.      If  is empty, stopY
<latexit sha1_base64="z/8oO5qkwdCsotv/9uu3n/ue0hg=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10E89BkCbOT2WTIzOwyMyuEJZW/YKu9ndj6JbZ+ibPJFpp44MLhnHu5hxPEnGnjul9OYWl5ZXWtuF7a2Nza3inv7jV1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkZXmd96pEqzSN6ZcUx9gQeShYxgY6WHrsBmSDBH971yxa26U6BF4uWkAjnqvfJ3tx+RRFBpCMdadzw3Nn6KlWGE00mpm2gaYzLCA9qxVGJBtZ9OE0/QkVX6KIyUHWnQVP19kWKh9VgEdjNLqOe9TPzXC8TcZxNe+imTcWKoJLPHYcKRiVBWB+ozRYnhY0swUcxmR2SIFSbGllaypXjzFSyS5knVO62e355Vajd5PUU4gEM4Bg8uoAbXUIcGEJDwDC/w6jw5b8678zFbLTj5zT78gfP5A5SDl0E=</latexit>

Debreu’s Representation Theorem: 

For a topological space* , if preference relation 
 is complete, transitive, and continuous, then it 

is representably by a utility function  , 
s.t.: 

             

    * : (some additional conditions must hold for )

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u : X ! R
<latexit sha1_base64="sNd1tJ+o/jdwPzeP6EHup44XcWI=">AAACHXicbVDLSsNAFJ34rPUVdelmsAquSuIDxVXBje6q2Ac0oUymk3boPMLMRCmhP+BP+Atude9O3Ipbv8RJ24W2HrhwOOde7r0nShjVxvO+nLn5hcWl5cJKcXVtfWPT3dqua5kqTGpYMqmaEdKEUUFqhhpGmokiiEeMNKL+Ze437onSVIo7M0hIyFFX0JhiZKzUdvfTCxhwZHoYMdiEgaLdnkFKyYexHEXwtth2S17ZGwHOEn9CSmCCatv9DjoSp5wIgxnSuuV7iQkzpAzFjAyLQapJgnAfdUnLUoE40WE2+mYID6zSgbFUtoSBI/X3RIa41gMe2c78Qj3t5eK/XsSnNpv4PMyoSFJDBB4vjlMGjYR5VLBDFcGGDSxBWFF7O8Q9pBA2NtA8FH86gllSPyr7x+XTm5NS5XoSTwHsgj1wCHxwBirgClRBDWDwCJ7BC3h1npw35935GLfOOZOZHfAHzucPz1Whbw==</latexit>

xA ⌫ xB () u(xA) � u(xB)
<latexit sha1_base64="8hp5NcoC1wB8eKCS7tEL1ClXIe8=">AAACMXicbVDLTgIxFO3gC/E16tJNIzGBDZnxEVkibnSHiTwSZiSd0oGGdmZsO0ZC+BV/wl9wq3t2hq0/YQfGRMGTNDn3nHtzb48XMSqVZU2MzMrq2vpGdjO3tb2zu2fuHzRkGAtM6jhkoWh5SBJGA1JXVDHSigRB3GOk6Q2uE7/5RISkYXCvhhFxOeoF1KcYKS11zLLjcfj8cAUdGWNMHuG8rkKH+j6MC6ldhE5Pmz91tZjrmHmrZM0Al4mdkjxIUeuYU6cb4piTQGGGpGzbVqTcERKKYkbGOSeWJEJ4gHqkrWmAOJHuaPbDMTzRShf6odAvUHCm/p4YIS7lkHu6kyPVl4teIv7reXxhs/LL7ogGUaxIgOeL/ZhBFcIkPtilgmDFhpogLKi+HeI+EggrHXISir0YwTJpnJbss9LF3Xm+cpvGkwVH4BgUgA0uQQXcgBqoAwxewBt4Bx/GqzExPo3pvDVjpDOH4A+Mr28pAqd5</latexit>

X ⇢ RJ
<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>

Representation Theorem: Example 
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Suppose we know an agent’s preference 
relation,  , over: 
 

 

Define a utility function as follows:


1.  

2. For i = 1:N:

3.       least-preferred item(s) in 

4.       

5.       

6.      If  is empty, stop


⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

X = {x1, . . . ,xN}
<latexit sha1_base64="MA7GbTCmubPBuHPyVfL7uuo4pgY=">AAACInicbVDLSgMxFM34rPU16tJNsAgKUmZ8oBuh4EY3UsE+oDOWTJq2oUlmSDJiGfoN/oS/4Fb37sSV4MovMTOdhbYeCDk595V7gohRpR3n05qZnZtfWCwsFZdXVtfW7Y3NugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4CKNN+6JVDQUt3oYEZ+jnqBdipE2Utve9zjSfYwYbMJz6CVewOHDnXsAvU6olbmy9zX0Rm275JSdDHCauDkpgRzVtv1teuCYE6ExQ0q1XCfSfoKkppiRUdGLFYkQHqAeaRkqECfKT7KVRnDXKB3YDaU5QsNM/V2RIK7UkAcmM11ATcZS8d9YwCcm6+6Zn1ARxZoIPB7cjRnUIUz9gh0qCdZsaAjCkpq/Q9xHEmFtXC0aU9xJC6ZJ/bDsHpVPbo5LlavcngLYBjtgD7jgFFTAJaiCGsDgETyDF/BqPVlv1rv1MU6dsfKaLfAH1tcP66eiYw==</latexit>

Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

Z  
<latexit sha1_base64="NP5xQD0QsS9tT4wJPsviUqo0yLw=">AAACCnicbVDLSsNAFL3xWesr1aWbwSK4KokPdFlwo7sK9oFNKJPppB06mYSZiVJC/8BfcKt7d+LWn3Drlzhps9DWAxcO59zLPZwg4Uxpx/mylpZXVtfWSxvlza3tnV27stdScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6yv32A5WKxeJOjxPqR3ggWMgI1kbq2RUvwnpIMEf3yBtQrco9u+rUnCnQInELUoUCjZ797fVjkkZUaMKxUl3XSbSfYakZ4XRS9lJFE0xGeEC7hgocUeVn0+gTdGSUPgpjaUZoNFV/X2Q4UmocBWYzD6rmvVz81wuiuc86vPQzJpJUU0Fmj8OUIx2jvBfUZ5ISzceGYCKZyY7IEEtMtGkvL8Wdr2CRtE5q7mnt/PasWr8p6inBARzCMbhwAXW4hgY0gcAjPMMLvFpP1pv1bn3MVpes4mYf/sD6/AG2D5ny</latexit>

Y  X
<latexit sha1_base64="BUmbeNqfL4iVM2qJ3vtTbrWU/Gw=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiQ+0GXBje4q2Ic0oUym03boZBJmboQSuvAn/AW3uncnbt279UuctEG09cCFwzn3cu89QSy4Bsf5tApLyyura8X10sbm1vaOvbvX1FGiKGvQSESqHRDNBJesARwEa8eKkTAQrBWMLjO/dc+U5pG8hXHM/JAMJO9zSsBIXbvshQSGlAh8h70BA41/hHbXrjhVZwq8SNycVFCOetf+8noRTUImgQqidcd1YvBTooBTwSYlL9EsJnREBqxjqCQh0346fWKCD43Sw/1ImZKAp+rviZSEWo/DwHRmF+p5LxP/9YJwbjP0L/yUyzgBJulscT8RGCKcJYR7XDEKYmwIoYqb2zEdEkUomBxLJhR3PoJF0jyuuifVs5vTSu06j6eIyugAHSEXnaMaukJ11EAUPaAn9IxerEfr1Xqz3metBSuf2Ud/YH18A2gynhk=</latexit>

u(z) i, 8z 2 Z
<latexit sha1_base64="T24W0qMCRA6Q8fEqXqI9BDzSy4c=">AAACLnicbVDLSgMxFM3Ud31VXbq5WIQKUmZ8oOCm4EZ3CtaKZiiZNG1Dk8yQZIRa+iX+hL/gVveCCxFc+Rlm6iy0eiBwOOde7smJEsGN9f1XrzAxOTU9MztXnF9YXFouraxemjjVlNVpLGJ9FRHDBFesbrkV7CrRjMhIsEbUO878xi3ThsfqwvYTFkrSUbzNKbFOapb20wqOJNxtAe4wa4BvAz7CR4DbsSZCwMgEzBVgSWyXEgHXUGyWyn7VHwH+kiAnZZTjrFn6wK2YppIpSwUx5ibwExsOiLacCjYs4tSwhNAe6bAbRxWRzISD0feGsOmUFrhA7ikLI/XnxoBIY/oycpNZRjPuZeK/XiTHLtv2YTjgKkktU/T7cDsVYGPIuoMW14xa0XeEUM1ddqBdogm1ruGslGC8gr/kcqca7Fb3z/fKtdO8nlm0jjZQBQXoANXQCTpDdUTRPXpET+jZe/BevDfv/Xu04OU7a+gXvM8v3sSmXA==</latexit>

Y  Y \ Z
<latexit sha1_base64="9sW6V3JZs1nplmDu6tCfOvIN3+I=">AAACK3icbZDLSgMxFIYzXmu9jbp0EyyCqzJTFV0W3Oiugr1oW0omPW1Dk8yQnBFK6Xv4Er6CW927UlwJvoczbRe19YfAz3fO4Zz8QSSFRc/7cJaWV1bX1jMb2c2t7Z1dd2+/YsPYcCjzUIamFjALUmgoo0AJtcgAU4GEatC/SuvVRzBWhPoOBxE0Fetq0RGcYYJabqGhGPY4k/SeNrqAls4CC6iEjmfgA8223JyX98aii8afmhyZqtRyvxvtkMcKNHLJrK37XoTNITMouIRRthFbiBjvsy7UE6uZAtscjv82oscJadNOaJKnkY7p7MSQKWsHKkg60xvtfC2F/9YCNbcZO5fNodBRjKD5ZHEnlhRDmgZH28IARzlIDONGJLdT3mOGcUziTUPx5yNYNJVC3j/Nn9+e5Yo303gy5JAckRPikwtSJNekRMqEkyfyQl7Jm/PsvDufztekdcmZzhyQP3J+fgGGYKbu</latexit>

Y
<latexit sha1_base64="z/8oO5qkwdCsotv/9uu3n/ue0hg=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10E89BkCbOT2WTIzOwyMyuEJZW/YKu9ndj6JbZ+ibPJFpp44MLhnHu5hxPEnGnjul9OYWl5ZXWtuF7a2Nza3inv7jV1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkZXmd96pEqzSN6ZcUx9gQeShYxgY6WHrsBmSDBH971yxa26U6BF4uWkAjnqvfJ3tx+RRFBpCMdadzw3Nn6KlWGE00mpm2gaYzLCA9qxVGJBtZ9OE0/QkVX6KIyUHWnQVP19kWKh9VgEdjNLqOe9TPzXC8TcZxNe+imTcWKoJLPHYcKRiVBWB+ozRYnhY0swUcxmR2SIFSbGllaypXjzFSyS5knVO62e355Vajd5PUU4gEM4Bg8uoAbXUIcGEJDwDC/w6jw5b8678zFbLTj5zT78gfP5A5SDl0E=</latexit>

Representation Theorem: Example 

Usually we can’t learn an agent’s 
preference relation, instead we  
model it.
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Ordinal Preferences     


Utility Function    

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u(·)
<latexit sha1_base64="B58LtrAuOIQhaRYhNWLlcOAAeeY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuz6QMuAjXYRzAOSJczOziZDZmeWmbtCWFL4C7ba24mtn2LrlzhJttDEAxcO59zLuZwgEdyA6345hZXVtfWN4mZpa3tnd6+8f9AyKtWUNakSSncCYpjgkjWBg2CdRDMSB4K1g9HN1G8/Mm24kg8wTpgfk4HkEacErNRJqz0aKjjtlytuzZ0BLxMvJxWUo9Evf/dCRdOYSaCCGNP13AT8jGjgVLBJqZcalhA6IgPWtVSSmBk/m/07wSdWCXGktB0JeKb+vshIbMw4DuxmTGBoFr2p+K8XxAvJEF37GZdJCkzSeXCUCgwKT8vAIdeMghhbQqjm9ndMh0QTCrayki3FW6xgmbTOat557fL+olK/y+spoiN0jKrIQ1eojm5RAzURRQI9oxf06jw5b8678zFfLTj5zSH6A+fzB9xqlko=</latexit>

(
)

<latexit sha1_base64="H3rKe3hRouDNpLHNKhAvKzWjCio=">AAAB+3icbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10EYwLJEmYns8mQeSwzs0JY8gu22tuJrR9j65c4m2yhiQcuHM65l3M5UcKZsb7/5ZVWVtfWN8qbla3tnd296v7Bo1GpJrRFFFe6E2FDOZO0ZZnltJNoikXEaTsa3+R++4lqw5R8sJOEhgIPJYsZwTaXeiyO+9WaX/dnQMskKEgNCjT71e/eQJFUUGkJx8Z0Az+xYYa1ZYTTaaWXGppgMsZD2nVUYkFNmM1+naITpwxQrLQbadFM/X2RYWHMRERuU2A7MoteLv7rRWIh2cbXYcZkkloqyTw4TjmyCuVFoAHTlFg+cQQTzdzviIywxsS6uiqulGCxgmXyeFYPzuuX9xe1xl1RTxmO4BhOIYAraMAtNKEFBEbwDC/w6k29N+/d+5ivlrzi5hD+wPv8AU+PlOc=</latexit>

Modeling Preferences
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Ordinal Preferences     


Utility Function    

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u(·)
<latexit sha1_base64="B58LtrAuOIQhaRYhNWLlcOAAeeY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuz6QMuAjXYRzAOSJczOziZDZmeWmbtCWFL4C7ba24mtn2LrlzhJttDEAxcO59zLuZwgEdyA6345hZXVtfWN4mZpa3tnd6+8f9AyKtWUNakSSncCYpjgkjWBg2CdRDMSB4K1g9HN1G8/Mm24kg8wTpgfk4HkEacErNRJqz0aKjjtlytuzZ0BLxMvJxWUo9Evf/dCRdOYSaCCGNP13AT8jGjgVLBJqZcalhA6IgPWtVSSmBk/m/07wSdWCXGktB0JeKb+vshIbMw4DuxmTGBoFr2p+K8XxAvJEF37GZdJCkzSeXCUCgwKT8vAIdeMghhbQqjm9ndMh0QTCrayki3FW6xgmbTOat557fL+olK/y+spoiN0jKrIQ1eojm5RAzURRQI9oxf06jw5b8678zFfLTj5zSH6A+fzB9xqlko=</latexit>

(
)

<latexit sha1_base64="H3rKe3hRouDNpLHNKhAvKzWjCio=">AAAB+3icbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10EYwLJEmYns8mQeSwzs0JY8gu22tuJrR9j65c4m2yhiQcuHM65l3M5UcKZsb7/5ZVWVtfWN8qbla3tnd296v7Bo1GpJrRFFFe6E2FDOZO0ZZnltJNoikXEaTsa3+R++4lqw5R8sJOEhgIPJYsZwTaXeiyO+9WaX/dnQMskKEgNCjT71e/eQJFUUGkJx8Z0Az+xYYa1ZYTTaaWXGppgMsZD2nVUYkFNmM1+naITpwxQrLQbadFM/X2RYWHMRERuU2A7MoteLv7rRWIh2cbXYcZkkloqyTw4TjmyCuVFoAHTlFg+cQQTzdzviIywxsS6uiqulGCxgmXyeFYPzuuX9xe1xl1RTxmO4BhOIYAraMAtNKEFBEbwDC/w6k29N+/d+5ivlrzi5hD+wPv8AU+PlOc=</latexit>

Modeling Preferences

Usually not practical to learn a complete 
preference relation .⌫

<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>
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Ordinal Preferences     


