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Elicitation + Recommendation
Preference Elicitation


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

2

Recommendation

Which item should we offer? 

x⇤ 2 argmax
x2X

min
u2U

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

Select queries Observe responses

min
s2SK

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Multi-Stage Optimization

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Multi-Stage Optimization

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Multi-Stage Optimization

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>

Sequence of decisions

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Multi-Stage Optimization

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> {
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

s.t. q is fixed
<latexit sha1_base64="xHfd2F3XHT2MqaPeL2jgi28qulU=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+BqmPGBSjcFN7pTsK3glJJJ77TBZGZM7kjL0G/xJ/wFt7rWnbr1I0wfC60eCBzOOTf3csJUCoOe9+pMTc/Mzs0vLBaWlldW14rrGzWTZJpDlScy0dchMyBFDFUUKOE61cBUKKEe3p4O/Po9aCOS+Ap7KTQUa8ciEpyhlZrFkwChi7lx0e3ToByUaR4Mf81DmYGVQkXvRs4oKQyNRBda/Wax5LneEPQv8cekRMa4aBY/glbCMwUxcsmMufG9FBs50yi4hH4hyAykjN+yNtxYGjMFppEPj+nTHau0aJRo+2KkQ/XnRM6UMT0V2qRi2DGT3kD81wvVxGaMjhu5iNMMIeajxVEmKSZ00B9tCQ0cZc8SxrWwt1PeYZpxtC0XbCn+ZAV/SW3P9ffdw8uDUuV8XM8C2SLbZJf45IhUyBm5IFXCyQN5Is/kxXl03px353MUnXLGM5vkF5yvb7uIqsU=</latexit>

Sequence of decisions

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Multi-Stage Optimization

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> {
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

s.t. q is fixed
<latexit sha1_base64="xHfd2F3XHT2MqaPeL2jgi28qulU=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+BqmPGBSjcFN7pTsK3glJJJ77TBZGZM7kjL0G/xJ/wFt7rWnbr1I0wfC60eCBzOOTf3csJUCoOe9+pMTc/Mzs0vLBaWlldW14rrGzWTZJpDlScy0dchMyBFDFUUKOE61cBUKKEe3p4O/Po9aCOS+Ap7KTQUa8ciEpyhlZrFkwChi7lx0e3ToByUaR4Mf81DmYGVQkXvRs4oKQyNRBda/Wax5LneEPQv8cekRMa4aBY/glbCMwUxcsmMufG9FBs50yi4hH4hyAykjN+yNtxYGjMFppEPj+nTHau0aJRo+2KkQ/XnRM6UMT0V2qRi2DGT3kD81wvVxGaMjhu5iNMMIeajxVEmKSZ00B9tCQ0cZc8SxrWwt1PeYZpxtC0XbCn+ZAV/SW3P9ffdw8uDUuV8XM8C2SLbZJf45IhUyBm5IFXCyQN5Is/kxXl03px353MUnXLGM5vkF5yvb7uIqsU=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

s.t. s, q are fixed
<latexit sha1_base64="opqfolNEoV4yDBqKME8ah26/wPQ="></latexit>

Sequence of decisions

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Multi-Stage Optimization

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> {
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

s.t. q is fixed
<latexit sha1_base64="xHfd2F3XHT2MqaPeL2jgi28qulU=">AAACMnicbVDLSgMxFM34tr6qLt0Ei+BqmPGBSjcFN7pTsK3glJJJ77TBZGZM7kjL0G/xJ/wFt7rWnbr1I0wfC60eCBzOOTf3csJUCoOe9+pMTc/Mzs0vLBaWlldW14rrGzWTZJpDlScy0dchMyBFDFUUKOE61cBUKKEe3p4O/Po9aCOS+Ap7KTQUa8ciEpyhlZrFkwChi7lx0e3ToByUaR4Mf81DmYGVQkXvRs4oKQyNRBda/Wax5LneEPQv8cekRMa4aBY/glbCMwUxcsmMufG9FBs50yi4hH4hyAykjN+yNtxYGjMFppEPj+nTHau0aJRo+2KkQ/XnRM6UMT0V2qRi2DGT3kD81wvVxGaMjhu5iNMMIeajxVEmKSZ00B9tCQ0cZc8SxrWwt1PeYZpxtC0XbCn+ZAV/SW3P9ffdw8uDUuV8XM8C2SLbZJf45IhUyBm5IFXCyQN5Is/kxXl03px353MUnXLGM5vkF5yvb7uIqsU=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

s.t. s, q are fixed
<latexit sha1_base64="opqfolNEoV4yDBqKME8ah26/wPQ="></latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

s.t. x, s, q are fixed
<latexit sha1_base64="i8Y8/A98mFaMawVuQj4KZW7aB2E="></latexit>

Sequence of decisions

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Comment

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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5

Comment

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>

Indifference response does not 
impact our optimization problems
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U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 )  0 8 = 1, . . . ,K : s = �1

)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></latexit>

Comment

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>

Indifference response does not 
impact our optimization problems
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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>

Now, some theory

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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(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>

X = {x 2 RJ | x>b  c}
<latexit sha1_base64="25MRmvlPnPm0/a+UOpl3uahk6UE="></latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>



Suppose we can “design” 
an item

Elicitation + Recommendation

7

Observation
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>

X = {x 2 RJ | x>b  c}
<latexit sha1_base64="25MRmvlPnPm0/a+UOpl3uahk6UE="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Observation (Step 1)

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>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Observation (Step 1)

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>

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Observation (Step 1)

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>

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

Convex 
(by definition)

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Observation (Step 1)

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>

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

Convex 
(by definition)

Convex polyhedron

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Observation (Step 1)

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>

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

Convex 
(by definition)

Convex polyhedron

U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 )  0 8 = 1, . . . ,K : s = �1

)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Observation (Step 1)

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>

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

Convex 
(by definition)

Convex polyhedron

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Observation (Step 1)

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>

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

Convex 
(by definition)

Convex polyhedron

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Observation (Step 1)

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>

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

Convex 
(by definition)

Convex polyhedron

Convex/concave 
 in both vars

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>
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Observation (Step 1)

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>

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

Convex 
(by definition)

Convex polyhedron

Convex/concave 
 in both vars

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>



Elicitation + Recommendation

9

Observation (Step 1)

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>

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

u>x
<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit>
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Observation (Step 1)

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>

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

min
u2U(q,s)

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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



Elicitation + Recommendation

9

Observation (Step 1)

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>

Minimax Theorem: (von Neumann) 

• If  is convex in x, concave in y 

• On convex compact sets X and Y, then: 

f(x,y)
<latexit sha1_base64="bU9e4cYcxJ0reqecXGq12o+yK8Q=">AAACCHicbVDLSsNAFL3xWeujUZduBotQQUriA10W3Oiugn1AG8pkOmmHziRhZiKW0B/wF9zq3p249S/c+iVO2iy09cDlHs65l3s5fsyZ0o7zZS0tr6yurRc2iptb2zsle3evqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/dJ35rQcqFYvCez2OqSfwIGQBI1gbqWeXgkrXF+jxBGVtfNyzy07VmQItEjcnZchR79nf3X5EEkFDTThWquM6sfZSLDUjnE6K3UTRGJMRHtCOoSEWVHnp9PEJOjJKHwWRNBVqNFV/b6RYKDUWvpkUWA/VvJeJ/3q+mLusgysvZWGcaBqS2eEg4UhHKEsF9ZmkRPOxIZhIZn5HZIglJtpkVzShuPMRLJLmadU9q17cnZdrt3k8BTiAQ6iAC5dQgxuoQwMIJPAML/BqPVlv1rv1MRtdsvKdffgD6/MHL/2Yfw==</latexit>

max
x2X

min
y2Y

f(x,y) = min
y2Y

max
x2X

f(x,y)
<latexit sha1_base64="IRQ7JUme/QYNwF+KIPz9VV+5gys="></latexit>

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

u>x
<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit>
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Observation (Step 2)

min
s2SK

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

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

(Minimax Thm.)
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Observation (Step 2)

min
s2SK

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

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> { <latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

(Minimax Thm.)
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Observation (Step 2)

min
s2SK

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

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

Minimizing both    and   simultaneously 
means “nature” can choose any 

min
s2SK

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

min
u2U(q,s)

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

u2U(q,s)
u>x

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

{ <latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

(Minimax Thm.)
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Observation (Step 2)

min
s2SK

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

Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

Minimizing both    and   simultaneously 
means “nature” can choose any 

min
s2SK

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

min
u2U(q,s)

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

u2U(q,s)
u>x

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

{ <latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 )  0 8 = 1, . . . ,K : s = �1

)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></latexit>

(Minimax Thm.)
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Observation (Step 2)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 )  0 8 = 1, . . . ,K : s = �1

)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></latexit>

min
s2SK

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

(Minimax Thm.)
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Observation (Step 2)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 )  0 8 = 1, . . . ,K : s = �1

)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></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>

min
s2SK

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

(Minimax Thm.)
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Observation (Step 2)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 )  0 8 = 1, . . . ,K : s = �1

)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></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
1 � xqB

1
<latexit sha1_base64="IxsrzOiim3m4U5GtbqK2cfFosqA=">AAACPXicfVC7TsMwFHXKq5RXgJHFokJioUp4CMbyGGArEn1ITRo5rtNatZNgO4gqyg/xE/wCaxmR2BArK0naAVrEkSwdnXvuPdZxQ0alMoyRVpibX1hcKi6XVlbX1jf0za2GDCKBSR0HLBAtF0nCqE/qiipGWqEgiLuMNN3BZTZvPhAhaeDfqWFIbI56PvUoRiqVHP3Kcjl87MSxld+KXRaRBGbifeKYnfMEHsD/LRdJydHLRsXIAWeJOSFlMEHN0d+sboAjTnyFGZKybRqhsmMkFMWMJCUrkiREeIB6pJ1SH3Ei7TiPT+BeqnShF4j0+Qrm6s+NGHEph9xNnRypvpyeZeKfM5dPJSvvzI6pH0aK+Hgc7EUMqgBmVcIuFQQrNkwJwoKmf4e4jwTCKi08K8WcrmCWNA4r5lHl5Pa4XL2Z1FMEO2AX7AMTnIIquAY1UAcYPIEXMAKv2rP2rn1on2NrQZvsbINf0L6+AUZWru0=</latexit>

1) we choose queries

(1)
min
s2SK

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

(Minimax Thm.)
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Observation (Step 2)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

