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Single-Stage vs. Multi-Stage Robust Optimization

Single-stage robust optimization:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.



Single-Stage vs. Multi-Stage Robust Optimization

Single-stage robust optimization:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>
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<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>
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<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="7BmylFGgpjXYZ/oKdw7A6G5RGRw="></latexit>

V (⇠)x � v(⇠)



Single-Stage vs. Multi-Stage Robust Optimization

Single-stage robust optimization:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="7BmylFGgpjXYZ/oKdw7A6G5RGRw="></latexit>

V (⇠)x � v(⇠)

<latexit sha1_base64="THjjRKoc9XyVf7ol1XdcRTzXGbY="></latexit>

minimize
x

c>x + max
⇠2⌅

q(⇠)>x

subject to V (⇠)x � v(⇠) 8⇠ 2 ⌅
x 2 X



Single-Stage vs. Multi-Stage Robust Optimization

Single-stage robust optimization:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="7BmylFGgpjXYZ/oKdw7A6G5RGRw="></latexit>

V (⇠)x � v(⇠)

<latexit sha1_base64="THjjRKoc9XyVf7ol1XdcRTzXGbY="></latexit>

minimize
x

c>x + max
⇠2⌅

q(⇠)>x

subject to V (⇠)x � v(⇠) 8⇠ 2 ⌅
x 2 X

<latexit sha1_base64="G6rXFSgMfZ2VtS5m3klwh4LO0Zw="></latexit>

minimize
x,✓

c>x+ ✓

subject to ✓ � q(⇠)>x 8⇠ 2 ⌅
V (⇠)x � v(⇠) 8⇠ 2 ⌅
x 2 X

epigraph reformulation



Single-Stage vs. Multi-Stage Robust Optimization

Single-stage robust optimization:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="7BmylFGgpjXYZ/oKdw7A6G5RGRw="></latexit>

V (⇠)x � v(⇠)

<latexit sha1_base64="THjjRKoc9XyVf7ol1XdcRTzXGbY="></latexit>

minimize
x

c>x + max
⇠2⌅

q(⇠)>x

subject to V (⇠)x � v(⇠) 8⇠ 2 ⌅
x 2 X

<latexit sha1_base64="G6rXFSgMfZ2VtS5m3klwh4LO0Zw="></latexit>

minimize
x,✓

c>x+ ✓

subject to ✓ � q(⇠)>x 8⇠ 2 ⌅
V (⇠)x � v(⇠) 8⇠ 2 ⌅
x 2 X

robust optimi- zation trickepigraph reformulation



Single-Stage vs. Multi-Stage Robust Optimization

Two-stage robust optimization:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="7BmylFGgpjXYZ/oKdw7A6G5RGRw="></latexit>

V (⇠)x � v(⇠)



Single-Stage vs. Multi-Stage Robust Optimization

Two-stage robust optimization:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)
<latexit sha1_base64="7BmylFGgpjXYZ/oKdw7A6G5RGRw="></latexit>

V (⇠)x � v(⇠)



Single-Stage vs. Multi-Stage Robust Optimization

Two-stage robust optimization:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

second-stage decision 
depends on uncertainty!

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)
<latexit sha1_base64="7BmylFGgpjXYZ/oKdw7A6G5RGRw="></latexit>

V (⇠)x � v(⇠)

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1

<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1
<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅



Single-Stage vs. Multi-Stage Robust Optimization

Multi-stage robust optimization:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="f/jXY/GmrnUs2z0phDr6GT01mvY=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAimKkEVMDBUYmEsEn1ITYgc12mt2kmwHUQV5RP4CX6BFXY2xAgjX4KTZoCWI1k6Oufee6zjx4xKZVmfxsLi0vLKamWtur6xubVt7ux2ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPL3O/e0+EpFF4oyYxcTkahjSgGCkteeaR4/P0LvPsNLt1VBTD1CmOpj5LSAZz90G7mWfWrLpVAM4TuyQ1UKLlmd/OIMIJJ6HCDEnZt61YuSkSimJGsqqTSBIjPEZD0tc0RJxINy2yM3iolQEMIqFfqGCh/t5IEZdywn09yZEayVkvF//1fD6TrIJzN6VhnCgS4mlwkDCoIpi3BQdUEKzYRBOEBdV/h3iEBMJKd1rVpdizFcyTzkndPq03rhu15kVZTwXsgwNwDGxwBprgCrRAG2DwCJ7BC3g1now34934mI4uGOXOHvgD4+sHQBykgQ==</latexit>

q1
>x1

<latexit sha1_base64="3pvamURgrKww0lrOkDZF2RUaoTs=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWZEtAsXBTcuK9gHtGVI0rQNTTJDkhHL0F/xJ/wFt7rvTrr1J8xMZ6FTDwQO59ybezg44kwbz1s4pY3Nre2d8m5lb//g8Mg9PmnrMFaEtkjIQ9XFSFPOJG0ZZjjtRooigTnt4Ol96neeqdIslE9mFtGBQGPJRowgY6XArSf97JME85jOYR+L5GUe+JYxCQueQGZCEE+66UDgVr2alwGuEz8nVZCjGbjL/jAksaDSEI607vleZAYJUoYRTueVfqxphMgUjWnPUokE1YMkCzCHF1YZwlGo7JMGZurvjQQJrWcC28k0pS56qfivh0XhshnVBwmTUWyoJKvDo5hDE8K0PjhkihLDZ5YgopjNDskEKUSMLbliS/GLFayT9lXNv6ldP15XG3d5PWVwBs7BJfDBLWiAB9AELUDAK3gHH+DTeXMWzpezXI2WnHznFPyB8/0DJRGrng==</latexit>

x1 2 X1



Single-Stage vs. Multi-Stage Robust Optimization

Multi-stage robust optimization:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="f/jXY/GmrnUs2z0phDr6GT01mvY=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAimKkEVMDBUYmEsEn1ITYgc12mt2kmwHUQV5RP4CX6BFXY2xAgjX4KTZoCWI1k6Oufee6zjx4xKZVmfxsLi0vLKamWtur6xubVt7ux2ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPL3O/e0+EpFF4oyYxcTkahjSgGCkteeaR4/P0LvPsNLt1VBTD1CmOpj5LSAZz90G7mWfWrLpVAM4TuyQ1UKLlmd/OIMIJJ6HCDEnZt61YuSkSimJGsqqTSBIjPEZD0tc0RJxINy2yM3iolQEMIqFfqGCh/t5IEZdywn09yZEayVkvF//1fD6TrIJzN6VhnCgS4mlwkDCoIpi3BQdUEKzYRBOEBdV/h3iEBMJKd1rVpdizFcyTzkndPq03rhu15kVZTwXsgwNwDGxwBprgCrRAG2DwCJ7BC3g1now34934mI4uGOXOHvgD4+sHQBykgQ==</latexit>

q1
>x1

<latexit sha1_base64="3pvamURgrKww0lrOkDZF2RUaoTs=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWZEtAsXBTcuK9gHtGVI0rQNTTJDkhHL0F/xJ/wFt7rvTrr1J8xMZ6FTDwQO59ybezg44kwbz1s4pY3Nre2d8m5lb//g8Mg9PmnrMFaEtkjIQ9XFSFPOJG0ZZjjtRooigTnt4Ol96neeqdIslE9mFtGBQGPJRowgY6XArSf97JME85jOYR+L5GUe+JYxCQueQGZCEE+66UDgVr2alwGuEz8nVZCjGbjL/jAksaDSEI607vleZAYJUoYRTueVfqxphMgUjWnPUokE1YMkCzCHF1YZwlGo7JMGZurvjQQJrWcC28k0pS56qfivh0XhshnVBwmTUWyoJKvDo5hDE8K0PjhkihLDZ5YgopjNDskEKUSMLbliS/GLFayT9lXNv6ldP15XG3d5PWVwBs7BJfDBLWiAB9AELUDAK3gHH+DTeXMWzpezXI2WnHznFPyB8/0DJRGrng==</latexit>

x1 2 X1

<latexit sha1_base64="c+dcNXzQhIhLwnDkxI1sbYxn6EE=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZKsS5cFNy4rGAf0ClDJk3b0CQzJBlpGeZT/Al/wa3udSW69CtMp7OwrQcCh3PuvSecIGJUacf5sAobm1vbO8Xd0t7+weGRfXzSVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M79ziORiobiQc8i0udoJOiQYqSN5Nt1j6OpnyRediqRZJBCL+CJN6WpXzWcCrhsdqnRU98uOxUnA1wnbk7KIEfTt7+9QYhjToTGDCnVc51I9xMkNcWMpCUvViRCeIJGpGeoQJyofpIFp/DCKAM4DKV5QsNM/buRIK7UjAdmkiM9VqveXPzXC/hKsh5e9xMqolgTgRfBw5hBHcJ5e3BAJcGazQxBWFLzd4jHSCKsTcclU4q7WsE6aVcr7lWldl8rN27yeorgDJyDS+CCOmiAO9AELYDBE3gBr+DNerberU/razFasPKdU7AE6+cXHfirEQ==</latexit> max
⇠22⌅2

<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="OKjtqLRf6SQbZyu94IX8d7Nl8I0=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqpKqgg4MlVgYi0QfUhNFjuu0Vm0nsh1EFfVX+Al+gRX2bqgrP4HTZoCUI1k6Oude36MTxIwqbdsLq7S1vbO7V96vHBweHZ9UT896KkokJl0csUgOAqQIo4J0NdWMDGJJEA8Y6QfT+8zvPxOpaCSe9CwmHkdjQUOKkTaSX22l7uqTNGAJmUM34OnL3G8YRgUseBzpCUYsHWQDfrVm1+0V4CZxclIDOTp+demOIpxwIjRmSKmhY8faS5HUFDMyr7iJIjHCUzQmQ0MF4kR56SrAHF4ZZQTDSJonNFypvzdSxJWa8cBMZilV0cvEf72AFy7rsOWlVMSJJgKvD4cJgzqCWX1wRCXBms0MQVhSkx3iCZIIa1NyxZTiFCvYJL1G3bmpNx+btfZdXk8ZXIBLcA0ccAva4AF0QBdg8ArewQf4tN6shfVlLdejJSvfOQd/YH3/AChcq6A=</latexit>

x2 2 X2

<latexit sha1_base64="0IqF4uVK/Uxekgi6F0N3uwioKMs="></latexit>

T2(⇠
2)x1 +W2x2 � h2(⇠

2)

<latexit sha1_base64="FShUvY1Qa4oLm8w6ICO0f0Mx7k0=">AAACJ3icbVC7TsMwFHV4lvIKMLJYVAimKqkqYGCoxMJYJPqQmhI5rtNatZNgO4gqyifwIcys8A1sCEZG/gInzQBtj3Slo3PuQ/d4EaNSWdaXsbS8srq2Xtoob25t7+yae/ttGcYCkxYOWSi6HpKE0YC0FFWMdCNBEPcY6Xjjq8zvPBAhaRjcqklE+hwNA+pTjJSWXPPE8Xhyn7q1JL1zVBjBxMmXJh6LSQoz91G7qWtWrKqVA84TuyAVUKDpmj/OIMQxJ4HCDEnZs61I9RMkFMWMpGUnliRCeIyGpKdpgDiR/SS/ncJjrQygHwpdgYK5+nciQVzKCfd0J0dqJGe9TFzoeXyR3IuVf9FPaBDFigR4et+PGVQhzEKDAyoIVmyiCcKC6hcgHiGBsNLRlnU29mwS86Rdq9pn1fpNvdK4LFIqgUNwBE6BDc5BA1yDJmgBDJ7AC3gFb8az8W58GJ/T1iWjmDkA/2B8/wJuNacP</latexit>

q2
>x2



<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

Single-Stage vs. Multi-Stage Robust Optimization

Multi-stage robust optimization:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="f/jXY/GmrnUs2z0phDr6GT01mvY=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAimKkEVMDBUYmEsEn1ITYgc12mt2kmwHUQV5RP4CX6BFXY2xAgjX4KTZoCWI1k6Oufee6zjx4xKZVmfxsLi0vLKamWtur6xubVt7ux2ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPL3O/e0+EpFF4oyYxcTkahjSgGCkteeaR4/P0LvPsNLt1VBTD1CmOpj5LSAZz90G7mWfWrLpVAM4TuyQ1UKLlmd/OIMIJJ6HCDEnZt61YuSkSimJGsqqTSBIjPEZD0tc0RJxINy2yM3iolQEMIqFfqGCh/t5IEZdywn09yZEayVkvF//1fD6TrIJzN6VhnCgS4mlwkDCoIpi3BQdUEKzYRBOEBdV/h3iEBMJKd1rVpdizFcyTzkndPq03rhu15kVZTwXsgwNwDGxwBprgCrRAG2DwCJ7BC3g1now34934mI4uGOXOHvgD4+sHQBykgQ==</latexit>

q1
>x1

<latexit sha1_base64="3pvamURgrKww0lrOkDZF2RUaoTs=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWZEtAsXBTcuK9gHtGVI0rQNTTJDkhHL0F/xJ/wFt7rvTrr1J8xMZ6FTDwQO59ybezg44kwbz1s4pY3Nre2d8m5lb//g8Mg9PmnrMFaEtkjIQ9XFSFPOJG0ZZjjtRooigTnt4Ol96neeqdIslE9mFtGBQGPJRowgY6XArSf97JME85jOYR+L5GUe+JYxCQueQGZCEE+66UDgVr2alwGuEz8nVZCjGbjL/jAksaDSEI607vleZAYJUoYRTueVfqxphMgUjWnPUokE1YMkCzCHF1YZwlGo7JMGZurvjQQJrWcC28k0pS56qfivh0XhshnVBwmTUWyoJKvDo5hDE8K0PjhkihLDZ5YgopjNDskEKUSMLbliS/GLFayT9lXNv6ldP15XG3d5PWVwBs7BJfDBLWiAB9AELUDAK3gHH+DTeXMWzpezXI2WnHznFPyB8/0DJRGrng==</latexit>

x1 2 X1

<latexit sha1_base64="c+dcNXzQhIhLwnDkxI1sbYxn6EE=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZKsS5cFNy4rGAf0ClDJk3b0CQzJBlpGeZT/Al/wa3udSW69CtMp7OwrQcCh3PuvSecIGJUacf5sAobm1vbO8Xd0t7+weGRfXzSVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M79ziORiobiQc8i0udoJOiQYqSN5Nt1j6OpnyRediqRZJBCL+CJN6WpXzWcCrhsdqnRU98uOxUnA1wnbk7KIEfTt7+9QYhjToTGDCnVc51I9xMkNcWMpCUvViRCeIJGpGeoQJyofpIFp/DCKAM4DKV5QsNM/buRIK7UjAdmkiM9VqveXPzXC/hKsh5e9xMqolgTgRfBw5hBHcJ5e3BAJcGazQxBWFLzd4jHSCKsTcclU4q7WsE6aVcr7lWldl8rN27yeorgDJyDS+CCOmiAO9AELYDBE3gBr+DNerberU/razFasPKdU7AE6+cXHfirEQ==</latexit> max
⇠22⌅2

<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="OKjtqLRf6SQbZyu94IX8d7Nl8I0=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqpKqgg4MlVgYi0QfUhNFjuu0Vm0nsh1EFfVX+Al+gRX2bqgrP4HTZoCUI1k6Oude36MTxIwqbdsLq7S1vbO7V96vHBweHZ9UT896KkokJl0csUgOAqQIo4J0NdWMDGJJEA8Y6QfT+8zvPxOpaCSe9CwmHkdjQUOKkTaSX22l7uqTNGAJmUM34OnL3G8YRgUseBzpCUYsHWQDfrVm1+0V4CZxclIDOTp+demOIpxwIjRmSKmhY8faS5HUFDMyr7iJIjHCUzQmQ0MF4kR56SrAHF4ZZQTDSJonNFypvzdSxJWa8cBMZilV0cvEf72AFy7rsOWlVMSJJgKvD4cJgzqCWX1wRCXBms0MQVhSkx3iCZIIa1NyxZTiFCvYJL1G3bmpNx+btfZdXk8ZXIBLcA0ccAva4AF0QBdg8ArewQf4tN6shfVlLdejJSvfOQd/YH3/AChcq6A=</latexit>

x2 2 X2

<latexit sha1_base64="rsfy+qm1OriZNF1K2U0M9bojy/E=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqhKooANDJRbGItGH1ESR4zqtVduJbAdRRf0VfoJfYIW9G+rKT+C0GSDlSJaOzrnX9+gEMaNK2/bcKm1sbm3vlHcre/sHh0fV45OuihKJSQdHLJL9ACnCqCAdTTUj/VgSxANGesHkPvN7z0QqGoknPY2Jx9FI0JBipI3kV5upu/wkDVhCZtANePoy868NowIWPI70GCOW9rMBv1qz6/YScJ04OamBHG2/unCHEU44ERozpNTAsWPtpUhqihmZVdxEkRjhCRqRgaECcaK8dBlgBi+MMoRhJM0TGi7V3xsp4kpNeWAms5Sq6GXiv17AC5d12PRSKuJEE4FXh8OEQR3BrD44pJJgzaaGICypyQ7xGEmEtSm5YkpxihWsk+5V3bmpNx4btdZdXk8ZnIFzcAkccAta4AG0QQdg8ArewQf4tN6sufVlLVajJSvfOQV/YH3/ACunq6I=</latexit>

x3 2 X3

<latexit sha1_base64="2/PIiGYziQgXqnllcZ1DaKdcfzM=">AAACS3icbVC7TsMwFHUKhVJeAUYWiwqpLFUCFTAwVGJhLIg+pKZEjuu2Vm0nsh3UKsp/8RN8AAsDC+xsiAH3MdDHkSwdnXPvPdYJIkaVdpw3K7O2nt3YzG3lt3d29/btg8O6CmOJSQ2HLJTNACnCqCA1TTUjzUgSxANGGsHgduw3nolUNBSPehSRNkc9QbsUI20k337wOBr6SeJNTiWSdFLoBTzxhjT1LwynAs6bTTrWiys3ns 7Ts9S3C07JmQAuE3dGCmCGqm9/eJ0Qx5wIjRlSquU6kW4nSGqKGUnzXqxIhPAA9UjLUIE4Ue1kEp/CU6N0YDeU5gkNJ+r/jQRxpUY8MJMc6b5a9MbiSi/gC8m6e91OqIhiTQSeBndjBnUIx8XCDpUEazYyBGFJzd8h7iOJsDb1500p7mIFy6R+XnIvS+X7cqFyM6snB47BCSgCF1yBCrgDVVADGLyAd/AJvqxX69v6sX6noxlrtnME5pDJ/gHk4LVJ</latexit> max
⇠32⌅3(⇠2)

…

…

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="Q/0zkbFWraojoEcL8aIh1oIuYsM=">AAACinicfZFbS8MwFMfTep+3qeCLDwaHoCij3cQL+iDog48KzgnrLGl2tgWTtiapOEq/gN/Qj+CbH8G0m+BleCDwy/9/LuQkiDlT2nHeLHticmp6ZnauNL+wuLRcXlm9U1EiKTRoxCN5HxAFnIXQ0ExzuI8lEBFwaAaPF7nffAapWBTe6kEMbUF6IesySrSR/PKrF4j0NvPreCf1inaphE6Gc9l7YdlDPdvF3j7+MgOewNB9yf xahvcKbuYNxqbUDfXgqbj2/x/jlytO1SkC/wV3BBU0imu//O51IpoICDXlRKmW68S6nRKpGeWQlbxEQUzoI+lBy2BIBKh2WkzP8LZROrgbSXNCjQv1e0VKhFIDEZhMQXRf/fZycawXiHFyK9Hd43bKwjjRENLh/G7CsY5w/i+4wyRQzQcGCJXMPAHTPpGEavN7JbMb9/cm/sJdreoeVg9uDirnZ6MtzaINtIV2kIuO0Dm6QteogSj6sNatTQvbC3bNPrFPh6m2NapZQz/CvvwE9oLGuQ==</latexit>

T3(⇠
3)x2 +W3x3 � h3(⇠

3)

<latexit sha1_base64="FShUvY1Qa4oLm8w6ICO0f0Mx7k0=">AAACJ3icbVC7TsMwFHV4lvIKMLJYVAimKqkqYGCoxMJYJPqQmhI5rtNatZNgO4gqyifwIcys8A1sCEZG/gInzQBtj3Slo3PuQ/d4EaNSWdaXsbS8srq2Xtoob25t7+yae/ttGcYCkxYOWSi6HpKE0YC0FFWMdCNBEPcY6Xjjq8zvPBAhaRjcqklE+hwNA+pTjJSWXPPE8Xhyn7q1JL1zVBjBxMmXJh6LSQoz91G7qWtWrKqVA84TuyAVUKDpmj/OIMQxJ4HCDEnZs61I9RMkFMWMpGUnliRCeIyGpKdpgDiR/SS/ncJjrQygHwpdgYK5+nciQVzKCfd0J0dqJGe9TFzoeXyR3IuVf9FPaBDFigR4et+PGVQhzEKDAyoIVmyiCcKC6hcgHiGBsNLRlnU29mwS86Rdq9pn1fpNvdK4LFIqgUNwBE6BDc5BA1yDJmgBDJ7AC3gFb8az8W58GJ/T1iWjmDkA/2B8/wJuNacP</latexit>

q2
>x2

<latexit sha1_base64="R+eRvGg990K3Xy2IuEb9xIaYu70=">AAACJ3icbVC7TsMwFHV4lvIKMLJYVAimKoEKGBgqsTAWiT6kJkSO67RW7STYDqKK8gl8CDMrfAMbgpGRv8BNM0DbI13p6Jz70D1+zKhUlvVlLCwuLa+sltbK6xubW9vmzm5LRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7wauy3H4iQNApv1SgmLkf9kAYUI6UlzzxyfJ7eZ95pmt05Koph6uRLU58lJINj91G7mWdWrKqVA84SuyAVUKDhmT9OL8IJJ6HCDEnZta1YuSkSimJGsrKTSBIjPER90tU0RJxIN81vZ/BQKz0YREJXqGCu/p1IEZdyxH3dyZEayGlvLM71fD5P7iYquHBTGsaJIiGe3A8SBlUEx6HBHhUEKzbSBGFB9QsQD5BAWOloyzobezqJWdI6qdpn1dpNrVK/LFIqgX1wAI6BDc5BHVyDBmgCDJ7AC3gFb8az8W58GJ+T1gWjmNkD/2B8/wJxi6cR</latexit>

q3
>x3

<latexit sha1_base64="0IqF4uVK/Uxekgi6F0N3uwioKMs="></latexit>

T2(⇠
2)x1 +W2x2 � h2(⇠

2)