Utility Function    

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u(·)
<latexit sha1_base64="B58LtrAuOIQhaRYhNWLlcOAAeeY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuz6QMuAjXYRzAOSJczOziZDZmeWmbtCWFL4C7ba24mtn2LrlzhJttDEAxcO59zLuZwgEdyA6345hZXVtfWN4mZpa3tnd6+8f9AyKtWUNakSSncCYpjgkjWBg2CdRDMSB4K1g9HN1G8/Mm24kg8wTpgfk4HkEacErNRJqz0aKjjtlytuzZ0BLxMvJxWUo9Evf/dCRdOYSaCCGNP13AT8jGjgVLBJqZcalhA6IgPWtVSSmBk/m/07wSdWCXGktB0JeKb+vshIbMw4DuxmTGBoFr2p+K8XxAvJEF37GZdJCkzSeXCUCgwKT8vAIdeMghhbQqjm9ndMh0QTCrayki3FW6xgmbTOat557fL+olK/y+spoiN0jKrIQ1eojm5RAzURRQI9oxf06jw5b8678zFfLTj5zSH6A+fzB9xqlko=</latexit>

(
)

<latexit sha1_base64="H3rKe3hRouDNpLHNKhAvKzWjCio=">AAAB+3icbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10EYwLJEmYns8mQeSwzs0JY8gu22tuJrR9j65c4m2yhiQcuHM65l3M5UcKZsb7/5ZVWVtfWN8qbla3tnd296v7Bo1GpJrRFFFe6E2FDOZO0ZZnltJNoikXEaTsa3+R++4lqw5R8sJOEhgIPJYsZwTaXeiyO+9WaX/dnQMskKEgNCjT71e/eQJFUUGkJx8Z0Az+xYYa1ZYTTaaWXGppgMsZD2nVUYkFNmM1+naITpwxQrLQbadFM/X2RYWHMRERuU2A7MoteLv7rRWIh2cbXYcZkkloqyTw4TjmyCuVFoAHTlFg+cQQTzdzviIywxsS6uiqulGCxgmXyeFYPzuuX9xe1xl1RTxmO4BhOIYAraMAtNKEFBEbwDC/w6k29N+/d+5ivlrzi5hD+wPv8AU+PlOc=</latexit>

Modeling Preferences

Usually not practical to learn a complete 
preference relation .⌫

<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>
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Ordinal Preferences     


Utility Function    

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u(·)
<latexit sha1_base64="B58LtrAuOIQhaRYhNWLlcOAAeeY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuz6QMuAjXYRzAOSJczOziZDZmeWmbtCWFL4C7ba24mtn2LrlzhJttDEAxcO59zLuZwgEdyA6345hZXVtfWN4mZpa3tnd6+8f9AyKtWUNakSSncCYpjgkjWBg2CdRDMSB4K1g9HN1G8/Mm24kg8wTpgfk4HkEacErNRJqz0aKjjtlytuzZ0BLxMvJxWUo9Evf/dCRdOYSaCCGNP13AT8jGjgVLBJqZcalhA6IgPWtVSSmBk/m/07wSdWCXGktB0JeKb+vshIbMw4DuxmTGBoFr2p+K8XxAvJEF37GZdJCkzSeXCUCgwKT8vAIdeMghhbQqjm9ndMh0QTCrayki3FW6xgmbTOat557fL+olK/y+spoiN0jKrIQ1eojm5RAzURRQI9oxf06jw5b8678zFfLTj5zSH6A+fzB9xqlko=</latexit>

(
)

<latexit sha1_base64="H3rKe3hRouDNpLHNKhAvKzWjCio=">AAAB+3icbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10EYwLJEmYns8mQeSwzs0JY8gu22tuJrR9j65c4m2yhiQcuHM65l3M5UcKZsb7/5ZVWVtfWN8qbla3tnd296v7Bo1GpJrRFFFe6E2FDOZO0ZZnltJNoikXEaTsa3+R++4lqw5R8sJOEhgIPJYsZwTaXeiyO+9WaX/dnQMskKEgNCjT71e/eQJFUUGkJx8Z0Az+xYYa1ZYTTaaWXGppgMsZD2nVUYkFNmM1+naITpwxQrLQbadFM/X2RYWHMRERuU2A7MoteLv7rRWIh2cbXYcZkkloqyTw4TjmyCuVFoAHTlFg+cQQTzdzviIywxsS6uiqulGCxgmXyeFYPzuuX9xe1xl1RTxmO4BhOIYAraMAtNKEFBEbwDC/w6k29N+/d+5ivlrzi5hD+wPv8AU+PlOc=</latexit>

Modeling Preferences

Usually not practical to learn a complete 
preference relation .⌫

<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

Instead, we approximate agent preferences… 
Two approaches, in general:
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Ordinal Preferences     


Utility Function    

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u(·)
<latexit sha1_base64="B58LtrAuOIQhaRYhNWLlcOAAeeY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuz6QMuAjXYRzAOSJczOziZDZmeWmbtCWFL4C7ba24mtn2LrlzhJttDEAxcO59zLuZwgEdyA6345hZXVtfWN4mZpa3tnd6+8f9AyKtWUNakSSncCYpjgkjWBg2CdRDMSB4K1g9HN1G8/Mm24kg8wTpgfk4HkEacErNRJqz0aKjjtlytuzZ0BLxMvJxWUo9Evf/dCRdOYSaCCGNP13AT8jGjgVLBJqZcalhA6IgPWtVSSmBk/m/07wSdWCXGktB0JeKb+vshIbMw4DuxmTGBoFr2p+K8XxAvJEF37GZdJCkzSeXCUCgwKT8vAIdeMghhbQqjm9ndMh0QTCrayki3FW6xgmbTOat557fL+olK/y+spoiN0jKrIQ1eojm5RAzURRQI9oxf06jw5b8678zFfLTj5zSH6A+fzB9xqlko=</latexit>

(
)

<latexit sha1_base64="H3rKe3hRouDNpLHNKhAvKzWjCio=">AAAB+3icbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10EYwLJEmYns8mQeSwzs0JY8gu22tuJrR9j65c4m2yhiQcuHM65l3M5UcKZsb7/5ZVWVtfWN8qbla3tnd296v7Bo1GpJrRFFFe6E2FDOZO0ZZnltJNoikXEaTsa3+R++4lqw5R8sJOEhgIPJYsZwTaXeiyO+9WaX/dnQMskKEgNCjT71e/eQJFUUGkJx8Z0Az+xYYa1ZYTTaaWXGppgMsZD2nVUYkFNmM1+naITpwxQrLQbadFM/X2RYWHMRERuU2A7MoteLv7rRWIh2cbXYcZkkloqyTw4TjmyCuVFoAHTlFg+cQQTzdzviIywxsS6uiqulGCxgmXyeFYPzuuX9xe1xl1RTxmO4BhOIYAraMAtNKEFBEbwDC/w6k29N+/d+5ivlrzi5hD+wPv8AU+PlOc=</latexit>

Modeling Preferences

Usually not practical to learn a complete 
preference relation .⌫

<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

Instead, we approximate agent preferences… 
Two approaches, in general:
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Ordinal Preferences     


Utility Function    

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u(·)
<latexit sha1_base64="B58LtrAuOIQhaRYhNWLlcOAAeeY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuz6QMuAjXYRzAOSJczOziZDZmeWmbtCWFL4C7ba24mtn2LrlzhJttDEAxcO59zLuZwgEdyA6345hZXVtfWN4mZpa3tnd6+8f9AyKtWUNakSSncCYpjgkjWBg2CdRDMSB4K1g9HN1G8/Mm24kg8wTpgfk4HkEacErNRJqz0aKjjtlytuzZ0BLxMvJxWUo9Evf/dCRdOYSaCCGNP13AT8jGjgVLBJqZcalhA6IgPWtVSSmBk/m/07wSdWCXGktB0JeKb+vshIbMw4DuxmTGBoFr2p+K8XxAvJEF37GZdJCkzSeXCUCgwKT8vAIdeMghhbQqjm9ndMh0QTCrayki3FW6xgmbTOat557fL+olK/y+spoiN0jKrIQ1eojm5RAzURRQI9oxf06jw5b8678zFfLTj5zSH6A+fzB9xqlko=</latexit>

(
)

<latexit sha1_base64="H3rKe3hRouDNpLHNKhAvKzWjCio=">AAAB+3icbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10EYwLJEmYns8mQeSwzs0JY8gu22tuJrR9j65c4m2yhiQcuHM65l3M5UcKZsb7/5ZVWVtfWN8qbla3tnd296v7Bo1GpJrRFFFe6E2FDOZO0ZZnltJNoikXEaTsa3+R++4lqw5R8sJOEhgIPJYsZwTaXeiyO+9WaX/dnQMskKEgNCjT71e/eQJFUUGkJx8Z0Az+xYYa1ZYTTaaWXGppgMsZD2nVUYkFNmM1+naITpwxQrLQbadFM/X2RYWHMRERuU2A7MoteLv7rRWIh2cbXYcZkkloqyTw4TjmyCuVFoAHTlFg+cQQTzdzviIywxsS6uiqulGCxgmXyeFYPzuuX9xe1xl1RTxmO4BhOIYAraMAtNKEFBEbwDC/w6k29N+/d+5ivlrzi5hD+wPv8AU+PlOc=</latexit>

Modeling Preferences

Usually not practical to learn a complete 
preference relation .⌫

<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

Instead, we approximate agent preferences… 
Two approaches, in general:

Probabilistic 

Learn a distribution over  or   

• Bradley-Terry 
• Plackett-Luce 
• Thurstonian models 
• … 

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u(·)
<latexit sha1_base64="B58LtrAuOIQhaRYhNWLlcOAAeeY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuz6QMuAjXYRzAOSJczOziZDZmeWmbtCWFL4C7ba24mtn2LrlzhJttDEAxcO59zLuZwgEdyA6345hZXVtfWN4mZpa3tnd6+8f9AyKtWUNakSSncCYpjgkjWBg2CdRDMSB4K1g9HN1G8/Mm24kg8wTpgfk4HkEacErNRJqz0aKjjtlytuzZ0BLxMvJxWUo9Evf/dCRdOYSaCCGNP13AT8jGjgVLBJqZcalhA6IgPWtVSSmBk/m/07wSdWCXGktB0JeKb+vshIbMw4DuxmTGBoFr2p+K8XxAvJEF37GZdJCkzSeXCUCgwKT8vAIdeMghhbQqjm9ndMh0QTCrayki3FW6xgmbTOat557fL+olK/y+spoiN0jKrIQ1eojm5RAzURRQI9oxf06jw5b8678zFfLTj5zSH6A+fzB9xqlko=</latexit>
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Ordinal Preferences     


Utility Function    

⌫
<latexit sha1_base64="h023dIhaw2XvP6wH4XYq8kvfnfg=">AAAB/nicbVDLSgNBEOyNrxhfUY9eFoPgKez6QI8BL3qLYB6QLGF20psMmZldZ2aFsAT8Ba969yZe/RWvfomTZA8aLWgoqrqppsKEM20879MpLC2vrK4V10sbm1vbO+XdvaaOU0WxQWMeq3ZINHImsWGY4dhOFBIRcmyFo6up33pApVks78w4wUCQgWQRo8RYqdXVKaV43ytXvKo3g/uX+DmpQI56r/zV7cc0FSgN5UTrju8lJsiIMoxynJS6qcaE0BEZYMdSSQTqIJu9O3GPrNJ3o1jZkcadqT8vMiK0HovQbgpihnrRm4r/eqFYSDbRZZAxmaQGJZ0HRyl3TexOu3D7TCE1fGwJoYrZ3106JIpQYxsr2VL8xQr+kuZJ1T+tnt+eVWo3eT1FOIBDOAYfLqAG11CHBlAYwRM8w4vz6Lw6b877fLXg5Df78AvOxzfVkJZU</latexit>

u(·)
<latexit sha1_base64="B58LtrAuOIQhaRYhNWLlcOAAeeY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuz6QMuAjXYRzAOSJczOziZDZmeWmbtCWFL4C7ba24mtn2LrlzhJttDEAxcO59zLuZwgEdyA6345hZXVtfWN4mZpa3tnd6+8f9AyKtWUNakSSncCYpjgkjWBg2CdRDMSB4K1g9HN1G8/Mm24kg8wTpgfk4HkEacErNRJqz0aKjjtlytuzZ0BLxMvJxWUo9Evf/dCRdOYSaCCGNP13AT8jGjgVLBJqZcalhA6IgPWtVSSmBk/m/07wSdWCXGktB0JeKb+vshIbMw4DuxmTGBoFr2p+K8XxAvJEF37GZdJCkzSeXCUCgwKT8vAIdeMghhbQqjm9ndMh0QTCrayki3FW6xgmbTOat557fL+olK/y+spoiN0jKrIQ1eojm5RAzURRQI9oxf06jw5b8678zFfLTj5zSH6A+fzB9xqlko=</latexit>
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Linear Utility Functions
u(x) = u>x
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Uncertain vector of 

utility function coefficients

Item features

Assumptions:

• Agent has a utility function …

• Which is linear in each item’s features

u(x) = u>x
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•   cannot be observed directly  (***in our setting***)


• Instead, ask pairwise comparisons “do you prefer item or ?”)

Linear Utility Functions
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Example: One Pairwise Comparison 

Question 1: Do you prefer…

or
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Bad Example: Many Pairwise Comparisons 
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Problem:  

Which comparisons should we choose to 
elicit responses from the agent?
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Heuristic Methods 
  Select queries to minimize the size of 
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decision criterion.]
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Approach. Operations Research]
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Heuristics

      Heuristics are nice, but they  
      don’t get at our “final” goal:  
      recommendation

Which policy is best?



Outline

• Application: Learning an Objective 
Function 
 

• Preference Elicitation 
 

• Recommendation Under Uncertainty 
 

• Elicitation + Recommendation
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Recommendation

We are uncertain about the agent’s preferences…

How do we recommend a “good” item?

33

Decision Criteria
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Maximax (optimistic)


Select the item with the 
greatest utility in the best case 
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Maximize… the best-case u(x)
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Select the item with the 
greatest utility in the best case 

Maximin (pessimistic)


Select the item with the largest 
utility in the worst case 

Minimax Regret


Select the item which minimizes 
worst-case regret 

 
x⇤ 2 argmax

x2X
max
u2U

u>x
<latexit sha1_base64="8REmcezZNntnvZvy+Dhd70wEXVk="></latexit>

x⇤ 2 argmax
x2X

min
u2U

u>x
<latexit sha1_base64="OFd2xJRTq0W7mA+btw9+WIWB7kM="></latexit>

Maximize… the best-case u(x) Maximize…



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

Recommendation

We are uncertain about the agent’s preferences…

How do we recommend a “good” item?
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Decision Criteria

Maximax (optimistic)


Select the item with the 
greatest utility in the best case 

Maximin (pessimistic)


Select the item with the largest 
utility in the worst case 

Minimax Regret


Select the item which minimizes 
worst-case regret 

 
x⇤ 2 argmax

x2X
max
u2U

u>x
<latexit sha1_base64="8REmcezZNntnvZvy+Dhd70wEXVk="></latexit>

x⇤ 2 argmax
x2X

min
u2U

u>x
<latexit sha1_base64="OFd2xJRTq0W7mA+btw9+WIWB7kM="></latexit>

Maximize… the best-case u(x) Maximize… the worst-case u(x)



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

Recommendation

We are uncertain about the agent’s preferences…

How do we recommend a “good” item?
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Minimax Regret

Minimax Regret


Select the item which minimizes worst-case regret 

 



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

Recommendation

We are uncertain about the agent’s preferences…

How do we recommend a “good” item?
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Minimax Regret

Minimax Regret


Select the item which minimizes worst-case regret 

 
Regret of recommending item x 
to agent with u-vec u: 

R(u,x) ⌘
✓
max
x02X

u>x0
◆
� u>x

<latexit sha1_base64="kjHI29knkvU/SO9pcLFgMkBSdoI="></latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

Recommendation

We are uncertain about the agent’s preferences…

How do we recommend a “good” item?
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Minimax Regret

Minimax Regret


Select the item which minimizes worst-case regret 

 
Regret of recommending item x 
to agent with u-vec u: 

R(u,x) ⌘
✓
max
x02X

u>x0
◆
� u>x

<latexit sha1_base64="kjHI29knkvU/SO9pcLFgMkBSdoI="></latexit>

Recommend the item that 
minimizes worst-case regret: 
 
 
x⇤ 2 arg min

x2X
max
u2U

R(x,u)
<latexit sha1_base64="drgRHa6ijlsgHO5SenPnBIm9g0Q="></latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

Recommendation

We are uncertain about the agent’s preferences…

How do we recommend a “good” item?
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Decision Criteria

Maximin (pessimistic)


Select the item with the largest 
utility in the worst case 

Minimax Regret


Select the item which minimizes 
worst-case regret 

 
x⇤ 2 argmax

x2X
min
u2U

u>x
<latexit sha1_base64="OFd2xJRTq0W7mA+btw9+WIWB7kM="></latexit>

x⇤ 2 arg min
x2X

max
u2U

R(x,u)
<latexit sha1_base64="drgRHa6ijlsgHO5SenPnBIm9g0Q="></latexit>

“Robust” Approaches 
to Uncertainty 

i.e., make the best 
recommendation in the 
worst case. 
 