<latexit sha1_base64="aPsW7efNxRhFv5VjGT1VRp9YL5M=">AAACF3icbVDLSsNAFJ34rPUVdSnIYBFclcQHuiy4UVdV7AOaWGamk3boZBJmJkIJ3fkT/oJb3bsTty7d+iVO0iy09cCFwzn3cu89OOZMacf5submFxaXlksr5dW19Y1Ne2u7qaJEEtogEY9kGyNFORO0oZnmtB1LikLMaQsPLzK/9UClYpG406OY+iHqCxYwgrSRuvaeFyI9IIjDNvRUghXVMJcwhrf311274lSdHHCWuAWpgAL1rv3t9SKShFRowpFSHdeJtZ8iqRnhdFz2EkVjRIaoTzuGChRS5af5H2N4YJQeDCJpSmiYq78nUhQqNQqx6cxOVNNeJv7r4XBqsw7O/ZSJONFUkMniIOFQRzALCfaYpETzkSGISGZuh2SAJCLaRFk2objTEcyS5lHVPa6e3pxUaldFPCWwC/bBIXDBGaiBS1AHDUDAI3gGL+DVerLerHfrY9I6ZxUzO+APrM8fsjOfTw==</latexit>
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<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>
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1
<latexit sha1_base64="IxsrzOiim3m4U5GtbqK2cfFosqA=">AAACPXicfVC7TsMwFHXKq5RXgJHFokJioUp4CMbyGGArEn1ITRo5rtNatZNgO4gqyg/xE/wCaxmR2BArK0naAVrEkSwdnXvuPdZxQ0alMoyRVpibX1hcKi6XVlbX1jf0za2GDCKBSR0HLBAtF0nCqE/qiipGWqEgiLuMNN3BZTZvPhAhaeDfqWFIbI56PvUoRiqVHP3Kcjl87MSxld+KXRaRBGbifeKYnfMEHsD/LRdJydHLRsXIAWeJOSFlMEHN0d+sboAjTnyFGZKybRqhsmMkFMWMJCUrkiREeIB6pJ1SH3Ei7TiPT+BeqnShF4j0+Qrm6s+NGHEph9xNnRypvpyeZeKfM5dPJSvvzI6pH0aK+Hgc7EUMqgBmVcIuFQQrNkwJwoKmf4e4jwTCKi08K8WcrmCWNA4r5lHl5Pa4XL2Z1FMEO2AX7AMTnIIquAY1UAcYPIEXMAKv2rP2rn1on2NrQZvsbINf0L6+AUZWru0=</latexit>

1) we choose queries

(1)

 = -1min
u2U(q,s)

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

 = +1min
u2U(q,s)

u>x
<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit> 2) nature chooses responses

(2)
min
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<latexit sha1_base64="uOz01iZ7Gaprmji1uxhy4sMtz/E=">AAACJnicbVDLSgMxFM34rPU16tJNsAhuLDM+0GXBjeKmon1AZyyZNG1Dk8yQZIQS5iv8CX/Bre7dibgTv8RM24W2Hgg5nHNfnChhVGnP+3Tm5hcWl5YLK8XVtfWNTXdru67iVGJSwzGLZTNCijAqSE1TzUgzkQTxiJFGNLjI/cYDkYrG4k4PExJy1BO0SzHSVmq7hwGnom1MMBplJOlkMIg4VPajAgYc6T5GzNxm99dZse2WvLI3Apwl/oSUwATVtvsddGKcciI0Zkiplu8lOjRIaooZyYpBqkiC8AD1SMtSgThRoRndksF9q3RgN5b2CQ1H6u8Og7hSQx7ZyvxMNe3l4r9exKc26+55aKhIUk0EHi/upgzqGOaZwQ6VBGs2tARhSe3tEPeRRFjbZPNQ/OkIZkn9qOwfl09vTkqVq0k8BbAL9sAB8MEZqIBLUAU1gMEjeAYv4NV5ct6cd+djXDrnTHp2wB84Xz/VmKZD</latexit>

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

(Minimax Thm.)
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Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1
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)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></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>
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1
<latexit sha1_base64="IxsrzOiim3m4U5GtbqK2cfFosqA=">AAACPXicfVC7TsMwFHXKq5RXgJHFokJioUp4CMbyGGArEn1ITRo5rtNatZNgO4gqyg/xE/wCaxmR2BArK0naAVrEkSwdnXvuPdZxQ0alMoyRVpibX1hcKi6XVlbX1jf0za2GDCKBSR0HLBAtF0nCqE/qiipGWqEgiLuMNN3BZTZvPhAhaeDfqWFIbI56PvUoRiqVHP3Kcjl87MSxld+KXRaRBGbifeKYnfMEHsD/LRdJydHLRsXIAWeJOSFlMEHN0d+sboAjTnyFGZKybRqhsmMkFMWMJCUrkiREeIB6pJ1SH3Ei7TiPT+BeqnShF4j0+Qrm6s+NGHEph9xNnRypvpyeZeKfM5dPJSvvzI6pH0aK+Hgc7EUMqgBmVcIuFQQrNkwJwoKmf4e4jwTCKi08K8WcrmCWNA4r5lHl5Pa4XL2Z1FMEO2AX7AMTnIIquAY1UAcYPIEXMAKv2rP2rn1on2NrQZvsbINf0L6+AUZWru0=</latexit>

1) we choose queries
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<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit>
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min
u2U(q,s)

u>x
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min
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<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit>
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max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

(Minimax Thm.)

3) nature choosesmin
u2U(q,s)

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

(3)
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Observation (Step 2)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 )  0 8 = 1, . . . ,K : s = �1

)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></latexit>

min
s2SK

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

(Minimax Thm.)
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Observation (Step 2)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 )  0 8 = 1, . . . ,K : s = �1

)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></latexit>

min
s2SK

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</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>Q: Suppose I ask several queries: 

 
Does this restrict nature from 
choosing any  ?u 2 U0

<latexit sha1_base64="PY/CAnDDe3r1xl/9UTZ0JWNd9fQ=">AAACD3icbVC7SgNBFL3rM8ZXVLCxGQyCVdj1gZYBG+0iuEkgu4bZySQZMjO7zMwKIeYj/AVb7e3E1k+w9UucTbbQxAMXDufcyz2cKOFMG9f9chYWl5ZXVgtrxfWNza3t0s5uXcepItQnMY9VM8Kaciapb5jhtJkoikXEaSMaXGV+44EqzWJ5Z4YJDQXuSdZlBBsrtUv7QSRQigImUSCw6RPMkX/vtktlt+JOgOaJl5My5Ki1S99BJyapoNIQjrVueW5iwhFWhhFOx8Ug1TTBZIB7tGWpxILqcDTJP0ZHVumgbqzsSIMm6u+LERZaD0VkN7OMetbLxH+9SMx8Nt3LcMRkkhoqyfRxN+XIxCgrB3WYosTwoSWYKGazI9LHChNjKyzaUrzZCuZJ/aTinVbOb8/K1Zu8ngIcwCEcgwcXUIVrqIEPBB7hGV7g1Xly3px352O6uuDkN3vwB87nD+/Fm6c=</latexit>

(Minimax Thm.)
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Observation (Step 2)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 )  0 8 = 1, . . . ,K : s = �1

)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></latexit>

min
s2SK

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK
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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>Q: Suppose I ask several queries: 

 
Does this restrict nature from 
choosing any  ?u 2 U0

<latexit sha1_base64="PY/CAnDDe3r1xl/9UTZ0JWNd9fQ=">AAACD3icbVC7SgNBFL3rM8ZXVLCxGQyCVdj1gZYBG+0iuEkgu4bZySQZMjO7zMwKIeYj/AVb7e3E1k+w9UucTbbQxAMXDufcyz2cKOFMG9f9chYWl5ZXVgtrxfWNza3t0s5uXcepItQnMY9VM8Kaciapb5jhtJkoikXEaSMaXGV+44EqzWJ5Z4YJDQXuSdZlBBsrtUv7QSRQigImUSCw6RPMkX/vtktlt+JOgOaJl5My5Ki1S99BJyapoNIQjrVueW5iwhFWhhFOx8Ug1TTBZIB7tGWpxILqcDTJP0ZHVumgbqzsSIMm6u+LERZaD0VkN7OMetbLxH+9SMx8Nt3LcMRkkhoqyfRxN+XIxCgrB3WYosTwoSWYKGazI9LHChNjKyzaUrzZCuZJ/aTinVbOb8/K1Zu8ngIcwCEcgwcXUIVrqIEPBB7hGV7g1Xly3px352O6uuDkN3vwB87nD+/Fm6c=</latexit>

A: No, nature can select any


 
 

Which is equivalent to any 

min
u2

S

s2SK
U(q,s)

<latexit sha1_base64="Dpt22EbHaMZ0DD3qSJeRSCnj6Qk="></latexit>

u 2 U0
<latexit sha1_base64="PY/CAnDDe3r1xl/9UTZ0JWNd9fQ=">AAACD3icbVC7SgNBFL3rM8ZXVLCxGQyCVdj1gZYBG+0iuEkgu4bZySQZMjO7zMwKIeYj/AVb7e3E1k+w9UucTbbQxAMXDufcyz2cKOFMG9f9chYWl5ZXVgtrxfWNza3t0s5uXcepItQnMY9VM8Kaciapb5jhtJkoikXEaSMaXGV+44EqzWJ5Z4YJDQXuSdZlBBsrtUv7QSRQigImUSCw6RPMkX/vtktlt+JOgOaJl5My5Ki1S99BJyapoNIQjrVueW5iwhFWhhFOx8Ug1TTBZIB7tGWpxILqcDTJP0ZHVumgbqzsSIMm6u+LERZaD0VkN7OMetbLxH+9SMx8Nt3LcMRkkhoqyfRxN+XIxCgrB3WYosTwoSWYKGazI9LHChNjKyzaUrzZCuZJ/aTinVbOb8/K1Zu8ngIcwCEcgwcXUIVrqIEPBB7hGV7g1Xly3px352O6uuDkN3vwB87nD+/Fm6c=</latexit>

(Minimax Thm.)
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Observation (Step 2)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

(Minimax Thm.){ <latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

min
u2U0

<latexit sha1_base64="F6GUpZCLPpfVod0domRL9dS4i/k=">AAACJHicbVBNS8MwGE79nPNr6tFLcAiCMFo/0OPAi94m2G2w1pKm2RaWpCVJhVH6I/wT/gWvevcmHrx48JeYdjvo5gMhD8/zfvGECaNK2/antbC4tLyyWlmrrm9sbm3XdnbbKk4lJi6OWSy7IVKEUUFcTTUj3UQSxENGOuHoqvA7D0QqGos7PU6Iz9FA0D7FSBspqB17nIogy7xyVCZJlEMv5DA1HxXQ40gPMWLQvbfzoFa3G3YJOE+cKamDKVpB7duLYpxyIjRmSKmeYyfaz5DUFDOSV71UkQThERqQnqECcaL8rLwkh4dGiWA/luYJDUv1d0eGuFJjHprK4kg16xXiv17IZzbr/qWfUZGkmgg8WdxPGdQxLBKDEZUEazY2BGFJze0QD5FEWJtcqyYUZzaCedI+aTinjfPbs3rzZhpPBeyDA3AEHHABmuAatIALMHgEz+AFvFpP1pv1bn1MShesac8e+APr6wfeV6U2</latexit>

min
s2SK

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

min
u2U(q,s)