<latexit sha1_base64="GgR1lPgizAIJdt04BgDLIFa5jzI="></latexit>

⇠t =

0

B@
⇠2
...
⇠t

1

CA



<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

Single-Stage vs. Multi-Stage Robust Optimization

Multi-stage robust optimization:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="f/jXY/GmrnUs2z0phDr6GT01mvY=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAimKkEVMDBUYmEsEn1ITYgc12mt2kmwHUQV5RP4CX6BFXY2xAgjX4KTZoCWI1k6Oufee6zjx4xKZVmfxsLi0vLKamWtur6xubVt7ux2ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPL3O/e0+EpFF4oyYxcTkahjSgGCkteeaR4/P0LvPsNLt1VBTD1CmOpj5LSAZz90G7mWfWrLpVAM4TuyQ1UKLlmd/OIMIJJ6HCDEnZt61YuSkSimJGsqqTSBIjPEZD0tc0RJxINy2yM3iolQEMIqFfqGCh/t5IEZdywn09yZEayVkvF//1fD6TrIJzN6VhnCgS4mlwkDCoIpi3BQdUEKzYRBOEBdV/h3iEBMJKd1rVpdizFcyTzkndPq03rhu15kVZTwXsgwNwDGxwBprgCrRAG2DwCJ7BC3g1now34934mI4uGOXOHvgD4+sHQBykgQ==</latexit>

q1
>x1

<latexit sha1_base64="3pvamURgrKww0lrOkDZF2RUaoTs=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWZEtAsXBTcuK9gHtGVI0rQNTTJDkhHL0F/xJ/wFt7rvTrr1J8xMZ6FTDwQO59ybezg44kwbz1s4pY3Nre2d8m5lb//g8Mg9PmnrMFaEtkjIQ9XFSFPOJG0ZZjjtRooigTnt4Ol96neeqdIslE9mFtGBQGPJRowgY6XArSf97JME85jOYR+L5GUe+JYxCQueQGZCEE+66UDgVr2alwGuEz8nVZCjGbjL/jAksaDSEI607vleZAYJUoYRTueVfqxphMgUjWnPUokE1YMkCzCHF1YZwlGo7JMGZurvjQQJrWcC28k0pS56qfivh0XhshnVBwmTUWyoJKvDo5hDE8K0PjhkihLDZ5YgopjNDskEKUSMLbliS/GLFayT9lXNv6ldP15XG3d5PWVwBs7BJfDBLWiAB9AELUDAK3gHH+DTeXMWzpezXI2WnHznFPyB8/0DJRGrng==</latexit>

x1 2 X1

<latexit sha1_base64="c+dcNXzQhIhLwnDkxI1sbYxn6EE=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZKsS5cFNy4rGAf0ClDJk3b0CQzJBlpGeZT/Al/wa3udSW69CtMp7OwrQcCh3PuvSecIGJUacf5sAobm1vbO8Xd0t7+weGRfXzSVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M79ziORiobiQc8i0udoJOiQYqSN5Nt1j6OpnyRediqRZJBCL+CJN6WpXzWcCrhsdqnRU98uOxUnA1wnbk7KIEfTt7+9QYhjToTGDCnVc51I9xMkNcWMpCUvViRCeIJGpGeoQJyofpIFp/DCKAM4DKV5QsNM/buRIK7UjAdmkiM9VqveXPzXC/hKsh5e9xMqolgTgRfBw5hBHcJ5e3BAJcGazQxBWFLzd4jHSCKsTcclU4q7WsE6aVcr7lWldl8rN27yeorgDJyDS+CCOmiAO9AELYDBE3gBr+DNerberU/razFasPKdU7AE6+cXHfirEQ==</latexit> max
⇠22⌅2

<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="OKjtqLRf6SQbZyu94IX8d7Nl8I0=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqpKqgg4MlVgYi0QfUhNFjuu0Vm0nsh1EFfVX+Al+gRX2bqgrP4HTZoCUI1k6Oude36MTxIwqbdsLq7S1vbO7V96vHBweHZ9UT896KkokJl0csUgOAqQIo4J0NdWMDGJJEA8Y6QfT+8zvPxOpaCSe9CwmHkdjQUOKkTaSX22l7uqTNGAJmUM34OnL3G8YRgUseBzpCUYsHWQDfrVm1+0V4CZxclIDOTp+demOIpxwIjRmSKmhY8faS5HUFDMyr7iJIjHCUzQmQ0MF4kR56SrAHF4ZZQTDSJonNFypvzdSxJWa8cBMZilV0cvEf72AFy7rsOWlVMSJJgKvD4cJgzqCWX1wRCXBms0MQVhSkx3iCZIIa1NyxZTiFCvYJL1G3bmpNx+btfZdXk8ZXIBLcA0ccAva4AF0QBdg8ArewQf4tN6shfVlLdejJSvfOQd/YH3/AChcq6A=</latexit>

x2 2 X2

<latexit sha1_base64="rsfy+qm1OriZNF1K2U0M9bojy/E=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqhKooANDJRbGItGH1ESR4zqtVduJbAdRRf0VfoJfYIW9G+rKT+C0GSDlSJaOzrnX9+gEMaNK2/bcKm1sbm3vlHcre/sHh0fV45OuihKJSQdHLJL9ACnCqCAdTTUj/VgSxANGesHkPvN7z0QqGoknPY2Jx9FI0JBipI3kV5upu/wkDVhCZtANePoy868NowIWPI70GCOW9rMBv1qz6/YScJ04OamBHG2/unCHEU44ERozpNTAsWPtpUhqihmZVdxEkRjhCRqRgaECcaK8dBlgBi+MMoRhJM0TGi7V3xsp4kpNeWAms5Sq6GXiv17AC5d12PRSKuJEE4FXh8OEQR3BrD44pJJgzaaGICypyQ7xGEmEtSm5YkpxihWsk+5V3bmpNx4btdZdXk8ZnIFzcAkccAta4AG0QQdg8ArewQf4tN6sufVlLVajJSvfOQV/YH3/ACunq6I=</latexit>

x3 2 X3

<latexit sha1_base64="2/PIiGYziQgXqnllcZ1DaKdcfzM=">AAACS3icbVC7TsMwFHUKhVJeAUYWiwqpLFUCFTAwVGJhLIg+pKZEjuu2Vm0nsh3UKsp/8RN8AAsDC+xsiAH3MdDHkSwdnXPvPdYJIkaVdpw3K7O2nt3YzG3lt3d29/btg8O6CmOJSQ2HLJTNACnCqCA1TTUjzUgSxANGGsHgduw3nolUNBSPehSRNkc9QbsUI20k337wOBr6SeJNTiWSdFLoBTzxhjT1LwynAs6bTTrWiys3ns 7Ts9S3C07JmQAuE3dGCmCGqm9/eJ0Qx5wIjRlSquU6kW4nSGqKGUnzXqxIhPAA9UjLUIE4Ue1kEp/CU6N0YDeU5gkNJ+r/jQRxpUY8MJMc6b5a9MbiSi/gC8m6e91OqIhiTQSeBndjBnUIx8XCDpUEazYyBGFJzd8h7iOJsDb1500p7mIFy6R+XnIvS+X7cqFyM6snB47BCSgCF1yBCrgDVVADGLyAd/AJvqxX69v6sX6noxlrtnME5pDJ/gHk4LVJ</latexit> max
⇠32⌅3(⇠2)

<latexit sha1_base64="BGox+xN3o+Ss8HuehhdXp65WIl0=">AAACT3icbZHNS8MwGMbT+jXnV9Wjl+AQ5sHRylAPHgZePCpsc2BnSbN0C0vSkqSyEfqf+U949OpV797EbPag0xcCP57nTd6XJ3HGqNK+/+K4S8srq2uV9erG5tb2jre711VpLjHp4JSlshcjRRgVpKOpZqSXSYJ4zMhdPL6a+XePRCqairaeZqTP0VDQhGKkrRR53ZCjSWRMOH/KSDIoYBhzE05oEbUtUwF/mz060+v/3ngw7ZOgKI6LyKv5DX9e8C8EJdRAWTeR9xoOUpxzIjRmSKn7wM903yCpKWakqIa5IhnCYzQk9xYF4kT1zXyFAh5ZZQCTVNojNJyrP28YxJWa8th2cqRHatGbif96MV+YrJOLvqEiyzUR+HtwkjOoUzgLFw6oJFizqQWEJbW7QzxCEmFtv6BqQwkWI/gL3dNGcNZo3jZrrcsyngo4AIegDgJwDlrgGtyADsDgCbyCN/DuPDsfzqdbtrpOCfvgV7nrX6HHtiw=</latexit> max
⇠T2⌅T (⇠T�1)

<latexit sha1_base64="yTgZD7GZX/8xUxbxy9hxhX3xGV8=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWakaBcuCm5cVugLOqVk0rQNTTJDkhFL6K/4E/6CW913J936E2ams9DWA4HDOffmHk4YM6q05y2cwtb2zu5ecb90cHh0fOKenrVVlEhMWjhikeyGSBFGBWlpqhnpxpIgHjLSCacPqd95JlLRSDT1LCZ9jsaCjihG2koDt2aC7BMTsoTMYRBy8zIfNC2jAq55HOkJRsx004GBW/YqXga4SfyclEGOxsBdBsMIJ5wIjRlSqud7se4bJDXFjMxLQaJIjPAUjUnPUoE4UX2TBZjDK6sM4SiS9gkNM/X3hkFcqRkP7WSaUq17qfivF/K1y3pU6xsq4kQTgVeHRwmDOoJpfXBIJcGazSxBWFKbHeIJkghrW3LJluKvV7BJ2jcV/7ZSfaqW6/d5PUVwAS7BNfDBHaiDR9AALYDBK3gHH+DTeXMWzpezXI0WnHznHPyB8/0DmFKr5A==</latexit>

xT 2 XT

…

…

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+…

…

<latexit sha1_base64="Q/0zkbFWraojoEcL8aIh1oIuYsM=">AAACinicfZFbS8MwFMfTep+3qeCLDwaHoCij3cQL+iDog48KzgnrLGl2tgWTtiapOEq/gN/Qj+CbH8G0m+BleCDwy/9/LuQkiDlT2nHeLHticmp6ZnauNL+wuLRcXlm9U1EiKTRoxCN5HxAFnIXQ0ExzuI8lEBFwaAaPF7nffAapWBTe6kEMbUF6IesySrSR/PKrF4j0NvPreCf1inaphE6Gc9l7YdlDPdvF3j7+MgOewNB9yf xahvcKbuYNxqbUDfXgqbj2/x/jlytO1SkC/wV3BBU0imu//O51IpoICDXlRKmW68S6nRKpGeWQlbxEQUzoI+lBy2BIBKh2WkzP8LZROrgbSXNCjQv1e0VKhFIDEZhMQXRf/fZycawXiHFyK9Hd43bKwjjRENLh/G7CsY5w/i+4wyRQzQcGCJXMPAHTPpGEavN7JbMb9/cm/sJdreoeVg9uDirnZ6MtzaINtIV2kIuO0Dm6QteogSj6sNatTQvbC3bNPrFPh6m2NapZQz/CvvwE9oLGuQ==</latexit>

T3(⇠
3)x2 +W3x3 � h3(⇠

3)
<latexit sha1_base64="wYgEkUCjmaahLLQPswzjTtpwm1c="></latexit>

TT (⇠
T )xT�1 +WTxT � hT (⇠

T )

<latexit sha1_base64="FShUvY1Qa4oLm8w6ICO0f0Mx7k0=">AAACJ3icbVC7TsMwFHV4lvIKMLJYVAimKqkqYGCoxMJYJPqQmhI5rtNatZNgO4gqyifwIcys8A1sCEZG/gInzQBtj3Slo3PuQ/d4EaNSWdaXsbS8srq2Xtoob25t7+yae/ttGcYCkxYOWSi6HpKE0YC0FFWMdCNBEPcY6Xjjq8zvPBAhaRjcqklE+hwNA+pTjJSWXPPE8Xhyn7q1JL1zVBjBxMmXJh6LSQoz91G7qWtWrKqVA84TuyAVUKDpmj/OIMQxJ4HCDEnZs61I9RMkFMWMpGUnliRCeIyGpKdpgDiR/SS/ncJjrQygHwpdgYK5+nciQVzKCfd0J0dqJGe9TFzoeXyR3IuVf9FPaBDFigR4et+PGVQhzEKDAyoIVmyiCcKC6hcgHiGBsNLRlnU29mwS86Rdq9pn1fpNvdK4LFIqgUNwBE6BDc5BA1yDJmgBDJ7AC3gFb8az8W58GJ/T1iWjmDkA/2B8/wJuNacP</latexit>

q2
>x2

<latexit sha1_base64="R+eRvGg990K3Xy2IuEb9xIaYu70=">AAACJ3icbVC7TsMwFHV4lvIKMLJYVAimKoEKGBgqsTAWiT6kJkSO67RW7STYDqKK8gl8CDMrfAMbgpGRv8BNM0DbI13p6Jz70D1+zKhUlvVlLCwuLa+sltbK6xubW9vmzm5LRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7wauy3H4iQNApv1SgmLkf9kAYUI6UlzzxyfJ7eZ95pmt05Koph6uRLU58lJINj91G7mWdWrKqVA84SuyAVUKDhmT9OL8IJJ6HCDEnZta1YuSkSimJGsrKTSBIjPER90tU0RJxIN81vZ/BQKz0YREJXqGCu/p1IEZdyxH3dyZEayGlvLM71fD5P7iYquHBTGsaJIiGe3A8SBlUEx6HBHhUEKzbSBGFB9QsQD5BAWOloyzobezqJWdI6qdpn1dpNrVK/LFIqgX1wAI6BDc5BHVyDBmgCDJ7AC3gFb8az8W58GJ+T1gWjmNkD/2B8/wJxi6cR</latexit>

q3
>x3

<latexit sha1_base64="ZqGFPxa1ZD4/XMx34it7r8IgcyQ=">AAACKHicbVC7TsMwFHXKq5RXgJHFokLqVCUIAQNDJRbGIvUlNSVyXKe1aifBdhBVlF/gQ5hZ4RvYUFc2/gInzQBtj3Slo3PuQ/d4EaNSWdbMKK2tb2xulbcrO7t7+wfm4VFHhrHApI1DFoqehyRhNCBtRRUjvUgQxD1Gut7kNvO7T0RIGgYtNY3IgKNRQH2KkdKSa9YcjyePqdtK0gdHhRFMnHxp4rGYpDBzn7WbQtesWnUrB1wmdkGqoEDTNX+cYYhjTgKFGZKyb1uRGiRIKIoZSStOLEmE8ASNSF/TAHEiB0l+PIVnWhlCPxS6AgVz9e9EgriUU+7pTo7UWC56mbjS8/gquR8r/3qQ0CCKFQnw/L4fM6hCmKUGh1QQrNhUE4QF1S9APEYCYaWzrehs7MUklknnvG5f1i/uL6qNmyKlMjgBp6AGbHAFGuAONEEbYPAC3sA7+DBejU/jy5jNW0tGMXMM/sH4/gVIY6d9</latexit>

qT
>xT

<latexit sha1_base64="0IqF4uVK/Uxekgi6F0N3uwioKMs="></latexit>

T2(⇠
2)x1 +W2x2 � h2(⇠

2)

<latexit sha1_base64="GgR1lPgizAIJdt04BgDLIFa5jzI="></latexit>

⇠t =

0

B@
⇠2
...
⇠t

1

CA
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<latexit sha1_base64="zP8p4ZGG+dVyWQMqMGouGS7WuN8=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi6sJFwY3LCvYBTSiT6aQdOjMJMxMxhHyGa7f6De7ErR/gJ/gXTtMstO2BC4dz7oN7gphRpR3n26qsrW9sblW3azu7e/sH9uFRV0WJxKSDIxbJfoAUYVSQjqaakX4sCeIBI71gejvze49EKhqJB53GxOdoLGhIMdJGGtp1r9iRBSwhOfQCnj3lQ7vhNJ0CcJm4JWmAEu2h/eONIpxwIjRmSKmB68Taz5DUFDOS17xEkRjhKRqTgaECcaL8rDicw1OjjGAYSVNCw0L9O5EhrlTKA9PJkZ6oRW8mrvQCvkoeJDq89jMq4kQTgef3w4RBHcFZQHBEJcGapYYgLKl5AeIJkghrE2PNZOMuJrFMuudN97J5cX/RaN2UKVXBMTgBZ8AFV6AF7kAbdAAGKXgBr+DNerberQ/rc95ascqZOvgH6+sXDpqedA==</latexit>x

<latexit sha1_base64="w3Wj1LEUh7gRAMxx+sR86p1KRB0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmlAm00k7dGYSZiZCCPkM1271G9yJWz/AT/AvnKZZaNsDFw7n3Af3BDGjSjvOt1XZ2Nza3qnu1vb2Dw6P7OOTnooSiUkXRyySgwApwqggXU01I4NYEsQDRvrB7G7u95+IVDQSjzqNic/RRNCQYqSNNLLrXrEjC1hCcugFPEvzkd1wmk4BuErckjRAic7I/vHGEU44ERozpNTQdWLtZ0hqihnJa16iSIzwDE3I0FCBOFF+VhzO4blRxjCMpCmhYaH+ncgQVyrlgenkSE/VsjcX13oBXycPEx3e+BkVcaKJwIv7YcKgjuA8IDimkmDNUkMQltS8APEUSYS1ibFmsnGXk1glvcume9VsPbQa7dsypSo4BWfgArjgGrTBPeiALsAgBS/gFbxZz9a79WF9LlorVjlTB/9gff0CEDaedQ==</latexit>y

<latexit sha1_base64="qpKw6k9QPr82jRA7Pg7BnVTkh7Q="></latexit>

c>x+ q(⇠)>x+ r>y + I [T (⇠)x+Wy � h(⇠)]
<latexit sha1_base64="qpKw6k9QPr82jRA7Pg7BnVTkh7Q="></latexit>

c>x+ q(⇠)>x+ r>y + I [T (⇠)x+Wy � h(⇠)]

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)

<latexit sha1_base64="3XxdVzr+KFTGhBP+BQMcu+y6R80=">AAACLHicbZDLSsNAGIUnXmu9RV26GSyCCymJFHXhouDGZQV7gSaUyWTaDp2ZhJmJWEJewgdx7VafwY2IW8G3cJpmYS8/DHyc81+YE8SMKu04n9bK6tr6xmZpq7y9s7u3bx8ctlSUSEyaOGKR7ARIEUYFaWqqGenEkiAeMNIORrcTv/1IpKKReNDjmPgcDQTtU4y0kXr2eerlS1JJwgx6AU+9J5oZogLOWh2a9eyKU3XygovgFlABRTV69q8XRjjhRGjMkFJd14m1nyKpKWYkK3uJIjHCIzQgXYMCcaL8NL+awVOjhLAfSfOEhrn6fyJFXKkxD0wnR3qo5r2JuNQL+DK5m+j+tZ9SESeaCDy9308Y1BGcJAdDKgnWbGwAYUnNFyAeIomwNvmWTTbufBKL0LqoupfV2n2tUr8pUiqBY3ACzoALrkAd3IEGaAIMnsEreAPv1ov1YX1Z39PWFauYOQIzZf38AWmJqRQ=</latexit>

⇠ 2 ⌅Joint first/second-stage feasible region for fixed          :
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<latexit sha1_base64="zP8p4ZGG+dVyWQMqMGouGS7WuN8=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi6sJFwY3LCvYBTSiT6aQdOjMJMxMxhHyGa7f6De7ErR/gJ/gXTtMstO2BC4dz7oN7gphRpR3n26qsrW9sblW3azu7e/sH9uFRV0WJxKSDIxbJfoAUYVSQjqaakX4sCeIBI71gejvze49EKhqJB53GxOdoLGhIMdJGGtp1r9iRBSwhOfQCnj3lQ7vhNJ0CcJm4JWmAEu2h/eONIpxwIjRmSKmB68Taz5DUFDOS17xEkRjhKRqTgaECcaL8rDicw1OjjGAYSVNCw0L9O5EhrlTKA9PJkZ6oRW8mrvQCvkoeJDq89jMq4kQTgef3w4RBHcFZQHBEJcGapYYgLKl5AeIJkghrE2PNZOMuJrFMuudN97J5cX/RaN2UKVXBMTgBZ8AFV6AF7kAbdAAGKXgBr+DNerberQ/rc95ascqZOvgH6+sXDpqedA==</latexit>x

<latexit sha1_base64="w3Wj1LEUh7gRAMxx+sR86p1KRB0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmlAm00k7dGYSZiZCCPkM1271G9yJWz/AT/AvnKZZaNsDFw7n3Af3BDGjSjvOt1XZ2Nza3qnu1vb2Dw6P7OOTnooSiUkXRyySgwApwqggXU01I4NYEsQDRvrB7G7u95+IVDQSjzqNic/RRNCQYqSNNLLrXrEjC1hCcugFPEvzkd1wmk4BuErckjRAic7I/vHGEU44ERozpNTQdWLtZ0hqihnJa16iSIzwDE3I0FCBOFF+VhzO4blRxjCMpCmhYaH+ncgQVyrlgenkSE/VsjcX13oBXycPEx3e+BkVcaKJwIv7YcKgjuA8IDimkmDNUkMQltS8APEUSYS1ibFmsnGXk1glvcume9VsPbQa7dsypSo4BWfgArjgGrTBPeiALsAgBS/gFbxZz9a79WF9LlorVjlTB/9gff0CEDaedQ==</latexit>y

<latexit sha1_base64="yumgvt+gtQJyp7+LIOrzvR6lQrg="></latexit>

c>x+ q(⇠0)>x+ r>y + I [T (⇠0)x+Wy � h(⇠0)]

<latexit sha1_base64="yumgvt+gtQJyp7+LIOrzvR6lQrg="></latexit>

c>x+ q(⇠0)>x+ r>y + I [T (⇠0)x+Wy � h(⇠0)]

<latexit sha1_base64="yumgvt+gtQJyp7+LIOrzvR6lQrg="></latexit>

c>x+ q(⇠0)>x+ r>y + I [T (⇠0)x+Wy � h(⇠0)]

<latexit sha1_base64="3XxdVzr+KFTGhBP+BQMcu+y6R80=">AAACLHicbZDLSsNAGIUnXmu9RV26GSyCCymJFHXhouDGZQV7gSaUyWTaDp2ZhJmJWEJewgdx7VafwY2IW8G3cJpmYS8/DHyc81+YE8SMKu04n9bK6tr6xmZpq7y9s7u3bx8ctlSUSEyaOGKR7ARIEUYFaWqqGenEkiAeMNIORrcTv/1IpKKReNDjmPgcDQTtU4y0kXr2eerlS1JJwgx6AU+9J5oZogLOWh2a9eyKU3XygovgFlABRTV69q8XRjjhRGjMkFJd14m1nyKpKWYkK3uJIjHCIzQgXYMCcaL8NL+awVOjhLAfSfOEhrn6fyJFXKkxD0wnR3qo5r2JuNQL+DK5m+j+tZ9SESeaCDy9308Y1BGcJAdDKgnWbGwAYUnNFyAeIomwNvmWTTbufBKL0LqoupfV2n2tUr8pUiqBY3ACzoALrkAd3IEGaAIMnsEreAPv1ov1YX1Z39PWFauYOQIzZf38AWmJqRQ=</latexit>