 



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>

Recommendation
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Decision Criteria: Example

Maximax (optimistic)


Select the item with the 
greatest utility in the best case 

x⇤ 2 argmax
x2X

max
u2U

u>x
<latexit sha1_base64="8REmcezZNntnvZvy+Dhd70wEXVk="></latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>

Recommendation
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Decision Criteria: Example

Maximax (optimistic)


Select the item with the 
greatest utility in the best case 

x⇤ 2 argmax
x2X

max
u2U

u>x
<latexit sha1_base64="8REmcezZNntnvZvy+Dhd70wEXVk="></latexit>

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>

Recommendation

36

Decision Criteria: Example

Maximax (optimistic)


Select the item with the 
greatest utility in the best case 

x⇤ 2 argmax
x2X

max
u2U

u>x
<latexit sha1_base64="8REmcezZNntnvZvy+Dhd70wEXVk="></latexit> Best-case utilities: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>

Recommendation

36

Decision Criteria: Example

Maximax (optimistic)


Select the item with the 
greatest utility in the best case 

x⇤ 2 argmax
x2X

max
u2U

u>x
<latexit sha1_base64="8REmcezZNntnvZvy+Dhd70wEXVk="></latexit> Best-case utilities: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :   4  , u = (-2, 0)xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

A



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>
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Decision Criteria: Example

Maximax (optimistic)


Select the item with the 
greatest utility in the best case 

x⇤ 2 argmax
x2X

max
u2U

u>x
<latexit sha1_base64="8REmcezZNntnvZvy+Dhd70wEXVk="></latexit> Best-case utilities: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :   8 , u = (-2, 2)xB = (�2,�2)
<latexit sha1_base64="LDpeJaCLOBJWHPMgc2JLTDZfvaA=">AAACC3icbVDLSgMxFM34rPU11qWbYBEq2DJTFd0IRTe6q2Af0A5DJs20oUlmSDLSUvoJ/oJb3bsTt36EW7/EtJ2Fth64cDjnXs7lBDGjSjvOl7W0vLK6tp7ZyG5ube/s2nu5uooSiUkNRyySzQApwqggNU01I81YEsQDRhpB/2biNx6JVDQSD3oYE4+jrqAhxUgbybdz7YDDgX8Nr2ChWD6BxfKxb+edkjMFXCRuSvIgRdW3v9udCCecCI0ZUqrlOrH2RkhqihkZZ9uJIjHCfdQlLUMF4kR5o+nvY3hklA4MI2lGaDhVf1+MEFdqyAOzyZHuqXlvIv7rBXwuWYeX3oiKONFE4FlwmDCoIzgpBnaoJFizoSEIS2p+h7iHJMLa1Jc1pbjzFSySernknpbO78/ylbu0ngw4AIegAFxwASrgFlRBDWAwAM/gBbxaT9ab9W59zFaXrPRmH/yB9fkDLs6YTw==</latexit>

B

 :   4  , u = (-2, 0)xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

A



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>
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Decision Criteria: Example

Maximax (optimistic)


Select the item with the 
greatest utility in the best case 

x⇤ 2 argmax
x2X

max
u2U

u>x
<latexit sha1_base64="8REmcezZNntnvZvy+Dhd70wEXVk="></latexit> Best-case utilities: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :   8 , u = (-2, 2)xB = (�2,�2)
<latexit sha1_base64="LDpeJaCLOBJWHPMgc2JLTDZfvaA=">AAACC3icbVDLSgMxFM34rPU11qWbYBEq2DJTFd0IRTe6q2Af0A5DJs20oUlmSDLSUvoJ/oJb3bsTt36EW7/EtJ2Fth64cDjnXs7lBDGjSjvOl7W0vLK6tp7ZyG5ube/s2nu5uooSiUkNRyySzQApwqggNU01I81YEsQDRhpB/2biNx6JVDQSD3oYE4+jrqAhxUgbybdz7YDDgX8Nr2ChWD6BxfKxb+edkjMFXCRuSvIgRdW3v9udCCecCI0ZUqrlOrH2RkhqihkZZ9uJIjHCfdQlLUMF4kR5o+nvY3hklA4MI2lGaDhVf1+MEFdqyAOzyZHuqXlvIv7rBXwuWYeX3oiKONFE4FlwmDCoIzgpBnaoJFizoSEIS2p+h7iHJMLa1Jc1pbjzFSySernknpbO78/ylbu0ngw4AIegAFxwASrgFlRBDWAwAM/gBbxaT9ab9W59zFaXrPRmH/yB9fkDLs6YTw==</latexit>

B

 :   4  , u = (-2, 0)xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

A

 :   -1 , u = (-1, 0)xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

C



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>
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Decision Criteria: Example

Maximax (optimistic)


Select the item with the 
greatest utility in the best case 

x⇤ 2 argmax
x2X

max
u2U

u>x
<latexit sha1_base64="8REmcezZNntnvZvy+Dhd70wEXVk="></latexit> Best-case utilities: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :   8 , u = (-2, 2)xB = (�2,�2)
<latexit sha1_base64="LDpeJaCLOBJWHPMgc2JLTDZfvaA=">AAACC3icbVDLSgMxFM34rPU11qWbYBEq2DJTFd0IRTe6q2Af0A5DJs20oUlmSDLSUvoJ/oJb3bsTt36EW7/EtJ2Fth64cDjnXs7lBDGjSjvOl7W0vLK6tp7ZyG5ube/s2nu5uooSiUkNRyySzQApwqggNU01I81YEsQDRhpB/2biNx6JVDQSD3oYE4+jrqAhxUgbybdz7YDDgX8Nr2ChWD6BxfKxb+edkjMFXCRuSvIgRdW3v9udCCecCI0ZUqrlOrH2RkhqihkZZ9uJIjHCfdQlLUMF4kR5o+nvY3hklA4MI2lGaDhVf1+MEFdqyAOzyZHuqXlvIv7rBXwuWYeX3oiKONFE4FlwmDCoIzgpBnaoJFizoSEIS2p+h7iHJMLa1Jc1pbjzFSySernknpbO78/ylbu0ngw4AIegAFxwASrgFlRBDWAwAM/gBbxaT9ab9W59zFaXrPRmH/yB9fkDLs6YTw==</latexit>

B

 :   4  , u = (-2, 0)xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

A

 :   -1 , u = (-1, 0)xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

C



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>

Recommendation

37

Decision Criteria: Example
U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}

<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

Maximin (pessimistic)


Select the item with the largest 
utility in the worst case 

x⇤ 2 argmax
x2X

min
u2U

u>x
<latexit sha1_base64="OFd2xJRTq0W7mA+btw9+WIWB7kM="></latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>
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Decision Criteria: Example

Worst-case utilities: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

Maximin (pessimistic)


Select the item with the largest 
utility in the worst case 

x⇤ 2 argmax
x2X

min
u2U

u>x
<latexit sha1_base64="OFd2xJRTq0W7mA+btw9+WIWB7kM="></latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>
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Decision Criteria: Example

Worst-case utilities: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :   2  , u = (-1, 0)xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

A

Maximin (pessimistic)


Select the item with the largest 
utility in the worst case 

x⇤ 2 argmax
x2X

min
u2U

u>x
<latexit sha1_base64="OFd2xJRTq0W7mA+btw9+WIWB7kM="></latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>
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Decision Criteria: Example

Worst-case utilities: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :   2 , u = (-1, 0)xB = (�2,�2)
<latexit sha1_base64="LDpeJaCLOBJWHPMgc2JLTDZfvaA=">AAACC3icbVDLSgMxFM34rPU11qWbYBEq2DJTFd0IRTe6q2Af0A5DJs20oUlmSDLSUvoJ/oJb3bsTt36EW7/EtJ2Fth64cDjnXs7lBDGjSjvOl7W0vLK6tp7ZyG5ube/s2nu5uooSiUkNRyySzQApwqggNU01I81YEsQDRhpB/2biNx6JVDQSD3oYE4+jrqAhxUgbybdz7YDDgX8Nr2ChWD6BxfKxb+edkjMFXCRuSvIgRdW3v9udCCecCI0ZUqrlOrH2RkhqihkZZ9uJIjHCfdQlLUMF4kR5o+nvY3hklA4MI2lGaDhVf1+MEFdqyAOzyZHuqXlvIv7rBXwuWYeX3oiKONFE4FlwmDCoIzgpBnaoJFizoSEIS2p+h7iHJMLa1Jc1pbjzFSySernknpbO78/ylbu0ngw4AIegAFxwASrgFlRBDWAwAM/gBbxaT9ab9W59zFaXrPRmH/yB9fkDLs6YTw==</latexit>

B

 :   2  , u = (-1, 0)xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

A

Maximin (pessimistic)


Select the item with the largest 
utility in the worst case 

x⇤ 2 argmax
x2X

min
u2U

u>x
<latexit sha1_base64="OFd2xJRTq0W7mA+btw9+WIWB7kM="></latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>
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Decision Criteria: Example

Worst-case utilities: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :   2 , u = (-1, 0)xB = (�2,�2)
<latexit sha1_base64="LDpeJaCLOBJWHPMgc2JLTDZfvaA=">AAACC3icbVDLSgMxFM34rPU11qWbYBEq2DJTFd0IRTe6q2Af0A5DJs20oUlmSDLSUvoJ/oJb3bsTt36EW7/EtJ2Fth64cDjnXs7lBDGjSjvOl7W0vLK6tp7ZyG5ube/s2nu5uooSiUkNRyySzQApwqggNU01I81YEsQDRhpB/2biNx6JVDQSD3oYE4+jrqAhxUgbybdz7YDDgX8Nr2ChWD6BxfKxb+edkjMFXCRuSvIgRdW3v9udCCecCI0ZUqrlOrH2RkhqihkZZ9uJIjHCfdQlLUMF4kR5o+nvY3hklA4MI2lGaDhVf1+MEFdqyAOzyZHuqXlvIv7rBXwuWYeX3oiKONFE4FlwmDCoIzgpBnaoJFizoSEIS2p+h7iHJMLa1Jc1pbjzFSySernknpbO78/ylbu0ngw4AIegAFxwASrgFlRBDWAwAM/gBbxaT9ab9W59zFaXrPRmH/yB9fkDLs6YTw==</latexit>

B

 :   2  , u = (-1, 0)xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

A

 :   -4 , u = (-2, 2)xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

C
Maximin (pessimistic)


Select the item with the largest 
utility in the worst case 

x⇤ 2 argmax
x2X

min
u2U

u>x
<latexit sha1_base64="OFd2xJRTq0W7mA+btw9+WIWB7kM="></latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>
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Decision Criteria: Example

Worst-case utilities: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :   2 , u = (-1, 0)xB = (�2,�2)
<latexit sha1_base64="LDpeJaCLOBJWHPMgc2JLTDZfvaA=">AAACC3icbVDLSgMxFM34rPU11qWbYBEq2DJTFd0IRTe6q2Af0A5DJs20oUlmSDLSUvoJ/oJb3bsTt36EW7/EtJ2Fth64cDjnXs7lBDGjSjvOl7W0vLK6tp7ZyG5ube/s2nu5uooSiUkNRyySzQApwqggNU01I81YEsQDRhpB/2biNx6JVDQSD3oYE4+jrqAhxUgbybdz7YDDgX8Nr2ChWD6BxfKxb+edkjMFXCRuSvIgRdW3v9udCCecCI0ZUqrlOrH2RkhqihkZZ9uJIjHCfdQlLUMF4kR5o+nvY3hklA4MI2lGaDhVf1+MEFdqyAOzyZHuqXlvIv7rBXwuWYeX3oiKONFE4FlwmDCoIzgpBnaoJFizoSEIS2p+h7iHJMLa1Jc1pbjzFSySernknpbO78/ylbu0ngw4AIegAFxwASrgFlRBDWAwAM/gBbxaT9ab9W59zFaXrPRmH/yB9fkDLs6YTw==</latexit>

B

 :   2  , u = (-1, 0)xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

A

 :   -4 , u = (-2, 2)xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

C
Maximin (pessimistic)


Select the item with the largest 
utility in the worst case 

x⇤ 2 argmax
x2X

min
u2U

u>x
<latexit sha1_base64="OFd2xJRTq0W7mA+btw9+WIWB7kM="></latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>
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xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>

Worst-case regret: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

Minimax Regret


Select the item which minimizes 
worst-case regret 

Worst-case (max) regret: 



MR(x) ⌘ max

u2U

✓
max
x02X

u>x0
◆
� u>x

�

<latexit sha1_base64="I82SXdHIJPQ1VmNz1g7ewABSHhY="></latexit>

x⇤ 2 arg min
x2X

MR(x)
<latexit sha1_base64="l2RTMHYwyoi2h9b4VckZ1nTVn4o=">AAACLnicbZDLSgMxFIYzXmu9jbp0EyxCdVFm1KLLghtdCFXsBTp1yKRpG5pkhiQjlqFP4kv4Cm51L7gQwZWPYTqdhbYeCPx8/zmckz+IGFXacd6tufmFxaXl3Ep+dW19Y9Pe2q6rMJaY1HDIQtkMkCKMClLTVDPSjCRBPGCkEQzOx37jnkhFQ3GrhxFpc9QTtEsx0gb5dtkLOHy4O4QeFdBDsudxKvwkpRPGke5jxGBzBK9uiqlx4NsFp+SkBWeFm4kCyKrq219eJ8QxJ0JjhpRquU6k2wmSmmJGRnkvViRCeIB6pGWkQJyodpJ+bwT3DenAbijNExqm9PdEgrhSQx6YzvGxatobw3+9gE9t1t2zdkJFFGsi8GRxN2ZQh3CcHexQSbBmQyMQltTcDnEfSYS1SThvQnGnI5gV9aOSe1wqX58UKpdZPDmwC/ZAEbjgFFTABaiCGsDgETyDF/BqPVlv1of1OWmds7KZHfCnrO8fuYSncw==</latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>
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xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>

Worst-case regret: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :  u = (-2, 2),   = 8

    MR = 8 - 4 = 4 
xA = (�2, 0)