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

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

(Unrestricted )min
u2U(q,s)

u>x
<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit>
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Observation (Step 3)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

(Minimax Thm.)min
u2U0

<latexit sha1_base64="F6GUpZCLPpfVod0domRL9dS4i/k=">AAACJHicbVBNS8MwGE79nPNr6tFLcAiCMFo/0OPAi94m2G2w1pKm2RaWpCVJhVH6I/wT/gWvevcmHrx48JeYdjvo5gMhD8/zfvGECaNK2/antbC4tLyyWlmrrm9sbm3XdnbbKk4lJi6OWSy7IVKEUUFcTTUj3UQSxENGOuHoqvA7D0QqGos7PU6Iz9FA0D7FSBspqB17nIogy7xyVCZJlEMv5DA1HxXQ40gPMWLQvbfzoFa3G3YJOE+cKamDKVpB7duLYpxyIjRmSKmeYyfaz5DUFDOSV71UkQThERqQnqECcaL8rLwkh4dGiWA/luYJDUv1d0eGuFJjHprK4kg16xXiv17IZzbr/qWfUZGkmgg8WdxPGdQxLBKDEZUEazY2BGFJze0QD5FEWJtcqyYUZzaCedI+aTinjfPbs3rzZhpPBeyDA3AEHHABmuAatIALMHgEz+AFvFpP1pv1bn1MShesac8e+APr6wfeV6U2</latexit>

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> (Unrestricted )min
u2U(q,s)

u>x
<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit>
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Observation (Step 3)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

(Minimax Thm.)min
u2U0

<latexit sha1_base64="F6GUpZCLPpfVod0domRL9dS4i/k=">AAACJHicbVBNS8MwGE79nPNr6tFLcAiCMFo/0OPAi94m2G2w1pKm2RaWpCVJhVH6I/wT/gWvevcmHrx48JeYdjvo5gMhD8/zfvGECaNK2/antbC4tLyyWlmrrm9sbm3XdnbbKk4lJi6OWSy7IVKEUUFcTTUj3UQSxENGOuHoqvA7D0QqGos7PU6Iz9FA0D7FSBspqB17nIogy7xyVCZJlEMv5DA1HxXQ40gPMWLQvbfzoFa3G3YJOE+cKamDKVpB7duLYpxyIjRmSKmeYyfaz5DUFDOSV71UkQThERqQnqECcaL8rLwkh4dGiWA/luYJDUv1d0eGuFJjHprK4kg16xXiv17IZzbr/qWfUZGkmgg8WdxPGdQxLBKDEZUEazY2BGFJze0QD5FEWJtcqyYUZzaCedI+aTinjfPbs3rzZhpPBeyDA3AEHHABmuAatIALMHgEz+AFvFpP1pv1bn1MShesac8e+APr6wfeV6U2</latexit>

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> (Unrestricted )min
u2U(q,s)

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

Queries don’t matter



Q: What does this mean?

Elicitation + Recommendation

14

Observation (Step 3)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ

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

(Minimax Thm.)min
u2U0

<latexit sha1_base64="F6GUpZCLPpfVod0domRL9dS4i/k=">AAACJHicbVBNS8MwGE79nPNr6tFLcAiCMFo/0OPAi94m2G2w1pKm2RaWpCVJhVH6I/wT/gWvevcmHrx48JeYdjvo5gMhD8/zfvGECaNK2/antbC4tLyyWlmrrm9sbm3XdnbbKk4lJi6OWSy7IVKEUUFcTTUj3UQSxENGOuHoqvA7D0QqGos7PU6Iz9FA0D7FSBspqB17nIogy7xyVCZJlEMv5DA1HxXQ40gPMWLQvbfzoFa3G3YJOE+cKamDKVpB7duLYpxyIjRmSKmeYyfaz5DUFDOSV71UkQThERqQnqECcaL8rLwkh4dGiWA/luYJDUv1d0eGuFJjHprK4kg16xXiv17IZzbr/qWfUZGkmgg8WdxPGdQxLBKDEZUEazY2BGFJze0QD5FEWJtcqyYUZzaCedI+aTinjfPbs3rzZhpPBeyDA3AEHHABmuAatIALMHgEz+AFvFpP1pv1bn1MShesac8e+APr6wfeV6U2</latexit>

min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> (Unrestricted )min
u2U(q,s)

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

Queries don’t matter



Q: What does this mean?

• don’t use convex ?X ⇢ RJ
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(Minimax Thm.)min
u2U0
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min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> (Unrestricted )min
u2U(q,s)

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

Queries don’t matter



Q: What does this mean?
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• robustness is too conservative?
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(Minimax Thm.)min
u2U0
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min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> (Unrestricted )min
u2U(q,s)

u>x
<latexit sha1_base64="/vov4Mpwhv6JkNF9jW5T3NOQx6I="></latexit>
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Observation (Step 3)
Observation  
With maximin-utility recommendation, and a  
convex item set , elicitation is useless.X ⇢ RJ
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(Minimax Thm.)min
u2U0
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min
u2U(q,s)

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

max
x2X

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> (Unrestricted )min
u2U(q,s)

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

Queries don’t matter

min
s2SK

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

min
u2U(q,s)

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

How do we solve 
this problem?

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Reformulation

Goal: 

Express this problem as a finite-size 
linear program (with integer and/or 
continuous variables)
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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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Reformulation

Reformulation Tricks 
1. “Indexing” discrete variables

2. Epigraph formulation

3. Linearization

4. Duality

5. Decomposition

Goal: 

Express this problem as a finite-size 
linear program (with integer and/or 
continuous variables)
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Fixed
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Suppose we don’t wait for nature to select  ! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Fixed
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Suppose we don’t wait for nature to select  ! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Instead, for each possible agent response scenario  …s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Fixed
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Suppose we don’t wait for nature to select  ! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Instead, for each possible agent response scenario  …s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

we find the optimal item to recommend, …xs
<latexit sha1_base64="4QjZJxYMclFglFNgYZAMyG9y1Sw=">AAACInicbVDLSsNAFJ34rPVVdelmsAi6KYkPdFlwo7sK9gFNLJPJTTt0JgkzE7GEfIM/4S+41b07cSW48ktM0wjaemDgcM699wzHjThT2jQ/jLn5hcWl5dJKeXVtfWOzsrXdUmEsKTRpyEPZcYkCzgJoaqY5dCIJRLgc2u7wYuy370AqFgY3ehSBI0g/YD6jRGdSr3KY2PmRxOUxpNh2Bb5Pb39ECd5EU2m5V6maNTMHniVWQaqoQKNX+bK9kMYCAk05UaprmZF2EiI1oxzSsh0riAgdkj50MxoQAcpJ8uAU72eKh/1QZi/QOFd/byREKDUSbjYpiB6oaW8s/uu5YipZ++dOwoIo1hDQSbAfc6xDPO4Le0wC1XyUEUIly/6O6YBIQnXW6rgUa7qCWdI6qlnHtdPrk2r9qqinhHbRHjpAFjpDdXSJGqiJKHpAT+gZvRiPxqvxZrxPRueMYmcH/YHx+Q0LfqTb</latexit>

Fixed
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Suppose we don’t wait for nature to select  ! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Instead, for each possible agent response scenario  …s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

we find the optimal item to recommend, …xs
<latexit sha1_base64="4QjZJxYMclFglFNgYZAMyG9y1Sw=">AAACInicbVDLSsNAFJ34rPVVdelmsAi6KYkPdFlwo7sK9gFNLJPJTTt0JgkzE7GEfIM/4S+41b07cSW48ktM0wjaemDgcM699wzHjThT2jQ/jLn5hcWl5dJKeXVtfWOzsrXdUmEsKTRpyEPZcYkCzgJoaqY5dCIJRLgc2u7wYuy370AqFgY3ehSBI0g/YD6jRGdSr3KY2PmRxOUxpNh2Bb5Pb39ECd5EU2m5V6maNTMHniVWQaqoQKNX+bK9kMYCAk05UaprmZF2EiI1oxzSsh0riAgdkj50MxoQAcpJ8uAU72eKh/1QZi/QOFd/byREKDUSbjYpiB6oaW8s/uu5YipZ++dOwoIo1hDQSbAfc6xDPO4Le0wC1XyUEUIly/6O6YBIQnXW6rgUa7qCWdI6qlnHtdPrk2r9qqinhHbRHjpAFjpDdXSJGqiJKHpAT+gZvRiPxqvxZrxPRueMYmcH/YHx+Q0LfqTb</latexit>

Fixed
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Suppose we don’t wait for nature to select  ! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Instead, for each possible agent response scenario  …s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

we find the optimal item to recommend, …xs
<latexit sha1_base64="4QjZJxYMclFglFNgYZAMyG9y1Sw=">AAACInicbVDLSsNAFJ34rPVVdelmsAi6KYkPdFlwo7sK9gFNLJPJTTt0JgkzE7GEfIM/4S+41b07cSW48ktM0wjaemDgcM699wzHjThT2jQ/jLn5hcWl5dJKeXVtfWOzsrXdUmEsKTRpyEPZcYkCzgJoaqY5dCIJRLgc2u7wYuy370AqFgY3ehSBI0g/YD6jRGdSr3KY2PmRxOUxpNh2Bb5Pb39ECd5EU2m5V6maNTMHniVWQaqoQKNX+bK9kMYCAk05UaprmZF2EiI1oxzSsh0riAgdkj50MxoQAcpJ8uAU72eKh/1QZi/QOFd/byREKDUSbjYpiB6oaW8s/uu5YipZ++dOwoIo1hDQSbAfc6xDPO4Le0wC1XyUEUIly/6O6YBIQnXW6rgUa7qCWdI6qlnHtdPrk2r9qqinhHbRHjpAFjpDdXSJGqiJKHpAT+gZvRiPxqvxZrxPRueMYmcH/YHx+Q0LfqTb</latexit>

Fixed
max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Suppose we don’t wait for nature to select  ! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Instead, for each possible agent response scenario  …s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

we find the optimal item to recommend, …xs
<latexit sha1_base64="4QjZJxYMclFglFNgYZAMyG9y1Sw=">AAACInicbVDLSsNAFJ34rPVVdelmsAi6KYkPdFlwo7sK9gFNLJPJTTt0JgkzE7GEfIM/4S+41b07cSW48ktM0wjaemDgcM699wzHjThT2jQ/jLn5hcWl5dJKeXVtfWOzsrXdUmEsKTRpyEPZcYkCzgJoaqY5dCIJRLgc2u7wYuy370AqFgY3ehSBI0g/YD6jRGdSr3KY2PmRxOUxpNh2Bb5Pb39ECd5EU2m5V6maNTMHniVWQaqoQKNX+bK9kMYCAk05UaprmZF2EiI1oxzSsh0riAgdkj50MxoQAcpJ8uAU72eKh/1QZi/QOFd/byREKDUSbjYpiB6oaW8s/uu5YipZ++dOwoIo1hDQSbAfc6xDPO4Le0wC1XyUEUIly/6O6YBIQnXW6rgUa7qCWdI6qlnHtdPrk2r9qqinhHbRHjpAFjpDdXSJGqiJKHpAT+gZvRiPxqvxZrxPRueMYmcH/YHx+Q0LfqTb</latexit>