⇠ 2 ⌅Joint first/second-stage feasible region for fixed          :
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<latexit sha1_base64="zP8p4ZGG+dVyWQMqMGouGS7WuN8=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi6sJFwY3LCvYBTSiT6aQdOjMJMxMxhHyGa7f6De7ErR/gJ/gXTtMstO2BC4dz7oN7gphRpR3n26qsrW9sblW3azu7e/sH9uFRV0WJxKSDIxbJfoAUYVSQjqaakX4sCeIBI71gejvze49EKhqJB53GxOdoLGhIMdJGGtp1r9iRBSwhOfQCnj3lQ7vhNJ0CcJm4JWmAEu2h/eONIpxwIjRmSKmB68Taz5DUFDOS17xEkRjhKRqTgaECcaL8rDicw1OjjGAYSVNCw0L9O5EhrlTKA9PJkZ6oRW8mrvQCvkoeJDq89jMq4kQTgef3w4RBHcFZQHBEJcGapYYgLKl5AeIJkghrE2PNZOMuJrFMuudN97J5cX/RaN2UKVXBMTgBZ8AFV6AF7kAbdAAGKXgBr+DNerberQ/rc95ascqZOvgH6+sXDpqedA==</latexit>x

<latexit sha1_base64="w3Wj1LEUh7gRAMxx+sR86p1KRB0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmlAm00k7dGYSZiZCCPkM1271G9yJWz/AT/AvnKZZaNsDFw7n3Af3BDGjSjvOt1XZ2Nza3qnu1vb2Dw6P7OOTnooSiUkXRyySgwApwqggXU01I4NYEsQDRvrB7G7u95+IVDQSjzqNic/RRNCQYqSNNLLrXrEjC1hCcugFPEvzkd1wmk4BuErckjRAic7I/vHGEU44ERozpNTQdWLtZ0hqihnJa16iSIzwDE3I0FCBOFF+VhzO4blRxjCMpCmhYaH+ncgQVyrlgenkSE/VsjcX13oBXycPEx3e+BkVcaKJwIv7YcKgjuA8IDimkmDNUkMQltS8APEUSYS1ibFmsnGXk1glvcume9VsPbQa7dsypSo4BWfgArjgGrTBPeiALsAgBS/gFbxZz9a79WF9LlorVjlTB/9gff0CEDaedQ==</latexit>y

<latexit sha1_base64="yumgvt+gtQJyp7+LIOrzvR6lQrg="></latexit>

c>x+ q(⇠0)>x+ r>y + I [T (⇠0)x+Wy � h(⇠0)]

<latexit sha1_base64="3XxdVzr+KFTGhBP+BQMcu+y6R80=">AAACLHicbZDLSsNAGIUnXmu9RV26GSyCCymJFHXhouDGZQV7gSaUyWTaDp2ZhJmJWEJewgdx7VafwY2IW8G3cJpmYS8/DHyc81+YE8SMKu04n9bK6tr6xmZpq7y9s7u3bx8ctlSUSEyaOGKR7ARIEUYFaWqqGenEkiAeMNIORrcTv/1IpKKReNDjmPgcDQTtU4y0kXr2eerlS1JJwgx6AU+9J5oZogLOWh2a9eyKU3XygovgFlABRTV69q8XRjjhRGjMkFJd14m1nyKpKWYkK3uJIjHCIzQgXYMCcaL8NL+awVOjhLAfSfOEhrn6fyJFXKkxD0wnR3qo5r2JuNQL+DK5m+j+tZ9SESeaCDy9308Y1BGcJAdDKgnWbGwAYUnNFyAeIomwNvmWTTbufBKL0LqoupfV2n2tUr8pUiqBY3ACzoALrkAd3IEGaAIMnsEreAPv1ov1YX1Z39PWFauYOQIzZf38AWmJqRQ=</latexit>

⇠ 2 ⌅Joint first/second-stage feasible region for fixed          :

convex in first-stage decisions

Two-stage robust optimization problems are 
convex in the first-stage decisions    as long 
as the feasible regions    and     are convex, 
independent of the shape of the uncertainty 
set    .

Convexity of Two-Stage  
Robust Optimization

x

<latexit sha1_base64="W79q6Hw2mjh5nHBywhfylEm3G/U=">AAACFXicbVDLSgMxFM34rPU1Kq7cBIvgqsxIRRcuCm5cVrAP6AwlSdM2NJkZkoxYwnyHa7f6De7ErWs/wb8wnc5C2x64cDjnPrgHJ5wp7Xnfzsrq2vrGZmmrvL2zu7fvHhy2VJxKQpsk5rHsYKQoZxFtaqY57SSSIoE5bePx7dRvP1KpWBw96ElCQ4GGERswgrSVeu6xCfIlBvOUZjDAwjxlWc+teFUvB1wkfkEqoECj5/4E/ZikgkaacKRU1/cSHRokNSOcZuUgVTRBZIyGtGtphARVockvZ/DMKn04iKWtSMNc/TthkFBqIrDtFEiP1Lw3FZd6WCyTu6keXIeGRUmqaURm9wcphzqG04hgn0lKNJ9Ygohk9gVIRkgiom2QZZuNP5/EImldVP1a9fK+VqnfFCmVwAk4BefAB1egDu5AAzQBAQa8gFfw5jw7786H8zlrXXGKmSPwD87XL/hrn38=</latexit>

X

<latexit sha1_base64="xCVw+e9zdC17cfHgvLhJOOkhx5I=">AAACGnicbVDLSsNAFJ34rPUVdaebwSK4KolUdOGi4MZlBfuAJpTJdNIOnZmEmYlQQsAPce1Wv8GduHXjJ/gXTtIstO2BC4dz7p079wQxo0o7zre1srq2vrFZ2apu7+zu7dsHhx0VJRKTNo5YJHsBUoRRQdqaakZ6sSSIB4x0g8lt7ncfiVQ0Eg96GhOfo5GgIcVIG2lgH6de8UgasIRk0ONIjzFiaS/LBnbNqTsF4CJxS1IDJVoD+8cbRjjhRGjMkFJ914m1nyKpKWYkq3qJIjHCEzQifUMF4kT5abE+g2dGGcIwkqaEhoX6dyJFXKkpD0xn/kc17+XiUi/gy+R+osNrP6UiTjQReLY/TBjUEcxzgkMqCdZsagjCkpoTIB4jibA2aVZNNu58Eoukc1F3G/XL+0ateVOmVAEn4BScAxdcgSa4Ay3QBhg8gRfwCt6sZ+vd+rA+Z60rVjlzBP7B+voF9dShnA==</latexit>

Y

<latexit sha1_base64="ZebXJ+VU4KJdQneY8GI154bNQdk=">AAACGnicbVC7TsMwFHXKq5RXgA0WiwqJqUpQEQwMlVgYi0QfqIkqx3Vaq7YT2Q5SFUXiQ5hZ4RvYECsLn8Bf4KQdoO2RrnR0zr2+vieIGVXacb6t0srq2vpGebOytb2zu2fvH7RVlEhMWjhikewGSBFGBWlpqhnpxpIgHjDSCcY3ud95JFLRSNzrSUx8joaChhQjbaS+fZR6xSNpwBKSQY8jPcKIpQ9Z1rerTs0pABeJOyNVMEOzb/94gwgnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoPy3WZ/DUKAMYRtKU0LBQ/06kiCs14YHpzP+o5r1cXOoFfJncS3R45adUxIkmAk/3hwmDOoJ5TnBAJcGaTQxBWFJzAsQjJBHWJs2KycadT2KRtM9rbr12cVevNq5nKZXBMTgBZ8AFl6ABbkETtAAGT+AFvII369l6tz6sz2lryZrNHIJ/sL5+AfdxoZ0=</latexit>

⌅

<latexit sha1_base64="5iYPsgQMAxx8DhFZk9YAOg4zXSE=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSi6MJFwY3LCvYBTSiTyaQdOjMJMxOlhHyFa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7goRRpR3n26qsrW9sblW3azu7e/sHdv2wq+JUYtLBMYtlP0CKMCpIR1PNSD+RBPGAkV4wuZ35vUciFY3Fg54mxOdoJGhEMdJGGtr1zCuWZJKEOfT6NB/aDafpFIDLxC1JA5RoD+0fL4xxyonQmCGlBq6TaD9DUlPMSF7zUkUShCdoRAaGCsSJ8rPiag5PjRLCKJamhIaF+nciQ1ypKQ9MJ0d6rBa9mbjSC/gqeZDq6NrPqEhSTQSe349SBnUMZ/HAkEqCNZsagrCk5gWIx0girE2INZONu5jEMumeN92L5uX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QIwP51s</latexit>



Is Two-Stage Robust Optimization Difficult?

<latexit sha1_base64="w3Wj1LEUh7gRAMxx+sR86p1KRB0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmlAm00k7dGYSZiZCCPkM1271G9yJWz/AT/AvnKZZaNsDFw7n3Af3BDGjSjvOt1XZ2Nza3qnu1vb2Dw6P7OOTnooSiUkXRyySgwApwqggXU01I4NYEsQDRvrB7G7u95+IVDQSjzqNic/RRNCQYqSNNLLrXrEjC1hCcugFPEvzkd1wmk4BuErckjRAic7I/vHGEU44ERozpNTQdWLtZ0hqihnJa16iSIzwDE3I0FCBOFF+VhzO4blRxjCMpCmhYaH+ncgQVyrlgenkSE/VsjcX13oBXycPEx3e+BkVcaKJwIv7YcKgjuA8IDimkmDNUkMQltS8APEUSYS1ibFmsnGXk1glvcume9VsPbQa7dsypSo4BWfgArjgGrTBPeiALsAgBS/gFbxZz9a79WF9LlorVjlTB/9gff0CEDaedQ==</latexit>y

Feasible region for fixed           :
<latexit sha1_base64="qpKw6k9QPr82jRA7Pg7BnVTkh7Q="></latexit>

c>x+ q(⇠)>x+ r>y + I [T (⇠)x+Wy � h(⇠)]
<latexit sha1_base64="qpKw6k9QPr82jRA7Pg7BnVTkh7Q="></latexit>

c>x+ q(⇠)>x+ r>y + I [T (⇠)x+Wy � h(⇠)]

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)
<latexit sha1_base64="aBB53BPg8+mI7mrTENwqfOZIwtM=">AAACFnicbVDLSsNAFJ3UV62vqODGzWARXJVEirpwUXDjsoJ9QBPKZDJth85MwsxELDH/4dqtfoM7cevWT/AvnKZZaNsDFw7n3Af3BDGjSjvOt1VaWV1b3yhvVra2d3b37P2DtooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB+Gbqdx6IVDQS93oSE5+joaADipE2Ut8+Sr18SSpJmEEv4Kn3SLOsb1edmpMDLhK3IFVQoNm3f7wwwgknQmOGlOq5Tqz9FElNMSNZxUsUiREeoyHpGSoQJ8pP89MZPDVKCAeRNCU0zNW/EyniSk14YDo50iM1703FpV7Al8m9RA+u/JSKONFE4Nn9QcKgjuA0IxhSSbBmE0MQltS8APEISYS1SbJisnHnk1gk7fOae1Gr39WrjesipTI4BifgDLjgEjTALWiCFsDgCbyAV/BmPVvv1of1OWstWcXMIfgH6+sXs4Kf4g==</latexit>

⇠

<latexit sha1_base64="nOO77aL4XVEdd2Ne8fbbBRvNmt4=">AAACNHicbVC7TsMwFHV4lvIKMLJYVEhMVYIqYGCoxMJYJPqQmqhyXKe1ajuR7SCqKD/ChzCzwh8gsSEGFr4BJ80AbY9k+eic+7BPEDOqtOO8Wyura+sbm5Wt6vbO7t6+fXDYUVEiMWnjiEWyFyBFGBWkralmpBdLgnjASDeY3OR+94FIRSNxr6cx8TkaCRpSjLSRBnYj9YohacASkkEv4OljZm4q4JzDkR5jxNJelg3smlN3CsBF4pakBkq0Bva3N4xwwonQmCGl+q4Taz9FUlPMSFb1EkVihCdoRPqGCsSJ8tNifQZPjTKEYSTNERoW6t+OFHGlpjwwlfkb1byXi0u9gC+T+4kOr/yUijjRRODZ/jBhUEcwTxAOqSRYs6khCEtqvgDxGEmEtcm5arJx55NYJJ3zuntRb9w1as3rMqUKOAYn4Ay44BI0wS1ogTbA4Am8gFfwZj1bH9an9TUrXbHKniPwD9bPL8rNrOI=</latexit>

x 2 X



<latexit sha1_base64="aBB53BPg8+mI7mrTENwqfOZIwtM=">AAACFnicbVDLSsNAFJ3UV62vqODGzWARXJVEirpwUXDjsoJ9QBPKZDJth85MwsxELDH/4dqtfoM7cevWT/AvnKZZaNsDFw7n3Af3BDGjSjvOt1VaWV1b3yhvVra2d3b37P2DtooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB+Gbqdx6IVDQS93oSE5+joaADipE2Ut8+Sr18SSpJmEEv4Kn3SLOsb1edmpMDLhK3IFVQoNm3f7wwwgknQmOGlOq5Tqz9FElNMSNZxUsUiREeoyHpGSoQJ8pP89MZPDVKCAeRNCU0zNW/EyniSk14YDo50iM1703FpV7Al8m9RA+u/JSKONFE4Nn9QcKgjuA0IxhSSbBmE0MQltS8APEISYS1SbJisnHnk1gk7fOae1Gr39WrjesipTI4BifgDLjgEjTALWiCFsDgCbyAV/BmPVvv1of1OWstWcXMIfgH6+sXs4Kf4g==</latexit>

⇠

Feasible region for fixed           :
<latexit sha1_base64="nOO77aL4XVEdd2Ne8fbbBRvNmt4=">AAACNHicbVC7TsMwFHV4lvIKMLJYVEhMVYIqYGCoxMJYJPqQmqhyXKe1ajuR7SCqKD/ChzCzwh8gsSEGFr4BJ80AbY9k+eic+7BPEDOqtOO8Wyura+sbm5Wt6vbO7t6+fXDYUVEiMWnjiEWyFyBFGBWkralmpBdLgnjASDeY3OR+94FIRSNxr6cx8TkaCRpSjLSRBnYj9YohacASkkEv4OljZm4q4JzDkR5jxNJelg3smlN3CsBF4pakBkq0Bva3N4xwwonQmCGl+q4Taz9FUlPMSFb1EkVihCdoRPqGCsSJ8tNifQZPjTKEYSTNERoW6t+OFHGlpjwwlfkb1byXi0u9gC+T+4kOr/yUijjRRODZ/jBhUEcwTxAOqSRYs6khCEtqvgDxGEmEtcm5arJx55NYJJ3zuntRb9w1as3rMqUKOAYn4Ay44BI0wS1ogTbA4Am8gFfwZj1bH9an9TUrXbHKniPwD9bPL8rNrOI=</latexit>

x 2 X

Is Two-Stage Robust Optimization Difficult?

<latexit sha1_base64="w3Wj1LEUh7gRAMxx+sR86p1KRB0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmlAm00k7dGYSZiZCCPkM1271G9yJWz/AT/AvnKZZaNsDFw7n3Af3BDGjSjvOt1XZ2Nza3qnu1vb2Dw6P7OOTnooSiUkXRyySgwApwqggXU01I4NYEsQDRvrB7G7u95+IVDQSjzqNic/RRNCQYqSNNLLrXrEjC1hCcugFPEvzkd1wmk4BuErckjRAic7I/vHGEU44ERozpNTQdWLtZ0hqihnJa16iSIzwDE3I0FCBOFF+VhzO4blRxjCMpCmhYaH+ncgQVyrlgenkSE/VsjcX13oBXycPEx3e+BkVcaKJwIv7YcKgjuA8IDimkmDNUkMQltS8APEUSYS1ibFmsnGXk1glvcume9VsPbQa7dsypSo4BWfgArjgGrTBPeiALsAgBS/gFbxZz9a79WF9LlorVjlTB/9gff0CEDaedQ==</latexit>y

<latexit sha1_base64="yumgvt+gtQJyp7+LIOrzvR6lQrg="></latexit>

c>x+ q(⇠0)>x+ r>y + I [T (⇠0)x+Wy � h(⇠0)]

convex in uncertainty

Complexity of Two-Stage 
Robust Optimization

If the constraints are subject to uncertainty, 
two-stage robust optimization problems are

strongly NP-hard even if all involved sets are 
polyhedral. 
 

(Two-stage robust optimization problems 
with uncertainty in the objective function 
only reduce to single-stage robust 
optimization problems.)



Part 2 Continuous Recourse Decisions

Part 3 Continuous Recourse Decisions

Part 4 Discrete Recourse Decisions

Agenda

Two-Stage Models

Multi-Stage Models

Part 5 Future Research Directions

Part 1 Single- vs Multi-Stage RO, Complexity



Part 2 Continuous Recourse Decisions

Agenda

Two-Stage Models

Decision Rules 
Lower Bounds 
Benders’ Decomposition 
Column-and-Constraint Generation 
Iterative Partitioning 
Fourier-Motzkin Elimination

Delage and Iancu. Robust Multistage Decision Making. INFORMS Tutorials in OR, 2015.

Yanıkoğlu, Gorissen and den Hertog. Adjustable Robust Optimization–A Survey and Tutorial. EJOR, 2019.

Georghiou, Tsoukalas and W. On the Optimality of Affine Decision Rules in Distributionally Robust Optimization. OR, 2025. 



Decision Rules

Consider again the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)

Decision Rules

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

Move second-stage decisions to first stage via decision rules:

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1

<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1
<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅



Decision Rules

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="UhKj/TeUliyCsb9/0jLAfsBvm8U="></latexit>

y : ⌅ 7! Y

The two-stage problem then turns into a single-stage problem:

<latexit sha1_base64="woDFo5kqNGes8sNlWHtwMiWKv/s="></latexit>

T (⇠)x+Wy(⇠) � h(⇠)

<latexit sha1_base64="oDlu765wRYxHsk8/+5NQbVZGwH4=">AAACPHicbZA7SwNBFIVnfcb4WrW0GQyCNmFXglqkCNhYRjAPyMYwO7lJBmd2l5lZMSzzZ/wh1rba2duI2Fo7eQhqcmHg8J37YE6YcKa05706C4tLyyurubX8+sbm1ra7s1tXcSop1GjMY9kMiQLOIqhppjk0EwlEhBwa4e3FyG/cgVQsjq71MIG2IP2I9Rgl2qKOWw5CkUmTmZtAxwnOgvHKLOQpGDzyhsbgox8soTuhwT0z5rjjFryiNy48K/ypKKBpVTvue9CNaSog0pQTpVq+l+h2RqRmlIPJB6mChNBb0oeWlRERoNrZ+LbBh5Z0cS+W9kUaj+nviYwIpYYitJ2C6IH6743gXC8U83Ar1b3zdsaiJNUQ0cn9XsqxjvEoSdxlEqjmQysIlcx+AdMBkYRqm3feZuP/T2JW1E+K/mmxdFUqVMrTlHJoHx2gI+SjM1RBl6iKaoiiB/SEntGL8+i8OR/O56R1wZnO7KE/5Xx9A7/nsFg=</latexit>

r>y(⇠)



Decision Rules

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="UhKj/TeUliyCsb9/0jLAfsBvm8U="></latexit>

y : ⌅ 7! Y

The two-stage problem then turns into a single-stage problem:

<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max
<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="woDFo5kqNGes8sNlWHtwMiWKv/s="></latexit>

T (⇠)x+Wy(⇠) � h(⇠)

<latexit sha1_base64="oDlu765wRYxHsk8/+5NQbVZGwH4=">AAACPHicbZA7SwNBFIVnfcb4WrW0GQyCNmFXglqkCNhYRjAPyMYwO7lJBmd2l5lZMSzzZ/wh1rba2duI2Fo7eQhqcmHg8J37YE6YcKa05706C4tLyyurubX8+sbm1ra7s1tXcSop1GjMY9kMiQLOIqhppjk0EwlEhBwa4e3FyG/cgVQsjq71MIG2IP2I9Rgl2qKOWw5CkUmTmZtAxwnOgvHKLOQpGDzyhsbgox8soTuhwT0z5rjjFryiNy48K/ypKKBpVTvue9CNaSog0pQTpVq+l+h2RqRmlIPJB6mChNBb0oeWlRERoNrZ+LbBh5Z0cS+W9kUaj+nviYwIpYYitJ2C6IH6743gXC8U83Ar1b3zdsaiJNUQ0cn9XsqxjvEoSdxlEqjmQysIlcx+AdMBkYRqm3feZuP/T2JW1E+K/mmxdFUqVMrTlHJoHx2gI+SjM1RBl6iKaoiiB/SEntGL8+i8OR/O56R1wZnO7KE/5Xx9A7/nsFg=</latexit>

r>y(⇠)
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="o0R1vu9THYLWOan7kjCF2r+xJ1g="></latexit>

minimize
x,y

c>x + max
⇠2⌅

q(⇠)>x+ r>y(⇠)

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y



Decision Rules

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="UhKj/TeUliyCsb9/0jLAfsBvm8U="></latexit>

y : ⌅ 7! Y

The two-stage problem then turns into a single-stage problem:

single stage
functional 
decisions

<latexit sha1_base64="o0R1vu9THYLWOan7kjCF2r+xJ1g="></latexit>

minimize
x,y

c>x + max
⇠2⌅

q(⇠)>x+ r>y(⇠)

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="Qaz4xa+lneoieA7OImvIW1YQQ38="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max
<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="woDFo5kqNGes8sNlWHtwMiWKv/s="></latexit>

T (⇠)x+Wy(⇠) � h(⇠)

<latexit sha1_base64="oDlu765wRYxHsk8/+5NQbVZGwH4=">AAACPHicbZA7SwNBFIVnfcb4WrW0GQyCNmFXglqkCNhYRjAPyMYwO7lJBmd2l5lZMSzzZ/wh1rba2duI2Fo7eQhqcmHg8J37YE6YcKa05706C4tLyyurubX8+sbm1ra7s1tXcSop1GjMY9kMiQLOIqhppjk0EwlEhBwa4e3FyG/cgVQsjq71MIG2IP2I9Rgl2qKOWw5CkUmTmZtAxwnOgvHKLOQpGDzyhsbgox8soTuhwT0z5rjjFryiNy48K/ypKKBpVTvue9CNaSog0pQTpVq+l+h2RqRmlIPJB6mChNBb0oeWlRERoNrZ+LbBh5Z0cS+W9kUaj+nviYwIpYYitJ2C6IH6743gXC8U83Ar1b3zdsaiJNUQ0cn9XsqxjvEoSdxlEqjmQysIlcx+AdMBkYRqm3feZuP/T2JW1E+K/mmxdFUqVMrTlHJoHx2gI+SjM1RBl6iKaoiiB/SEntGL8+i8OR/O56R1wZnO7KE/5Xx9A7/nsFg=</latexit>

r>y(⇠)
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.