<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

u(xB)
<latexit sha1_base64="gTnaWpG3wiD6UUPJt3vssFKaZwA=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAixCbs+0DJoo10E88BkCbOT2WTIzOwyMyuGJZW/YKu9ndj6JbZ+iZNkC008cOFwzr2cywlizrRx3S9nYXFpeWU1t5Zf39jc2i7s7NZ1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAZXY7/xQJVmkbwzw5j6AvckCxnBxkr3SakdCPTYuTzqFIpu2Z0AzRMvI0XIUO0UvtvdiCSCSkM41rrlubHxU6wMI5yO8u1E0xiTAe7RlqUSC6r9dPLxCB1apYvCSNmRBk3U3xcpFloPRWA3BTZ9PeuNxX+9QMwkm/DCT5mME0MlmQaHCUcmQuM6UJcpSgwfWoKJYvZ3RPpYYWJsaXlbijdbwTypH5e9k/LZ7WmxcpPVk4N9OIASeHAOFbiGKtSAgIRneIFX58l5c96dj+nqgpPd7MEfOJ8/wBSWvA==</latexit>

A
Minimax Regret


Select the item which minimizes 
worst-case regret 

Worst-case (max) regret: 



MR(x) ⌘ max

u2U

✓
max
x02X

u>x0
◆
� u>x

�

<latexit sha1_base64="I82SXdHIJPQ1VmNz1g7ewABSHhY="></latexit>

x⇤ 2 arg min
x2X

MR(x)
<latexit sha1_base64="l2RTMHYwyoi2h9b4VckZ1nTVn4o=">AAACLnicbZDLSgMxFIYzXmu9jbp0EyxCdVFm1KLLghtdCFXsBTp1yKRpG5pkhiQjlqFP4kv4Cm51L7gQwZWPYTqdhbYeCPx8/zmckz+IGFXacd6tufmFxaXl3Ep+dW19Y9Pe2q6rMJaY1HDIQtkMkCKMClLTVDPSjCRBPGCkEQzOx37jnkhFQ3GrhxFpc9QTtEsx0gb5dtkLOHy4O4QeFdBDsudxKvwkpRPGke5jxGBzBK9uiqlx4NsFp+SkBWeFm4kCyKrq219eJ8QxJ0JjhpRquU6k2wmSmmJGRnkvViRCeIB6pGWkQJyodpJ+bwT3DenAbijNExqm9PdEgrhSQx6YzvGxatobw3+9gE9t1t2zdkJFFGsi8GRxN2ZQh3CcHexQSbBmQyMQltTcDnEfSYS1SThvQnGnI5gV9aOSe1wqX58UKpdZPDmwC/ZAEbjgFFTABaiCGsDgETyDF/BqPVlv1of1OWmds7KZHfCnrO8fuYSncw==</latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>
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Decision Criteria: Example

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>

Worst-case regret: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :  u = (-1, 0),    = 2 
    MR = 2 - 2 = 0
xB = (�2,�2)

<latexit sha1_base64="LDpeJaCLOBJWHPMgc2JLTDZfvaA=">AAACC3icbVDLSgMxFM34rPU11qWbYBEq2DJTFd0IRTe6q2Af0A5DJs20oUlmSDLSUvoJ/oJb3bsTt36EW7/EtJ2Fth64cDjnXs7lBDGjSjvOl7W0vLK6tp7ZyG5ube/s2nu5uooSiUkNRyySzQApwqggNU01I81YEsQDRhpB/2biNx6JVDQSD3oYE4+jrqAhxUgbybdz7YDDgX8Nr2ChWD6BxfKxb+edkjMFXCRuSvIgRdW3v9udCCecCI0ZUqrlOrH2RkhqihkZZ9uJIjHCfdQlLUMF4kR5o+nvY3hklA4MI2lGaDhVf1+MEFdqyAOzyZHuqXlvIv7rBXwuWYeX3oiKONFE4FlwmDCoIzgpBnaoJFizoSEIS2p+h7iHJMLa1Jc1pbjzFSySernknpbO78/ylbu0ngw4AIegAFxwASrgFlRBDWAwAM/gBbxaT9ab9W59zFaXrPRmH/yB9fkDLs6YTw==</latexit>

u(xA)
<latexit sha1_base64="7/LkHZ/rWIOLfvyJsEfGG9pie1U=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAixCbs+0DJio10E88BkCbOT2WTIzOwyMyuGJZW/YKu9ndj6JbZ+iZNkC008cOFwzr2cywlizrRx3S9nYXFpeWU1t5Zf39jc2i7s7NZ1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAZXY7/xQJVmkbwzw5j6AvckCxnBxkr3SakdCPTYuTzqFIpu2Z0AzRMvI0XIUO0UvtvdiCSCSkM41rrlubHxU6wMI5yO8u1E0xiTAe7RlqUSC6r9dPLxCB1apYvCSNmRBk3U3xcpFloPRWA3BTZ9PeuNxX+9QMwkm/DCT5mME0MlmQaHCUcmQuM6UJcpSgwfWoKJYvZ3RPpYYWJsaXlbijdbwTypH5e9k/LZ7WmxcpPVk4N9OIASeHAOFbiGKtSAgIRneIFX58l5c96dj+nqgpPd7MEfOJ8/vn+Wuw==</latexit>

B

 :  u = (-2, 2),   = 8

    MR = 8 - 4 = 4 
xA = (�2, 0)

<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

u(xB)
<latexit sha1_base64="gTnaWpG3wiD6UUPJt3vssFKaZwA=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAixCbs+0DJoo10E88BkCbOT2WTIzOwyMyuGJZW/YKu9ndj6JbZ+iZNkC008cOFwzr2cywlizrRx3S9nYXFpeWU1t5Zf39jc2i7s7NZ1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAZXY7/xQJVmkbwzw5j6AvckCxnBxkr3SakdCPTYuTzqFIpu2Z0AzRMvI0XIUO0UvtvdiCSCSkM41rrlubHxU6wMI5yO8u1E0xiTAe7RlqUSC6r9dPLxCB1apYvCSNmRBk3U3xcpFloPRWA3BTZ9PeuNxX+9QMwkm/DCT5mME0MlmQaHCUcmQuM6UJcpSgwfWoKJYvZ3RPpYYWJsaXlbijdbwTypH5e9k/LZ7WmxcpPVk4N9OIASeHAOFbiGKtSAgIRneIFX58l5c96dj+nqgpPd7MEfOJ8/wBSWvA==</latexit>

A
Minimax Regret


Select the item which minimizes 
worst-case regret 

Worst-case (max) regret: 



MR(x) ⌘ max

u2U

✓
max
x02X

u>x0
◆
� u>x

�

<latexit sha1_base64="I82SXdHIJPQ1VmNz1g7ewABSHhY="></latexit>

x⇤ 2 arg min
x2X

MR(x)
<latexit sha1_base64="l2RTMHYwyoi2h9b4VckZ1nTVn4o=">AAACLnicbZDLSgMxFIYzXmu9jbp0EyxCdVFm1KLLghtdCFXsBTp1yKRpG5pkhiQjlqFP4kv4Cm51L7gQwZWPYTqdhbYeCPx8/zmckz+IGFXacd6tufmFxaXl3Ep+dW19Y9Pe2q6rMJaY1HDIQtkMkCKMClLTVDPSjCRBPGCkEQzOx37jnkhFQ3GrhxFpc9QTtEsx0gb5dtkLOHy4O4QeFdBDsudxKvwkpRPGke5jxGBzBK9uiqlx4NsFp+SkBWeFm4kCyKrq219eJ8QxJ0JjhpRquU6k2wmSmmJGRnkvViRCeIB6pGWkQJyodpJ+bwT3DenAbijNExqm9PdEgrhSQx6YzvGxatobw3+9gE9t1t2zdkJFFGsi8GRxN2ZQh3CcHexQSbBmQyMQltTcDnEfSYS1SThvQnGnI5gV9aOSe1wqX58UKpdZPDmwC/ZAEbjgFFTABaiCGsDgETyDF/BqPVlv1of1OWmds7KZHfCnrO8fuYSncw==</latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>
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Decision Criteria: Example

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>

Worst-case regret: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :  u = (-1, 0),    = 2 
    MR = 2 - 2 = 0
xB = (�2,�2)

<latexit sha1_base64="LDpeJaCLOBJWHPMgc2JLTDZfvaA=">AAACC3icbVDLSgMxFM34rPU11qWbYBEq2DJTFd0IRTe6q2Af0A5DJs20oUlmSDLSUvoJ/oJb3bsTt36EW7/EtJ2Fth64cDjnXs7lBDGjSjvOl7W0vLK6tp7ZyG5ube/s2nu5uooSiUkNRyySzQApwqggNU01I81YEsQDRhpB/2biNx6JVDQSD3oYE4+jrqAhxUgbybdz7YDDgX8Nr2ChWD6BxfKxb+edkjMFXCRuSvIgRdW3v9udCCecCI0ZUqrlOrH2RkhqihkZZ9uJIjHCfdQlLUMF4kR5o+nvY3hklA4MI2lGaDhVf1+MEFdqyAOzyZHuqXlvIv7rBXwuWYeX3oiKONFE4FlwmDCoIzgpBnaoJFizoSEIS2p+h7iHJMLa1Jc1pbjzFSySernknpbO78/ylbu0ngw4AIegAFxwASrgFlRBDWAwAM/gBbxaT9ab9W59zFaXrPRmH/yB9fkDLs6YTw==</latexit>

u(xA)
<latexit sha1_base64="7/LkHZ/rWIOLfvyJsEfGG9pie1U=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAixCbs+0DJio10E88BkCbOT2WTIzOwyMyuGJZW/YKu9ndj6JbZ+iZNkC008cOFwzr2cywlizrRx3S9nYXFpeWU1t5Zf39jc2i7s7NZ1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAZXY7/xQJVmkbwzw5j6AvckCxnBxkr3SakdCPTYuTzqFIpu2Z0AzRMvI0XIUO0UvtvdiCSCSkM41rrlubHxU6wMI5yO8u1E0xiTAe7RlqUSC6r9dPLxCB1apYvCSNmRBk3U3xcpFloPRWA3BTZ9PeuNxX+9QMwkm/DCT5mME0MlmQaHCUcmQuM6UJcpSgwfWoKJYvZ3RPpYYWJsaXlbijdbwTypH5e9k/LZ7WmxcpPVk4N9OIASeHAOFbiGKtSAgIRneIFX58l5c96dj+nqgpPd7MEfOJ8/vn+Wuw==</latexit>

B

 :  u = (-2, 2),   = 8

    MR = 8 - 4 = 4 
xA = (�2, 0)

<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

u(xB)
<latexit sha1_base64="gTnaWpG3wiD6UUPJt3vssFKaZwA=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAixCbs+0DJoo10E88BkCbOT2WTIzOwyMyuGJZW/YKu9ndj6JbZ+iZNkC008cOFwzr2cywlizrRx3S9nYXFpeWU1t5Zf39jc2i7s7NZ1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAZXY7/xQJVmkbwzw5j6AvckCxnBxkr3SakdCPTYuTzqFIpu2Z0AzRMvI0XIUO0UvtvdiCSCSkM41rrlubHxU6wMI5yO8u1E0xiTAe7RlqUSC6r9dPLxCB1apYvCSNmRBk3U3xcpFloPRWA3BTZ9PeuNxX+9QMwkm/DCT5mME0MlmQaHCUcmQuM6UJcpSgwfWoKJYvZ3RPpYYWJsaXlbijdbwTypH5e9k/LZ7WmxcpPVk4N9OIASeHAOFbiGKtSAgIRneIFX58l5c96dj+nqgpPd7MEfOJ8/wBSWvA==</latexit>

A

 :   u = (-2, 2),    = 8 
    MR = 8 - (-4) = 12 
xC = (1,�1)

<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

u(xB)
<latexit sha1_base64="gTnaWpG3wiD6UUPJt3vssFKaZwA=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAixCbs+0DJoo10E88BkCbOT2WTIzOwyMyuGJZW/YKu9ndj6JbZ+iZNkC008cOFwzr2cywlizrRx3S9nYXFpeWU1t5Zf39jc2i7s7NZ1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAZXY7/xQJVmkbwzw5j6AvckCxnBxkr3SakdCPTYuTzqFIpu2Z0AzRMvI0XIUO0UvtvdiCSCSkM41rrlubHxU6wMI5yO8u1E0xiTAe7RlqUSC6r9dPLxCB1apYvCSNmRBk3U3xcpFloPRWA3BTZ9PeuNxX+9QMwkm/DCT5mME0MlmQaHCUcmQuM6UJcpSgwfWoKJYvZ3RPpYYWJsaXlbijdbwTypH5e9k/LZ7WmxcpPVk4N9OIASeHAOFbiGKtSAgIRneIFX58l5c96dj+nqgpPd7MEfOJ8/wBSWvA==</latexit>

C
Minimax Regret


Select the item which minimizes 
worst-case regret 

Worst-case (max) regret: 



MR(x) ⌘ max

u2U

✓
max
x02X

u>x0
◆
� u>x

�

<latexit sha1_base64="I82SXdHIJPQ1VmNz1g7ewABSHhY="></latexit>

x⇤ 2 arg min
x2X

MR(x)
<latexit sha1_base64="l2RTMHYwyoi2h9b4VckZ1nTVn4o=">AAACLnicbZDLSgMxFIYzXmu9jbp0EyxCdVFm1KLLghtdCFXsBTp1yKRpG5pkhiQjlqFP4kv4Cm51L7gQwZWPYTqdhbYeCPx8/zmckz+IGFXacd6tufmFxaXl3Ep+dW19Y9Pe2q6rMJaY1HDIQtkMkCKMClLTVDPSjCRBPGCkEQzOx37jnkhFQ3GrhxFpc9QTtEsx0gb5dtkLOHy4O4QeFdBDsudxKvwkpRPGke5jxGBzBK9uiqlx4NsFp+SkBWeFm4kCyKrq219eJ8QxJ0JjhpRquU6k2wmSmmJGRnkvViRCeIB6pGWkQJyodpJ+bwT3DenAbijNExqm9PdEgrhSQx6YzvGxatobw3+9gE9t1t2zdkJFFGsi8GRxN2ZQh3CcHexQSbBmQyMQltTcDnEfSYS1SThvQnGnI5gV9aOSe1wqX58UKpdZPDmwC/ZAEbjgFFTABaiCGsDgETyDF/BqPVlv1of1OWmds7KZHfCnrO8fuYSncw==</latexit>



u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>

Recommendation
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Decision Criteria: Example

xC = (1,�1)
<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

xA = (�2, 0)
<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

xB = (�2, 2)
<latexit sha1_base64="X82IGge+SSDu2mWLTE2eaoB95n4=">AAACC3icbVDLSgMxFM3UV62vsS7dBItQQctMVXQjFN3oroJ9QDsMmTRtQ5PMkGSkZegn+Atude9O3PoRbv0S03YW2nrgwuGcezmXE0SMKu04X1ZmaXlldS27ntvY3NresXfzdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCwc3EbzwSqWgoHvQoIh5HPUG7FCNtJN/OtwMOh/41vIKweFI+huUj3y44JWcKuEjclBRAiqpvf7c7IY45ERozpFTLdSLtJUhqihkZ59qxIhHCA9QjLUMF4kR5yfT3MTw0Sgd2Q2lGaDhVf18kiCs14oHZ5Ej31bw3Ef/1Aj6XrLuXXkJFFGsi8Cy4GzOoQzgpBnaoJFizkSEIS2p+h7iPJMLa1JczpbjzFSySernknpbO788Klbu0nizYBwegCFxwASrgFlRBDWAwBM/gBbxaT9ab9W59zFYzVnqzB/7A+vwBGf2YQg==</latexit>

Worst-case regret: 

U = {u1,u2 2 R : u1 2 [�2,�1],u2 2 [0, 2]}
<latexit sha1_base64="lm3SeE36Okwrz5Nc5bQVmf3FqmQ="></latexit>