Fixed

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Suppose we don’t wait for nature to select  ! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Instead, for each possible agent response scenario  …s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

we find the optimal item to recommend, …xs
<latexit sha1_base64="4QjZJxYMclFglFNgYZAMyG9y1Sw=">AAACInicbVDLSsNAFJ34rPVVdelmsAi6KYkPdFlwo7sK9gFNLJPJTTt0JgkzE7GEfIM/4S+41b07cSW48ktM0wjaemDgcM699wzHjThT2jQ/jLn5hcWl5dJKeXVtfWOzsrXdUmEsKTRpyEPZcYkCzgJoaqY5dCIJRLgc2u7wYuy370AqFgY3ehSBI0g/YD6jRGdSr3KY2PmRxOUxpNh2Bb5Pb39ECd5EU2m5V6maNTMHniVWQaqoQKNX+bK9kMYCAk05UaprmZF2EiI1oxzSsh0riAgdkj50MxoQAcpJ8uAU72eKh/1QZi/QOFd/byREKDUSbjYpiB6oaW8s/uu5YipZ++dOwoIo1hDQSbAfc6xDPO4Le0wC1XyUEUIly/6O6YBIQnXW6rgUa7qCWdI6qlnHtdPrk2r9qqinhHbRHjpAFjpDdXSJGqiJKHpAT+gZvRiPxqvxZrxPRueMYmcH/YHx+Q0LfqTb</latexit>

Fixed

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

Aside: 

In LPs, discrete vars ( ) are 
tricky, so we remove them 
when possible.

One way to do this is 
“indexing”— rolling out all 
possible values.

s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

Fixed

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

Now, the choice of  doesn’t impact the choice of each item!s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Fixed

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

Now, the choice of  doesn’t impact the choice of each item!s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Fixed

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>
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Reformulation (1): Index by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

Fixed

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>
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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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Reformulation

Reformulation Tricks 
1. “Indexing” discrete variables

2. Epigraph formulation

3. Linearization

4. Duality

5. Decomposition

Goal: 

Express this problem as a finite-size 
linear program (with integer and/or 
continuous variables)

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>
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Reformulation (2): Epigraph Form 

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>
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Reformulation (2): Epigraph Form 

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

Q: How can we simplify?
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Reformulation (2): Epigraph Form 

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

Q: How can we simplify?
• Can we select select  and   simultaneously?q

<latexit sha1_base64="1s1iGeImzECIQ1BqrZyv5Ry9chA=">AAACDXicbVC7TsMwFHV4lvIKj43FokJiqhIegrESC2xFog+piSrbdVurthNsB6lE+QZ+gRV2NsTKN7DyJbhpBmg5kqWjc+69xzo45kwbz/tyFhaXlldWS2vl9Y3NrW13Z7epo0QR2iARj1QbI005k7RhmOG0HSuKBOa0hUdXE7/1QJVmkbwz45iGAg0k6zOCjJW67n4a5EdSzBOawQALeJ913YpX9XLAeeIXpAIK1Lvud9CLSCKoNIQjrTu+F5swRcowwmlWDhJNY0RGaEA7lkokqA7TPDiDR1bpwX6k7JMG5urvjRQJrccC20mBzFDPehPxXw+LmWTTvwxTJuPEUEmmwf2EQxPBSTWwxxQlho8tQUQx+3dIhkghYmyBZVuKP1vBPGmeVP3T6vntWaV2U9RTAgfgEBwDH1yAGrgGddAABDyCZ/ACXp0n5815dz6mowtOsbMH/sD5/AFzaJwW</latexit>

xs
<latexit sha1_base64="4QjZJxYMclFglFNgYZAMyG9y1Sw=">AAACInicbVDLSsNAFJ34rPVVdelmsAi6KYkPdFlwo7sK9gFNLJPJTTt0JgkzE7GEfIM/4S+41b07cSW48ktM0wjaemDgcM699wzHjThT2jQ/jLn5hcWl5dJKeXVtfWOzsrXdUmEsKTRpyEPZcYkCzgJoaqY5dCIJRLgc2u7wYuy370AqFgY3ehSBI0g/YD6jRGdSr3KY2PmRxOUxpNh2Bb5Pb39ECd5EU2m5V6maNTMHniVWQaqoQKNX+bK9kMYCAk05UaprmZF2EiI1oxzSsh0riAgdkj50MxoQAcpJ8uAU72eKh/1QZi/QOFd/byREKDUSbjYpiB6oaW8s/uu5YipZ++dOwoIo1hDQSbAfc6xDPO4Le0wC1XyUEUIly/6O6YBIQnXW6rgUa7qCWdI6qlnHtdPrk2r9qqinhHbRHjpAFjpDdXSJGqiJKHpAT+gZvRiPxqvxZrxPRueMYmcH/YHx+Q0LfqTb</latexit>
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Reformulation (2): Epigraph Form 

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

max
xs12X

<latexit sha1_base64="wMptUpGp1kFssOFwCltxjI/0OE8=">AAACOnicbVDLSgMxFM3Ud31VXboJFsFVmfGBLitudFfBasEZh0x6q6FJZkgyYhnme/wJf8Gt4rY7cesHmGkH0eqBwOGce3MPJ0o408Z135zK1PTM7Nz8QnVxaXlltba2fqnjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg79gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR56uc8ktlvmjhKOO3lYq7sNdwT8l3glqaMSrbA29LsxTQVIQznR+tpzExNkRBlGOeRVP9WQENont3BtqSQCdJCNkuR42ypd3IuVfdLgkfpzIyNC64GI7GQRUU96hfivF4mJy6Z3FGRMJqkBSceHeynHJsZFj7jLFFDDB5YQqpjNjukdUYQa23bVluJNVvCXXO42vL3Gwfl+vXlW1jOPNtEW2kEeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajFafc2UC/4Hx+AXhqr0M=</latexit>

max
xs22X

<latexit sha1_base64="cCEWQhMwfGHh9t/euEZR/7nbh1Q=">AAACOnicbVDLSgMxFM34tr6qLt0Ei+CqzFRFlxU3uqtgteCMQya91dAkMyQZsQzzPf6Ev+BWcduduPUDzLSDaPVA4HDOvbmHEyWcaeO6b87U9Mzs3PzCYmVpeWV1rbq+canjVFFo05jHqhMRDZxJaBtmOHQSBUREHK6i/knhX92D0iyWF2aQQCDIrWQ9RomxUlg99gV5CLPMH32VRTyFHPuRwA/5zbeqoDsWdR42cp9JbLfMHSUcd/KwWnPr7gj4L/FKUkMlWmF16HdjmgqQhnKi9bXnJibIiDKMcsgrfqohIbRPbuHaUkkE6CAbJcnxjlW6uBcr+6TBI/XnRkaE1gMR2ckiop70CvFfLxITl03vKMiYTFIDko4P91KOTYyLHnGXKaCGDywhVDGbHdM7ogg1tu2KLcWbrOAvuWzUvb36wfl+rXlW1rOAttA22kUeOkRNdIpaqI0oekTP6AW9Ok/O0Hl3PsajU065s4l+wfn8AnoOr0Q=</latexit>{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

…

8s 2 SK
<latexit sha1_base64="ecDvf4G/+wVJjZKWsvdDGZREqS8=">AAACJXicbVDLSgMxFM34rPU16tJNsAgupMz4QJcFN4qbivYBnbFkMpk2NMkMSUYoQ3/Cn/AX3OrenQiuBL/ETDsLbb0QcjjnPg4nSBhV2nE+rbn5hcWl5dJKeXVtfWPT3tpuqjiVmDRwzGLZDpAijArS0FQz0k4kQTxgpBUMLnK99UCkorG408OE+Bz1BI0oRtpQXfvQi2KJGIOZN16WSRKOoBdwqMxHBfQ40n2MGLy9v+7aFafqjAvOArcAFVBUvWt/e2GMU06Exgwp1XGdRPsZkppiRkZlL1UkQXiAeqRjoECcKD8bGxnBfcOE0NgzT2g4Zn9PZIgrNeSB6cw9qmktJ//VAj51WUfnfkZFkmoi8ORwlDKoY5hHBkMqCdZsaADCkhrvEPeRRFibYMsmFHc6glnQPKq6x9XTm5NK7aqIpwR2wR44AC44AzVwCeqgATB4BM/gBbxaT9ab9W59TFrnrGJmB/wp6+sHN72lXA==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

Q: How can we simplify?
• Can we select select  and   simultaneously?q

<latexit sha1_base64="1s1iGeImzECIQ1BqrZyv5Ry9chA=">AAACDXicbVC7TsMwFHV4lvIKj43FokJiqhIegrESC2xFog+piSrbdVurthNsB6lE+QZ+gRV2NsTKN7DyJbhpBmg5kqWjc+69xzo45kwbz/tyFhaXlldWS2vl9Y3NrW13Z7epo0QR2iARj1QbI005k7RhmOG0HSuKBOa0hUdXE7/1QJVmkbwz45iGAg0k6zOCjJW67n4a5EdSzBOawQALeJ913YpX9XLAeeIXpAIK1Lvud9CLSCKoNIQjrTu+F5swRcowwmlWDhJNY0RGaEA7lkokqA7TPDiDR1bpwX6k7JMG5urvjRQJrccC20mBzFDPehPxXw+LmWTTvwxTJuPEUEmmwf2EQxPBSTWwxxQlho8tQUQx+3dIhkghYmyBZVuKP1vBPGmeVP3T6vntWaV2U9RTAgfgEBwDH1yAGrgGddAABDyCZ/ACXp0n5815dz6mowtOsbMH/sD5/AFzaJwW</latexit>

xs
<latexit sha1_base64="4QjZJxYMclFglFNgYZAMyG9y1Sw=">AAACInicbVDLSsNAFJ34rPVVdelmsAi6KYkPdFlwo7sK9gFNLJPJTTt0JgkzE7GEfIM/4S+41b07cSW48ktM0wjaemDgcM699wzHjThT2jQ/jLn5hcWl5dJKeXVtfWOzsrXdUmEsKTRpyEPZcYkCzgJoaqY5dCIJRLgc2u7wYuy370AqFgY3ehSBI0g/YD6jRGdSr3KY2PmRxOUxpNh2Bb5Pb39ECd5EU2m5V6maNTMHniVWQaqoQKNX+bK9kMYCAk05UaprmZF2EiI1oxzSsh0riAgdkj50MxoQAcpJ8uAU72eKh/1QZi/QOFd/byREKDUSbjYpiB6oaW8s/uu5YipZ++dOwoIo1hDQSbAfc6xDPO4Le0wC1XyUEUIly/6O6YBIQnXW6rgUa7qCWdI6qlnHtdPrk2r9qqinhHbRHjpAFjpDdXSJGqiJKHpAT+gZvRiPxqvxZrxPRueMYmcH/YHx+Q0LfqTb</latexit>