Decision Rules: Affine Decision Rules

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1
<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="H5uDaJu4euESqGHFW8bJS1iqEJc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp1WXBjcsK9iFtCJPpTTt0Mgkzk0IJ/QJ/wa3u3Ylbv8KtX+I0zUJbDwwczrn3nuEECWdKO86XVdrY3NreKe9W9vYPDo/s45OOilNJoU1jHsteQBRwJqCtmebQSySQKODQDSa3C787BalYLB70LAEvIiPBQkaJNpJv24P8RhbwFOb40Xd9u+rUnBx4nbgFqaICLd/+HgxjmkYgNOVEqb7rJNrLiNSMcphXBqmChNAJGUHfUEEiUF6Wp87xhVGGOIyleULjXP29kZFIqVkUmMmI6LFa9Rbiv14QrSTr8MbLmEhSDYIug8OUYx3jRS14yCRQzWeGECqZ+TumYyIJ1aa8iinFXa1gnXSuam6jVr+vV5uNop4yOkPn6BK56Bo10R1qoTaiaIqe0Qt6tZ6sN+vd+liOlqxi5xT9gfX5A+fmmhI=</latexit>

Y1

<latexit sha1_base64="GLWD4R3iCr7WqUAKZ5kPLmI9a7M=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFclaSU6rLgxmUF+5A2hMl00g6dTMLMpFBCv8BfcKt7d+LWr3DrlzhNs9DWAwOHc+69ZzhBwpnSjvNlbWxube/slvbK+weHR8f2yWlHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8HkduF3p1QqFosHPUuoF+GRYCEjWBvJt+1BfiMLeErn6NGv+XbFqTo50DpxC1KBAi3f/h4MY5JGVGjCsVJ910m0l2GpGeF0Xh6kiiaYTPCI9g0VOKLKy/LUObo0yhCFsTRPaJSrvzcyHCk1iwIzGWE9VqveQvzXC6KVZB3eeBkTSaqpIMvgMOVIx2hRCxoySYnmM0Mwkcz8HZExlphoU17ZlOKuVrBOOrWq26jW7+uVZqOopwTncAFX4MI1NOEOWtAGAlN4hhd4tZ6sN+vd+liObljFzhn8gfX5A+l6mhM=</latexit>

Y2

<latexit sha1_base64="XfgmZu7pZxtvT1BYyV9VqtHpVbs=">AAACBXicbVBNSwMxFHxbv2r9qnr0EiyCp7IrpXosePFYwbZCu5Zsmm1Dk+ySZIVl6dm/4FXv3sSrv8Orv8R0uwdtHQgMM++9CRPEnGnjul9OaW19Y3OrvF3Z2d3bP6geHnV1lChCOyTikboPsKacSdoxzHB6HyuKRcBpL5hez/3eI1WaRfLOpDH1BR5LFjKCjZUeBvmFLOAJnaF0WK25dTcHWiVeQWpQoD2sfg9GEUkElYZwrHXfc2PjZ1gZRjidVQaJpjEmUzymfUslFlT7WZ45Q2dWGaEwUvZJg3L190aGhdapCOykwGail725+K8XiKVkE175GZNxYqgki+Aw4chEaF4JGjFFieGpJZgoZv+OyAQrTIwtrmJL8ZYrWCXdi7rXrDduG7VWs6inDCdwCufgwSW04Aba0AECCp7hBV6dJ+fNeXc+FqMlp9g5hj9wPn8AZ66ZXQ==</latexit>y{
<latexit sha1_base64="Xx8dgLXR8zQc+6U23GrVwvky/RQ="></latexit>

y(⇠)
!
= Y ⇠ + y

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y



Decision Rules: Affine Decision Rules

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1
<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="H5uDaJu4euESqGHFW8bJS1iqEJc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp1WXBjcsK9iFtCJPpTTt0Mgkzk0IJ/QJ/wa3u3Ylbv8KtX+I0zUJbDwwczrn3nuEECWdKO86XVdrY3NreKe9W9vYPDo/s45OOilNJoU1jHsteQBRwJqCtmebQSySQKODQDSa3C787BalYLB70LAEvIiPBQkaJNpJv24P8RhbwFOb40Xd9u+rUnBx4nbgFqaICLd/+HgxjmkYgNOVEqb7rJNrLiNSMcphXBqmChNAJGUHfUEEiUF6Wp87xhVGGOIyleULjXP29kZFIqVkUmMmI6LFa9Rbiv14QrSTr8MbLmEhSDYIug8OUYx3jRS14yCRQzWeGECqZ+TumYyIJ1aa8iinFXa1gnXSuam6jVr+vV5uNop4yOkPn6BK56Bo10R1qoTaiaIqe0Qt6tZ6sN+vd+liOlqxi5xT9gfX5A+fmmhI=</latexit>

Y1

<latexit sha1_base64="GLWD4R3iCr7WqUAKZ5kPLmI9a7M=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFclaSU6rLgxmUF+5A2hMl00g6dTMLMpFBCv8BfcKt7d+LWr3DrlzhNs9DWAwOHc+69ZzhBwpnSjvNlbWxube/slvbK+weHR8f2yWlHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8HkduF3p1QqFosHPUuoF+GRYCEjWBvJt+1BfiMLeErn6NGv+XbFqTo50DpxC1KBAi3f/h4MY5JGVGjCsVJ910m0l2GpGeF0Xh6kiiaYTPCI9g0VOKLKy/LUObo0yhCFsTRPaJSrvzcyHCk1iwIzGWE9VqveQvzXC6KVZB3eeBkTSaqpIMvgMOVIx2hRCxoySYnmM0Mwkcz8HZExlphoU17ZlOKuVrBOOrWq26jW7+uVZqOopwTncAFX4MI1NOEOWtAGAlN4hhd4tZ6sN+vd+liObljFzhn8gfX5A+l6mhM=</latexit>

Y2

<latexit sha1_base64="XfgmZu7pZxtvT1BYyV9VqtHpVbs=">AAACBXicbVBNSwMxFHxbv2r9qnr0EiyCp7IrpXosePFYwbZCu5Zsmm1Dk+ySZIVl6dm/4FXv3sSrv8Orv8R0uwdtHQgMM++9CRPEnGnjul9OaW19Y3OrvF3Z2d3bP6geHnV1lChCOyTikboPsKacSdoxzHB6HyuKRcBpL5hez/3eI1WaRfLOpDH1BR5LFjKCjZUeBvmFLOAJnaF0WK25dTcHWiVeQWpQoD2sfg9GEUkElYZwrHXfc2PjZ1gZRjidVQaJpjEmUzymfUslFlT7WZ45Q2dWGaEwUvZJg3L190aGhdapCOykwGail725+K8XiKVkE175GZNxYqgki+Aw4chEaF4JGjFFieGpJZgoZv+OyAQrTIwtrmJL8ZYrWCXdi7rXrDduG7VWs6inDCdwCufgwSW04Aba0AECCp7hBV6dJ+fNeXc+FqMlp9g5hj9wPn8AZ66ZXQ==</latexit>y{
<latexit sha1_base64="Xx8dgLXR8zQc+6U23GrVwvky/RQ="></latexit>

y(⇠)
!
= Y ⇠ + y

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅

single-stage RO problem

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="5zW9FC4JZ+vgOabdMToM10oaoW4="></latexit>

minimize
x,(Y ,y),✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>[Y ⇠ + y] 8⇠ 2 ⌅
T (⇠)x+W [Y ⇠ + y] � h(⇠) 8⇠ 2 ⌅
[Y ⇠ + y] 2 Y 8⇠ 2 ⌅
x 2 X , (Y ,y)



Decision Rules: Nonlinear Decision Rules

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y



Decision Rules: Nonlinear Decision Rules

<latexit sha1_base64="yrRi0chlhWAqIkmzb/YxR5PVSdM="></latexit>

y(⇠) = Y1

h
min{⇠, ⇠̂}� ⇠

i
+ Y2

h
max{⇠, ⇠̂}� ⇠̂

i
+ y

<latexit sha1_base64="CLgjP9kyoibpyn9eDuLni5Yt8MU=">AAACHXicbVDLSsNAFJ3UV62vqEs3g1Wom5JIqS4LblxWsA9oQ5lMb9uhkwczEzGE/IA/4S+41b07cStu/RKnaQRtPTBwOOfee4bjhpxJZVmfRmFldW19o7hZ2tre2d0z9w/aMogEhRYNeCC6LpHAmQ8txRSHbiiAeC6Hjju9mvmdOxCSBf6tikNwPDL22YhRorQ0ME+SfnYkcXkEKY5TXPlRBAxT3L9n6dnALFtVKwNeJnZOyihHc2B+9YcBjTzwFeVEyp5thcpJiFCMckhL/UhCSOiUjKGnqU88kE6Sxab4VCtDPAqEfr7Cmfp7IyGelLHn6kmPqIlc9Gbiv57rLSSr0aWTMD+MFPh0HjyKOFYBnlWFh0wAVTzWhFDB9N8xnRBBqNKFlnQp9mIFy6R9XrXr1dpNrdyo5/UU0RE6RhVkowvUQNeoiVqIogf0hJ7Ri/FovBpvxvt8tGDkO4foD4yPbzewotY=</latexit>

y(⇠)

<latexit sha1_base64="+pUC0OwKq3bCHSpk9xX78Gn7XXg=">AAACC3icbVDLSsNAFJ3UV62vWJduBovgqiQi1WXBjcsK9iFtCJPpTTt0MgkzE7GEfoK/4Fb37sStH+HWL3GaZqGtBwYO59x7z3CChDOlHefLKq2tb2xulbcrO7t7+wf2YbWj4lRSaNOYx7IXEAWcCWhrpjn0EgkkCjh0g8n13O8+gFQsFnd6moAXkZFgIaNEG8m3q9kgP5IFPIUZvvfdmW/XnLqTA68StyA1VKDl29+DYUzTCISmnCjVd51EexmRmlEOs8ogVZAQOiEj6BsqSATKy/LYGT41yhCHsTRPaJyrvzcyEik1jQIzGRE9VsveXPzXC6KlZB1eeRkTSapB0EVwmHKsYzwvBg+ZBKr51BBCJTN/x3RMJKHa1FcxpbjLFaySznndbdQvbi9qzUZRTxkdoxN0hlx0iZroBrVQG1H0iJ7RC3q1nqw36936WIyWrGLnCP2B9fkDyBebHg==</latexit>

Y1

<latexit sha1_base64="avNFBJrllRJ/Pq8j2YcJwDjK+IY=">AAACC3icbVC7TsMwFHXKq5RXKCOLRYXEVCVVVRgrsTAWiT5QG0WO67RWbSeyHUQV5RP4BVbY2RArH8HKl+CmGaDlSJaOzrn3HusEMaNKO86XVdrY3NreKe9W9vYPDo/s42pPRYnEpIsjFslBgBRhVJCuppqRQSwJ4gEj/WB2vfD7D0QqGok7PY+Jx9FE0JBipI3k29V0lB9JA5aQDN77jcy3a07dyQHXiVuQGijQ8e3v0TjCCSdCY4aUGrpOrL0USU0xI1lllCgSIzxDEzI0VCBOlJfmsRk8N8oYhpE0T2iYq783UsSVmvPATHKkp2rVW4j/egFfSdbhlZdSESeaCLwMDhMGdQQXxcAxlQRrNjcEYUnN3yGeIomwNvVVTCnuagXrpNeou61687ZZa7eKesrgFJyBC+CCS9AGN6ADugCDR/AMXsCr9WS9We/Wx3K0ZBU7J+APrM8fyaybHw==</latexit>

Y2

<latexit sha1_base64="taAzWoWpL7t3WLdpJmXrJqwhDQo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXBjcsK9gFtKJPppB06k4SZSSGEfIG/4Fb37sStX+HWL3GaZqGtBwYO59x7z3D8mDOlHefLqmxsbm3vVHdre/sHh0f28UlXRYkktEMiHsm+jxXlLKQdzTSn/VhSLHxOe/7sbuH35lQqFoWPOo2pJ/AkZAEjWBtpZNvZsDiS+TyhOUrzkV13Gk4BtE7cktShRHtkfw/HEUkEDTXhWKmB68Tay7DUjHCa14aJojEmMzyhA0NDLKjysiI0RxdGGaMgkuaFGhXq740MC6VS4ZtJgfVUrXoL8V/PFyvJOrj1MhbGiaYhWQYHCUc6Qota0JhJSjRPDcFEMvN3RKZYYqJNeTVTirtawTrpXjXcZuP64breapb1VOEMzuESXLiBFtxDGzpAYA7P8AKv1pP1Zr1bH8vRilXunMIfWJ8/v/eamg==</latexit>y

<latexit sha1_base64="koeuKxyGn2eRSfzMGzEOSMbS/mk=">AAACEHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSVBXGSiyMRaIPqYkqx3Faq7YT2Q6iivIT/AIr7GyIlT9g5Utw0wzQciRLR+fce491goRRpR3ny6qsrW9sblW3azu7e/sH9uFRT8WpxKSLYxbLQYAUYVSQrqaakUEiCeIBI/1gejP3+w9EKhqLez1LiM/RWNCIYqSNNLJPMq84kkkS5tCbIJ15jzTPR3bdaTgF4CpxS1IHJToj+9sLY5xyIjRmSKmh6yTaz5DUFDOS17xUkQThKRqToaECcaL8rMjO4blRQhjF0jyhYaH+3sgQV2rGAzPJkZ6oZW8u/usFfClZR9d+RkWSaiLwIjhKGdQxnLcDQyoJ1mxmCMKSmr9DPEESYW06rJlS3OUKVknvsuG2Gs27Zr3dKuupglNwBi6AC65AG9yCDugCDHLwDF7Aq/VkvVnv1sditGKVO8fgD6zPH5Dbncg=</latexit>

⇠̂
<latexit sha1_base64="TMx1QHQlwoz0t7Wn1i19unLI1TE=">AAACFnicbVDLSsNAFJ3UV62vqksRBovgqiRSqsuCG5cVbCs0pUwmt+3QySTMTMQSsvIn/AW3uncnbt269UucpFlo64ELh3Pui+NFnClt219WaWV1bX2jvFnZ2t7Z3avuH3RVGEsKHRryUN55RAFnAjqaaQ53kQQSeBx63vQq83v3IBULxa2eRTAIyFiwEaNEG2lYPU7cfEkiwU+xGwsfZLYrcR9Ymg6rNbtu58DLxClIDRVoD6vfrh/SOAChKSdK9R070oOESM0oh7TixgoiQqdkDH1DBQlADZL8gxSfGsXHo1CaEhrn6u+JhARKzQLPdAZET9Sil4n/el6wcFmPLgcJE1GsQdD54VHMsQ5xlhH2mQSq+cwQQiUzv2M6IZJQbZKsmFCcxQiWSfe87jTrjZtGrdUs4imjI3SCzpCDLlALXaM26iCKHtEzekGv1pP1Zr1bH/PWklXMHKI/sD5/ALAcoI0=</latexit>

⇠
<latexit sha1_base64="nBCuYDSjWGvOfwBHVs8gso6OcmM=">AAACFXicbVA9S8NAGL7Ur1q/oo46HBbBqSRSqmPBxbGCbYUmlMvl2h69u4S7i1hCFv+Ef8FVdzdxdXb1l3hJM2jrAy88PM/7xRPEjCrtOF9WZWV1bX2julnb2t7Z3bP3D3oqSiQmXRyxSN4FSBFGBelqqhm5iyVBPGCkH0yvcr9/T6SikbjVs5j4HI0FHVGMtJGG9nHqFUtSScIMepHpzVel3gPNsqFddxpOAbhM3JLUQYnO0P72wggnnAiNGVJq4Dqx9lMkNcWMZDUvUSRGeIrGZGCoQJwoPy0eyOCpUUI4iqQpoWGh/p5IEVdqxgPTyZGeqEUvF//1Ar5wWY8u/ZSKONFE4PnhUcKgjmAeEQypJFizmSEIS2p+h3iCJMLaBFkzobiLESyT3nnDbTWaN816u1XGUwVH4AScARdcgDa4Bh3QBRg8gmfwAl6tJ+vNerc+5q0Vq5w5BH9gff4A5PagIQ==</latexit>

⇠

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

⌅

<latexit sha1_base64="78RXQF4u94PsoDKvSPA/mpqS61o=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiTia1lw47KCfUATymQyaYfOTMLMRCkhX+HarX6DO3HrF/gJ/oXTNAtte+DC4Zz74J4gYVRpx/m2KmvrG5tb1e3azu7e/oFdP+yqOJWYdHDMYtkPkCKMCtLRVDPSTyRBPGCkF0xuZ37vkUhFY/GgpwnxORoJGlGMtJGGdj3ziiWZJGEOvT7Nh3bDaToF4DJxS9IAJdpD+8cLY5xyIjRmSKmB6yTaz5DUFDOS17xUkQThCRqRgaECcaL8rLiaw1OjhDCKpSmhYaH+ncgQV2rKA9PJkR6rRW8mrvQCvkoepDq68TMqklQTgef3o5RBHcNZPDCkkmDNpoYgLKl5AeIxkghrE2LNZOMuJrFMuudN96J5eX/RaF2VKVXBMTgBZ8AF16AF7kAbdAAGT+AFvII369l6tz6sz3lrxSpnjsA/WF+/LnGdZg==</latexit>



Decision Rules: Nonlinear Decision Rules

<latexit sha1_base64="yrRi0chlhWAqIkmzb/YxR5PVSdM="></latexit>

y(⇠) = Y1

h
min{⇠, ⇠̂}� ⇠

i
+ Y2

h
max{⇠, ⇠̂}� ⇠̂

i
+ y

<latexit sha1_base64="CLgjP9kyoibpyn9eDuLni5Yt8MU=">AAACHXicbVDLSsNAFJ3UV62vqEs3g1Wom5JIqS4LblxWsA9oQ5lMb9uhkwczEzGE/IA/4S+41b07cStu/RKnaQRtPTBwOOfee4bjhpxJZVmfRmFldW19o7hZ2tre2d0z9w/aMogEhRYNeCC6LpHAmQ8txRSHbiiAeC6Hjju9mvmdOxCSBf6tikNwPDL22YhRorQ0ME+SfnYkcXkEKY5TXPlRBAxT3L9n6dnALFtVKwNeJnZOyihHc2B+9YcBjTzwFeVEyp5thcpJiFCMckhL/UhCSOiUjKGnqU88kE6Sxab4VCtDPAqEfr7Cmfp7IyGelLHn6kmPqIlc9Gbiv57rLSSr0aWTMD+MFPh0HjyKOFYBnlWFh0wAVTzWhFDB9N8xnRBBqNKFlnQp9mIFy6R9XrXr1dpNrdyo5/UU0RE6RhVkowvUQNeoiVqIogf0hJ7Ri/FovBpvxvt8tGDkO4foD4yPbzewotY=</latexit>

y(⇠)

<latexit sha1_base64="+pUC0OwKq3bCHSpk9xX78Gn7XXg=">AAACC3icbVDLSsNAFJ3UV62vWJduBovgqiQi1WXBjcsK9iFtCJPpTTt0MgkzE7GEfoK/4Fb37sStH+HWL3GaZqGtBwYO59x7z3CChDOlHefLKq2tb2xulbcrO7t7+wf2YbWj4lRSaNOYx7IXEAWcCWhrpjn0EgkkCjh0g8n13O8+gFQsFnd6moAXkZFgIaNEG8m3q9kgP5IFPIUZvvfdmW/XnLqTA68StyA1VKDl29+DYUzTCISmnCjVd51EexmRmlEOs8ogVZAQOiEj6BsqSATKy/LYGT41yhCHsTRPaJyrvzcyEik1jQIzGRE9VsveXPzXC6KlZB1eeRkTSapB0EVwmHKsYzwvBg+ZBKr51BBCJTN/x3RMJKHa1FcxpbjLFaySznndbdQvbi9qzUZRTxkdoxN0hlx0iZroBrVQG1H0iJ7RC3q1nqw36936WIyWrGLnCP2B9fkDyBebHg==</latexit>

Y1

<latexit sha1_base64="avNFBJrllRJ/Pq8j2YcJwDjK+IY=">AAACC3icbVC7TsMwFHXKq5RXKCOLRYXEVCVVVRgrsTAWiT5QG0WO67RWbSeyHUQV5RP4BVbY2RArH8HKl+CmGaDlSJaOzrn3HusEMaNKO86XVdrY3NreKe9W9vYPDo/s42pPRYnEpIsjFslBgBRhVJCuppqRQSwJ4gEj/WB2vfD7D0QqGok7PY+Jx9FE0JBipI3k29V0lB9JA5aQDN77jcy3a07dyQHXiVuQGijQ8e3v0TjCCSdCY4aUGrpOrL0USU0xI1lllCgSIzxDEzI0VCBOlJfmsRk8N8oYhpE0T2iYq783UsSVmvPATHKkp2rVW4j/egFfSdbhlZdSESeaCLwMDhMGdQQXxcAxlQRrNjcEYUnN3yGeIomwNvVVTCnuagXrpNeou61687ZZa7eKesrgFJyBC+CCS9AGN6ADugCDR/AMXsCr9WS9We/Wx3K0ZBU7J+APrM8fyaybHw==</latexit>

Y2

<latexit sha1_base64="taAzWoWpL7t3WLdpJmXrJqwhDQo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXBjcsK9gFtKJPppB06k4SZSSGEfIG/4Fb37sStX+HWL3GaZqGtBwYO59x7z3D8mDOlHefLqmxsbm3vVHdre/sHh0f28UlXRYkktEMiHsm+jxXlLKQdzTSn/VhSLHxOe/7sbuH35lQqFoWPOo2pJ/AkZAEjWBtpZNvZsDiS+TyhOUrzkV13Gk4BtE7cktShRHtkfw/HEUkEDTXhWKmB68Tay7DUjHCa14aJojEmMzyhA0NDLKjysiI0RxdGGaMgkuaFGhXq740MC6VS4ZtJgfVUrXoL8V/PFyvJOrj1MhbGiaYhWQYHCUc6Qota0JhJSjRPDcFEMvN3RKZYYqJNeTVTirtawTrpXjXcZuP64breapb1VOEMzuESXLiBFtxDGzpAYA7P8AKv1pP1Zr1bH8vRilXunMIfWJ8/v/eamg==</latexit>y