 :  u = (-1, 0),    = 2 
    MR = 2 - 2 = 0
xB = (�2,�2)

<latexit sha1_base64="LDpeJaCLOBJWHPMgc2JLTDZfvaA=">AAACC3icbVDLSgMxFM34rPU11qWbYBEq2DJTFd0IRTe6q2Af0A5DJs20oUlmSDLSUvoJ/oJb3bsTt36EW7/EtJ2Fth64cDjnXs7lBDGjSjvOl7W0vLK6tp7ZyG5ube/s2nu5uooSiUkNRyySzQApwqggNU01I81YEsQDRhpB/2biNx6JVDQSD3oYE4+jrqAhxUgbybdz7YDDgX8Nr2ChWD6BxfKxb+edkjMFXCRuSvIgRdW3v9udCCecCI0ZUqrlOrH2RkhqihkZZ9uJIjHCfdQlLUMF4kR5o+nvY3hklA4MI2lGaDhVf1+MEFdqyAOzyZHuqXlvIv7rBXwuWYeX3oiKONFE4FlwmDCoIzgpBnaoJFizoSEIS2p+h7iHJMLa1Jc1pbjzFSySernknpbO78/ylbu0ngw4AIegAFxwASrgFlRBDWAwAM/gBbxaT9ab9W59zFaXrPRmH/yB9fkDLs6YTw==</latexit>

u(xA)
<latexit sha1_base64="7/LkHZ/rWIOLfvyJsEfGG9pie1U=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAixCbs+0DJio10E88BkCbOT2WTIzOwyMyuGJZW/YKu9ndj6JbZ+iZNkC008cOFwzr2cywlizrRx3S9nYXFpeWU1t5Zf39jc2i7s7NZ1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAZXY7/xQJVmkbwzw5j6AvckCxnBxkr3SakdCPTYuTzqFIpu2Z0AzRMvI0XIUO0UvtvdiCSCSkM41rrlubHxU6wMI5yO8u1E0xiTAe7RlqUSC6r9dPLxCB1apYvCSNmRBk3U3xcpFloPRWA3BTZ9PeuNxX+9QMwkm/DCT5mME0MlmQaHCUcmQuM6UJcpSgwfWoKJYvZ3RPpYYWJsaXlbijdbwTypH5e9k/LZ7WmxcpPVk4N9OIASeHAOFbiGKtSAgIRneIFX58l5c96dj+nqgpPd7MEfOJ8/vn+Wuw==</latexit>

B

 :  u = (-2, 2),   = 8

    MR = 8 - 4 = 4 
xA = (�2, 0)

<latexit sha1_base64="8zPFwOy0KlBoXslhx/+/RARl9PY=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQctMVXQjVNzoroJ9QDsMmTRtQ5PMkGTUMvQP/AW3uncnbv0Jt36JaTsLbT1w4XDOvZzLCSJGlXacLyuzsLi0vJJdza2tb2xu2fntugpjiUkNhyyUzQApwqggNU01I81IEsQDRhrB4GrsN+6JVDQUd3oYEY+jnqBdipE2km/n2wGHj/4lvIDFo/IhdA58u+CUnAngPHFTUgApqr793e6EOOZEaMyQUi3XibSXIKkpZmSUa8eKRAgPUI+0DBWIE+Ulk9dHcN8oHdgNpRmh4UT9fZEgrtSQB2aTI91Xs95Y/NcL+Eyy7p57CRVRrInA0+BuzKAO4bgX2KGSYM2GhiAsqfkd4j6SCGvTXs6U4s5WME/q5ZJ7XDq9PSlUbtJ6smAX7IEicMEZqIBrUAU1gMEDeAYv4NV6st6sd+tjupqx0psd8AfW5w+5spgV</latexit>

u(xB)
<latexit sha1_base64="gTnaWpG3wiD6UUPJt3vssFKaZwA=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAixCbs+0DJoo10E88BkCbOT2WTIzOwyMyuGJZW/YKu9ndj6JbZ+iZNkC008cOFwzr2cywlizrRx3S9nYXFpeWU1t5Zf39jc2i7s7NZ1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAZXY7/xQJVmkbwzw5j6AvckCxnBxkr3SakdCPTYuTzqFIpu2Z0AzRMvI0XIUO0UvtvdiCSCSkM41rrlubHxU6wMI5yO8u1E0xiTAe7RlqUSC6r9dPLxCB1apYvCSNmRBk3U3xcpFloPRWA3BTZ9PeuNxX+9QMwkm/DCT5mME0MlmQaHCUcmQuM6UJcpSgwfWoKJYvZ3RPpYYWJsaXlbijdbwTypH5e9k/LZ7WmxcpPVk4N9OIASeHAOFbiGKtSAgIRneIFX58l5c96dj+nqgpPd7MEfOJ8/wBSWvA==</latexit>

A

 :   u = (-2, 2),    = 8 
    MR = 8 - (-4) = 12 
xC = (1,�1)

<latexit sha1_base64="R5kHqSZJ4WR2s9OuRZEBdXbnwGA=">AAACCnicbVDLSgMxFM3UV62vqS7dBItQQcuMD3QjFLrRXQX7gHYYMmmmDU0yQ5JRy9A/8Bfc6t6duPUn3Polpu0stHrgwuGcezmXE8SMKu04n1ZuYXFpeSW/Wlhb39jcsovbTRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSCYW3it+6IVDQSt3oUE4+jvqAhxUgbybeL3YDDB78GL2HZPYRH7oFvl5yKMwX8S9yMlECGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGRkXuokiMcJD1CcdQwXiRHnp9PUx3DdKD4aRNCM0nKo/L1LElRrxwGxypAdq3puI/3oBn0vW4YWXUhEnmgg8Cw4TBnUEJ73AHpUEazYyBGFJze8QD5BEWJv2CqYUd76Cv6R5XHFPKmc3p6XqdVZPHuyCPVAGLjgHVXAF6qABMLgHT+AZvFiP1qv1Zr3PVnNWdrMDfsH6+Aa84ZgX</latexit>

u(xB)
<latexit sha1_base64="gTnaWpG3wiD6UUPJt3vssFKaZwA=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAixCbs+0DJoo10E88BkCbOT2WTIzOwyMyuGJZW/YKu9ndj6JbZ+iZNkC008cOFwzr2cywlizrRx3S9nYXFpeWU1t5Zf39jc2i7s7NZ1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAZXY7/xQJVmkbwzw5j6AvckCxnBxkr3SakdCPTYuTzqFIpu2Z0AzRMvI0XIUO0UvtvdiCSCSkM41rrlubHxU6wMI5yO8u1E0xiTAe7RlqUSC6r9dPLxCB1apYvCSNmRBk3U3xcpFloPRWA3BTZ9PeuNxX+9QMwkm/DCT5mME0MlmQaHCUcmQuM6UJcpSgwfWoKJYvZ3RPpYYWJsaXlbijdbwTypH5e9k/LZ7WmxcpPVk4N9OIASeHAOFbiGKtSAgIRneIFX58l5c96dj+nqgpPd7MEfOJ8/wBSWvA==</latexit>

C
Minimax Regret


Select the item which minimizes 
worst-case regret 

Worst-case (max) regret: 



MR(x) ⌘ max

u2U

✓
max
x02X

u>x0
◆
� u>x

�

<latexit sha1_base64="I82SXdHIJPQ1VmNz1g7ewABSHhY="></latexit>

x⇤ 2 arg min
x2X

MR(x)
<latexit sha1_base64="l2RTMHYwyoi2h9b4VckZ1nTVn4o=">AAACLnicbZDLSgMxFIYzXmu9jbp0EyxCdVFm1KLLghtdCFXsBTp1yKRpG5pkhiQjlqFP4kv4Cm51L7gQwZWPYTqdhbYeCPx8/zmckz+IGFXacd6tufmFxaXl3Ep+dW19Y9Pe2q6rMJaY1HDIQtkMkCKMClLTVDPSjCRBPGCkEQzOx37jnkhFQ3GrhxFpc9QTtEsx0gb5dtkLOHy4O4QeFdBDsudxKvwkpRPGke5jxGBzBK9uiqlx4NsFp+SkBWeFm4kCyKrq219eJ8QxJ0JjhpRquU6k2wmSmmJGRnkvViRCeIB6pGWkQJyodpJ+bwT3DenAbijNExqm9PdEgrhSQx6YzvGxatobw3+9gE9t1t2zdkJFFGsi8GRxN2ZQh3CcHexQSbBmQyMQltTcDnEfSYS1SThvQnGnI5gV9aOSe1wqX58UKpdZPDmwC/ZAEbjgFFTABaiCGsDgETyDF/BqPVlv1of1OWmds7KZHfCnrO8fuYSncw==</latexit>
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Multi-Stage Decision Process: Formalism

blue = we choose

red = unknown (“nature” chooses)

Stage 1

Select K queries:  

q 2 QK
<latexit sha1_base64="FMgd319YZNuD+k8kq7mvLv7dj4Y=">AAACIHicbVC7TsMwFHXKq5RXgJHFokIwVQkPwViJBcTSSvQhNaFyXKe1ajvBdpCqKJ/AT/ALrLCzIUYY+RKSNAO0HMnS0Tn3+h4dL2RUacv6NEoLi0vLK+XVytr6xuaWub3TVkEkMWnhgAWy6yFFGBWkpalmpBtKgrjHSMcbX2Z+54FIRQNxqychcTkaCupTjHQq9c3D2Mk/iT0WkSR2PA7vE5g4VECHIz3CiMHm3U2lb1atmpUDzhO7IFVQoNE3v51BgCNOhMYMKdWzrVC7MZKaYkaSihMpEiI8RkPSS6lAnCg3zrMk8CBVBtAPZPqEhrn6eyNGXKkJ99LJLKSa9TLxX8/jM5e1f+HGVISRJgJPD/sRgzqAWVtwQCXBmk1SgrCkaXaIR0girNNOs1Ls2QrmSfu4Zp/Uzpqn1fp1UU8Z7IF9cARscA7q4Ao0QAtg8AiewQt4NZ6MN+Pd+JiOloxiZxf8gfH1A5CVo3k=</latexit>

Any pair of distinct items 
can be a query

 
ex, with N = 3 items:

Q := {(1, 2), (1, 3), (2, 3)}

<latexit sha1_base64="cNFvKbXOph1EABYPMup91/PRE48=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARKtSStIqiCAU3umvBXqAJZTKdtkMnkzAzEUroU/gSvoJb3bsTcSc+iZM2C239YeDjP+dw5vxeyKhUlvVpZJaWV1bXsuu5jc2t7R1zd68pg0hg0sABC0TbQ5IwyklDUcVIOxQE+R4jLW90k9RbD0RIGvB7NQ6J66MBp32KkdJW1zxxfKSGGDFYh5fX0IkLdrF8XITOFdQEKymWE3QmXTNvlayp4CLYKeRBqlrX/HZ6AY58whVmSMqObYXKjZFQFDMyyTmRJCHCIzQgHY0c+US68fSsCTzSTg/2A6EfV3Dq/p6IkS/l2Pd0Z3KEnK8l5r81z5/brPoXbkx5GCnC8WxxP2JQBTDJDPaoIFixsQaEBdV/h3iIBMJKJ5vTodjzESxCs1yyK6Wz+mm+epfGkwUH4BAUgA3OQRXcghpoAAwewTN4Aa/Gk/FmvBsfs9aMkc7sgz8yvn4An0GgGA==</latexit>
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Multi-Stage Decision Process: Formalism

blue = we choose

red = unknown (“nature” chooses)

Stage 1

Select K queries:  

q 2 QK
<latexit sha1_base64="FMgd319YZNuD+k8kq7mvLv7dj4Y=">AAACIHicbVC7TsMwFHXKq5RXgJHFokIwVQkPwViJBcTSSvQhNaFyXKe1ajvBdpCqKJ/AT/ALrLCzIUYY+RKSNAO0HMnS0Tn3+h4dL2RUacv6NEoLi0vLK+XVytr6xuaWub3TVkEkMWnhgAWy6yFFGBWkpalmpBtKgrjHSMcbX2Z+54FIRQNxqychcTkaCupTjHQq9c3D2Mk/iT0WkSR2PA7vE5g4VECHIz3CiMHm3U2lb1atmpUDzhO7IFVQoNE3v51BgCNOhMYMKdWzrVC7MZKaYkaSihMpEiI8RkPSS6lAnCg3zrMk8CBVBtAPZPqEhrn6eyNGXKkJ99LJLKSa9TLxX8/jM5e1f+HGVISRJgJPD/sRgzqAWVtwQCXBmk1SgrCkaXaIR0girNNOs1Ls2QrmSfu4Zp/Uzpqn1fp1UU8Z7IF9cARscA7q4Ao0QAtg8AiewQt4NZ6MN+Pd+JiOloxiZxf8gfH1A5CVo3k=</latexit>

Any pair of distinct items 
can be a query

 
ex, with N = 3 items:

Q := {(1, 2), (1, 3), (2, 3)}

<latexit sha1_base64="cNFvKbXOph1EABYPMup91/PRE48=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARKtSStIqiCAU3umvBXqAJZTKdtkMnkzAzEUroU/gSvoJb3bsTcSc+iZM2C239YeDjP+dw5vxeyKhUlvVpZJaWV1bXsuu5jc2t7R1zd68pg0hg0sABC0TbQ5IwyklDUcVIOxQE+R4jLW90k9RbD0RIGvB7NQ6J66MBp32KkdJW1zxxfKSGGDFYh5fX0IkLdrF8XITOFdQEKymWE3QmXTNvlayp4CLYKeRBqlrX/HZ6AY58whVmSMqObYXKjZFQFDMyyTmRJCHCIzQgHY0c+US68fSsCTzSTg/2A6EfV3Dq/p6IkS/l2Pd0Z3KEnK8l5r81z5/brPoXbkx5GCnC8WxxP2JQBTDJDPaoIFixsQaEBdV/h3iIBMJKJ5vTodjzESxCs1yyK6Wz+mm+epfGkwUH4BAUgA3OQRXcghpoAAwewTN4Aa/Gk/FmvBsfs9aMkc7sgz8yvn4An0GgGA==</latexit>

Stage 1.5

Observe responses 

s 2 SK
<latexit sha1_base64="lP7YVwB3SviFdAvaYQ7snQvVqow=">AAACHnicbVC7TsMwFHXKq5RXgJHFoqrEVCU8BGMlFhBLEfQhNaVyHKe1ajuR7SBVUb6An+AXWGFnQ6yw8iW4aQYoHMnS0Tn3+h4dP2ZUacf5tEoLi0vLK+XVytr6xuaWvb3TVlEiMWnhiEWy6yNFGBWkpalmpBtLgrjPSMcfn0/9zj2RikbiVk9i0udoKGhIMdJGGti11Ms/SSUJstTzOVRZBj0qoMeRHmHE4M3d1cCuOnUnB/xL3IJUQYHmwP7ygggnnAiNGVKq5zqx7qdIaooZySpeokiM8BgNSc9QgThR/TRPksGaUQIYRtI8oWGu/txIEVdqwn0zOc2o5r2p+K/n87nLOjzrp1TEiSYCzw6HCYM6gtOuYEAlwZpNDEFYUpMd4hGSCGvTaMWU4s5X8Je0D+vuUf3k+rjauCzqKYM9sA8OgAtOQQNcgCZoAQwewBN4Bi/Wo/VqvVnvs9GSVezsgl+wPr4BcqKi8g==</latexit>