A: Yes. Why?
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Reformulation (2): Epigraph Form 

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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Reformulation (2): Epigraph Form 

Epigraph Formulation of a problem

using aux. variable ( )⌧<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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Reformulation (2): Epigraph Form 

Epigraph Formulation of a problem

using aux. variable ( )⌧<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

max
z2Z

f(z)
<latexit sha1_base64="v0H8TU8EOD3bHbOfJ4TFWAEKv5I=">AAACInicbVDLSgMxFM3UV62vUZdugkVoN2XGBwpuCm50V8E+sFNKJs20oUlmSDJiHfoN/oS/4Fb37sSV4MovMTPtQlsPBM49517uzfEjRpV2nE8rt7C4tLySXy2srW9sbtnbOw0VxhKTOg5ZKFs+UoRRQeqaakZakSSI+4w0/eFF6jfviFQ0FDd6FJEOR31BA4qRNlLXLnsc3XcTz+fwAXpUQFPrAUYM3o6hdw6DUmaVIezaRafiZIDzxJ2SIpii1rW/vV6IY06Exgwp1XadSHcSJDXFjIwLXqxIhPAQ9UnbUIE4UZ0k+9IYHhilB4NQmic0zNTfEwniSo24bzrTg9Wsl4r/ej6f2ayDs05CRRRrIvBkcRAzqEOY5gV7VBKs2cgQhCU1t0M8QBJhbVItmFDc2QjmSeOw4h5VTq6Pi9WraTx5sAf2QQm44BRUwSWogTrA4BE8gxfwaj1Zb9a79TFpzVnTmV3wB9bXDw95om0=</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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Reformulation (2): Epigraph Form 

Epigraph Formulation of a problem

using aux. variable ( )⌧<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

max
z2Z

f(z)
<latexit sha1_base64="v0H8TU8EOD3bHbOfJ4TFWAEKv5I=">AAACInicbVDLSgMxFM3UV62vUZdugkVoN2XGBwpuCm50V8E+sFNKJs20oUlmSDJiHfoN/oS/4Fb37sSV4MovMTPtQlsPBM49517uzfEjRpV2nE8rt7C4tLySXy2srW9sbtnbOw0VxhKTOg5ZKFs+UoRRQeqaakZakSSI+4w0/eFF6jfviFQ0FDd6FJEOR31BA4qRNlLXLnsc3XcTz+fwAXpUQFPrAUYM3o6hdw6DUmaVIezaRafiZIDzxJ2SIpii1rW/vV6IY06Exgwp1XadSHcSJDXFjIwLXqxIhPAQ9UnbUIE4UZ0k+9IYHhilB4NQmic0zNTfEwniSo24bzrTg9Wsl4r/ej6f2ayDs05CRRRrIvBkcRAzqEOY5gV7VBKs2cgQhCU1t0M8QBJhbVItmFDc2QjmSeOw4h5VTq6Pi9WraTx5sAf2QQm44BRUwSWogTrA4BE8gxfwaj1Zb9a79TFpzVnTmV3wB9bXDw95om0=</latexit>

max
⌧ 2 R, z 2 Z
⌧  f(z)

⌧

<latexit sha1_base64="WZ55hmP3nG1gTg4mWkYQqAls4aM="></latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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Reformulation (2): Epigraph Form 

Epigraph Formulation of a problem

using aux. variable ( )⌧<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

max
z2Z

f(z)
<latexit sha1_base64="v0H8TU8EOD3bHbOfJ4TFWAEKv5I=">AAACInicbVDLSgMxFM3UV62vUZdugkVoN2XGBwpuCm50V8E+sFNKJs20oUlmSDJiHfoN/oS/4Fb37sSV4MovMTPtQlsPBM49517uzfEjRpV2nE8rt7C4tLySXy2srW9sbtnbOw0VxhKTOg5ZKFs+UoRRQeqaakZakSSI+4w0/eFF6jfviFQ0FDd6FJEOR31BA4qRNlLXLnsc3XcTz+fwAXpUQFPrAUYM3o6hdw6DUmaVIezaRafiZIDzxJ2SIpii1rW/vV6IY06Exgwp1XadSHcSJDXFjIwLXqxIhPAQ9UnbUIE4UZ0k+9IYHhilB4NQmic0zNTfEwniSo24bzrTg9Wsl4r/ej6f2ayDs05CRRRrIvBkcRAzqEOY5gV7VBKs2cgQhCU1t0M8QBJhbVItmFDc2QjmSeOw4h5VTq6Pi9WraTx5sAf2QQm44BRUwSWogTrA4BE8gxfwaj1Zb9a79TFpzVnTmV3wB9bXDw95om0=</latexit>

max
⌧ 2 R, z 2 Z
⌧  f(z)

⌧

<latexit sha1_base64="WZ55hmP3nG1gTg4mWkYQqAls4aM="></latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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Reformulation (2): Epigraph Form 

Epigraph Formulation of a problem

using aux. variable ( )⌧<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

max
z2Z

f(z)
<latexit sha1_base64="v0H8TU8EOD3bHbOfJ4TFWAEKv5I=">AAACInicbVDLSgMxFM3UV62vUZdugkVoN2XGBwpuCm50V8E+sFNKJs20oUlmSDJiHfoN/oS/4Fb37sSV4MovMTPtQlsPBM49517uzfEjRpV2nE8rt7C4tLySXy2srW9sbtnbOw0VxhKTOg5ZKFs+UoRRQeqaakZakSSI+4w0/eFF6jfviFQ0FDd6FJEOR31BA4qRNlLXLnsc3XcTz+fwAXpUQFPrAUYM3o6hdw6DUmaVIezaRafiZIDzxJ2SIpii1rW/vV6IY06Exgwp1XadSHcSJDXFjIwLXqxIhPAQ9UnbUIE4UZ0k+9IYHhilB4NQmic0zNTfEwniSo24bzrTg9Wsl4r/ej6f2ayDs05CRRRrIvBkcRAzqEOY5gV7VBKs2cgQhCU1t0M8QBJhbVItmFDc2QjmSeOw4h5VTq6Pi9WraTx5sAf2QQm44BRUwSWogTrA4BE8gxfwaj1Zb9a79TFpzVnTmV3wB9bXDw95om0=</latexit>

max
⌧ 2 R, z 2 Z
⌧  f(z)

⌧

<latexit sha1_base64="WZ55hmP3nG1gTg4mWkYQqAls4aM="></latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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Reformulation (2): Epigraph Form 

Epigraph Formulation of a problem

using aux. variable ( )⌧<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

max
z2Z

f(z)
<latexit sha1_base64="v0H8TU8EOD3bHbOfJ4TFWAEKv5I=">AAACInicbVDLSgMxFM3UV62vUZdugkVoN2XGBwpuCm50V8E+sFNKJs20oUlmSDJiHfoN/oS/4Fb37sSV4MovMTPtQlsPBM49517uzfEjRpV2nE8rt7C4tLySXy2srW9sbtnbOw0VxhKTOg5ZKFs+UoRRQeqaakZakSSI+4w0/eFF6jfviFQ0FDd6FJEOR31BA4qRNlLXLnsc3XcTz+fwAXpUQFPrAUYM3o6hdw6DUmaVIezaRafiZIDzxJ2SIpii1rW/vV6IY06Exgwp1XadSHcSJDXFjIwLXqxIhPAQ9UnbUIE4UZ0k+9IYHhilB4NQmic0zNTfEwniSo24bzrTg9Wsl4r/ej6f2ayDs05CRRRrIvBkcRAzqEOY5gV7VBKs2cgQhCU1t0M8QBJhbVItmFDc2QjmSeOw4h5VTq6Pi9WraTx5sAf2QQm44BRUwSWogTrA4BE8gxfwaj1Zb9a79TFpzVnTmV3wB9bXDw95om0=</latexit>

max
⌧ 2 R, z 2 Z
⌧  f(z)

⌧

<latexit sha1_base64="WZ55hmP3nG1gTg4mWkYQqAls4aM="></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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>max

q2QK
<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,

<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

New Aux.  
variable!

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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Reformulation (2): Epigraph Form 

Epigraph Formulation of a problem

using aux. variable ( )⌧<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

max
z2Z

f(z)
<latexit sha1_base64="v0H8TU8EOD3bHbOfJ4TFWAEKv5I=">AAACInicbVDLSgMxFM3UV62vUZdugkVoN2XGBwpuCm50V8E+sFNKJs20oUlmSDJiHfoN/oS/4Fb37sSV4MovMTPtQlsPBM49517uzfEjRpV2nE8rt7C4tLySXy2srW9sbtnbOw0VxhKTOg5ZKFs+UoRRQeqaakZakSSI+4w0/eFF6jfviFQ0FDd6FJEOR31BA4qRNlLXLnsc3XcTz+fwAXpUQFPrAUYM3o6hdw6DUmaVIezaRafiZIDzxJ2SIpii1rW/vV6IY06Exgwp1XadSHcSJDXFjIwLXqxIhPAQ9UnbUIE4UZ0k+9IYHhilB4NQmic0zNTfEwniSo24bzrTg9Wsl4r/ej6f2ayDs05CRRRrIvBkcRAzqEOY5gV7VBKs2cgQhCU1t0M8QBJhbVItmFDc2QjmSeOw4h5VTq6Pi9WraTx5sAf2QQm44BRUwSWogTrA4BE8gxfwaj1Zb9a79TFpzVnTmV3wB9bXDw95om0=</latexit>

max
⌧ 2 R, z 2 Z
⌧  f(z)

⌧

<latexit sha1_base64="WZ55hmP3nG1gTg4mWkYQqAls4aM="></latexit>

min
u2U(q,s)

min
s2SK

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>max

q2QK
<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,

<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

New Aux.  
variable!