<latexit sha1_base64="koeuKxyGn2eRSfzMGzEOSMbS/mk=">AAACEHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSVBXGSiyMRaIPqYkqx3Faq7YT2Q6iivIT/AIr7GyIlT9g5Utw0wzQciRLR+fce491goRRpR3ny6qsrW9sblW3azu7e/sH9uFRT8WpxKSLYxbLQYAUYVSQrqaakUEiCeIBI/1gejP3+w9EKhqLez1LiM/RWNCIYqSNNLJPMq84kkkS5tCbIJ15jzTPR3bdaTgF4CpxS1IHJToj+9sLY5xyIjRmSKmh6yTaz5DUFDOS17xUkQThKRqToaECcaL8rMjO4blRQhjF0jyhYaH+3sgQV2rGAzPJkZ6oZW8u/usFfClZR9d+RkWSaiLwIjhKGdQxnLcDQyoJ1mxmCMKSmr9DPEESYW06rJlS3OUKVknvsuG2Gs27Zr3dKuupglNwBi6AC65AG9yCDugCDHLwDF7Aq/VkvVnv1sditGKVO8fgD6zPH5Dbncg=</latexit>

⇠̂
<latexit sha1_base64="TMx1QHQlwoz0t7Wn1i19unLI1TE=">AAACFnicbVDLSsNAFJ3UV62vqksRBovgqiRSqsuCG5cVbCs0pUwmt+3QySTMTMQSsvIn/AW3uncnbt269UucpFlo64ELh3Pui+NFnClt219WaWV1bX2jvFnZ2t7Z3avuH3RVGEsKHRryUN55RAFnAjqaaQ53kQQSeBx63vQq83v3IBULxa2eRTAIyFiwEaNEG2lYPU7cfEkiwU+xGwsfZLYrcR9Ymg6rNbtu58DLxClIDRVoD6vfrh/SOAChKSdK9R070oOESM0oh7TixgoiQqdkDH1DBQlADZL8gxSfGsXHo1CaEhrn6u+JhARKzQLPdAZET9Sil4n/el6wcFmPLgcJE1GsQdD54VHMsQ5xlhH2mQSq+cwQQiUzv2M6IZJQbZKsmFCcxQiWSfe87jTrjZtGrdUs4imjI3SCzpCDLlALXaM26iCKHtEzekGv1pP1Zr1bH/PWklXMHKI/sD5/ALAcoI0=</latexit>

⇠

<latexit sha1_base64="taAzWoWpL7t3WLdpJmXrJqwhDQo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXBjcsK9gFtKJPppB06k4SZSSGEfIG/4Fb37sStX+HWL3GaZqGtBwYO59x7z3D8mDOlHefLqmxsbm3vVHdre/sHh0f28UlXRYkktEMiHsm+jxXlLKQdzTSn/VhSLHxOe/7sbuH35lQqFoWPOo2pJ/AkZAEjWBtpZNvZsDiS+TyhOUrzkV13Gk4BtE7cktShRHtkfw/HEUkEDTXhWKmB68Tay7DUjHCa14aJojEmMzyhA0NDLKjysiI0RxdGGaMgkuaFGhXq740MC6VS4ZtJgfVUrXoL8V/PFyvJOrj1MhbGiaYhWQYHCUc6Qota0JhJSjRPDcFEMvN3RKZYYqJNeTVTirtawTrpXjXcZuP64breapb1VOEMzuESXLiBFtxDGzpAYA7P8AKv1pP1Zr1bH8vRilXunMIfWJ8/v/eamg==</latexit>y

<latexit sha1_base64="+pUC0OwKq3bCHSpk9xX78Gn7XXg=">AAACC3icbVDLSsNAFJ3UV62vWJduBovgqiQi1WXBjcsK9iFtCJPpTTt0MgkzE7GEfoK/4Fb37sStH+HWL3GaZqGtBwYO59x7z3CChDOlHefLKq2tb2xulbcrO7t7+wf2YbWj4lRSaNOYx7IXEAWcCWhrpjn0EgkkCjh0g8n13O8+gFQsFnd6moAXkZFgIaNEG8m3q9kgP5IFPIUZvvfdmW/XnLqTA68StyA1VKDl29+DYUzTCISmnCjVd51EexmRmlEOs8ogVZAQOiEj6BsqSATKy/LYGT41yhCHsTRPaJyrvzcyEik1jQIzGRE9VsveXPzXC6KlZB1eeRkTSapB0EVwmHKsYzwvBg+ZBKr51BBCJTN/x3RMJKHa1FcxpbjLFaySznndbdQvbi9qzUZRTxkdoxN0hlx0iZroBrVQG1H0iJ7RC3q1nqw36936WIyWrGLnCP2B9fkDyBebHg==</latexit>

Y1

<latexit sha1_base64="avNFBJrllRJ/Pq8j2YcJwDjK+IY=">AAACC3icbVC7TsMwFHXKq5RXKCOLRYXEVCVVVRgrsTAWiT5QG0WO67RWbSeyHUQV5RP4BVbY2RArH8HKl+CmGaDlSJaOzrn3HusEMaNKO86XVdrY3NreKe9W9vYPDo/s42pPRYnEpIsjFslBgBRhVJCuppqRQSwJ4gEj/WB2vfD7D0QqGok7PY+Jx9FE0JBipI3k29V0lB9JA5aQDN77jcy3a07dyQHXiVuQGijQ8e3v0TjCCSdCY4aUGrpOrL0USU0xI1lllCgSIzxDEzI0VCBOlJfmsRk8N8oYhpE0T2iYq783UsSVmvPATHKkp2rVW4j/egFfSdbhlZdSESeaCLwMDhMGdQQXxcAxlQRrNjcEYUnN3yGeIomwNvVVTCnuagXrpNeou61687ZZa7eKesrgFJyBC+CCS9AGN6ADugCDR/AMXsCr9WS9We/Wx3K0ZBU7J+APrM8fyaybHw==</latexit>

Y2

<latexit sha1_base64="koeuKxyGn2eRSfzMGzEOSMbS/mk=">AAACEHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSVBXGSiyMRaIPqYkqx3Faq7YT2Q6iivIT/AIr7GyIlT9g5Utw0wzQciRLR+fce491goRRpR3ny6qsrW9sblW3azu7e/sH9uFRT8WpxKSLYxbLQYAUYVSQrqaakUEiCeIBI/1gejP3+w9EKhqLez1LiM/RWNCIYqSNNLJPMq84kkkS5tCbIJ15jzTPR3bdaTgF4CpxS1IHJToj+9sLY5xyIjRmSKmh6yTaz5DUFDOS17xUkQThKRqToaECcaL8rMjO4blRQhjF0jyhYaH+3sgQV2rGAzPJkZ6oZW8u/usFfClZR9d+RkWSaiLwIjhKGdQxnLcDQyoJ1mxmCMKSmr9DPEESYW06rJlS3OUKVknvsuG2Gs27Zr3dKuupglNwBi6AC65AG9yCDugCDHLwDF7Aq/VkvVnv1sditGKVO8fgD6zPH5Dbncg=</latexit>

⇠̂

<latexit sha1_base64="euYVbquO4/vRFmCBkS4xXpNfry8=">AAACinicbZHbSgMxEIaz67meql6KECxaRSi7RTyggqAXXlawHnBLyabTNjTZXZKsuCx5CB/PW1/CW9ODYFsHAj//fDMTZsKEM6U979NxZ2bn5hcWlwrLK6tr68WNzUcVp5JCncY8ls8hUcBZBHXNNIfnRAIRIYensHfTzz+9gVQsjh50lkBDkE7E2owSba1m8SMPBk3ykKdgcGbwwa8joWVwEIo8eGembA7xFR6HX5q+weP0Oy v3zaMpsvofWZ0mM9MslryKNwg8LfyRKKFR1JrFr6AV01RApCknSr36XqIbOZGaUQ6mEKQKEkJ7pAOvVkZEgGrkg6EG71mnhduxtC/SeOD+rciJUCoToSUF0V01meub/+ZCMTFZt88aOYuSVENEh4PbKcc6xv274BaTQDXPrCBUMvt3TLtEEqrt9Qp2Kf7kCqbFY7Xin1SO749L15ej9SyibbSLDpCPTtE1ukM1VEcUfTs7zr5TdlfcqnvuXgxR1xnVbKGxcG9/ACqjx10=</latexit>

y(⇠0) = Y1⇠
0
1 + Y2⇠

0
2 + y with

⌅

<latexit sha1_base64="78RXQF4u94PsoDKvSPA/mpqS61o=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiTia1lw47KCfUATymQyaYfOTMLMRCkhX+HarX6DO3HrF/gJ/oXTNAtte+DC4Zz74J4gYVRpx/m2KmvrG5tb1e3azu7e/oFdP+yqOJWYdHDMYtkPkCKMCtLRVDPSTyRBPGCkF0xuZ37vkUhFY/GgpwnxORoJGlGMtJGGdj3ziiWZJGEOvT7Nh3bDaToF4DJxS9IAJdpD+8cLY5xyIjRmSKmB6yTaz5DUFDOS17xUkQThCRqRgaECcaL8rLiaw1OjhDCKpSmhYaH+ncgQV2rKA9PJkR6rRW8mrvQCvkoepDq68TMqklQTgef3o5RBHcNZPDCkkmDNpoYgLKl5AeIxkghrE2LNZOMuJrFMuudN96J5eX/RaF2VKVXBMTgBZ8AF16AF7kAbdAAGT+AFvII369l6tz6sz3lrxSpnjsA/WF+/LnGdZg==</latexit>

⌅0

<latexit sha1_base64="oyM49gpaW2xdTY27nx5yFYTVVHQ=">AAACEnicbVDLSsNAFJ3UV62vWJduBovoqiRSH8uCG5cV7AOaUCaTSTt0ZhJmJmIJ/QvXbvUb3Ilbf8BP8C+cpllo2wMXDufcB/cECaNKO863VVpb39jcKm9Xdnb39g/sw2pHxanEpI1jFstegBRhVJC2ppqRXiIJ4gEj3WB8O/O7j0QqGosHPUmIz9FQ0IhipI00sKuZly/JJAmn0OvRs+nArjl1JwdcJm5BaqBAa2D/eGGMU06Exgwp1XedRPsZkppiRqYVL1UkQXiMhqRvqECcKD/Lz07hqVFCGMXSlNAwV/9OZIgrNeGB6eRIj9SiNxNXegFfJfdTHd34GRVJqonA8/tRyqCO4SwfGFJJsGYTQxCW1LwA8QhJhLVJsWKycReTWCadi7rbqF/eN2rNqyKlMjgGJ+AcuOAaNMEdaIE2wOAJvIBX8GY9W+/Wh/U5by1ZxcwR+Afr6xeY1Z2X</latexit>

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="0DQ+W+GzLwBB+DMFm3fvOujeh9s="></latexit>

⇠0 2 ⌅0 =

(
⇠0 =

"
min{⇠, ⇠̂}� ⇠

max{⇠, ⇠̂}� ⇠̂

#
: ⇠ 2

⇥
⇠, ⇠

⇤
)

<latexit sha1_base64="nBCuYDSjWGvOfwBHVs8gso6OcmM=">AAACFXicbVA9S8NAGL7Ur1q/oo46HBbBqSRSqmPBxbGCbYUmlMvl2h69u4S7i1hCFv+Ef8FVdzdxdXb1l3hJM2jrAy88PM/7xRPEjCrtOF9WZWV1bX2julnb2t7Z3bP3D3oqSiQmXRyxSN4FSBFGBelqqhm5iyVBPGCkH0yvcr9/T6SikbjVs5j4HI0FHVGMtJGG9nHqFUtSScIMepHpzVel3gPNsqFddxpOAbhM3JLUQYnO0P72wggnnAiNGVJq4Dqx9lMkNcWMZDUvUSRGeIrGZGCoQJwoPy0eyOCpUUI4iqQpoWGh/p5IEVdqxgPTyZGeqEUvF//1Ar5wWY8u/ZSKONFE4PnhUcKgjmAeEQypJFizmSEIS2p+h3iCJMLaBFkzobiLESyT3nnDbTWaN816u1XGUwVH4AScARdcgDa4Bh3QBRg8gmfwAl6tJ+vNerc+5q0Vq5w5BH9gff4A5PagIQ==</latexit>

⇠

<latexit sha1_base64="nBCuYDSjWGvOfwBHVs8gso6OcmM=">AAACFXicbVA9S8NAGL7Ur1q/oo46HBbBqSRSqmPBxbGCbYUmlMvl2h69u4S7i1hCFv+Ef8FVdzdxdXb1l3hJM2jrAy88PM/7xRPEjCrtOF9WZWV1bX2julnb2t7Z3bP3D3oqSiQmXRyxSN4FSBFGBelqqhm5iyVBPGCkH0yvcr9/T6SikbjVs5j4HI0FHVGMtJGG9nHqFUtSScIMepHpzVel3gPNsqFddxpOAbhM3JLUQYnO0P72wggnnAiNGVJq4Dqx9lMkNcWMZDUvUSRGeIrGZGCoQJwoPy0eyOCpUUI4iqQpoWGh/p5IEVdqxgPTyZGeqEUvF//1Ar5wWY8u/ZSKONFE4PnhUcKgjmAeEQypJFizmSEIS2p+h3iCJMLaBFkzobiLESyT3nnDbTWaN816u1XGUwVH4AScARdcgDa4Bh3QBRg8gmfwAl6tJ+vNerc+5q0Vq5w5BH9gff4A5PagIQ==</latexit>

⇠

<latexit sha1_base64="TMx1QHQlwoz0t7Wn1i19unLI1TE=">AAACFnicbVDLSsNAFJ3UV62vqksRBovgqiRSqsuCG5cVbCs0pUwmt+3QySTMTMQSsvIn/AW3uncnbt269UucpFlo64ELh3Pui+NFnClt219WaWV1bX2jvFnZ2t7Z3avuH3RVGEsKHRryUN55RAFnAjqaaQ53kQQSeBx63vQq83v3IBULxa2eRTAIyFiwEaNEG2lYPU7cfEkiwU+xGwsfZLYrcR9Ymg6rNbtu58DLxClIDRVoD6vfrh/SOAChKSdK9R070oOESM0oh7TixgoiQqdkDH1DBQlADZL8gxSfGsXHo1CaEhrn6u+JhARKzQLPdAZET9Sil4n/el6wcFmPLgcJE1GsQdD54VHMsQ5xlhH2mQSq+cwQQiUzv2M6IZJQbZKsmFCcxQiWSfe87jTrjZtGrdUs4imjI3SCzpCDLlALXaM26iCKHtEzekGv1pP1Zr1bH/PWklXMHKI/sD5/ALAcoI0=</latexit>

⇠



Decision Rules: Nonlinear Decision Rules

non-convex 
uncertainty set

nonlinear decision rules

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="7E9/0IB8+ZFEJ7rNtjZ+mOJQmdo="></latexit>

minimize
x,(Y ,y),✓

c>x+ ✓

subject to ✓ � q(⇠0)>x+ r>[Y ⇠0 + y] 8⇠0 2 ⌅0

T (⇠0)x+W [Y ⇠0 + y] � h(⇠0) 8⇠0 2 ⌅0

[Y ⇠0 + y] 2 Y 8⇠0 2 ⌅0

x 2 X , (Y ,y)



Decision Rules: Nonlinear Decision Rules

<latexit sha1_base64="taAzWoWpL7t3WLdpJmXrJqwhDQo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXBjcsK9gFtKJPppB06k4SZSSGEfIG/4Fb37sStX+HWL3GaZqGtBwYO59x7z3D8mDOlHefLqmxsbm3vVHdre/sHh0f28UlXRYkktEMiHsm+jxXlLKQdzTSn/VhSLHxOe/7sbuH35lQqFoWPOo2pJ/AkZAEjWBtpZNvZsDiS+TyhOUrzkV13Gk4BtE7cktShRHtkfw/HEUkEDTXhWKmB68Tay7DUjHCa14aJojEmMzyhA0NDLKjysiI0RxdGGaMgkuaFGhXq740MC6VS4ZtJgfVUrXoL8V/PFyvJOrj1MhbGiaYhWQYHCUc6Qota0JhJSjRPDcFEMvN3RKZYYqJNeTVTirtawTrpXjXcZuP64breapb1VOEMzuESXLiBFtxDGzpAYA7P8AKv1pP1Zr1bH8vRilXunMIfWJ8/v/eamg==</latexit>y

<latexit sha1_base64="+pUC0OwKq3bCHSpk9xX78Gn7XXg=">AAACC3icbVDLSsNAFJ3UV62vWJduBovgqiQi1WXBjcsK9iFtCJPpTTt0MgkzE7GEfoK/4Fb37sStH+HWL3GaZqGtBwYO59x7z3CChDOlHefLKq2tb2xulbcrO7t7+wf2YbWj4lRSaNOYx7IXEAWcCWhrpjn0EgkkCjh0g8n13O8+gFQsFnd6moAXkZFgIaNEG8m3q9kgP5IFPIUZvvfdmW/XnLqTA68StyA1VKDl29+DYUzTCISmnCjVd51EexmRmlEOs8ogVZAQOiEj6BsqSATKy/LYGT41yhCHsTRPaJyrvzcyEik1jQIzGRE9VsveXPzXC6KlZB1eeRkTSapB0EVwmHKsYzwvBg+ZBKr51BBCJTN/x3RMJKHa1FcxpbjLFaySznndbdQvbi9qzUZRTxkdoxN0hlx0iZroBrVQG1H0iJ7RC3q1nqw36936WIyWrGLnCP2B9fkDyBebHg==</latexit>

Y1

<latexit sha1_base64="koeuKxyGn2eRSfzMGzEOSMbS/mk=">AAACEHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSVBXGSiyMRaIPqYkqx3Faq7YT2Q6iivIT/AIr7GyIlT9g5Utw0wzQciRLR+fce491goRRpR3ny6qsrW9sblW3azu7e/sH9uFRT8WpxKSLYxbLQYAUYVSQrqaakUEiCeIBI/1gejP3+w9EKhqLez1LiM/RWNCIYqSNNLJPMq84kkkS5tCbIJ15jzTPR3bdaTgF4CpxS1IHJToj+9sLY5xyIjRmSKmh6yTaz5DUFDOS17xUkQThKRqToaECcaL8rMjO4blRQhjF0jyhYaH+3sgQV2rGAzPJkZ6oZW8u/usFfClZR9d+RkWSaiLwIjhKGdQxnLcDQyoJ1mxmCMKSmr9DPEESYW06rJlS3OUKVknvsuG2Gs27Zr3dKuupglNwBi6AC65AG9yCDugCDHLwDF7Aq/VkvVnv1sditGKVO8fgD6zPH5Dbncg=</latexit>

⇠̂

conv(⌅0)

<latexit sha1_base64="kSRmqeKxJJm1xOgDhmUJHJMp5/U=">AAACIHicbVC7SgNBFJ31GeMramkzGMTYhF2Jj1KwsYxgHpANYXZykwyZnV1m7oph2dYPsbbVb7ATS/0D/8LJo9DogQuHc+6De4JYCoOu++EsLC4tr6zm1vLrG5tb24Wd3bqJEs2hxiMZ6WbADEihoIYCJTRjDSwMJDSC4dXYb9yBNiJStziKoR2yvhI9wRlaqVOgPsI9pjxSdxktpf5kY6qhm1G/KY6y406h6JbdCehf4s1IkcxQ7RS+/G7EkxAUcsmMaXlujO2UaRRcQpb3EwMx40PWh5alioVg2unkbkYPrdKlvUjbUkgn6s+JlIXGjMLAdoYMB2beG4v/ekH4n9xKsHfRToWKEwTFp/d7iaQY0XFatCs0cJQjSxjXwr5A+YBpxtFmmrfZePNJ/CX1k7JXKZ/eVIqXZ7OUcmSfHJAS8cg5uSTXpEpqhJMH8kSeyYvz6Lw6b877tHXBmc3skV9wPr8BmhujYw==</latexit>

<latexit sha1_base64="avNFBJrllRJ/Pq8j2YcJwDjK+IY=">AAACC3icbVC7TsMwFHXKq5RXKCOLRYXEVCVVVRgrsTAWiT5QG0WO67RWbSeyHUQV5RP4BVbY2RArH8HKl+CmGaDlSJaOzrn3HusEMaNKO86XVdrY3NreKe9W9vYPDo/s42pPRYnEpIsjFslBgBRhVJCuppqRQSwJ4gEj/WB2vfD7D0QqGok7PY+Jx9FE0JBipI3k29V0lB9JA5aQDN77jcy3a07dyQHXiVuQGijQ8e3v0TjCCSdCY4aUGrpOrL0USU0xI1lllCgSIzxDEzI0VCBOlJfmsRk8N8oYhpE0T2iYq783UsSVmvPATHKkp2rVW4j/egFfSdbhlZdSESeaCLwMDhMGdQQXxcAxlQRrNjcEYUnN3yGeIomwNvVVTCnuagXrpNeou61687ZZa7eKesrgFJyBC+CCS9AGN6ADugCDR/AMXsCr9WS9We/Wx3K0ZBU7J+APrM8fyaybHw==</latexit>

Y2

<latexit sha1_base64="euYVbquO4/vRFmCBkS4xXpNfry8=">AAACinicbZHbSgMxEIaz67meql6KECxaRSi7RTyggqAXXlawHnBLyabTNjTZXZKsuCx5CB/PW1/CW9ODYFsHAj//fDMTZsKEM6U979NxZ2bn5hcWlwrLK6tr68WNzUcVp5JCncY8ls8hUcBZBHXNNIfnRAIRIYensHfTzz+9gVQsjh50lkBDkE7E2owSba1m8SMPBk3ykKdgcGbwwa8joWVwEIo8eGembA7xFR6HX5q+weP0Oy v3zaMpsvofWZ0mM9MslryKNwg8LfyRKKFR1JrFr6AV01RApCknSr36XqIbOZGaUQ6mEKQKEkJ7pAOvVkZEgGrkg6EG71mnhduxtC/SeOD+rciJUCoToSUF0V01meub/+ZCMTFZt88aOYuSVENEh4PbKcc6xv274BaTQDXPrCBUMvt3TLtEEqrt9Qp2Kf7kCqbFY7Xin1SO749L15ej9SyibbSLDpCPTtE1ukM1VEcUfTs7zr5TdlfcqnvuXgxR1xnVbKGxcG9/ACqjx10=</latexit>

y(⇠0) = Y1⇠
0
1 + Y2⇠

0
2 + y with

<latexit sha1_base64="0DQ+W+GzLwBB+DMFm3fvOujeh9s="></latexit>

⇠0 2 ⌅0 =

(
⇠0 =

"
min{⇠, ⇠̂}� ⇠

max{⇠, ⇠̂}� ⇠̂

#
: ⇠ 2

⇥
⇠, ⇠

⇤
)