Agents can respond with a strict 
preference, or indifference:




response set :  S := {�1, 0, 1}

<latexit sha1_base64="jzuHM5cCwh1uRbhq1RB6DhIQ4IM=">AAACFHicbVC7SgNBFJ2Nrxhfq5ZpBoNgEcOuDxRBCNhoF9E8ILuE2clsMmRmdpmZFcKSwp/wF2y1txNbe1u/xNkkhSYeuHA4517uvSeIGVXacb6s3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWwFSBFGBalrqhlpxZIgHjDSDAZXmd98IFLRSNzrYUx8jnqChhQjbaSOXfQ40n2MGLyDF5fQSw/dMnTK0PVGhY5dcirOGHCeuFNSAlPUOva3141wwonQmCGl2q4Taz9FUlPMyKjgJYrECA9Qj7QNFYgT5afjJ0Zw3yhdGEbSlNBwrP6eSBFXasgD05mdrGa9TPzXC/jMZh2e+ykVcaKJwJPFYcKgjmCWEOxSSbBmQ0MQltTcDnEfSYS1yTELxZ2NYJ40jiruceX09qRUvZnGkwdFsAcOgAvOQBVcgxqoAwwewTN4Aa/Wk/VmvVsfk9acNZ3ZBX9gff4A0O6b3g==</latexit>
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Multi-Stage Decision Process: Formalism

Stage 2

Recommend item 

blue = we choose

red = unknown (“nature” chooses)

Stage 1

Select K queries:  

q 2 QK
<latexit sha1_base64="FMgd319YZNuD+k8kq7mvLv7dj4Y=">AAACIHicbVC7TsMwFHXKq5RXgJHFokIwVQkPwViJBcTSSvQhNaFyXKe1ajvBdpCqKJ/AT/ALrLCzIUYY+RKSNAO0HMnS0Tn3+h4dL2RUacv6NEoLi0vLK+XVytr6xuaWub3TVkEkMWnhgAWy6yFFGBWkpalmpBtKgrjHSMcbX2Z+54FIRQNxqychcTkaCupTjHQq9c3D2Mk/iT0WkSR2PA7vE5g4VECHIz3CiMHm3U2lb1atmpUDzhO7IFVQoNE3v51BgCNOhMYMKdWzrVC7MZKaYkaSihMpEiI8RkPSS6lAnCg3zrMk8CBVBtAPZPqEhrn6eyNGXKkJ99LJLKSa9TLxX8/jM5e1f+HGVISRJgJPD/sRgzqAWVtwQCXBmk1SgrCkaXaIR0girNNOs1Ls2QrmSfu4Zp/Uzpqn1fp1UU8Z7IF9cARscA7q4Ao0QAtg8AiewQt4NZ6MN+Pd+JiOloxiZxf8gfH1A5CVo3k=</latexit>

Any pair of distinct items 
can be a query

 
ex, with N = 3 items:

Q := {(1, 2), (1, 3), (2, 3)}

<latexit sha1_base64="cNFvKbXOph1EABYPMup91/PRE48=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARKtSStIqiCAU3umvBXqAJZTKdtkMnkzAzEUroU/gSvoJb3bsTcSc+iZM2C239YeDjP+dw5vxeyKhUlvVpZJaWV1bXsuu5jc2t7R1zd68pg0hg0sABC0TbQ5IwyklDUcVIOxQE+R4jLW90k9RbD0RIGvB7NQ6J66MBp32KkdJW1zxxfKSGGDFYh5fX0IkLdrF8XITOFdQEKymWE3QmXTNvlayp4CLYKeRBqlrX/HZ6AY58whVmSMqObYXKjZFQFDMyyTmRJCHCIzQgHY0c+US68fSsCTzSTg/2A6EfV3Dq/p6IkS/l2Pd0Z3KEnK8l5r81z5/brPoXbkx5GCnC8WxxP2JQBTDJDPaoIFixsQaEBdV/h3iIBMJKJ5vTodjzESxCs1yyK6Wz+mm+epfGkwUH4BAUgA3OQRXcghpoAAwewTN4Aa/Gk/FmvBsfs9aMkc7sgz8yvn4An0GgGA==</latexit>

Stage 1.5

Observe responses 

s 2 SK
<latexit sha1_base64="lP7YVwB3SviFdAvaYQ7snQvVqow=">AAACHnicbVC7TsMwFHXKq5RXgJHFoqrEVCU8BGMlFhBLEfQhNaVyHKe1ajuR7SBVUb6An+AXWGFnQ6yw8iW4aQYoHMnS0Tn3+h4dP2ZUacf5tEoLi0vLK+XVytr6xuaWvb3TVlEiMWnhiEWy6yNFGBWkpalmpBtLgrjPSMcfn0/9zj2RikbiVk9i0udoKGhIMdJGGti11Ms/SSUJstTzOVRZBj0qoMeRHmHE4M3d1cCuOnUnB/xL3IJUQYHmwP7ygggnnAiNGVKq5zqx7qdIaooZySpeokiM8BgNSc9QgThR/TRPksGaUQIYRtI8oWGu/txIEVdqwn0zOc2o5r2p+K/n87nLOjzrp1TEiSYCzw6HCYM6gtOuYEAlwZpNDEFYUpMd4hGSCGvTaMWU4s5X8Je0D+vuUf3k+rjauCzqKYM9sA8OgAtOQQNcgCZoAQwewBN4Bi/Wo/VqvVnvs9GSVezsgl+wPr4BcqKi8g==</latexit>

Agents can respond with a strict 
preference, or indifference:




response set :  S := {�1, 0, 1}

<latexit sha1_base64="jzuHM5cCwh1uRbhq1RB6DhIQ4IM=">AAACFHicbVC7SgNBFJ2Nrxhfq5ZpBoNgEcOuDxRBCNhoF9E8ILuE2clsMmRmdpmZFcKSwp/wF2y1txNbe1u/xNkkhSYeuHA4517uvSeIGVXacb6s3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWwFSBFGBalrqhlpxZIgHjDSDAZXmd98IFLRSNzrYUx8jnqChhQjbaSOXfQ40n2MGLyDF5fQSw/dMnTK0PVGhY5dcirOGHCeuFNSAlPUOva3141wwonQmCGl2q4Taz9FUlPMyKjgJYrECA9Qj7QNFYgT5afjJ0Zw3yhdGEbSlNBwrP6eSBFXasgD05mdrGa9TPzXC/jMZh2e+ykVcaKJwJPFYcKgjmCWEOxSSbBmQ0MQltTcDnEfSYS1yTELxZ2NYJ40jiruceX09qRUvZnGkwdFsAcOgAvOQBVcgxqoAwwewTN4Aa/Wk/VmvVsfk9acNZ3ZBX9gff4A0O6b3g==</latexit>
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Multi-Stage Decision Process: Formalism

Stage 2

Recommend item 

blue = we choose

red = unknown (“nature” chooses)

Stage 1

Select K queries:  

q 2 QK
<latexit sha1_base64="FMgd319YZNuD+k8kq7mvLv7dj4Y=">AAACIHicbVC7TsMwFHXKq5RXgJHFokIwVQkPwViJBcTSSvQhNaFyXKe1ajvBdpCqKJ/AT/ALrLCzIUYY+RKSNAO0HMnS0Tn3+h4dL2RUacv6NEoLi0vLK+XVytr6xuaWub3TVkEkMWnhgAWy6yFFGBWkpalmpBtKgrjHSMcbX2Z+54FIRQNxqychcTkaCupTjHQq9c3D2Mk/iT0WkSR2PA7vE5g4VECHIz3CiMHm3U2lb1atmpUDzhO7IFVQoNE3v51BgCNOhMYMKdWzrVC7MZKaYkaSihMpEiI8RkPSS6lAnCg3zrMk8CBVBtAPZPqEhrn6eyNGXKkJ99LJLKSa9TLxX8/jM5e1f+HGVISRJgJPD/sRgzqAWVtwQCXBmk1SgrCkaXaIR0girNNOs1Ls2QrmSfu4Zp/Uzpqn1fp1UU8Z7IF9cARscA7q4Ao0QAtg8AiewQt4NZ6MN+Pd+JiOloxiZxf8gfH1A5CVo3k=</latexit>

Any pair of distinct items 
can be a query

 
ex, with N = 3 items:

Q := {(1, 2), (1, 3), (2, 3)}

<latexit sha1_base64="cNFvKbXOph1EABYPMup91/PRE48=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARKtSStIqiCAU3umvBXqAJZTKdtkMnkzAzEUroU/gSvoJb3bsTcSc+iZM2C239YeDjP+dw5vxeyKhUlvVpZJaWV1bXsuu5jc2t7R1zd68pg0hg0sABC0TbQ5IwyklDUcVIOxQE+R4jLW90k9RbD0RIGvB7NQ6J66MBp32KkdJW1zxxfKSGGDFYh5fX0IkLdrF8XITOFdQEKymWE3QmXTNvlayp4CLYKeRBqlrX/HZ6AY58whVmSMqObYXKjZFQFDMyyTmRJCHCIzQgHY0c+US68fSsCTzSTg/2A6EfV3Dq/p6IkS/l2Pd0Z3KEnK8l5r81z5/brPoXbkx5GCnC8WxxP2JQBTDJDPaoIFixsQaEBdV/h3iIBMJKJ5vTodjzESxCs1yyK6Wz+mm+epfGkwUH4BAUgA3OQRXcghpoAAwewTN4Aa/Gk/FmvBsfs9aMkc7sgz8yvn4An0GgGA==</latexit>

Stage 1.5

Observe responses 

s 2 SK
<latexit sha1_base64="lP7YVwB3SviFdAvaYQ7snQvVqow=">AAACHnicbVC7TsMwFHXKq5RXgJHFoqrEVCU8BGMlFhBLEfQhNaVyHKe1ajuR7SBVUb6An+AXWGFnQ6yw8iW4aQYoHMnS0Tn3+h4dP2ZUacf5tEoLi0vLK+XVytr6xuaWvb3TVlEiMWnhiEWy6yNFGBWkpalmpBtLgrjPSMcfn0/9zj2RikbiVk9i0udoKGhIMdJGGti11Ms/SSUJstTzOVRZBj0qoMeRHmHE4M3d1cCuOnUnB/xL3IJUQYHmwP7ygggnnAiNGVKq5zqx7qdIaooZySpeokiM8BgNSc9QgThR/TRPksGaUQIYRtI8oWGu/txIEVdqwn0zOc2o5r2p+K/n87nLOjzrp1TEiSYCzw6HCYM6gtOuYEAlwZpNDEFYUpMd4hGSCGvTaMWU4s5X8Je0D+vuUf3k+rjauCzqKYM9sA8OgAtOQQNcgCZoAQwewBN4Bi/Wo/VqvVnvs9GSVezsgl+wPr4BcqKi8g==</latexit>

Agents can respond with a strict 
preference, or indifference:




response set :  S := {�1, 0, 1}

<latexit sha1_base64="jzuHM5cCwh1uRbhq1RB6DhIQ4IM=">AAACFHicbVC7SgNBFJ2Nrxhfq5ZpBoNgEcOuDxRBCNhoF9E8ILuE2clsMmRmdpmZFcKSwp/wF2y1txNbe1u/xNkkhSYeuHA4517uvSeIGVXacb6s3MLi0vJKfrWwtr6xuWVv7zRUlEhM6jhikWwFSBFGBalrqhlpxZIgHjDSDAZXmd98IFLRSNzrYUx8jnqChhQjbaSOXfQ40n2MGLyDF5fQSw/dMnTK0PVGhY5dcirOGHCeuFNSAlPUOva3141wwonQmCGl2q4Taz9FUlPMyKjgJYrECA9Qj7QNFYgT5afjJ0Zw3yhdGEbSlNBwrP6eSBFXasgD05mdrGa9TPzXC/jMZh2e+ykVcaKJwJPFYcKgjmCWEOxSSbBmQ0MQltTcDnEfSYS1yTELxZ2NYJ40jiruceX09qRUvZnGkwdFsAcOgAvOQBVcgxqoAwwewTN4Aa/Wk/VmvVsfk9acNZ3ZBX9gff4A0O6b3g==</latexit>

Note: Final uncertainty set 
depends on both prior 
queries and responses!


u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U
<latexit sha1_base64="23PAj8tGm1TW58kW3N06V44q1h4="></latexit>
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Multi-Stage Decision Process: Formalism

Stage 2

Recommend item 

blue = we choose

red = unknown (“nature” chooses)

Stage 1

Select K queries:  

q 2 QK
<latexit sha1_base64="FMgd319YZNuD+k8kq7mvLv7dj4Y=">AAACIHicbVC7TsMwFHXKq5RXgJHFokIwVQkPwViJBcTSSvQhNaFyXKe1ajvBdpCqKJ/AT/ALrLCzIUYY+RKSNAO0HMnS0Tn3+h4dL2RUacv6NEoLi0vLK+XVytr6xuaWub3TVkEkMWnhgAWy6yFFGBWkpalmpBtKgrjHSMcbX2Z+54FIRQNxqychcTkaCupTjHQq9c3D2Mk/iT0WkSR2PA7vE5g4VECHIz3CiMHm3U2lb1atmpUDzhO7IFVQoNE3v51BgCNOhMYMKdWzrVC7MZKaYkaSihMpEiI8RkPSS6lAnCg3zrMk8CBVBtAPZPqEhrn6eyNGXKkJ99LJLKSa9TLxX8/jM5e1f+HGVISRJgJPD/sRgzqAWVtwQCXBmk1SgrCkaXaIR0girNNOs1Ls2QrmSfu4Zp/Uzpqn1fp1UU8Z7IF9cARscA7q4Ao0QAtg8AiewQt4NZ6MN+Pd+JiOloxiZxf8gfH1A5CVo3k=</latexit>

Stage 1.5

Observe responses 

s 2 SK
<latexit sha1_base64="lP7YVwB3SviFdAvaYQ7snQvVqow=">AAACHnicbVC7TsMwFHXKq5RXgJHFoqrEVCU8BGMlFhBLEfQhNaVyHKe1ajuR7SBVUb6An+AXWGFnQ6yw8iW4aQYoHMnS0Tn3+h4dP2ZUacf5tEoLi0vLK+XVytr6xuaWvb3TVlEiMWnhiEWy6yNFGBWkpalmpBtLgrjPSMcfn0/9zj2RikbiVk9i0udoKGhIMdJGGti11Ms/SSUJstTzOVRZBj0qoMeRHmHE4M3d1cCuOnUnB/xL3IJUQYHmwP7ygggnnAiNGVKq5zqx7qdIaooZySpeokiM8BgNSc9QgThR/TRPksGaUQIYRtI8oWGu/txIEVdqwn0zOc2o5r2p+K/n87nLOjzrp1TEiSYCzw6HCYM6gtOuYEAlwZpNDEFYUpMd4hGSCGvTaMWU4s5X8Je0D+vuUf3k+rjauCzqKYM9sA8OgAtOQQNcgCZoAQwewBN4Bi/Wo/VqvVnvs9GSVezsgl+wPr4BcqKi8g==</latexit>

Comment 

Stage 1 & Stage 2 are linked through the agent uncertainty set


U(q, s) :=

8
><

>:

u 2 U0 : u>(xqA
 � xqB

 ) > 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 ) = 0 8 = 1, . . . ,K : s = 0

u>(xqA
 � xqB

 ) < 0 8 = 1, . . . ,K : s = �1

9
>=

>;
<latexit sha1_base64="TDSE3JId7zd1qce8OD1KfxfxwA4="></latexit>
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Agent Uncertainty Set

blue = we choose

red = unknown (“nature” chooses)