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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Reformulation (2): Epigraph Form 

Epigraph Formulation of a problem

using aux. variable ( )⌧<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

max
z2Z

f(z)
<latexit sha1_base64="v0H8TU8EOD3bHbOfJ4TFWAEKv5I=">AAACInicbVDLSgMxFM3UV62vUZdugkVoN2XGBwpuCm50V8E+sFNKJs20oUlmSDJiHfoN/oS/4Fb37sSV4MovMTPtQlsPBM49517uzfEjRpV2nE8rt7C4tLySXy2srW9sbtnbOw0VxhKTOg5ZKFs+UoRRQeqaakZakSSI+4w0/eFF6jfviFQ0FDd6FJEOR31BA4qRNlLXLnsc3XcTz+fwAXpUQFPrAUYM3o6hdw6DUmaVIezaRafiZIDzxJ2SIpii1rW/vV6IY06Exgwp1XadSHcSJDXFjIwLXqxIhPAQ9UnbUIE4UZ0k+9IYHhilB4NQmic0zNTfEwniSo24bzrTg9Wsl4r/ej6f2ayDs05CRRRrIvBkcRAzqEOY5gV7VBKs2cgQhCU1t0M8QBJhbVItmFDc2QjmSeOw4h5VTq6Pi9WraTx5sAf2QQm44BRUwSWogTrA4BE8gxfwaj1Zb9a79TFpzVnTmV3wB9bXDw95om0=</latexit>

max
⌧ 2 R, z 2 Z
⌧  f(z)

⌧

<latexit sha1_base64="WZ55hmP3nG1gTg4mWkYQqAls4aM="></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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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Reformulation (2): Epigraph Form 

Epigraph Formulation of a problem

using aux. variable ( )⌧<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

max
z2Z

f(z)
<latexit sha1_base64="v0H8TU8EOD3bHbOfJ4TFWAEKv5I=">AAACInicbVDLSgMxFM3UV62vUZdugkVoN2XGBwpuCm50V8E+sFNKJs20oUlmSDJiHfoN/oS/4Fb37sSV4MovMTPtQlsPBM49517uzfEjRpV2nE8rt7C4tLySXy2srW9sbtnbOw0VxhKTOg5ZKFs+UoRRQeqaakZakSSI+4w0/eFF6jfviFQ0FDd6FJEOR31BA4qRNlLXLnsc3XcTz+fwAXpUQFPrAUYM3o6hdw6DUmaVIezaRafiZIDzxJ2SIpii1rW/vV6IY06Exgwp1XadSHcSJDXFjIwLXqxIhPAQ9UnbUIE4UZ0k+9IYHhilB4NQmic0zNTfEwniSo24bzrTg9Wsl4r/ej6f2ayDs05CRRRrIvBkcRAzqEOY5gV7VBKs2cgQhCU1t0M8QBJhbVItmFDc2QjmSeOw4h5VTq6Pi9WraTx5sAf2QQm44BRUwSWogTrA4BE8gxfwaj1Zb9a79TFpzVnTmV3wB9bXDw95om0=</latexit>

max
⌧ 2 R, z 2 Z
⌧  f(z)

⌧

<latexit sha1_base64="WZ55hmP3nG1gTg4mWkYQqAls4aM="></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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Reformulation

Reformulation Tricks 
1. “Indexing” discrete variables

2. Epigraph formulation

3. Linearization

4. Duality

5. Decomposition

Goal: 

Express this problem as a finite-size 
linear program (with integer and/or 
continuous variables)

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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Reformulation

Reformulation Tricks 
1. “Indexing” discrete variables

2. Epigraph formulation

3. Linearization

4. Duality

5. Decomposition

Goal: 

Express this problem as a finite-size 
linear program (with integer and/or 
continuous variables)

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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

Q: How do we solve this?
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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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Reformulation

Reformulation Tricks 
1. “Indexing” discrete variables

2. Epigraph formulation

3. Linearization

4. Duality

5. Decomposition

Goal: 

Express this problem as a finite-size 
linear program (with integer and/or 
continuous variables)

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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

Q: How do we solve this?
• Can we even write this problem down  

(as a MILP)?



Elicitation-Recommendation Problem

27

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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Reformulation

Reformulation Tricks 
1. “Indexing” discrete variables

2. Epigraph formulation

3. Linearization

4. Duality

5. Decomposition

Goal: 

Express this problem as a finite-size 
linear program (with integer and/or 
continuous variables)

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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

Q: How do we solve this?
• Can we even write this problem down  

(as a MILP)?

A: No… ( !!)s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>
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Reformulation (3): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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Reformulation (3): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

Aside: 

In LPs, discrete vars ( ) are 
tricky, so we remove them 
when possible.

One way to do this is 
“indexing”— rolling out all 
possible values.

s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>
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Reformulation (3): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

Aside: 

In LPs, discrete vars ( ) are 
tricky, so we remove them 
when possible.

One way to do this is 
“indexing”— rolling out all 
possible values.

s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Linearizing a Min constraint 
by “rolling out” all possible outcomes  
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Reformulation (3): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

Aside: 

In LPs, discrete vars ( ) are 
tricky, so we remove them 
when possible.

One way to do this is 
“indexing”— rolling out all 
possible values.

s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Linearizing a Min constraint 
by “rolling out” all possible outcomes  

max ⌧
⌧ 2 R
⌧  min

y2Y
f(y)

<latexit sha1_base64="1TogbPF2vzH0XFkS9Py/hshuINU="></latexit>
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Reformulation (3): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

Aside: 

In LPs, discrete vars ( ) are 
tricky, so we remove them 
when possible.

One way to do this is 
“indexing”— rolling out all 
possible values.

s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Linearizing a Min constraint 
by “rolling out” all possible outcomes  

max ⌧
⌧ 2 R
⌧  min

y2Y
f(y)

<latexit sha1_base64="1TogbPF2vzH0XFkS9Py/hshuINU="></latexit>

max ⌧
⌧ 2 R
⌧  f(y) 8y 2 Y

<latexit sha1_base64="1HHor6AsF3874JF+6HJTQhDc6ZE="></latexit>
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Reformulation (3): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

Aside: 

In LPs, discrete vars ( ) are 
tricky, so we remove them 
when possible.

One way to do this is 
“indexing”— rolling out all 
possible values.

s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

Linearizing a Min constraint 
by “rolling out” all possible outcomes  

max ⌧
⌧ 2 R
⌧  min

y2Y
f(y)

<latexit sha1_base64="1TogbPF2vzH0XFkS9Py/hshuINU="></latexit>

max ⌧
⌧ 2 R
⌧  f(y) 8y 2 Y

<latexit sha1_base64="1HHor6AsF3874JF+6HJTQhDc6ZE="></latexit>
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Reformulation (3): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

Linearizing a Min constraint

max ⌧
⌧ 2 R
⌧  min

y2Y
f(y)

<latexit sha1_base64="1TogbPF2vzH0XFkS9Py/hshuINU="></latexit>

max ⌧
⌧ 2 R
⌧  f(y) 8y 2 Y

<latexit sha1_base64="1HHor6AsF3874JF+6HJTQhDc6ZE="></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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>
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<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

Linearizing a Min constraint

max ⌧
⌧ 2 R
⌧  min

y2Y
f(y)

<latexit sha1_base64="1TogbPF2vzH0XFkS9Py/hshuINU="></latexit>

max ⌧
⌧ 2 R
⌧  f(y) 8y 2 Y

<latexit sha1_base64="1HHor6AsF3874JF+6HJTQhDc6ZE="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></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>

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>
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<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

min
u2U(q,s)

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>
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Reformulation (3): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.

⌧ 2 R
<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

min
u2U(q,s)

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

Comment:

Constraints/vars group naturally by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>
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Reformulation (3): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

Comment:

Constraints/vars group naturally by  s<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

The only remaining problem is 
the minimization over .min

u2U(q,s)
u>x

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



Elicitation-Recommendation Problem

33

Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

The only remaining problem is 
the minimization over .min

u2U(q,s)
u>x

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

Q: How do we get rid of this minimization?
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

The only remaining problem is 
the minimization over .min

u2U(q,s)
u>x

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

Q: How do we get rid of this minimization?
… what would happen if this min became a max?
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

The only remaining problem is 
the minimization over .min

u2U(q,s)
u>x

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

Primal & Dual Linear Programs


min
x2RN , Ax�b

c>x
<latexit sha1_base64="2iJ4Uj32415q867VT39isTOlLis="></latexit>
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

The only remaining problem is 
the minimization over .min

u2U(q,s)
u>x

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

Primal & Dual Linear Programs


min
x2RN , Ax�b

c>x
<latexit sha1_base64="2iJ4Uj32415q867VT39isTOlLis="></latexit>

max
y2RM , A>yc

b>y
<latexit sha1_base64="nXq0Gk/LwrlhhzSHI3z8CkRGjzQ="></latexit>
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

Primal & Dual Linear Programs


min
x2RN , Ax�b

c>x
<latexit sha1_base64="2iJ4Uj32415q867VT39isTOlLis="></latexit>

max
y2RM , A>yc

b>y
<latexit sha1_base64="nXq0Gk/LwrlhhzSHI3z8CkRGjzQ="></latexit>
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

Primal & Dual Linear Programs


min
x2RN , Ax�b

c>x
<latexit sha1_base64="2iJ4Uj32415q867VT39isTOlLis="></latexit>

max
y2RM , A>yc

b>y
<latexit sha1_base64="nXq0Gk/LwrlhhzSHI3z8CkRGjzQ="></latexit>

min
u2U(q,s)

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

“primal”
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

Primal & Dual Linear Programs


min
x2RN , Ax�b

c>x
<latexit sha1_base64="2iJ4Uj32415q867VT39isTOlLis="></latexit>

max
y2RM , A>yc

b>y
<latexit sha1_base64="nXq0Gk/LwrlhhzSHI3z8CkRGjzQ="></latexit>

U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 )  0 8 = 1, . . . ,K : s = �1

)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></latexit>

min
u2U(q,s)

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

“primal”
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

Primal & Dual Linear Programs


min
x2RN , Ax�b

c>x
<latexit sha1_base64="2iJ4Uj32415q867VT39isTOlLis="></latexit>

max
y2RM , A>yc

b>y
<latexit sha1_base64="nXq0Gk/LwrlhhzSHI3z8CkRGjzQ="></latexit>

max
y2Y

y>b
<latexit sha1_base64="QeEadyKPAEZZpsfx1p83+17x+HI=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIeAomlEgtsRaIP1ITKcd3Wqu1EtoOIov4FP8EvsMLOhmCEL8EJGaDlSJbOPede3esTRIwq7TgfVmlufmFxqbxcWVldW9+wN7daKowlJk0cslB2AqQIo4I0NdWMdCJJEA8YaQfj88xv3xGpaCiudRIRn6OhoAOKkTZSz655HN33Ui/gMIEeFdDUeoQRgzcT7wzm+q2nwyinQc+uOjUnB5wlbkGqoECjZ395/RDHnAiNGVKq6zqR9lMkNcWMTCperEiE8BgNSddQgThRfpr/awL3jNKHg1CaJzTM1d8TKeJKJTwwndnVatrLxH+9gE9t1oNTP6UiijUR+GfxIGZQhzALDfapJFizxBCEJTW3QzxCEmFtoq2YUNzpCGZJ66DmHtaOr46q9csinjLYAbtgH7jgBNTBBWiAJsDgATyBZ/BiPVqv1pv1/tNasoqZbfAH1uc3ctWlXw==</latexit>