<latexit sha1_base64="taAzWoWpL7t3WLdpJmXrJqwhDQo=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXBjcsK9gFtKJPppB06k4SZSSGEfIG/4Fb37sStX+HWL3GaZqGtBwYO59x7z3D8mDOlHefLqmxsbm3vVHdre/sHh0f28UlXRYkktEMiHsm+jxXlLKQdzTSn/VhSLHxOe/7sbuH35lQqFoWPOo2pJ/AkZAEjWBtpZNvZsDiS+TyhOUrzkV13Gk4BtE7cktShRHtkfw/HEUkEDTXhWKmB68Tay7DUjHCa14aJojEmMzyhA0NDLKjysiI0RxdGGaMgkuaFGhXq740MC6VS4ZtJgfVUrXoL8V/PFyvJOrj1MhbGiaYhWQYHCUc6Qota0JhJSjRPDcFEMvN3RKZYYqJNeTVTirtawTrpXjXcZuP64breapb1VOEMzuESXLiBFtxDGzpAYA7P8AKv1pP1Zr1bH8vRilXunMIfWJ8/v/eamg==</latexit>y

<latexit sha1_base64="+pUC0OwKq3bCHSpk9xX78Gn7XXg=">AAACC3icbVDLSsNAFJ3UV62vWJduBovgqiQi1WXBjcsK9iFtCJPpTTt0MgkzE7GEfoK/4Fb37sStH+HWL3GaZqGtBwYO59x7z3CChDOlHefLKq2tb2xulbcrO7t7+wf2YbWj4lRSaNOYx7IXEAWcCWhrpjn0EgkkCjh0g8n13O8+gFQsFnd6moAXkZFgIaNEG8m3q9kgP5IFPIUZvvfdmW/XnLqTA68StyA1VKDl29+DYUzTCISmnCjVd51EexmRmlEOs8ogVZAQOiEj6BsqSATKy/LYGT41yhCHsTRPaJyrvzcyEik1jQIzGRE9VsveXPzXC6KlZB1eeRkTSapB0EVwmHKsYzwvBg+ZBKr51BBCJTN/x3RMJKHa1FcxpbjLFaySznndbdQvbi9qzUZRTxkdoxN0hlx0iZroBrVQG1H0iJ7RC3q1nqw36936WIyWrGLnCP2B9fkDyBebHg==</latexit>

Y1

<latexit sha1_base64="koeuKxyGn2eRSfzMGzEOSMbS/mk=">AAACEHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSVBXGSiyMRaIPqYkqx3Faq7YT2Q6iivIT/AIr7GyIlT9g5Utw0wzQciRLR+fce491goRRpR3ny6qsrW9sblW3azu7e/sH9uFRT8WpxKSLYxbLQYAUYVSQrqaakUEiCeIBI/1gejP3+w9EKhqLez1LiM/RWNCIYqSNNLJPMq84kkkS5tCbIJ15jzTPR3bdaTgF4CpxS1IHJToj+9sLY5xyIjRmSKmh6yTaz5DUFDOS17xUkQThKRqToaECcaL8rMjO4blRQhjF0jyhYaH+3sgQV2rGAzPJkZ6oZW8u/usFfClZR9d+RkWSaiLwIjhKGdQxnLcDQyoJ1mxmCMKSmr9DPEESYW06rJlS3OUKVknvsuG2Gs27Zr3dKuupglNwBi6AC65AG9yCDugCDHLwDF7Aq/VkvVnv1sditGKVO8fgD6zPH5Dbncg=</latexit>

⇠̂

<latexit sha1_base64="avNFBJrllRJ/Pq8j2YcJwDjK+IY=">AAACC3icbVC7TsMwFHXKq5RXKCOLRYXEVCVVVRgrsTAWiT5QG0WO67RWbSeyHUQV5RP4BVbY2RArH8HKl+CmGaDlSJaOzrn3HusEMaNKO86XVdrY3NreKe9W9vYPDo/s42pPRYnEpIsjFslBgBRhVJCuppqRQSwJ4gEj/WB2vfD7D0QqGok7PY+Jx9FE0JBipI3k29V0lB9JA5aQDN77jcy3a07dyQHXiVuQGijQ8e3v0TjCCSdCY4aUGrpOrL0USU0xI1lllCgSIzxDEzI0VCBOlJfmsRk8N8oYhpE0T2iYq783UsSVmvPATHKkp2rVW4j/egFfSdbhlZdSESeaCLwMDhMGdQQXxcAxlQRrNjcEYUnN3yGeIomwNvVVTCnuagXrpNeou61687ZZa7eKesrgFJyBC+CCS9AGN6ADugCDR/AMXsCr9WS9We/Wx3K0ZBU7J+APrM8fyaybHw==</latexit>

Y2

<latexit sha1_base64="7E9/0IB8+ZFEJ7rNtjZ+mOJQmdo="></latexit>

minimize
x,(Y ,y),✓

c>x+ ✓

subject to ✓ � q(⇠0)>x+ r>[Y ⇠0 + y] 8⇠0 2 ⌅0

T (⇠0)x+W [Y ⇠0 + y] � h(⇠0) 8⇠0 2 ⌅0

[Y ⇠0 + y] 2 Y 8⇠0 2 ⌅0

x 2 X , (Y ,y)

<latexit sha1_base64="TMx1QHQlwoz0t7Wn1i19unLI1TE=">AAACFnicbVDLSsNAFJ3UV62vqksRBovgqiRSqsuCG5cVbCs0pUwmt+3QySTMTMQSsvIn/AW3uncnbt269UucpFlo64ELh3Pui+NFnClt219WaWV1bX2jvFnZ2t7Z3avuH3RVGEsKHRryUN55RAFnAjqaaQ53kQQSeBx63vQq83v3IBULxa2eRTAIyFiwEaNEG2lYPU7cfEkiwU+xGwsfZLYrcR9Ymg6rNbtu58DLxClIDRVoD6vfrh/SOAChKSdK9R070oOESM0oh7TixgoiQqdkDH1DBQlADZL8gxSfGsXHo1CaEhrn6u+JhARKzQLPdAZET9Sil4n/el6wcFmPLgcJE1GsQdD54VHMsQ5xlhH2mQSq+cwQQiUzv2M6IZJQbZKsmFCcxQiWSfe87jTrjZtGrdUs4imjI3SCzpCDLlALXaM26iCKHtEzekGv1pP1Zr1bH/PWklXMHKI/sD5/ALAcoI0=</latexit>

⇠
<latexit sha1_base64="nBCuYDSjWGvOfwBHVs8gso6OcmM=">AAACFXicbVA9S8NAGL7Ur1q/oo46HBbBqSRSqmPBxbGCbYUmlMvl2h69u4S7i1hCFv+Ef8FVdzdxdXb1l3hJM2jrAy88PM/7xRPEjCrtOF9WZWV1bX2julnb2t7Z3bP3D3oqSiQmXRyxSN4FSBFGBelqqhm5iyVBPGCkH0yvcr9/T6SikbjVs5j4HI0FHVGMtJGG9nHqFUtSScIMepHpzVel3gPNsqFddxpOAbhM3JLUQYnO0P72wggnnAiNGVJq4Dqx9lMkNcWMZDUvUSRGeIrGZGCoQJwoPy0eyOCpUUI4iqQpoWGh/p5IEVdqxgPTyZGeqEUvF//1Ar5wWY8u/ZSKONFE4PnhUcKgjmAeEQypJFizmSEIS2p+h3iCJMLaBFkzobiLESyT3nnDbTWaN816u1XGUwVH4AScARdcgDa4Bh3QBRg8gmfwAl6tJ+vNerc+5q0Vq5w5BH9gff4A5PagIQ==</latexit>

⇠

<latexit sha1_base64="nBCuYDSjWGvOfwBHVs8gso6OcmM=">AAACFXicbVA9S8NAGL7Ur1q/oo46HBbBqSRSqmPBxbGCbYUmlMvl2h69u4S7i1hCFv+Ef8FVdzdxdXb1l3hJM2jrAy88PM/7xRPEjCrtOF9WZWV1bX2julnb2t7Z3bP3D3oqSiQmXRyxSN4FSBFGBelqqhm5iyVBPGCkH0yvcr9/T6SikbjVs5j4HI0FHVGMtJGG9nHqFUtSScIMepHpzVel3gPNsqFddxpOAbhM3JLUQYnO0P72wggnnAiNGVJq4Dqx9lMkNcWMZDUvUSRGeIrGZGCoQJwoPy0eyOCpUUI4iqQpoWGh/p5IEVdqxgPTyZGeqEUvF//1Ar5wWY8u/ZSKONFE4PnhUcKgjmAeEQypJFizmSEIS2p+h3iCJMLaBFkzobiLESyT3nnDbTWaN816u1XGUwVH4AScARdcgDa4Bh3QBRg8gmfwAl6tJ+vNerc+5q0Vq5w5BH9gff4A5PagIQ==</latexit>

⇠

<latexit sha1_base64="TMx1QHQlwoz0t7Wn1i19unLI1TE=">AAACFnicbVDLSsNAFJ3UV62vqksRBovgqiRSqsuCG5cVbCs0pUwmt+3QySTMTMQSsvIn/AW3uncnbt269UucpFlo64ELh3Pui+NFnClt219WaWV1bX2jvFnZ2t7Z3avuH3RVGEsKHRryUN55RAFnAjqaaQ53kQQSeBx63vQq83v3IBULxa2eRTAIyFiwEaNEG2lYPU7cfEkiwU+xGwsfZLYrcR9Ymg6rNbtu58DLxClIDRVoD6vfrh/SOAChKSdK9R070oOESM0oh7TixgoiQqdkDH1DBQlADZL8gxSfGsXHo1CaEhrn6u+JhARKzQLPdAZET9Sil4n/el6wcFmPLgcJE1GsQdD54VHMsQ5xlhH2mQSq+cwQQiUzv2M6IZJQbZKsmFCcxQiWSfe87jTrjZtGrdUs4imjI3SCzpCDLlALXaM26iCKHtEzekGv1pP1Zr1bH/PWklXMHKI/sD5/ALAcoI0=</latexit>

⇠



Decision Rules: Nonlinear Decision Rules

complicated 
representation

non-convex 
uncertainty set

nonlinear decision rules

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="7E9/0IB8+ZFEJ7rNtjZ+mOJQmdo="></latexit>

minimize
x,(Y ,y),✓

c>x+ ✓

subject to ✓ � q(⇠0)>x+ r>[Y ⇠0 + y] 8⇠0 2 ⌅0

T (⇠0)x+W [Y ⇠0 + y] � h(⇠0) 8⇠0 2 ⌅0

[Y ⇠0 + y] 2 Y 8⇠0 2 ⌅0

x 2 X , (Y ,y)

<latexit sha1_base64="+/EskhGxmjh2sxoH5vXfGjj5Xe4="></latexit>

minimize
x,(Y ,y),✓

c>x+ ✓

subject to ✓ � q(⇠0)>x+ r>[Y ⇠0 + y] 8⇠0 2 conv(⌅0)
T (⇠0)x+W [Y ⇠0 + y] � h(⇠0) 8⇠0 2 conv(⌅0)
[Y ⇠0 + y] 2 Y 8⇠0 2 conv(⌅0)
x 2 X , (Y ,y)



<latexit sha1_base64="7E9/0IB8+ZFEJ7rNtjZ+mOJQmdo="></latexit>

minimize
x,(Y ,y),✓

c>x+ ✓

subject to ✓ � q(⇠0)>x+ r>[Y ⇠0 + y] 8⇠0 2 ⌅0

T (⇠0)x+W [Y ⇠0 + y] � h(⇠0) 8⇠0 2 ⌅0

[Y ⇠0 + y] 2 Y 8⇠0 2 ⌅0

x 2 X , (Y ,y)

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

Decision Rules: Nonlinear Decision Rules

non-convex 
uncertainty set

nonlinear decision rules

use exact reformulations

or outer approximations

from global optimization complicated 

representation

<latexit sha1_base64="+/EskhGxmjh2sxoH5vXfGjj5Xe4="></latexit>

minimize
x,(Y ,y),✓

c>x+ ✓

subject to ✓ � q(⇠0)>x+ r>[Y ⇠0 + y] 8⇠0 2 conv(⌅0)
T (⇠0)x+W [Y ⇠0 + y] � h(⇠0) 8⇠0 2 conv(⌅0)
[Y ⇠0 + y] 2 Y 8⇠0 2 conv(⌅0)
x 2 X , (Y ,y)



Decision Rules: Iterative Liftings

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y



Decision Rules: Iterative Liftings

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="w3Wj1LEUh7gRAMxx+sR86p1KRB0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmlAm00k7dGYSZiZCCPkM1271G9yJWz/AT/AvnKZZaNsDFw7n3Af3BDGjSjvOt1XZ2Nza3qnu1vb2Dw6P7OOTnooSiUkXRyySgwApwqggXU01I4NYEsQDRvrB7G7u95+IVDQSjzqNic/RRNCQYqSNNLLrXrEjC1hCcugFPEvzkd1wmk4BuErckjRAic7I/vHGEU44ERozpNTQdWLtZ0hqihnJa16iSIzwDE3I0FCBOFF+VhzO4blRxjCMpCmhYaH+ncgQVyrlgenkSE/VsjcX13oBXycPEx3e+BkVcaKJwIv7YcKgjuA8IDimkmDNUkMQltS8APEUSYS1ibFmsnGXk1glvcume9VsPbQa7dsypSo4BWfgArjgGrTBPeiALsAgBS/gFbxZz9a79WF9LlorVjlTB/9gff0CEDaedQ==</latexit>y

<latexit sha1_base64="qpKw6k9QPr82jRA7Pg7BnVTkh7Q="></latexit>

c>x+ q(⇠)>x+ r>y + I [T (⇠)x+Wy � h(⇠)]
<latexit sha1_base64="qpKw6k9QPr82jRA7Pg7BnVTkh7Q="></latexit>

c>x+ q(⇠)>x+ r>y + I [T (⇠)x+Wy � h(⇠)]

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)
<latexit sha1_base64="aBB53BPg8+mI7mrTENwqfOZIwtM=">AAACFnicbVDLSsNAFJ3UV62vqODGzWARXJVEirpwUXDjsoJ9QBPKZDJth85MwsxELDH/4dqtfoM7cevWT/AvnKZZaNsDFw7n3Af3BDGjSjvOt1VaWV1b3yhvVra2d3b37P2DtooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB+Gbqdx6IVDQS93oSE5+joaADipE2Ut8+Sr18SSpJmEEv4Kn3SLOsb1edmpMDLhK3IFVQoNm3f7wwwgknQmOGlOq5Tqz9FElNMSNZxUsUiREeoyHpGSoQJ8pP89MZPDVKCAeRNCU0zNW/EyniSk14YDo50iM1703FpV7Al8m9RA+u/JSKONFE4Nn9QcKgjuA0IxhSSbBmE0MQltS8APEISYS1SbJisnHnk1gk7fOae1Gr39WrjesipTI4BifgDLjgEjTALWiCFsDgCbyAV/BmPVvv1of1OWstWcXMIfgH6+sXs4Kf4g==</latexit>

⇠

<latexit sha1_base64="P3Getp0GohcOiS+1jqpowzzr2g4=">AAACK3icbZC7TsMwFIYdrqXcAowsFhUSU5VUFTAwVGJhLBK9SE2pHMdprdpOZDuIKsp78BK8AivsTCAmJN4DN81AW37J0u9zvuNj/X7MqNKO82GtrK6tb2yWtsrbO7t7+/bBYVtFicSkhSMWya6PFGFUkJammpFuLAniPiMdf3w97XceiFQ0End6EpM+R0NBQ4qRNqWBXUu9/JFUkiCDns9T75Fm957SSJo7FXAe6NJsYFecqpMLLhu3MBVQqDmwv70gwgknQmOGlOq5Tqz7KZKaYkayspcoEiM8RkPSM1YgTlQ/zbdm8NRUAhhG0hyhYV79O5EirtSE+4bkSI/UXM/n2SI7hf5je4kOL/spFXGiicCzxWHCoI7gNDgYUEmwZhNjEJbU/B3iEZIIaxNv2YTiLkawbNq1qnterd/WK42rIp4SOAYn4Ay44AI0wA1oghbA4Am8gFfwZj1b79an9TVDV6xi5gjMyfr5BWdxqTg=</latexit>

⇠? 2 ⌅
<latexit sha1_base64="ztisRWxVQSJMmZiinMyfwc4sjN4=">AAACN3icbVDLSgMxFM34tr6qLt0Ei+CqzIioCxHBjUsFWwudWjLpbRuaZIbkjliG+Rt/wl9wqxtXggtx6x+YPhbWeuDCybnn3htOlEhh0fffvJnZufmFxaXlwsrq2vpGcXOrauPUcKjwWMamFjELUmiooEAJtcQAU5GE26h3Mejf3oOxItY32E+goVhHi7bgDJ3ULJ5l4XBJZqCV0zBSWfgg8rvQIjPuLTQNER4wc0VzOmmuibxZLPllfwg6TYIxKZExrprFj7AV81SBRi6ZtfXAT7CRMYOCS8gLYWohYbzHOlB3VDMFtpENr+Z0zykt2o6NK410qP6eyJiytq8i51QMu3aiF6n8r3dg+s9bT7F90siETlIEzUeH26mkGNNBiLQlDHCUfUcYN8L9nfIuM4yji7rgQgn+RjBNqgfl4Kh8eH1YOj8dx7NEdsgu2ScBOSbn5JJckQrh5JE8kxfy6j15796n9zWyznjjmW0yAe/7B43+rlo=</latexit>

⇠? 2 ext ⌅Recall that a worst-case             will be an extreme point                  :



Decision Rules: Iterative Liftings

affine decision rules
tractable

suboptimal

1

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="5zW9FC4JZ+vgOabdMToM10oaoW4="></latexit>

minimize
x,(Y ,y),✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>[Y ⇠ + y] 8⇠ 2 ⌅
T (⇠)x+W [Y ⇠ + y] � h(⇠) 8⇠ 2 ⌅
[Y ⇠ + y] 2 Y 8⇠ 2 ⌅
x 2 X , (Y ,y)



Decision Rules: Iterative Liftings

affine decision rules
tractable

suboptimal

optimal

intractable

1

2
extreme point formulation

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="5zW9FC4JZ+vgOabdMToM10oaoW4="></latexit>

minimize
x,(Y ,y),✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>[Y ⇠ + y] 8⇠ 2 ⌅
T (⇠)x+W [Y ⇠ + y] � h(⇠) 8⇠ 2 ⌅
[Y ⇠ + y] 2 Y 8⇠ 2 ⌅
x 2 X , (Y ,y)

<latexit sha1_base64="brrE6pkI7qreCwHzP7uk1OVBRHI="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ext(⌅)
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ext(⌅)
x 2 X , y : ext(⌅) 7! Y



Decision Rules: Iterative Liftings

affine 
decision rules

extreme point 
formulation+

<latexit sha1_base64="vxV4rBqbZjx66AT2hn2B5FoDFGU="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="neApt6Em2Z0CXbP0QTgkNSH40A8="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>yA(⇠) 8⇠ 2 ⌅A

T (⇠)x+WyA(⇠) � h(⇠) 8⇠ 2 ⌅A

✓ � q(⇠)>x+ r>yS(⇠) 8⇠ 2 ⌅S

T (⇠)x+WyS(⇠) � h(⇠) 8⇠ 2 ⌅S

x 2 X , yS : ⌅S 7! Y, yA : ⌅A 7! Y

Split up    into affine DR part       and extreme point part      :<latexit sha1_base64="niygUSV0wr5FjPQPodJEejVEpFs=">AAACCnicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTSiTyaQdOjMJMxOlhPyBv+BW9+7ErT/h1i9xmmZhWw9cOJx77oMTJIwq7TjfVmVtfWNzq7pd29nd2z+w64ddFacSkw6OWSz7AVKEUUE6mmpG+okkiAeM9ILJ7azfeyRS0Vg86GlCfI5GgkYUI22koV3PvGJJJkmYQ69P86HdcJpOAbhK3JI0QIn20P7xwhinnAiNGVJq4DqJ9jMkNcWM5DUvVSRBeIJGZGCoQJwoPyuu5vDUKCGMYmlKaFiofycyxJWa8sA4OdJjtdALeL7snZn+8w5SHV37GRVJqonA88NRyqCO4SwXGFJJsGZTQxCW1PwO8RhJhLVJr2ZCcZcjWCXd86Z72by4v2i0bsp4quAYnIAz4IIr0AJ3oA06AIMn8AJewZv1bL1bH9bn3FqxypkjsADr6xdHMJrh</latexit>

⌅
<latexit sha1_base64="nN+uyDvjIPeMN9NXLvWzT+KSqeg=">AAACDHicbVDLSsNAFJ3UV62vaJduBovgqiQi6sJFxY3LCvYBTQiTyaQdOpOEmYkQQn7BX3Cre3fi1n9w65c4TbOwrQcuHM4998HxE0alsqxvo7a2vrG5Vd9u7Ozu7R+Yh0d9GacCkx6OWSyGPpKE0Yj0FFWMDBNBEPcZGfjTu1l/8ESEpHH0qLKEuByNIxpSjJSWPLOZO+WSXJCggM6QereFZ7astlUCrhK7Ii1QoeuZP04Q45STSGGGpBzZVqLcHAlFMSNFw0klSRCeojEZaRohTqSbl3cLeKqVAIax0BUpWKp/J3LEpcy4r50cqYlc6Pm8WPbOTP95R6kKr92cRkmqSITnh8OUQRXDWTIwoIJgxTJNEBZU/w7xBAmElc6voUOxlyNYJf3ztn3Zvni4aHVuqnjq4BicgDNggyvQAfegC3oAgwy8gFfwZjwb78aH8Tm31oxqpgkWYHz9Apvym5U=</latexit>