Comment 

Stage 1 & Stage 2 are linked through the agent uncertainty set


U(q, s) :=

8
><

>:

u 2 U0 : u>(xqA
 � xqB

 ) > 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 ) = 0 8 = 1, . . . ,K : s = 0

u>(xqA
 � xqB

 ) < 0 8 = 1, . . . ,K : s = �1

9
>=

>;
<latexit sha1_base64="TDSE3JId7zd1qce8OD1KfxfxwA4="></latexit>

u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U0
<latexit sha1_base64="vPEwkURiz87PHs5ArYZBx2ZubUY=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10ENwlk1zA7mU2GzMwuM7NCCCn9BVvt7cTWD7H1S5xNttDogQuHc+7lHk6UcqaN6346paXlldW18nplY3Nre6e6u9fSSaYI9UnCE9WJsKacSeobZjjtpIpiEXHajkZXud9+oEqzRN6ZcUpDgQeSxYxgY6UgENgMCebIv3d71Zpbd2dAf4lXkBoUaPaqX0E/IZmg0hCOte56bmrCCVaGEU6nlSDTNMVkhAe0a6nEgupwMss8RUdW6aM4UXakQTP158UEC63HIrKbeUa96OXiv14kFj6b+DKcMJlmhkoyfxxnHJkE5YWgPlOUGD62BBPFbHZEhlhhYmxtFVuKt1jBX9I6qXun9fPbs1rjpqinDAdwCMfgwQU04Bqa4AOBFJ7gGV6cR+fVeXPe56slp7jZh19wPr4BwByX3w==</latexit>

(initial uncertainty set)
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Agent Uncertainty Set

blue = we choose

red = unknown (“nature” chooses)

Comment 

Stage 1 & Stage 2 are linked through the agent uncertainty set


U(q, s) :=

8
><

>:

u 2 U0 : u>(xqA
 � xqB

 ) > 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 ) = 0 8 = 1, . . . ,K : s = 0

u>(xqA
 � xqB

 ) < 0 8 = 1, . . . ,K : s = �1

9
>=

>;
<latexit sha1_base64="TDSE3JId7zd1qce8OD1KfxfxwA4="></latexit>

xqA
1 � xqB

1 =

✓
2
1

◆
, s1 = 1 =) 2u1 + u2 > 0

<latexit sha1_base64="5xINzPNdOB5Ncv6LvRyIQpqItdU="></latexit>

u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U0
<latexit sha1_base64="vPEwkURiz87PHs5ArYZBx2ZubUY=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10ENwlk1zA7mU2GzMwuM7NCCCn9BVvt7cTWD7H1S5xNttDogQuHc+7lHk6UcqaN6346paXlldW18nplY3Nre6e6u9fSSaYI9UnCE9WJsKacSeobZjjtpIpiEXHajkZXud9+oEqzRN6ZcUpDgQeSxYxgY6UgENgMCebIv3d71Zpbd2dAf4lXkBoUaPaqX0E/IZmg0hCOte56bmrCCVaGEU6nlSDTNMVkhAe0a6nEgupwMss8RUdW6aM4UXakQTP158UEC63HIrKbeUa96OXiv14kFj6b+DKcMJlmhkoyfxxnHJkE5YWgPlOUGD62BBPFbHZEhlhhYmxtFVuKt1jBX9I6qXun9fPbs1rjpqinDAdwCMfgwQU04Bqa4AOBFJ7gGV6cR+fVeXPe56slp7jZh19wPr4BwByX3w==</latexit>

(initial uncertainty set)
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Agent Uncertainty Set

blue = we choose

red = unknown (“nature” chooses)

Comment 

Stage 1 & Stage 2 are linked through the agent uncertainty set


U(q, s) :=

8
><

>:

u 2 U0 : u>(xqA
 � xqB

 ) > 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 ) = 0 8 = 1, . . . ,K : s = 0

u>(xqA
 � xqB

 ) < 0 8 = 1, . . . ,K : s = �1

9
>=

>;
<latexit sha1_base64="TDSE3JId7zd1qce8OD1KfxfxwA4="></latexit>

xqA
1 � xqB

1 =

✓
2
1

◆
, s1 = 1 =) 2u1 + u2 > 0

<latexit sha1_base64="5xINzPNdOB5Ncv6LvRyIQpqItdU="></latexit>

xqA
1 � xqB

1 =

✓
2
1

◆
, s1 = 1 =) 2u1 + u2 > 0

<latexit sha1_base64="5xINzPNdOB5Ncv6LvRyIQpqItdU="></latexit>

u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U0
<latexit sha1_base64="vPEwkURiz87PHs5ArYZBx2ZubUY=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10ENwlk1zA7mU2GzMwuM7NCCCn9BVvt7cTWD7H1S5xNttDogQuHc+7lHk6UcqaN6346paXlldW18nplY3Nre6e6u9fSSaYI9UnCE9WJsKacSeobZjjtpIpiEXHajkZXud9+oEqzRN6ZcUpDgQeSxYxgY6UgENgMCebIv3d71Zpbd2dAf4lXkBoUaPaqX0E/IZmg0hCOte56bmrCCVaGEU6nlSDTNMVkhAe0a6nEgupwMss8RUdW6aM4UXakQTP158UEC63HIrKbeUa96OXiv14kFj6b+DKcMJlmhkoyfxxnHJkE5YWgPlOUGD62BBPFbHZEhlhhYmxtFVuKt1jBX9I6qXun9fPbs1rjpqinDAdwCMfgwQU04Bqa4AOBFJ7gGV6cR+fVeXPe56slp7jZh19wPr4BwByX3w==</latexit>

(initial uncertainty set)



Elicitation + Recommendation

43

Agent Uncertainty Set

blue = we choose

red = unknown (“nature” chooses)

Comment 

Stage 1 & Stage 2 are linked through the agent uncertainty set


U(q, s) :=

8
><

>:

u 2 U0 : u>(xqA
 � xqB

 ) > 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 ) = 0 8 = 1, . . . ,K : s = 0

u>(xqA
 � xqB

 ) < 0 8 = 1, . . . ,K : s = �1

9
>=

>;
<latexit sha1_base64="TDSE3JId7zd1qce8OD1KfxfxwA4="></latexit>

xqA
1 � xqB

1 =

✓
2
1

◆
, s1 = 1 =) 2u1 + u2 > 0

<latexit sha1_base64="5xINzPNdOB5Ncv6LvRyIQpqItdU="></latexit>

xqA
1 � xqB

1 =

✓
2
1

◆
, s1 = 1 =) 2u1 + u2 > 0

<latexit sha1_base64="5xINzPNdOB5Ncv6LvRyIQpqItdU="></latexit>

u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U0
<latexit sha1_base64="vPEwkURiz87PHs5ArYZBx2ZubUY=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10ENwlk1zA7mU2GzMwuM7NCCCn9BVvt7cTWD7H1S5xNttDogQuHc+7lHk6UcqaN6346paXlldW18nplY3Nre6e6u9fSSaYI9UnCE9WJsKacSeobZjjtpIpiEXHajkZXud9+oEqzRN6ZcUpDgQeSxYxgY6UgENgMCebIv3d71Zpbd2dAf4lXkBoUaPaqX0E/IZmg0hCOte56bmrCCVaGEU6nlSDTNMVkhAe0a6nEgupwMss8RUdW6aM4UXakQTP158UEC63HIrKbeUa96OXiv14kFj6b+DKcMJlmhkoyfxxnHJkE5YWgPlOUGD62BBPFbHZEhlhhYmxtFVuKt1jBX9I6qXun9fPbs1rjpqinDAdwCMfgwQU04Bqa4AOBFJ7gGV6cR+fVeXPe56slp7jZh19wPr4BwByX3w==</latexit>

xqA
2 � xqB

2 =

✓
�1
1

◆
, s2 = �1 =) �u1 + u2 < 0

<latexit sha1_base64="ZILtiISrQBzMbZKfK5RbAYg8coU="></latexit>

(initial uncertainty set)
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Agent Uncertainty Set

blue = we choose

red = unknown (“nature” chooses)

Comment 

Stage 1 & Stage 2 are linked through the agent uncertainty set


U(q, s) :=

8
><

>:

u 2 U0 : u>(xqA
 � xqB

 ) > 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 ) = 0 8 = 1, . . . ,K : s = 0

u>(xqA
 � xqB

 ) < 0 8 = 1, . . . ,K : s = �1

9
>=

>;
<latexit sha1_base64="TDSE3JId7zd1qce8OD1KfxfxwA4="></latexit>

xqA
1 � xqB

1 =

✓
2
1

◆
, s1 = 1 =) 2u1 + u2 > 0

<latexit sha1_base64="5xINzPNdOB5Ncv6LvRyIQpqItdU="></latexit>

xqA
1 � xqB

1 =

✓
2
1

◆
, s1 = 1 =) 2u1 + u2 > 0

<latexit sha1_base64="5xINzPNdOB5Ncv6LvRyIQpqItdU="></latexit>

u1
<latexit sha1_base64="F2sXTmoRBphyZWLZ1P4PlX9gNk4="></latexit>

u2
<latexit sha1_base64="G3J2fAlu6JUzstaItJ3UVGLa+Mk="></latexit>

U0
<latexit sha1_base64="vPEwkURiz87PHs5ArYZBx2ZubUY=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10ENwlk1zA7mU2GzMwuM7NCCCn9BVvt7cTWD7H1S5xNttDogQuHc+7lHk6UcqaN6346paXlldW18nplY3Nre6e6u9fSSaYI9UnCE9WJsKacSeobZjjtpIpiEXHajkZXud9+oEqzRN6ZcUpDgQeSxYxgY6UgENgMCebIv3d71Zpbd2dAf4lXkBoUaPaqX0E/IZmg0hCOte56bmrCCVaGEU6nlSDTNMVkhAe0a6nEgupwMss8RUdW6aM4UXakQTP158UEC63HIrKbeUa96OXiv14kFj6b+DKcMJlmhkoyfxxnHJkE5YWgPlOUGD62BBPFbHZEhlhhYmxtFVuKt1jBX9I6qXun9fPbs1rjpqinDAdwCMfgwQU04Bqa4AOBFJ7gGV6cR+fVeXPe56slp7jZh19wPr4BwByX3w==</latexit>

xqA
2 � xqB

2 =

✓
�1
1

◆
, s2 = �1 =) �u1 + u2 < 0

<latexit sha1_base64="ZILtiISrQBzMbZKfK5RbAYg8coU="></latexit>

xqA
2 � xqB

2 =

✓
�1
1

◆
, s2 = �1 =) �u1 + u2 < 0

<latexit sha1_base64="ZILtiISrQBzMbZKfK5RbAYg8coU="></latexit>
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Formalizing an Optimization Problem (MMU)

Stage 1

Select queries

Observe responses
Stage 2

Recommend item

(maximin utility)

max
x2X

<latexit sha1_base64="+c/7H6pzSdEI48nNq1iQoWWUWJs=">AAACJHicbVDLSgMxFM3UV62vUZdugkUQhDLjA10W3Oiugn1AZyiZNG1Dk8yQZKQlzEf4E/6CW927ExduXPglpu0stPVAyOGc++JECaNKe96nU1haXlldK66XNja3tnfc3b2GilOJSR3HLJatCCnCqCB1TTUjrUQSxCNGmtHweuI3H4hUNBb3epyQkKO+oD2KkbZSxz0JOBp1jAmmo0zEUpLBIOJwZD8qoLX1ACNmWlnWcctexZsCLhI/J2WQo9Zxv4NujFNOhMYMKdX2vUSHBklNMSNZKUgVSRAeoj5pWyoQJyo000syeGSVLuzF0j6h4VT93WEQV2rMI1s5uVHNexPxXy/ic5t17yo0VCSpJgLPFvdSBnUMJ4nBLpUEaza2BGFJ7e0QD5BEWNtcSzYUfz6CRdI4rfhnlYu783L1No+nCA7AITgGPrgEVXADaqAOMHgEz+AFvDpPzpvz7nzMSgtO3rMP/sD5+gEPoaX1</latexit>

min
u2U(q,s)

u>x
<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit>
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Formalizing an Optimization Problem (MMU)

Stage 1

Select queries

Observe responses
Stage 2

Recommend item

(maximin utility)

max
x2X

<latexit sha1_base64="+c/7H6pzSdEI48nNq1iQoWWUWJs=">AAACJHicbVDLSgMxFM3UV62vUZdugkUQhDLjA10W3Oiugn1AZyiZNG1Dk8yQZKQlzEf4E/6CW927ExduXPglpu0stPVAyOGc++JECaNKe96nU1haXlldK66XNja3tnfc3b2GilOJSR3HLJatCCnCqCB1TTUjrUQSxCNGmtHweuI3H4hUNBb3epyQkKO+oD2KkbZSxz0JOBp1jAmmo0zEUpLBIOJwZD8qoLX1ACNmWlnWcctexZsCLhI/J2WQo9Zxv4NujFNOhMYMKdX2vUSHBklNMSNZKUgVSRAeoj5pWyoQJyo000syeGSVLuzF0j6h4VT93WEQV2rMI1s5uVHNexPxXy/ic5t17yo0VCSpJgLPFvdSBnUMJ4nBLpUEaza2BGFJ7e0QD5BEWNtcSzYUfz6CRdI4rfhnlYu783L1No+nCA7AITgGPrgEVXADaqAOMHgEz+AFvDpPzpvz7nzMSgtO3rMP/sD5+gEPoaX1</latexit>

min
u2U(q,s)

u>x
<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit>

min
s2SK

<latexit sha1_base64="uOz01iZ7Gaprmji1uxhy4sMtz/E=">AAACJnicbVDLSgMxFM34rPU16tJNsAhuLDM+0GXBjeKmon1AZyyZNG1Dk8yQZIQS5iv8CX/Bre7dibgTv8RM24W2Hgg5nHNfnChhVGnP+3Tm5hcWl5YLK8XVtfWNTXdru67iVGJSwzGLZTNCijAqSE1TzUgzkQTxiJFGNLjI/cYDkYrG4k4PExJy1BO0SzHSVmq7hwGnom1MMBplJOlkMIg4VPajAgYc6T5GzNxm99dZse2WvLI3Apwl/oSUwATVtvsddGKcciI0Zkiplu8lOjRIaooZyYpBqkiC8AD1SMtSgThRoRndksF9q3RgN5b2CQ1H6u8Og7hSQx7ZyvxMNe3l4r9exKc26+55aKhIUk0EHi/upgzqGOaZwQ6VBGs2tARhSe3tEPeRRFjbZPNQ/OkIZkn9qOwfl09vTkqVq0k8BbAL9sAB8MEZqIBLUAU1gMEjeAYv4NV5ct6cd+djXDrnTHp2wB84Xz/VmKZD</latexit>

“bad” = min
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Formalizing an Optimization Problem (MMU)

Stage 1

Select queries

Observe responses
Stage 2

Recommend item

(maximin utility)

max
x2X

<latexit sha1_base64="+c/7H6pzSdEI48nNq1iQoWWUWJs=">AAACJHicbVDLSgMxFM3UV62vUZdugkUQhDLjA10W3Oiugn1AZyiZNG1Dk8yQZKQlzEf4E/6CW927ExduXPglpu0stPVAyOGc++JECaNKe96nU1haXlldK66XNja3tnfc3b2GilOJSR3HLJatCCnCqCB1TTUjrUQSxCNGmtHweuI3H4hUNBb3epyQkKO+oD2KkbZSxz0JOBp1jAmmo0zEUpLBIOJwZD8qoLX1ACNmWlnWcctexZsCLhI/J2WQo9Zxv4NujFNOhMYMKdX2vUSHBklNMSNZKUgVSRAeoj5pWyoQJyo000syeGSVLuzF0j6h4VT93WEQV2rMI1s5uVHNexPxXy/ic5t17yo0VCSpJgLPFvdSBnUMJ4nBLpUEaza2BGFJ7e0QD5BEWNtcSzYUfz6CRdI4rfhnlYu783L1No+nCA7AITgGPrgEVXADaqAOMHgEz+AFvDpPzpvz7nzMSgtO3rMP/sD5+gEPoaX1</latexit>

min
u2U(q,s)

u>x
<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit>

min
s2SK

<latexit sha1_base64="uOz01iZ7Gaprmji1uxhy4sMtz/E=">AAACJnicbVDLSgMxFM34rPU16tJNsAhuLDM+0GXBjeKmon1AZyyZNG1Dk8yQZIQS5iv8CX/Bre7dibgTv8RM24W2Hgg5nHNfnChhVGnP+3Tm5hcWl5YLK8XVtfWNTXdru67iVGJSwzGLZTNCijAqSE1TzUgzkQTxiJFGNLjI/cYDkYrG4k4PExJy1BO0SzHSVmq7hwGnom1MMBplJOlkMIg4VPajAgYc6T5GzNxm99dZse2WvLI3Apwl/oSUwATVtvsddGKcciI0Zkiplu8lOjRIaooZyYpBqkiC8AD1SMtSgThRoRndksF9q3RgN5b2CQ1H6u8Og7hSQx7ZyvxMNe3l4r9exKc26+55aKhIUk0EHi/upgzqGOaZwQ6VBGs2tARhSe3tEPeRRFjbZPNQ/OkIZkn9qOwfl09vTkqVq0k8BbAL9sAB8MEZqIBLUAU1gMEjeAYv4NV5ct6cd+djXDrnTHp2wB84Xz/VmKZD</latexit>