U(q, s) :=
(

u 2 U0 : u>(xqA
 � xqB

 ) � 0 8 = 1, . . . ,K : s = 1

u>(xqA
 � xqB

 )  0 8 = 1, . . . ,K : s = �1

)

<latexit sha1_base64="Jtjqkv2RaAw/7YVhQ8rukmSGFP8="></latexit>

min
u2U(q,s)

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

“primal”

“dual”
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
y2Y

y>b
<latexit sha1_base64="QeEadyKPAEZZpsfx1p83+17x+HI=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIeAomlEgtsRaIP1ITKcd3Wqu1EtoOIov4FP8EvsMLOhmCEL8EJGaDlSJbOPede3esTRIwq7TgfVmlufmFxqbxcWVldW9+wN7daKowlJk0cslB2AqQIo4I0NdWMdCJJEA8YaQfj88xv3xGpaCiudRIRn6OhoAOKkTZSz655HN33Ui/gMIEeFdDUeoQRgzcT7wzm+q2nwyinQc+uOjUnB5wlbkGqoECjZ395/RDHnAiNGVKq6zqR9lMkNcWMTCperEiE8BgNSddQgThRfpr/awL3jNKHg1CaJzTM1d8TKeJKJTwwndnVatrLxH+9gE9t1oNTP6UiijUR+GfxIGZQhzALDfapJFizxBCEJTW3QzxCEmFtoq2YUNzpCGZJ66DmHtaOr46q9csinjLYAbtgH7jgBNTBBWiAJsDgATyBZ/BiPVqv1pv1/tNasoqZbfAH1uc3ctWlXw==</latexit>

min
u2U(q,s)

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

“primal”

“dual”
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
y2Y

y>b
<latexit sha1_base64="QeEadyKPAEZZpsfx1p83+17x+HI=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIeAomlEgtsRaIP1ITKcd3Wqu1EtoOIov4FP8EvsMLOhmCEL8EJGaDlSJbOPede3esTRIwq7TgfVmlufmFxqbxcWVldW9+wN7daKowlJk0cslB2AqQIo4I0NdWMdCJJEA8YaQfj88xv3xGpaCiudRIRn6OhoAOKkTZSz655HN33Ui/gMIEeFdDUeoQRgzcT7wzm+q2nwyinQc+uOjUnB5wlbkGqoECjZ395/RDHnAiNGVKq6zqR9lMkNcWMTCperEiE8BgNSddQgThRfpr/awL3jNKHg1CaJzTM1d8TKeJKJTwwndnVatrLxH+9gE9t1oNTP6UiijUR+GfxIGZQhzALDfapJFizxBCEJTW3QzxCEmFtoq2YUNzpCGZJ66DmHtaOr46q9csinjLYAbtgH7jgBNTBBWiAJsDgATyBZ/BiPVqv1pv1/tNasoqZbfAH1uc3ctWlXw==</latexit>

min
u2U(q,s)

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

“primal”

“dual”

Q: How many different primal/
dual problems are there?
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
y2Y

y>b
<latexit sha1_base64="QeEadyKPAEZZpsfx1p83+17x+HI=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIeAomlEgtsRaIP1ITKcd3Wqu1EtoOIov4FP8EvsMLOhmCEL8EJGaDlSJbOPede3esTRIwq7TgfVmlufmFxqbxcWVldW9+wN7daKowlJk0cslB2AqQIo4I0NdWMdCJJEA8YaQfj88xv3xGpaCiudRIRn6OhoAOKkTZSz655HN33Ui/gMIEeFdDUeoQRgzcT7wzm+q2nwyinQc+uOjUnB5wlbkGqoECjZ395/RDHnAiNGVKq6zqR9lMkNcWMTCperEiE8BgNSddQgThRfpr/awL3jNKHg1CaJzTM1d8TKeJKJTwwndnVatrLxH+9gE9t1oNTP6UiijUR+GfxIGZQhzALDfapJFizxBCEJTW3QzxCEmFtoq2YUNzpCGZJ66DmHtaOr46q9csinjLYAbtgH7jgBNTBBWiAJsDgATyBZ/BiPVqv1pv1/tNasoqZbfAH1uc3ctWlXw==</latexit>

min
u2U(q,s)

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

“primal”

“dual”

Q: How many different primal/
dual problems are there? A: One for each … 

Because we “indexed” over these variables, we 
need to create different variables for each. 

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>min

u2U(q,s)
u>x

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
y2Y

y>b
<latexit sha1_base64="QeEadyKPAEZZpsfx1p83+17x+HI=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIeAomlEgtsRaIP1ITKcd3Wqu1EtoOIov4FP8EvsMLOhmCEL8EJGaDlSJbOPede3esTRIwq7TgfVmlufmFxqbxcWVldW9+wN7daKowlJk0cslB2AqQIo4I0NdWMdCJJEA8YaQfj88xv3xGpaCiudRIRn6OhoAOKkTZSz655HN33Ui/gMIEeFdDUeoQRgzcT7wzm+q2nwyinQc+uOjUnB5wlbkGqoECjZ395/RDHnAiNGVKq6zqR9lMkNcWMTCperEiE8BgNSddQgThRfpr/awL3jNKHg1CaJzTM1d8TKeJKJTwwndnVatrLxH+9gE9t1oNTP6UiijUR+GfxIGZQhzALDfapJFizxBCEJTW3QzxCEmFtoq2YUNzpCGZJ66DmHtaOr46q9csinjLYAbtgH7jgBNTBBWiAJsDgATyBZ/BiPVqv1pv1/tNasoqZbfAH1uc3ctWlXw==</latexit>

min
u2U(q,s)

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

u>xs
<latexit sha1_base64="1tp22oWaEd8dfe+Fb7izyr85JeI=">AAACO3icbVDLSsNAFJ3UV62vqks3g0VwVRIf6LLoRncV7AOatEwmt+3QmSTMTMQS8j/+hL/gVt3qTty6N00jaOuBgcM5994zHDfkTGnTfDUKC4tLyyvF1dLa+sbmVnl7p6mCSFJo0IAHsu0SBZz50NBMc2iHEohwObTc0eXEb92BVCzwb/U4BEeQgc/6jBKdSr3yRWxnR2IJXoJtV+Ao6do6CPGP4fIIps590p2bVkmpV66YVTMDnidWTiooR71XfrO9gEYCfE05UapjmaF2YiI1oxySkh0pCAkdkQF0UuoTAcqJs+AEH6SKh/uBTJ+vcab+3oiJUGos3HRSED1Us95E/NdzxUyy7p87MfPDSINPp8H9iGMd4EmR2GMSqObjlBAqWfp3TIdEEqrTuielWLMVzJPmUdU6rp7enFRq13k9RbSH9tEhstAZqqErVEcNRNEDekLP6MV4NN6ND+NzOlow8p1d9AfG1zcLMq+I</latexit>

“primal”

“dual”

Q: How many different primal/
dual problems are there? A: One for each … 

Because we “indexed” over these variables, we 
need to create different variables for each. 

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

Q: How do we get rid of this?

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>⌧ 

<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

Q: How do we get rid of this?

A: Add   to the domain…ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>
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Reformulation (4): Index by … again! s
<latexit sha1_base64="mJHQg+XXMTmfceTWvM/QytTYesA=">AAACDXicbVC7TsMwFHXKq5RXeGwsFhUSU5XwEIyVWGArEn1ITVQ5jtNatZ3IdpBKlG/gF1hhZ0OsfAMrX4KbZoCWI1k6Oufee6wTJIwq7ThfVmVpeWV1rbpe29jc2t6xd/c6Kk4lJm0cs1j2AqQIo4K0NdWM9BJJEA8Y6Qbj66nffSBS0Vjc60lCfI6GgkYUI22kgX0AM6+4kkkS5tALOFT5wK47DacAXCRuSeqgRGtgf3thjFNOhMYMKdV3nUT7GZKaYkbympcqkiA8RkPSN1QgTpSfFbk5PDZKCKNYmic0LNTfGxniSk14YCY50iM1703Ff72AzyXr6MrPqEhSTQSeBUcpgzqG02pgSCXBmk0MQVhS83eIR0girE2BNVOKO1/BIumcNtyzxsXdeb15W9ZTBYfgCJwAF1yCJrgBLdAGGDyCZ/ACXq0n6816tz5moxWr3NkHf2B9/gD3XJvL</latexit>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>
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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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Reformulation

Reformulation Tricks 
1. “Indexing” discrete variables

2. Epigraph formulation

3. Linearization

4. Duality

5. Decomposition

Goal: 

Express this problem as a finite-size 
linear program (with integer and/or 
continuous variables)

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>
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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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Reformulation

Reformulation Tricks 
1. “Indexing” discrete variables

2. Epigraph formulation

3. Linearization

4. Duality

5. Decomposition

Goal: 

Express this problem as a finite-size 
linear program (with integer and/or 
continuous variables)

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

• Can we solve this yet???
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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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Reformulation

Reformulation Tricks 
1. “Indexing” discrete variables

2. Epigraph formulation

3. Linearization

4. Duality

5. Decomposition

Goal: 

Express this problem as a finite-size 
linear program (with integer and/or 
continuous variables)

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

• Can we solve this yet???

• The number of response scenarios 
 can be huge xs 2 X : 8s 2 SK

<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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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>

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit>

min
u2U(q,s)

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

Reformulation

Reformulation Tricks 
1. “Indexing” discrete variables

2. Epigraph formulation

3. Linearization

4. Duality

5. Decomposition

Goal: 

Express this problem as a finite-size 
linear program (with integer and/or 
continuous variables)

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

• Can we solve this yet???