⌅A
<latexit sha1_base64="vuE4xAbAknN0AFSLMBtazvAhzmE=">AAACDHicbVDLSsNAFJ3UV62vaJduBovgqiQi6sJFwY3LivYBTQiTyaQdOpOEmYkQQn7BX3Cre3fi1n9w65c4TbOwrQcuHM4998HxE0alsqxvo7a2vrG5Vd9u7Ozu7R+Yh0d9GacCkx6OWSyGPpKE0Yj0FFWMDBNBEPcZGfjT21l/8ESEpHH0qLKEuByNIxpSjJSWPLOZO+WSXJCggM6Qeg+FZ7astlUCrhK7Ii1QoeuZP04Q45STSGGGpBzZVqLcHAlFMSNFw0klSRCeojEZaRohTqSbl3cLeKqVAIax0BUpWKp/J3LEpcy4r50cqYlc6Pm8WPbOTP95R6kKr92cRkmqSITnh8OUQRXDWTIwoIJgxTJNEBZU/w7xBAmElc6voUOxlyNYJf3ztn3Zvri/aHVuqnjq4BicgDNggyvQAXegC3oAgwy8gFfwZjwb78aH8Tm31oxqpgkWYHz9Arhsm6c=</latexit>

⌅S



Hierarchy of Primal Bounds

Set of scenarios �S ™ ext �
A�ne set �A ™ � defined by �A = conv ([ext �] \ �S)
conv (�S fi �A) = �

Observation: No new corners are created!
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affine 
decision rules

extreme point 
formulation+

<latexit sha1_base64="neApt6Em2Z0CXbP0QTgkNSH40A8="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>yA(⇠) 8⇠ 2 ⌅A

T (⇠)x+WyA(⇠) � h(⇠) 8⇠ 2 ⌅A

✓ � q(⇠)>x+ r>yS(⇠) 8⇠ 2 ⌅S

T (⇠)x+WyS(⇠) � h(⇠) 8⇠ 2 ⌅S

x 2 X , yS : ⌅S 7! Y, yA : ⌅A 7! Y

<latexit sha1_base64="od4fADPGXj+uOAiN0NBfUj+j4VM=">AAACEnicbVDLSsNAFJ34rPUVdSVuBovgqiRS1IVCxY3LCvYBTQiTyaQdOpOEmYlQQvAn/AW3uncnbv0Bt36J0zQL23rgwuHccx8cP2FUKsv6NpaWV1bX1isb1c2t7Z1dc2+/I+NUYNLGMYtFz0eSMBqRtqKKkV4iCOI+I11/dDvpdx+JkDSOHtQ4IS5Hg4iGFCOlJc88dHoUXsPMKVZlggQ51JJ3k3tmzapbBeAisUtSAyVanvnjBDFOOYkUZkjKvm0lys2QUBQzkledVJIE4REakL6mEeJEullxN4cnWglgGAtdkYKF+nciQ1zKMfe1kyM1lDM9n+fz3onpP28/VeGlm9EoSRWJ8PRwmDKoYjjJBwZUEKzYWBOEBdW/QzxEAmGlU6zqUOz5CBZJ56xun9cb941a86qMpwKOwDE4BTa4AE1wB1qgDTB4Ai/gFbwZz8a78WF8Tq1LRjlzAGZgfP0CJfCdaw==</latexit>

⌅ = ⌅A
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<latexit sha1_base64="7lv88bJHy8VtFGHNoYprZ8AxCa8="></latexit>

⌅A = conv([ext ⌅ \ ⌅S)
<latexit sha1_base64="wg+vaezCzWypk/s4WxWNw+TSOkQ=">AAACR3icbVDLSgMxFM3UV62vqks3wSLopsyIqAuFihtXUtE+wCklk95qaCYzJHfEMsxf+RN+gi7VvTtxafpYaOuBkMM59+aEE8RSGHTdFyc3Mzs3v5BfLCwtr6yuFdc36iZKNIcaj2SkmwEzIIWCGgqU0Iw1sDCQ0Ah65wO/8QDaiEjdYD+GVsjulOgKztBK7eKlj/CIKY/UQ0Z3U3/4Yqqhk1G/KdrX9uJJTKeMs2yPnk7JWbtYcsvuEHSaeGNSImNU28U3vxPxJASFXDJjbj03xlbKNAouISv4iYGY8R67g1tLFQvBtNJhakZ3rNKh3Ujbo5AO1d8bKQuN6YeBnQwZ3ptJbyD+6wXhRDJ2j1upUHGCoPgouJtIihEdlEo7QgNH2beEcS3s3ym/Z5pxtNUXbCneZAXTpL5f9g7LB1cHpcrJuJ482SLbZJd45IhUyAWpkhrh5Im8knfy4Tw7n86X8z0azTnjnU3yBznnB1x1sv0=</latexit>

conv(⌅S [ ⌅A) = ⌅such that
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affine 
decision rules

extreme point 
formulation+

<latexit sha1_base64="neApt6Em2Z0CXbP0QTgkNSH40A8="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>yA(⇠) 8⇠ 2 ⌅A

T (⇠)x+WyA(⇠) � h(⇠) 8⇠ 2 ⌅A

✓ � q(⇠)>x+ r>yS(⇠) 8⇠ 2 ⌅S

T (⇠)x+WyS(⇠) � h(⇠) 8⇠ 2 ⌅S

x 2 X , yS : ⌅S 7! Y, yA : ⌅A 7! Y

<latexit sha1_base64="od4fADPGXj+uOAiN0NBfUj+j4VM=">AAACEnicbVDLSsNAFJ34rPUVdSVuBovgqiRS1IVCxY3LCvYBTQiTyaQdOpOEmYlQQvAn/AW3uncnbv0Bt36J0zQL23rgwuHccx8cP2FUKsv6NpaWV1bX1isb1c2t7Z1dc2+/I+NUYNLGMYtFz0eSMBqRtqKKkV4iCOI+I11/dDvpdx+JkDSOHtQ4IS5Hg4iGFCOlJc88dHoUXsPMKVZlggQ51JJ3k3tmzapbBeAisUtSAyVanvnjBDFOOYkUZkjKvm0lys2QUBQzkledVJIE4REakL6mEeJEullxN4cnWglgGAtdkYKF+nciQ1zKMfe1kyM1lDM9n+fz3onpP28/VeGlm9EoSRWJ8PRwmDKoYjjJBwZUEKzYWBOEBdW/QzxEAmGlU6zqUOz5CBZJ56xun9cb941a86qMpwKOwDE4BTa4AE1wB1qgDTB4Ai/gFbwZz8a78WF8Tq1LRjlzAGZgfP0CJfCdaw==</latexit>

⌅ = ⌅A



Hierarchy of Primal Bounds

Set of scenarios �S ™ ext �
A�ne set �A ™ � defined by �A = conv ([ext �] \ �S)
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<latexit sha1_base64="7lv88bJHy8VtFGHNoYprZ8AxCa8="></latexit>

⌅A = conv([ext ⌅ \ ⌅S)
<latexit sha1_base64="wg+vaezCzWypk/s4WxWNw+TSOkQ=">AAACR3icbVDLSgMxFM3UV62vqks3wSLopsyIqAuFihtXUtE+wCklk95qaCYzJHfEMsxf+RN+gi7VvTtxafpYaOuBkMM59+aEE8RSGHTdFyc3Mzs3v5BfLCwtr6yuFdc36iZKNIcaj2SkmwEzIIWCGgqU0Iw1sDCQ0Ah65wO/8QDaiEjdYD+GVsjulOgKztBK7eKlj/CIKY/UQ0Z3U3/4Yqqhk1G/KdrX9uJJTKeMs2yPnk7JWbtYcsvuEHSaeGNSImNU28U3vxPxJASFXDJjbj03xlbKNAouISv4iYGY8R67g1tLFQvBtNJhakZ3rNKh3Ujbo5AO1d8bKQuN6YeBnQwZ3ptJbyD+6wXhRDJ2j1upUHGCoPgouJtIihEdlEo7QgNH2beEcS3s3ym/Z5pxtNUXbCneZAXTpL5f9g7LB1cHpcrJuJ482SLbZJd45IhUyAWpkhrh5Im8knfy4Tw7n86X8z0azTnjnU3yBznnB1x1sv0=</latexit>

conv(⌅S [ ⌅A) = ⌅such that
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affine 
decision rules

extreme point 
formulation+

<latexit sha1_base64="neApt6Em2Z0CXbP0QTgkNSH40A8="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>yA(⇠) 8⇠ 2 ⌅A

T (⇠)x+WyA(⇠) � h(⇠) 8⇠ 2 ⌅A

✓ � q(⇠)>x+ r>yS(⇠) 8⇠ 2 ⌅S

T (⇠)x+WyS(⇠) � h(⇠) 8⇠ 2 ⌅S

x 2 X , yS : ⌅S 7! Y, yA : ⌅A 7! Y

<latexit sha1_base64="od4fADPGXj+uOAiN0NBfUj+j4VM=">AAACEnicbVDLSsNAFJ34rPUVdSVuBovgqiRS1IVCxY3LCvYBTQiTyaQdOpOEmYlQQvAn/AW3uncnbv0Bt36J0zQL23rgwuHccx8cP2FUKsv6NpaWV1bX1isb1c2t7Z1dc2+/I+NUYNLGMYtFz0eSMBqRtqKKkV4iCOI+I11/dDvpdx+JkDSOHtQ4IS5Hg4iGFCOlJc88dHoUXsPMKVZlggQ51JJ3k3tmzapbBeAisUtSAyVanvnjBDFOOYkUZkjKvm0lys2QUBQzkledVJIE4REakL6mEeJEullxN4cnWglgGAtdkYKF+nciQ1zKMfe1kyM1lDM9n+fz3onpP28/VeGlm9EoSRWJ8PRwmDKoYjjJBwZUEKzYWBOEBdW/QzxEAmGlU6zqUOz5CBZJ56xun9cb941a86qMpwKOwDE4BTa4AE1wB1qgDTB4Ai/gFbwZz8a78WF8Tq1LRjlzAGZgfP0CJfCdaw==</latexit>

⌅ = ⌅A



Hierarchy of Primal Bounds

Set of scenarios �S ™ ext �
A�ne set �A ™ � defined by �A = conv ([ext �] \ �S)
conv (�S fi �A) = �

Observation: No new corners are created!
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<latexit sha1_base64="7lv88bJHy8VtFGHNoYprZ8AxCa8="></latexit>

⌅A = conv([ext ⌅ \ ⌅S)
<latexit sha1_base64="wg+vaezCzWypk/s4WxWNw+TSOkQ=">AAACR3icbVDLSgMxFM3UV62vqks3wSLopsyIqAuFihtXUtE+wCklk95qaCYzJHfEMsxf+RN+gi7VvTtxafpYaOuBkMM59+aEE8RSGHTdFyc3Mzs3v5BfLCwtr6yuFdc36iZKNIcaj2SkmwEzIIWCGgqU0Iw1sDCQ0Ah65wO/8QDaiEjdYD+GVsjulOgKztBK7eKlj/CIKY/UQ0Z3U3/4Yqqhk1G/KdrX9uJJTKeMs2yPnk7JWbtYcsvuEHSaeGNSImNU28U3vxPxJASFXDJjbj03xlbKNAouISv4iYGY8R67g1tLFQvBtNJhakZ3rNKh3Ujbo5AO1d8bKQuN6YeBnQwZ3ptJbyD+6wXhRDJ2j1upUHGCoPgouJtIihEdlEo7QgNH2beEcS3s3ym/Z5pxtNUXbCneZAXTpL5f9g7LB1cHpcrJuJ482SLbZJd45IhUyAWpkhrh5Im8knfy4Tw7n86X8z0azTnjnU3yBznnB1x1sv0=</latexit>

conv(⌅S [ ⌅A) = ⌅such that
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affine 
decision rules

extreme point 
formulation+

<latexit sha1_base64="neApt6Em2Z0CXbP0QTgkNSH40A8="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>yA(⇠) 8⇠ 2 ⌅A

T (⇠)x+WyA(⇠) � h(⇠) 8⇠ 2 ⌅A

✓ � q(⇠)>x+ r>yS(⇠) 8⇠ 2 ⌅S

T (⇠)x+WyS(⇠) � h(⇠) 8⇠ 2 ⌅S

x 2 X , yS : ⌅S 7! Y, yA : ⌅A 7! Y

<latexit sha1_base64="od4fADPGXj+uOAiN0NBfUj+j4VM=">AAACEnicbVDLSsNAFJ34rPUVdSVuBovgqiRS1IVCxY3LCvYBTQiTyaQdOpOEmYlQQvAn/AW3uncnbv0Bt36J0zQL23rgwuHccx8cP2FUKsv6NpaWV1bX1isb1c2t7Z1dc2+/I+NUYNLGMYtFz0eSMBqRtqKKkV4iCOI+I11/dDvpdx+JkDSOHtQ4IS5Hg4iGFCOlJc88dHoUXsPMKVZlggQ51JJ3k3tmzapbBeAisUtSAyVanvnjBDFOOYkUZkjKvm0lys2QUBQzkledVJIE4REakL6mEeJEullxN4cnWglgGAtdkYKF+nciQ1zKMfe1kyM1lDM9n+fz3onpP28/VeGlm9EoSRWJ8PRwmDKoYjjJBwZUEKzYWBOEBdW/QzxEAmGlU6zqUOz5CBZJ56xun9cb941a86qMpwKOwDE4BTa4AE1wB1qgDTB4Ai/gFbwZz8a78WF8Tq1LRjlzAGZgfP0CJfCdaw==</latexit>

⌅ = ⌅A



Part 2 Continuous Recourse Decisions

Agenda

Two-Stage Models

Decision Rules 
Lower Bounds 
Benders’ Decomposition 
Column-and-Constraint Generation 
Iterative Partitioning 
Fourier-Motzkin Elimination

Hadjiyiannis, Goulart and Kuhn. A Scenario Approach for Estimating the Suboptimality of Linear Decision Rules 
in Two-Stage Robust Optimization. IEEE CDC 2011.



Lower Bounds: The Hadjiyiannis Scenario Relaxation

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1

<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1
<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max
<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="nZYHB0KCg6bfADywyNwsg3P7/f8=">AAACK3icbVDLSgMxFM3UV62vUZdugkVwVWZKURcuCm5cVrAP6Awlk8m0oUlmSDJiGfof/oS/4Fb3rhRXgv9hOp2FbT0QOJxz7z3hBAmjSjvOh1VaW9/Y3CpvV3Z29/YP7MOjjopTiUkbxyyWvQApwqggbU01I71EEsQDRrrB+Gbmdx+IVDQW93qSEJ+joaARxUgbaWDXMy8/kkkSTqEX8Mx7pFPDqICL1gjpzOsZb2BXnZqTA64StyBVUKA1sL+9MMYpJ0JjhpTqu06i/QxJTTEj04qXKpIgPEZD0jdUIE6Un+XZU3hmlBBGsTRPaJirfzcyxJWa8MBMcqRHatmbif96AV9K1tGVn1GRpJoIPA+OUgZ1DGfFwZBKgjWbGIKwpObvEI+QRFibeiumFHe5glXSqdfci1rjrlFtXhf1lMEJOAXnwAWXoAluQQu0AQZP4AW8gjfr2Xq3Pq2v+WjJKnaOwQKsn1+Oq6lV</latexit>

⇠ 2 ⌅̂

Lower Bounds: The Hadjiyiannis Scenario Relaxation

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)

<latexit sha1_base64="niygUSV0wr5FjPQPodJEejVEpFs=">AAACCnicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTSiTyaQdOjMJMxOlhPyBv+BW9+7ErT/h1i9xmmZhWw9cOJx77oMTJIwq7TjfVmVtfWNzq7pd29nd2z+w64ddFacSkw6OWSz7AVKEUUE6mmpG+okkiAeM9ILJ7azfeyRS0Vg86GlCfI5GgkYUI22koV3PvGJJJkmYQ69P86HdcJpOAbhK3JI0QIn20P7xwhinnAiNGVJq4DqJ9jMkNcWM5DUvVSRBeIJGZGCoQJwoPyuu5vDUKCGMYmlKaFiofycyxJWa8sA4OdJjtdALeL7snZn+8w5SHV37GRVJqonA88NRyqCO4SwXGFJJsGZTQxCW1PwO8RhJhLVJr2ZCcZcjWCXd86Z72by4v2i0bsp4quAYnIAz4IIr0AJ3oA06AIMn8AJewZv1bL1bH9bn3FqxypkjsADr6xdHMJrh</latexit>

⌅
<latexit sha1_base64="wzpO63kR1N8LouDo3RkaqpXTKWM=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtSFi4IblxXsA5pQJpNJO3RmEmYmQgn5CX/Bre7diVv/wK1f4jTNwrYeuHA499wHJ0gYVdpxvq3K2vrG5lZ1u7azu7d/YB8edVWcSkw6OGax7AdIEUYF6WiqGeknkiAeMNILJnezfu+JSEVj8ainCfE5GgkaUYy0kYb2SeYVSzJJwhx6Y6Qzr0/zfGjXnYZTAK4StyR1UKI9tH+8MMYpJ0JjhpQauE6i/QxJTTEjec1LFUkQnqARGRgqECfKz4rbOTw3SgijWJoSGhbq34kMcaWmPDBOjvRYLfQCni97Z6b/vINURzd+RkWSaiLw/HCUMqhjOEsHhlQSrNnUEIQlNb9DPEYSYW0yrJlQ3OUIVkn3suFeNZoPzXrrtoynCk7BGbgALrgGLXAP2qADMMjBC3gFb9az9W59WJ9za8UqZ47BAqyvX2Mxna4=</latexit>

⌅̂Replace     with a finite subset    !



Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max
<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="nZYHB0KCg6bfADywyNwsg3P7/f8=">AAACK3icbVDLSgMxFM3UV62vUZdugkVwVWZKURcuCm5cVrAP6Awlk8m0oUlmSDJiGfof/oS/4Fb3rhRXgv9hOp2FbT0QOJxz7z3hBAmjSjvOh1VaW9/Y3CpvV3Z29/YP7MOjjopTiUkbxyyWvQApwqggbU01I71EEsQDRrrB+Gbmdx+IVDQW93qSEJ+joaARxUgbaWDXMy8/kkkSTqEX8Mx7pFPDqICL1gjpzOsZb2BXnZqTA64StyBVUKA1sL+9MMYpJ0JjhpTqu06i/QxJTTEj04qXKpIgPEZD0jdUIE6Un+XZU3hmlBBGsTRPaJirfzcyxJWa8MBMcqRHatmbif96AV9K1tGVn1GRpJoIPA+OUgZ1DGfFwZBKgjWbGIKwpObvEI+QRFibeiumFHe5glXSqdfci1rjrlFtXhf1lMEJOAXnwAWXoAluQQu0AQZP4AW8gjfr2Xq3Pq2v+WjJKnaOwQKsn1+Oq6lV</latexit>

⇠ 2 ⌅̂

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1

<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅

<latexit sha1_base64="ac1GlCY2GLjU9JL+sW30gakLRRU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS1IWLghuXFewDmlAmk5t26GQSZiZCCQV/xY0LRdz6He78G6dpFtp64MLhnHvnzj1BypnSjvNtrayurW9sVraq2zu7e/v2wWFHJZmk0KYJT2QvIAo4E9DWTHPopRJIHHDoBuPbmd99BKlYIh70JAU/JkPBIkaJNtLAPvaKN3IJ4RR7I6Jzr8emA7vm1J0CeJm4JamhEq2B/eWFCc1iEJpyolTfdVLt50RqRjlMq16mICV0TIbQN1SQGJSfF6un+MwoIY4SaUpoXKi/J3ISKzWJA9MZEz1Si95M/M/rZzq69nMm0kyDoPNFUcaxTvAsCxwyCVTziSGESmb+iumISEK1SaxqQnAXT14mnYu6e1lv3DdqzZsyjgo6QafoHLnoCjXRHWqhNqIoR8/oFb1ZT9aL9W59zFtXrHLmCP2B9fkDvx6V/A==</latexit>

⌅̂

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1
<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅

Lower Bounds: The Hadjiyiannis Scenario Relaxation

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max
<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="nZYHB0KCg6bfADywyNwsg3P7/f8=">AAACK3icbVDLSgMxFM3UV62vUZdugkVwVWZKURcuCm5cVrAP6Awlk8m0oUlmSDJiGfof/oS/4Fb3rhRXgv9hOp2FbT0QOJxz7z3hBAmjSjvOh1VaW9/Y3CpvV3Z29/YP7MOjjopTiUkbxyyWvQApwqggbU01I71EEsQDRrrB+Gbmdx+IVDQW93qSEJ+joaARxUgbaWDXMy8/kkkSTqEX8Mx7pFPDqICL1gjpzOsZb2BXnZqTA64StyBVUKA1sL+9MMYpJ0JjhpTqu06i/QxJTTEj04qXKpIgPEZD0jdUIE6Un+XZU3hmlBBGsTRPaJirfzcyxJWa8MBMcqRHatmbif96AV9K1tGVn1GRpJoIPA+OUgZ1DGfFwZBKgjWbGIKwpObvEI+QRFibeiumFHe5glXSqdfci1rjrlFtXhf1lMEJOAXnwAWXoAluQQu0AQZP4AW8gjfr2Xq3Pq2v+WjJKnaOwQKsn1+Oq6lV</latexit>

⇠ 2 ⌅̂

finite- dimensional LP

Lower Bounds: The Hadjiyiannis Scenario Relaxation

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)

<latexit sha1_base64="9+IQpI9FCMULShAPkQsEn+jMCZM="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠̂)>x+ r>y(⇠̂) 8⇠̂ 2 ⌅̂
T (⇠̂)x+Wy(⇠̂) � h(⇠̂) 8⇠̂ 2 ⌅̂
x 2 X , y(⇠̂) 2 Y, ⇠̂ 2 ⌅̂
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maximize
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⇠2ext⌅

h(⇠)>�(⇠)

subject to
X

⇠2ext⌅
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W>�(⇠) = 0 8⇠ 2 ⌅
� : ⌅ 7! Rm

+

<latexit sha1_base64="PGhllgOK1GfT14KZvl8yzvvx+/E="></latexit>

We can dualize this problem and obtain:

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y
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+

<latexit sha1_base64="PGhllgOK1GfT14KZvl8yzvvx+/E="></latexit>

HOW?

We can dualize this problem and obtain:

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y
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<latexit sha1_base64="PGhllgOK1GfT14KZvl8yzvvx+/E="></latexit>

primal decision

rule formulation

1

We can dualize this problem and obtain:

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y
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<latexit sha1_base64="PGhllgOK1GfT14KZvl8yzvvx+/E="></latexit>

primal decision

rule formulation
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point formulation

1 2

We can dualize this problem and obtain:

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y
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<latexit sha1_base64="PGhllgOK1GfT14KZvl8yzvvx+/E="></latexit>
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point formulation
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1 2 3

We can dualize this problem and obtain:

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y
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subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y
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<latexit sha1_base64="PGhllgOK1GfT14KZvl8yzvvx+/E="></latexit>
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1 2 3 4

We can dualize this problem and obtain:

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y
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We can dualize this problem and obtain:
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⇠2ext⌅
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W>�(⇠) = 0 8⇠ 2 ⌅
� : ⌅ 7! Rm

+

<latexit sha1_base64="PGhllgOK1GfT14KZvl8yzvvx+/E="></latexit>

The dual formulation raises two challenges:
1 It has infinitely many constraints and variables.