“bad” = min“good” = max

min
q2QK

<latexit sha1_base64="wkm3Q9bE9F1c8tEfbaUXkmi+q5U=">AAACJ3icbVC7TsMwFHXKq5RXgZHFokJiihIegrESC4illehDakrkuE5r1XaC7SBVUf6Cn+AXWGFnQzDCl+CkHaBwJMtH59yXThAzqrTjfFilhcWl5ZXyamVtfWNzq7q901ZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF/kfueeSEUjcaMnMelzNBQ0pBhpI/lV2+NU+GnqFaPSgCUkg17A4Z35qIAeR3qEEUub2e11VvGrNcd2CsC/xJ2RGpih4Ve/vEGEE06Exgwp1XOdWPdTJDXFjGQVL1EkRniMhqRnqECcqH5aHJPBA6MMYBhJ84SGhfqzI0VcqQkPTGV+ppr3cvFfL+Bzm3V43k+piBNNBJ4uDhMGdQTz0OCASoI1mxiCsKTmdohHSCKsTbR5KO58BH9J+8h2j+3T5kmtfjWLpwz2wD44BC44A3VwCRqgBTB4AE/gGbxYj9ar9Wa9T0tL1qxnF/yC9fkNs5Omtg==</latexit>
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Formalizing an Optimization Problem (MMU)

Stage 1

Select queries

Observe responses
Stage 2

Recommend item

(maximin utility)

max
x2X

<latexit sha1_base64="+c/7H6pzSdEI48nNq1iQoWWUWJs=">AAACJHicbVDLSgMxFM3UV62vUZdugkUQhDLjA10W3Oiugn1AZyiZNG1Dk8yQZKQlzEf4E/6CW927ExduXPglpu0stPVAyOGc++JECaNKe96nU1haXlldK66XNja3tnfc3b2GilOJSR3HLJatCCnCqCB1TTUjrUQSxCNGmtHweuI3H4hUNBb3epyQkKO+oD2KkbZSxz0JOBp1jAmmo0zEUpLBIOJwZD8qoLX1ACNmWlnWcctexZsCLhI/J2WQo9Zxv4NujFNOhMYMKdX2vUSHBklNMSNZKUgVSRAeoj5pWyoQJyo000syeGSVLuzF0j6h4VT93WEQV2rMI1s5uVHNexPxXy/ic5t17yo0VCSpJgLPFvdSBnUMJ4nBLpUEaza2BGFJ7e0QD5BEWNtcSzYUfz6CRdI4rfhnlYu783L1No+nCA7AITgGPrgEVXADaqAOMHgEz+AFvDpPzpvz7nzMSgtO3rMP/sD5+gEPoaX1</latexit>

min
u2U(q,s)

u>x
<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit>

min
s2SK

<latexit sha1_base64="uOz01iZ7Gaprmji1uxhy4sMtz/E=">AAACJnicbVDLSgMxFM34rPU16tJNsAhuLDM+0GXBjeKmon1AZyyZNG1Dk8yQZIQS5iv8CX/Bre7dibgTv8RM24W2Hgg5nHNfnChhVGnP+3Tm5hcWl5YLK8XVtfWNTXdru67iVGJSwzGLZTNCijAqSE1TzUgzkQTxiJFGNLjI/cYDkYrG4k4PExJy1BO0SzHSVmq7hwGnom1MMBplJOlkMIg4VPajAgYc6T5GzNxm99dZse2WvLI3Apwl/oSUwATVtvsddGKcciI0Zkiplu8lOjRIaooZyYpBqkiC8AD1SMtSgThRoRndksF9q3RgN5b2CQ1H6u8Og7hSQx7ZyvxMNe3l4r9exKc26+55aKhIUk0EHi/upgzqGOaZwQ6VBGs2tARhSe3tEPeRRFjbZPNQ/OkIZkn9qOwfl09vTkqVq0k8BbAL9sAB8MEZqIBLUAU1gMEjeAYv4NV5ct6cd+djXDrnTHp2wB84Xz/VmKZD</latexit>

“bad” = min“good” = max

min
q2QK

<latexit sha1_base64="wkm3Q9bE9F1c8tEfbaUXkmi+q5U=">AAACJ3icbVC7TsMwFHXKq5RXgZHFokJiihIegrESC4illehDakrkuE5r1XaC7SBVUf6Cn+AXWGFnQzDCl+CkHaBwJMtH59yXThAzqrTjfFilhcWl5ZXyamVtfWNzq7q901ZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF/kfueeSEUjcaMnMelzNBQ0pBhpI/lV2+NU+GnqFaPSgCUkg17A4Z35qIAeR3qEEUub2e11VvGrNcd2CsC/xJ2RGpih4Ve/vEGEE06Exgwp1XOdWPdTJDXFjGQVL1EkRniMhqRnqECcqH5aHJPBA6MMYBhJ84SGhfqzI0VcqQkPTGV+ppr3cvFfL+Bzm3V43k+piBNNBJ4uDhMGdQTz0OCASoI1mxiCsKTmdohHSCKsTbR5KO58BH9J+8h2j+3T5kmtfjWLpwz2wD44BC44A3VwCRqgBTB4AE/gGbxYj9ar9Wa9T0tL1qxnF/yC9fkNs5Omtg==</latexit>

Comment (1)  

“Robust” Approach: Assume that “nature” selects the worst possible outcomes:


• Over responses          


• Over agent utility   

u 2 U(q, s)
<latexit sha1_base64="4bMNVMAJLJ7oG5ztstXFmb9+TLk="></latexit>

s 2 SK
<latexit sha1_base64="tpU8r/6hmH9wj7I15nh5dru+Uh4=">AAACHnicbVC7TsMwFHXKq5RXgZHFoqrEVCU8BGMlFhBLEfQhNaFyHKe1ajuR7SBVUb6An+AXWGFnQ6yw8iU4bQYoHMny0Tn3pePHjCpt259WaWFxaXmlvFpZW9/Y3Kpu73RUlEhM2jhikez5SBFGBWlrqhnpxZIg7jPS9cfnud+9J1LRSNzqSUw8joaChhQjbaRBtZ660yGpJEEGXZ9DZT4qoMuRHmHE0pvs7mpQrdkNewr4lzgFqYECrUH1yw0inHAiNGZIqb5jx9pLkdQUM5JV3ESRGOExGpK+oQJxorx0ekkG60YJYBhJ84SGU/VnR4q4UhPum8r8SDXv5eK/ns/nNuvwzEupiBNNBJ4tDhMGdQTzrGBAJcGaTQxBWFJzO8QjJBHWJtGKCcWZj+Av6Rw2nKPGyfVxrXlZxFMGe2AfHAAHnIImuAAt0AYYPIAn8AxerEfr1Xqz3melJavo2QW/YH18A2lPovI=</latexit>
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Formalizing an Optimization Problem (MMR)

Stage 1

Select queries

Observe responses
Stage 2

Recommend item

(minimax regret)

min
x2X

max
u2U(q,s)

✓
max
x02X

u>x0
◆
� u>x

�

<latexit sha1_base64="3KCn6ojtVU2bDgRz7Jm1UKBBZ1E="></latexit>
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Formalizing an Optimization Problem (MMR)

Stage 1

Select queries

Observe responses
Stage 2

Recommend item

(minimax regret)

“bad” = max

max
s2SK

<latexit sha1_base64="bNnY5gaOPB9iuSVVLawwxm695HI=">AAACJnicbVDLSgMxFM3UV62vUZdugkVwY5nxgS4LbhQ3Fe0DOrVkMpk2NMkMSUYsw3yFP+EvuNW9OxF34peYabvQ1gMhh3Pui+PHjCrtOJ9WYW5+YXGpuFxaWV1b37A3txoqSiQmdRyxSLZ8pAijgtQ11Yy0YkkQ9xlp+oPz3G/eE6loJG71MCYdjnqChhQjbaSufeBx9NBNU280KpUkyKDnc6jMRwU0ru5jxNKb7O4qK3XtslNxRoCzxJ2QMpig1rW/vSDCCSdCY4aUartOrDspkppiRrKSlygSIzxAPdI2VCBOVCcd3ZLBPaMEMIykeULDkfq7I0VcqSH3TWV+ppr2cvFfz+dTm3V41kmpiBNNBB4vDhMGdQTzzGBAJcGaDQ1BWFJzO8R9JBHWJtk8FHc6glnSOKy4R5WT6+Ny9XISTxHsgF2wD1xwCqrgAtRAHWDwCJ7BC3i1nqw36936GJcWrEnPNvgD6+sH2QqmRQ==</latexit>

min
x2X

max
u2U(q,s)

✓
max
x02X

u>x0
◆
� u>x

�

<latexit sha1_base64="3KCn6ojtVU2bDgRz7Jm1UKBBZ1E="></latexit>
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Formalizing an Optimization Problem (MMR)

Stage 1

Select queries

Observe responses
Stage 2

Recommend item

(minimax regret)

“bad” = max

max
s2SK

<latexit sha1_base64="bNnY5gaOPB9iuSVVLawwxm695HI=">AAACJnicbVDLSgMxFM3UV62vUZdugkVwY5nxgS4LbhQ3Fe0DOrVkMpk2NMkMSUYsw3yFP+EvuNW9OxF34peYabvQ1gMhh3Pui+PHjCrtOJ9WYW5+YXGpuFxaWV1b37A3txoqSiQmdRyxSLZ8pAijgtQ11Yy0YkkQ9xlp+oPz3G/eE6loJG71MCYdjnqChhQjbaSufeBx9NBNU280KpUkyKDnc6jMRwU0ru5jxNKb7O4qK3XtslNxRoCzxJ2QMpig1rW/vSDCCSdCY4aUartOrDspkppiRrKSlygSIzxAPdI2VCBOVCcd3ZLBPaMEMIykeULDkfq7I0VcqSH3TWV+ppr2cvFfz+dTm3V41kmpiBNNBB4vDhMGdQTzzGBAJcGaDQ1BWFJzO8R9JBHWJtk8FHc6glnSOKy4R5WT6+Ny9XISTxHsgF2wD1xwCqrgAtRAHWDwCJ7BC3i1nqw36936GJcWrEnPNvgD6+sH2QqmRQ==</latexit>

“good” = min

min
q2QK

<latexit sha1_base64="wkm3Q9bE9F1c8tEfbaUXkmi+q5U=">AAACJ3icbVC7TsMwFHXKq5RXgZHFokJiihIegrESC4illehDakrkuE5r1XaC7SBVUf6Cn+AXWGFnQzDCl+CkHaBwJMtH59yXThAzqrTjfFilhcWl5ZXyamVtfWNzq7q901ZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF/kfueeSEUjcaMnMelzNBQ0pBhpI/lV2+NU+GnqFaPSgCUkg17A4Z35qIAeR3qEEUub2e11VvGrNcd2CsC/xJ2RGpih4Ve/vEGEE06Exgwp1XOdWPdTJDXFjGQVL1EkRniMhqRnqECcqH5aHJPBA6MMYBhJ84SGhfqzI0VcqQkPTGV+ppr3cvFfL+Bzm3V43k+piBNNBJ4uDhMGdQTz0OCASoI1mxiCsKTmdohHSCKsTbR5KO58BH9J+8h2j+3T5kmtfjWLpwz2wD44BC44A3VwCRqgBTB4AE/gGbxYj9ar9Wa9T0tL1qxnF/yC9fkNs5Omtg==</latexit>

min
x2X

max
u2U(q,s)

✓
max
x02X

u>x0
◆
� u>x

�

<latexit sha1_base64="3KCn6ojtVU2bDgRz7Jm1UKBBZ1E="></latexit>
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Formalizing an Optimization Problem (MMR)

Stage 1

Select queries

Observe responses
Stage 2

Recommend item

(minimax regret)

“bad” = max

max
s2SK

<latexit sha1_base64="bNnY5gaOPB9iuSVVLawwxm695HI=">AAACJnicbVDLSgMxFM3UV62vUZdugkVwY5nxgS4LbhQ3Fe0DOrVkMpk2NMkMSUYsw3yFP+EvuNW9OxF34peYabvQ1gMhh3Pui+PHjCrtOJ9WYW5+YXGpuFxaWV1b37A3txoqSiQmdRyxSLZ8pAijgtQ11Yy0YkkQ9xlp+oPz3G/eE6loJG71MCYdjnqChhQjbaSufeBx9NBNU280KpUkyKDnc6jMRwU0ru5jxNKb7O4qK3XtslNxRoCzxJ2QMpig1rW/vSDCCSdCY4aUartOrDspkppiRrKSlygSIzxAPdI2VCBOVCcd3ZLBPaMEMIykeULDkfq7I0VcqSH3TWV+ppr2cvFfz+dTm3V41kmpiBNNBB4vDhMGdQTzzGBAJcGaDQ1BWFJzO8R9JBHWJtk8FHc6glnSOKy4R5WT6+Ny9XISTxHsgF2wD1xwCqrgAtRAHWDwCJ7BC3i1nqw36936GJcWrEnPNvgD6+sH2QqmRQ==</latexit>

“good” = min

min
q2QK

<latexit sha1_base64="wkm3Q9bE9F1c8tEfbaUXkmi+q5U=">AAACJ3icbVC7TsMwFHXKq5RXgZHFokJiihIegrESC4illehDakrkuE5r1XaC7SBVUf6Cn+AXWGFnQzDCl+CkHaBwJMtH59yXThAzqrTjfFilhcWl5ZXyamVtfWNzq7q901ZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF/kfueeSEUjcaMnMelzNBQ0pBhpI/lV2+NU+GnqFaPSgCUkg17A4Z35qIAeR3qEEUub2e11VvGrNcd2CsC/xJ2RGpih4Ve/vEGEE06Exgwp1XOdWPdTJDXFjGQVL1EkRniMhqRnqECcqH5aHJPBA6MMYBhJ84SGhfqzI0VcqQkPTGV+ppr3cvFfL+Bzm3V43k+piBNNBJ4uDhMGdQTz0OCASoI1mxiCsKTmdohHSCKsTbR5KO58BH9J+8h2j+3T5kmtfjWLpwz2wD44BC44A3VwCRqgBTB4AE/gGbxYj9ar9Wa9T0tL1qxnF/yC9fkNs5Omtg==</latexit>

min
x2X

max
u2U(q,s)

✓
max
x02X

u>x0
◆
� u>x

�

<latexit sha1_base64="3KCn6ojtVU2bDgRz7Jm1UKBBZ1E="></latexit>

This is a huge optimization problem…  
How do we solve it? 

(next time?)