• The number of response scenarios 
 can be huge xs 2 X : 8s 2 SK

<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

• We address this with decomposition
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Decomposition

max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit> xs 2 X : 8s 2 SK

<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

General Idea:

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

General Idea:
1. start with only a few scenarios: 

      S 0 := {s1, s2, s3}
<latexit sha1_base64="xYl4+TiwVp4q4AxQSs6IEs1zPYg="></latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

General Idea:
1. start with only a few scenarios: 

      S 0 := {s1, s2, s3}
<latexit sha1_base64="xYl4+TiwVp4q4AxQSs6IEs1zPYg="></latexit>

2. solve this reduced problem

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>
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<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

General Idea:
1. start with only a few scenarios: 

      S 0 := {s1, s2, s3}
<latexit sha1_base64="xYl4+TiwVp4q4AxQSs6IEs1zPYg="></latexit>

2. solve this reduced problem

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

8s 2 S 0
<latexit sha1_base64="Oylgp9STxwF/RYIb5WMZfO5hefs="></latexit>
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<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

General Idea:
1. start with only a few scenarios: 

      S 0 := {s1, s2, s3}
<latexit sha1_base64="xYl4+TiwVp4q4AxQSs6IEs1zPYg="></latexit>

2. solve this reduced problem

3. Are there any violated constraints 
for  (is   too large?)xs 2 X : 8s 2 SK

<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

8s 2 S 0
<latexit sha1_base64="Oylgp9STxwF/RYIb5WMZfO5hefs="></latexit>
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<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

General Idea:
1. start with only a few scenarios: 

      S 0 := {s1, s2, s3}
<latexit sha1_base64="xYl4+TiwVp4q4AxQSs6IEs1zPYg="></latexit>

2. solve this reduced problem

3. Are there any violated constraints 
for  (is   too large?)xs 2 X : 8s 2 SK

<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

8s 2 S 0
<latexit sha1_base64="Oylgp9STxwF/RYIb5WMZfO5hefs="></latexit>

Q: When is a feasible solution to the 
reduced problem also a feasible 
solution to the “master” problem?
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<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

General Idea:
1. start with only a few scenarios: 

      S 0 := {s1, s2, s3}
<latexit sha1_base64="xYl4+TiwVp4q4AxQSs6IEs1zPYg="></latexit>

2. solve this reduced problem

3. Are there any violated constraints 
for  (is   too large?)xs 2 X : 8s 2 SK

<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

4. If No: we’re optimal!

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

8s 2 S 0
<latexit sha1_base64="Oylgp9STxwF/RYIb5WMZfO5hefs="></latexit>

Q: When is a feasible solution to the 
reduced problem also a feasible 
solution to the “master” problem?
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max
q2QK

<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

General Idea:
1. start with only a few scenarios: 

      S 0 := {s1, s2, s3}
<latexit sha1_base64="xYl4+TiwVp4q4AxQSs6IEs1zPYg="></latexit>

2. solve this reduced problem

3. Are there any violated constraints 
for  (is   too large?)xs 2 X : 8s 2 SK

<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

4. If No: we’re optimal!

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

8s 2 S 0
<latexit sha1_base64="Oylgp9STxwF/RYIb5WMZfO5hefs="></latexit>
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<latexit sha1_base64="szKK7gS0m2oOx0ynYzPJwdgWbrw=">AAACJ3icbVC7TsMwFHXKq5RXgJHFokJiqhIegrESC4illehDakrluG5r1XaC7SCqKH/BT/ALrLCzIRjhS3DSDNByJMtH59yXjh8yqrTjfFqFhcWl5ZXiamltfWNzy97eaaogkpg0cMAC2faRIowK0tBUM9IOJUHcZ6Tljy9Sv3VPpKKBuNGTkHQ5Ggo6oBhpI/XsisfRQy+OvWxU7LOIJNDzObwzHxXQ2HqEEYvrye11UurZZafiZIDzxM1JGeSo9exvrx/giBOhMUNKdVwn1N0YSU0xI0nJixQJER6jIekYKhAnqhtnxyTwwCh9OAikeULDTP3dESOu1IT7pjI9U816qfiv5/OZzXpw3o2pCCNNBJ4uHkQM6gCmocE+lQRrNjEEYUnN7RCPkERYm2jTUNzZCOZJ86jiHldO6yfl6lUeTxHsgX1wCFxwBqrgEtRAA2DwCJ7BC3i1nqw36936mJYWrLxnF/yB9fUDtwemuA==</latexit> q 2 QK ,
<latexit sha1_base64="kfCcDhL3WVzCysIkILZapRg53kI=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAgGVCU8BGMlFhBLK9GH1ITKcd3Wqu0E20Gqon4CP8EvsMLOhhhh5Etw0gzQciTLR+fcl04QMaq043xac/MLi0vLhZXi6tr6xqa9td1QYSwxqeOQhbIVIEUYFaSuqWakFUmCeMBIMxhepn7zgUhFQ3GrRxHxOeoL2qMYaSN17IPEy4YkAYvJGHoBh/fmowJ6HOkBRgzW7m6Oih275JSdDHCWuDkpgRzVjv3tdUMccyI0ZkiptutE2k+Q1BQzMi56sSIRwkPUJ21DBeJE+Ul2yxjuG6ULe6E0T2iYqb87EsSVGvHAVKZXqmkvFf/1Aj61Wfcu/ISKKNZE4MniXsygDmGaFuxSSbBmI0MQltTcDvEASYS1yTQNxZ2OYJY0jsvuSfmsdlqqXOfxFMAu2AOHwAXnoAKuQBXUAQaP4Bm8gFfryXqz3q2PSemclffsgD+wvn4AdbWizQ==</latexit>s.t.
⌧ 2 R

<latexit sha1_base64="g6u0CtGo0pzICTLIC3kYYBHx4SQ=">AAACDHicbVDLSgMxFM3UV62v0S7dBIvgqsz4QJcFN7qrYh/QGUqSZtrQJDMkGaEM/QV/wa3u3Ylb/8GtX2KmnYW2HrhwOOde7uHghDNtPO/LKa2srq1vlDcrW9s7u3vu/kFbx6kitEViHqsuRppyJmnLMMNpN1EUCcxpB4+vc7/zSJVmsXwwk4SGAg0lixhBxkp9txoYlMKASRgIZEYYw/tK3615dW8GuEz8gtRAgWbf/Q4GMUkFlYZwpHXP9xITZkgZRjidVoJU0wSRMRrSnqUSCarDbBZ+Co+tMoBRrOxIA2fq74sMCa0nAtvNPKFe9HLxXw+Lhc8mugozJpPUUEnmj6OUQxPDvBk4YIoSwyeWIKKYzQ7JCClEjO0vL8VfrGCZtE/r/ln94u681rgt6imDQ3AEToAPLkED3IAmaAECJuAZvIBX58l5c96dj/lqySluquAPnM8fxj6afA==</latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧ 
<latexit sha1_base64="8fxF41DQ+nY5kIzNMgnPYPSeJo0=">AAACAHicbVC7SgNBFJ2NrxhfUUubwSBYhV0faBmw0S6CeUh2CbOT2WTIzOw6c1cISxp/wVZ7O7H1T2z9EifJFpp44MLhnHs5lxMmghtw3S+nsLS8srpWXC9tbG5t75R395omTjVlDRqLWLdDYpjgijWAg2DtRDMiQ8Fa4fBq4rcemTY8VncwSlggSV/xiFMCVrr3gaTYF+yhW664VXcKvEi8nFRQjnq3/O33YppKpoAKYkzHcxMIMqKBU8HGJT81LCF0SPqsY6kikpkgmz48xkdW6eEo1nYU4Kn6+yIj0piRDO2mJDAw895E/NcL5VwyRJdBxlWSAlN0FhylAkOMJ23gHteMghhZQqjm9ndMB0QTCrazki3Fm69gkTRPqt5p9fz2rFK7yespogN0iI6Rhy5QDV2jOmogiiR6Ri/o1Xly3px352O2WnDym330B87nD/TOluw=</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

{
<latexit sha1_base64="y+qrlUUgUT7/f4JBtydlBrscNeM=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrs+0DJgo10U84BkCbOT2WTIPJaZWSEs+QNb7e3E1q+x9UucJFto4oELh3Pu5VxOlHBmrO9/eYWV1bX1jeJmaWt7Z3evvH/QNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7TihocADyWJGsHXSQzfrlSt+1Z8BLZMgJxXIUe+Vv7t9RVJBpSUcG9MJ/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNvt0gk6c0kex0m6kRTP190WGhTFjEblNge3QLHpT8V8vEgvJNr4OMyaT1FJJ5sFxypFVaFoD6jNNieVjRzDRzP2OyBBrTKwrq+RKCRYrWCbNs2pwXr28v6jU7vJ6inAEx3AKAVxBDW6hDg0gEMMzvMCrl3lv3rv3MV8tePnNIfyB9/kD3guUGQ==</latexit>

max
ys2Y(s,xs,q)

(bs)>ys

<latexit sha1_base64="icu/K9NAeHUgpgqdKs3ykV+Jx1w="></latexit>

ys 2 Y(s,xs, q)
<latexit sha1_base64="IVpinbMyisecy6zI3UOErnCgFM0="></latexit>

General Idea:
1. start with only a few scenarios: 

      S 0 := {s1, s2, s3}
<latexit sha1_base64="xYl4+TiwVp4q4AxQSs6IEs1zPYg="></latexit>

2. solve this reduced problem

3. Are there any violated constraints 
for  (is   too large?)xs 2 X : 8s 2 SK

<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

⌧
<latexit sha1_base64="Yp7tpAzcNb6lGdS4WbCUtsvbYOo=">AAAB+3icbVDLSsNAFL2pr1pfVZduBovgqiQ+0GXBje4qWFtoQ5lMJ+3QmSTM3Agl9Bfc6t6duPVj3PolTtostPXAhcM593IuJ0ikMOi6X05pZXVtfaO8Wdna3tndq+4fPJo41Yy3WCxj3Qmo4VJEvIUCJe8kmlMVSN4Oxje5337i2og4esBJwn1Fh5EIBaOYSz2kab9ac+vuDGSZeAWpQYFmv/rdG8QsVTxCJqkxXc9N0M+oRsEkn1Z6qeEJZWM65F1LI6q48bPZr1NyYpUBCWNtJ0IyU39fZFQZM1GB3VQUR2bRy8V/vUAtJGN47WciSlLkEZsHh6kkGJO8CDIQmjOUE0so08L+TtiIasrQ1lWxpXiLFSyTx7O6d16/vL+oNe6KespwBMdwCh5cQQNuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD3DElPw=</latexit>

4. If No: we’re optimal!

5. If Yes: Add some violated scenarios 
to , repeatS 0

<latexit sha1_base64="MDnLWmTLi9IY792YOEBAJdeeejE=">AAACDXicbZC7SgNBFIbPeo3xFrUSm8EgWIVdL2gZsNEuorlAsoTZySQZMrO7zJwV4pJn8BVstbcTW5/B1idxkmyhiQeG+fn/cziHL4ilMOi6X87C4tLyympuLb++sbm1XdjZrZko0YxXWSQj3Qio4VKEvIoCJW/EmlMVSF4PBlfjvP7AtRFReI/DmPuK9kLRFYyitQbQAgUUEPrA7C+BwB3ZbxeKbsmdFJkXXiaKkFWlXfhudSKWKB4ik9SYpufG6KdUo2CSj/KtxPCYsgHt8aaVIVXc+Onk+hE5sk6HdCNtX4hk4v6eSKkyZqgC26ko9s1sNjb/zQI1sxm7l34qwjhBHrLp4m4iCUZkjIZ0hOYM5dAKyrSwtxPWp5oytADzFoo3i2Be1E5K3mnp/PasWL7J8OTgAA7hGDy4gDJcQwWqFvYjPMMLvDpPzpvz7nxMWxecbGYP/pTz+QPDX5fx</latexit>

xs 2 X : 8s 2 SK
<latexit sha1_base64="gssQibx8V8Ds34zbcMKw/y9h7a4="></latexit>

8s 2 S 0
<latexit sha1_base64="Oylgp9STxwF/RYIb5WMZfO5hefs="></latexit>
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Q6.    What if we have a group of agents?  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