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y
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We can dualize this problem and obtain:
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T (⇠)>�(⇠) = q

W>�(⇠) = 0 8⇠ 2 ⌅
� : ⌅ 7! Rm

+

<latexit sha1_base64="PGhllgOK1GfT14KZvl8yzvvx+/E="></latexit>

The dual formulation raises two challenges:
1 It has infinitely many constraints and variables.

affine decision rules + RO trick

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>
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x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y
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We can dualize this problem and obtain:

maximize
�

X

⇠2ext⌅

h(⇠)>�(⇠)

subject to
X

⇠2ext⌅

T (⇠)>�(⇠) = q

W>�(⇠) = 0 8⇠ 2 ⌅
� : ⌅ 7! Rm

+

<latexit sha1_base64="PGhllgOK1GfT14KZvl8yzvvx+/E="></latexit>

The dual formulation raises two challenges:

2 It contains sums over exponentially many terms.

1 It has infinitely many constraints and variables.

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y



Lower Bounds: Dual Decision Rules

We can dualize this problem and obtain:

maximize
�

X

⇠2ext⌅

h(⇠)>�(⇠)

subject to
X

⇠2ext⌅

T (⇠)>�(⇠) = q

W>�(⇠) = 0 8⇠ 2 ⌅
� : ⌅ 7! Rm

+

<latexit sha1_base64="PGhllgOK1GfT14KZvl8yzvvx+/E="></latexit>

The dual formulation raises two challenges:

2 It contains sums over exponentially many terms.

closed-form expressions for structured    and <latexit sha1_base64="ErY5g0kdSrH7WRmj+NuT6KzVOK0=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIqAsXBTcuK9gHNKFMJjft0MkkzEyEGvolblwo4tZPceffOE2z0NYDFw7n3Dt37glSzpR2nG+rsra+sblV3a7t7O7t1+2Dw65KMkmhQxOeyH5AFHAmoKOZ5tBPJZA44NALJrdzv/cIUrFEPOhpCn5MRoJFjBJtpKFd94o3cgnhDHt9NrQbTtMpgFeJW5IGKtEe2l9emNAsBqEpJ0oNXCfVfk6kZpTDrOZlClJCJ2QEA0MFiUH5ebF0hk+NEuIokaaExoX6eyInsVLTODCdMdFjtezNxf+8Qaajaz9nIs00CLpYFGUc6wTPU8Ahk0A1nxpCqGTmr5iOiSRUm6xqJgR3+eRV0j1vupfNi/uLRuumjKOKjtEJOkMuukItdIfaqIMoytAzekVv1pP1Yr1bH4vWilXOHKE/sD5/ANIYky8=</latexit>

⌅
<latexit sha1_base64="Jo1Jm3rjdh1WwMg8p5X1/JqZV74=">AAACGXicbVDLSsNAFJ34rPUVdSVuBovgqiRS1IWLghuXFewDmlBmJpN26EwSZiZCCcEPce1Wv8GduHXlJ/gXTtMsrO2BgcM599zLHJxwprTjfFsrq2vrG5uVrer2zu7evn1w2FFxKgltk5jHsoeRopxFtK2Z5rSXSIoE5rSLx7dTv/tIpWJx9KAnCfUFGkYsZARpIw3sY6/YkWGe0hx6WGQeN+kA5QO75tSdAnCRuCWpgRKtgf3jBTFJBY004Uipvusk2s+Q1Ixwmle9VNEEkTEa0r6hERJU+VlxPodnRglgGEvzIg0L9W8iQ0KpicBmUiA9UnMeFktlE5mKy7x+qsNrP2NRkmoakdn9MOVQx3BaEwyYpETziSGISGa+AMkISUS0KbNqunH/N7FIOhd197LeuG/UmjdlSxVwAk7BOXDBFWiCO9ACbUDAE3gBr+DNerberQ/rcza6YpWZIzAH6+sXwbWg9Q==</latexit>

�

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y



Lower Bounds: Dual Decision Rules

<latexit sha1_base64="IYXTF+xtWL1qWQ+M7d+u6qsDFLA="></latexit>

minimize
x,y,⌧

⌧

subject to
⌧ � yn(⇠) + dn(⇠)
yj(⇠) � yi(⇠) + di(⇠) 8(i, j) 2 E
yi(⇠) = xi 8i 2 V0

9
=

; 8⇠ 2 ⌅

⌧ 2 R+, xi 2 R+, i 2 V0, y : ⌅ 7! Rn
+.

Numerical example: Estimating the makespan of a project

Example project:

<latexit sha1_base64="IYXTF+xtWL1qWQ+M7d+u6qsDFLA="></latexit>
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x,y,⌧

⌧

subject to
⌧ � yn(⇠) + dn(⇠)
yj(⇠) � yi(⇠) + di(⇠) 8(i, j) 2 E
yi(⇠) = xi 8i 2 V0

9
=

; 8⇠ 2 ⌅

⌧ 2 R+, xi 2 R+, i 2 V0, y : ⌅ 7! Rn
+.



Lower Bounds: Dual Decision Rules
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Part 2 Continuous Recourse Decisions
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Benders’ Decomposition 
Column-and-Constraint Generation 
Iterative Partitioning 
Fourier-Motzkin Elimination

Thiele, Terry and Epelman. Robust Linear Optimization With Recourse. Technical Report, 2010.



Benders’ Decomposition

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Benders’ Decomposition

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Benders’ Decomposition

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

We can represent it as a single-stage optimization problem:

“Black-box” function 
that computes the 

worst-case second-stage 
costs of a fixed    !<latexit sha1_base64="+wVLVnKGkWy/4nvsBKViefZ2lI8=">AAACDHicbVC7TsMwFHXKq5RXoCOLRYXEVCWoAgaGSiyMRaIPqYkqx3Vaq7YT2Q4iivIL/AIr7GyIlX9g5Utw0wzQciRLR+fce491gphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdjP3+w9EKhqJe53GxOdoImhIMdJGGtl1r7iRBSwhOfQCnj3mI7vhNJ0CcJW4JWmAEp2R/e2NI5xwIjRmSKmh68Taz5DUFDOS17xEkRjhGZqQoaECcaL8rAjO4alRxjCMpHlCw0L9vZEhrlTKAzPJkZ6qZW8u/usFfClZh1d+RkWcaCLwIjhMGNQRnDcDx1QSrFlqCMKSmr9DPEUSYW36q5lS3OUKVknvvOleNFt3rUb7uqynCo7BCTgDLrgEbXALOqALMEjBM3gBr9aT9Wa9Wx+L0YpV7tTBH1ifPxsam+g=</latexit>x

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)
<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X



Benders’ Decomposition

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="ohoXF8JwAoHNDC6Is7BKEKsQoUk="></latexit>

Q(x) = max
⇠2⌅

Q(x; ⇠)with

We can represent it as a single-stage optimization problem:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)
<latexit sha1_base64="ohoXF8JwAoHNDC6Is7BKEKsQoUk="></latexit>

Q(x) = max
⇠2⌅

Q(x; ⇠)

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="PevwvnaD1HgHXQLfWpZG5b/XuX4="></latexit>

Q(x; ⇠) =

2

64
minimize

y
q>x+ r>y

subject to T (⇠)x+Wy � h(⇠)
y 2 Y

3

75



Benders’ Decomposition

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

Standard arguments show that         is piecewise affine and convex:
<latexit sha1_base64="5fwDcODJMRAMOCC8PrkxWz61NMY=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNS1IWLghuXLdgHdIaSpJk2NJkZkoxYhvkAf8JfcKt7d+JWcOuXmJnOQlsPBA7nnJt7OTjiTGnb/rJWVtfWNzZLW+Xtnd29/crBYVeFsSS0Q0Ieyj5GinIW0I5mmtN+JCkSmNMent5kfu+eSsXC4E7PIuoJNA6YzwjSRhpWqq5AekIQT9oprCVu/mOCeUxT6GKRPKTpmUnZdTsHXCZOQaqgQGtY+XZHIYkFDTThSKmBY0faS5DUjHCalt1Y0QiRKRrTgaEBElR5Sb46hadGGUE/lOYFGubq74kECaVmAptkdrpa9DLxXw+Lhc3av/ISFkSxpgGZL/ZjDnUIs6bgiElKNJ8Zgohk5nZIJkgiok2fZVOKs1jBMume152LeqPdqDavi3pK4BicgBpwwCVoglvQAh1AwCN4Bi/g1Xqy3qx362MeXbGKmSPwB9bnD2TVonA=</latexit>

Q(x)

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Benders’ Decomposition

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

Benders’ decomposition: optimize over & refine lower bounds         :
<latexit sha1_base64="AQoXwOq+6IxDk+PWIx3Nrq0gtGE=">AAACKHicbVDLSgMxFM3UV62vqks3wSLops5IURcuCm5ctmBbwSklk95qaJIZkoxYwnyGP+EvuNW9O+m2X2Km7UKrBwKHc+7JvZwo4Uwb3x97haXlldW14nppY3Nre6e8u9fWcaootGjMY3UXEQ2cSWgZZjjcJQqIiDh0ouF17neeQGkWy1szSqAryINkA0aJcVKvfBqmsg8qj9tQEPNICbfNLMPHNpz+biOeQobDSNjnLDvplSt+1Z8C/yXBnFTQHI1eeRL2Y5oKkIZyovV94Cema4kyjHLISmGqISF0SB7g3lFJBOiuna7O8JFT+ngQK/ekwVP1Z8ISofVIRG4yv10vern4rxeJhc1mcNm1TCapAUlniwcpxybGeWu4zxRQw0eOEKqYux3TR6IINa7bkislWKzgL2mfVYPzaq1Zq9Sv5vUU0QE6RMcoQBeojm5QA7UQRS/oDb2jD+/V+/S+vPFstODNM/voF7zJNwAKqAI=</latexit>

Q(x)

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Benders’ Decomposition

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

Benders’ decomposition: optimize over & refine lower bounds         :
<latexit sha1_base64="AQoXwOq+6IxDk+PWIx3Nrq0gtGE=">AAACKHicbVDLSgMxFM3UV62vqks3wSLops5IURcuCm5ctmBbwSklk95qaJIZkoxYwnyGP+EvuNW9O+m2X2Km7UKrBwKHc+7JvZwo4Uwb3x97haXlldW14nppY3Nre6e8u9fWcaootGjMY3UXEQ2cSWgZZjjcJQqIiDh0ouF17neeQGkWy1szSqAryINkA0aJcVKvfBqmsg8qj9tQEPNICbfNLMPHNpz+biOeQobDSNjnLDvplSt+1Z8C/yXBnFTQHI1eeRL2Y5oKkIZyovV94Cema4kyjHLISmGqISF0SB7g3lFJBOiuna7O8JFT+ngQK/ekwVP1Z8ISofVIRG4yv10vern4rxeJhc1mcNm1TCapAUlniwcpxybGeWu4zxRQw0eOEKqYux3TR6IINa7bkislWKzgL2mfVYPzaq1Zq9Sv5vUU0QE6RMcoQBeojm5QA7UQRS/oDb2jD+/V+/S+vPFstODNM/voF7zJNwAKqAI=</latexit>

Q(x)

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Benders’ Decomposition

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

Benders’ decomposition: optimize over & refine lower bounds         :
<latexit sha1_base64="AQoXwOq+6IxDk+PWIx3Nrq0gtGE=">AAACKHicbVDLSgMxFM3UV62vqks3wSLops5IURcuCm5ctmBbwSklk95qaJIZkoxYwnyGP+EvuNW9O+m2X2Km7UKrBwKHc+7JvZwo4Uwb3x97haXlldW14nppY3Nre6e8u9fWcaootGjMY3UXEQ2cSWgZZjjcJQqIiDh0ouF17neeQGkWy1szSqAryINkA0aJcVKvfBqmsg8qj9tQEPNICbfNLMPHNpz+biOeQobDSNjnLDvplSt+1Z8C/yXBnFTQHI1eeRL2Y5oKkIZyovV94Cema4kyjHLISmGqISF0SB7g3lFJBOiuna7O8JFT+ngQK/ekwVP1Z8ISofVIRG4yv10vern4rxeJhc1mcNm1TCapAUlniwcpxybGeWu4zxRQw0eOEKqYux3TR6IINa7bkislWKzgL2mfVYPzaq1Zq9Sv5vUU0QE6RMcoQBeojm5QA7UQRS/oDb2jD+/V+/S+vPFstODNM/voF7zJNwAKqAI=</latexit>

Q(x)

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Benders’ Decomposition

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

Benders’ decomposition: optimize over & refine lower bounds         :
<latexit sha1_base64="AQoXwOq+6IxDk+PWIx3Nrq0gtGE=">AAACKHicbVDLSgMxFM3UV62vqks3wSLops5IURcuCm5ctmBbwSklk95qaJIZkoxYwnyGP+EvuNW9O+m2X2Km7UKrBwKHc+7JvZwo4Uwb3x97haXlldW14nppY3Nre6e8u9fWcaootGjMY3UXEQ2cSWgZZjjcJQqIiDh0ouF17neeQGkWy1szSqAryINkA0aJcVKvfBqmsg8qj9tQEPNICbfNLMPHNpz+biOeQobDSNjnLDvplSt+1Z8C/yXBnFTQHI1eeRL2Y5oKkIZyovV94Cema4kyjHLISmGqISF0SB7g3lFJBOiuna7O8JFT+ngQK/ekwVP1Z8ISofVIRG4yv10vern4rxeJhc1mcNm1TCapAUlniwcpxybGeWu4zxRQw0eOEKqYux3TR6IINa7bkislWKzgL2mfVYPzaq1Zq9Sv5vUU0QE6RMcoQBeojm5QA7UQRS/oDb2jD+/V+/S+vPFstODNM/voF7zJNwAKqAI=</latexit>

Q(x)

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Benders’ Decomposition

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

Benders’ decomposition: optimize over & refine lower bounds         :
<latexit sha1_base64="AQoXwOq+6IxDk+PWIx3Nrq0gtGE=">AAACKHicbVDLSgMxFM3UV62vqks3wSLops5IURcuCm5ctmBbwSklk95qaJIZkoxYwnyGP+EvuNW9O+m2X2Km7UKrBwKHc+7JvZwo4Uwb3x97haXlldW14nppY3Nre6e8u9fWcaootGjMY3UXEQ2cSWgZZjjcJQqIiDh0ouF17neeQGkWy1szSqAryINkA0aJcVKvfBqmsg8qj9tQEPNICbfNLMPHNpz+biOeQobDSNjnLDvplSt+1Z8C/yXBnFTQHI1eeRL2Y5oKkIZyovV94Cema4kyjHLISmGqISF0SB7g3lFJBOiuna7O8JFT+ngQK/ekwVP1Z8ISofVIRG4yv10vern4rxeJhc1mcNm1TCapAUlniwcpxybGeWu4zxRQw0eOEKqYux3TR6IINa7bkislWKzgL2mfVYPzaq1Zq9Sv5vUU0QE6RMcoQBeojm5QA7UQRS/oDb2jD+/V+/S+vPFstODNM/voF7zJNwAKqAI=</latexit>

Q(x)

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Benders’ Decomposition

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

Benders’ decomposition: optimize over & refine lower bounds         :
<latexit sha1_base64="AQoXwOq+6IxDk+PWIx3Nrq0gtGE=">AAACKHicbVDLSgMxFM3UV62vqks3wSLops5IURcuCm5ctmBbwSklk95qaJIZkoxYwnyGP+EvuNW9O+m2X2Km7UKrBwKHc+7JvZwo4Uwb3x97haXlldW14nppY3Nre6e8u9fWcaootGjMY3UXEQ2cSWgZZjjcJQqIiDh0ouF17neeQGkWy1szSqAryINkA0aJcVKvfBqmsg8qj9tQEPNICbfNLMPHNpz+biOeQobDSNjnLDvplSt+1Z8C/yXBnFTQHI1eeRL2Y5oKkIZyovV94Cema4kyjHLISmGqISF0SB7g3lFJBOiuna7O8JFT+ngQK/ekwVP1Z8ISofVIRG4yv10vern4rxeJhc1mcNm1TCapAUlniwcpxybGeWu4zxRQw0eOEKqYux3TR6IINa7bkislWKzgL2mfVYPzaq1Zq9Sv5vUU0QE6RMcoQBeojm5QA7UQRS/oDb2jD+/V+/S+vPFstODNM/voF7zJNwAKqAI=</latexit>

Q(x)

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Benders’ Decomposition

How can we construct the lower bounds?
<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅

�
<latexit sha1_base64="2Sxeft+IpONz/YjwO/CIwX1oKtQ=">AAACKXicbVC7TsMwFHXKq5RXgJHFokJqlypBFTAwVGJhbCX6kJpQOa7TWrWTyHYQVZRv4EOYWeEb2ICVib/AaTNA2yNd6eice+17jxcxKpVlfRqFtfWNza3idmlnd2//wDw86sgwFpi0cchC0fOQJIwGpK2oYqQXCYK4x0jXm9xkfveBCEnD4E5NI+JyNAqoTzFSWhqYVYcjNcaIJa0UVhJn9mLisZik0PF48pjeO1IhkVYHZtmqWTPAZWLnpAxyNAfmjzMMccxJoDBDUvZtK1JugoSimJG05MSSRAhP0Ij0NQ0QJ9JNZguk8EwrQ+iHQleg4Ez9O5EgLuWUe7ozO0Auepm40vP4KrkfK//KTWgQxYoEeP6/HzOoQpjFBodUEKzYVBOEBdUnQDxGAmGlwy3pbOzFJJZJ57xmX9TqrXq5cZ2nVAQn4BRUgA0uQQPcgiZoAwyewAt4BW/Gs/FufBhf89aCkc8cg38wvn8BrFanrA==</latexit>

Q(x?)



Benders’ Decomposition

How can we construct the lower bounds?

<latexit sha1_base64="63XV7T1RCakP7LQWqx/qn1UAKHU=">AAACDHicbVDLSsNAFJ3UV62vaJdugkVwVRIRdVlw40Kkgn1AG8pkOkmHTmbCzI0SQn/BX3Cre3fi1n9w65c4bbPQ1gMXDufcy7mcIOFMg+t+WaWV1bX1jfJmZWt7Z3fP3j9oa5kqQltEcqm6AdaUM0FbwIDTbqIojgNOO8H4aup3HqjSTIp7yBLqxzgSLGQEg5EGdrV/I0XEaQiKRSPASsnHgV1z6+4MzjLxClJDBZoD+7s/lCSNqQDCsdY9z03Az7ECRjidVPqppgkmYxzRnqECx1T7+ez5iXNslKETSmVGgDNTf1/kONY6iwOzGWMY6UVvKv7rBfFCMoSXfs5EkgIVZB4cptwB6UybcYZMUQI8MwQTxczvDhlhhQmY/iqmFG+xgmXSPq175/Wzu7Na47aop4wO0RE6QR66QA10jZqohQjK0DN6Qa/Wk/VmvVsf89WSVdxU0R9Ynz8vHJwE</latexit>()
<latexit sha1_base64="ZLehUyqqUNYwooiWK3ykuYPzA3w="></latexit>

maximize
⇠,�

[h(⇠)� T (⇠)x?]> �

subject to W>�  r, ⇠ 2 ⌅
strong LP duality

<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅



Benders’ Decomposition

How can we construct the lower bounds?

<latexit sha1_base64="63XV7T1RCakP7LQWqx/qn1UAKHU=">AAACDHicbVDLSsNAFJ3UV62vaJdugkVwVRIRdVlw40Kkgn1AG8pkOkmHTmbCzI0SQn/BX3Cre3fi1n9w65c4bbPQ1gMXDufcy7mcIOFMg+t+WaWV1bX1jfJmZWt7Z3fP3j9oa5kqQltEcqm6AdaUM0FbwIDTbqIojgNOO8H4aup3HqjSTIp7yBLqxzgSLGQEg5EGdrV/I0XEaQiKRSPASsnHgV1z6+4MzjLxClJDBZoD+7s/lCSNqQDCsdY9z03Az7ECRjidVPqppgkmYxzRnqECx1T7+ez5iXNslKETSmVGgDNTf1/kONY6iwOzGWMY6UVvKv7rBfFCMoSXfs5EkgIVZB4cptwB6UybcYZMUQI8MwQTxczvDhlhhQmY/iqmFG+xgmXSPq175/Wzu7Na47aop4wO0RE6QR66QA10jZqohQjK0DN6Qa/Wk/VmvVsf89WSVdxU0R9Ynz8vHJwE</latexit>() �

<latexit sha1_base64="ZLehUyqqUNYwooiWK3ykuYPzA3w="></latexit>

maximize
⇠,�

[h(⇠)� T (⇠)x?]> �

subject to W>�  r, ⇠ 2 ⌅

optimal value supports          at             : thanks to strong duality
<latexit sha1_base64="fSCk8HCTe1K7b3dL5ebYDRJrHf0=">AAACHnicbVC7TsMwFHXKq4RXgJHFoqpUlipBFTAwVGJhbCX6kJqocly3tWonke0gKitfwE/wC6ywsyFWWPkSkjQDtBzJ0tE59/pcHT9iVCrb/jJKa+sbm1vlbXNnd2//wDo86sowFph0cMhC0feRJIwGpKOoYqQfCYK4z0jPn91kfu+eCEnD4E7NI+JxNAnomGKkUmloVV2O1BQjptsJrGk3/1H7LCYJdH2uH5LkzDSHVsWu2zngKnEKUgEFWkPr2x2FOOYkUJghKQeOHSlPI6EoZiQx3ViSCOEZmpBBSgPEifR0Hp7AaqqM4DgU6QsUzNXfGxpxKefcTyez4+Wyl4n/ej5fSlbjK0/TIIoVCfAieBwzqEKYdQVHVBCs2DwlCAua3g7xFAmEVdpoVoqzXMEq6Z7XnYt6o92oNK+LesrgBJyCGnDAJWiCW9ACHYDBI3gGL+DVeDLejHfjYzFaMoqdY/AHxucP6puimA==</latexit>

Q(x)
<latexit sha1_base64="gubiqhmSFv7Z6zh19uCVjFzOEmk=">AAACLnicbVDLSsNAFJ3UV62vqEs3g0VwVRKpj4VCwY3LCvYBTSyT6aQdOjMJMxOxhHyJP+EvuNW94EIEV36GSZqFtj1w4XDOfXG8kFGlLevDKC0tr6yuldcrG5tb2zvm7l5bBZHEpIUDFsiuhxRhVJCWppqRbigJ4h4jHW98nfmdByIVDcSdnoTE5WgoqE8x0qnUN09jJ18SeywiCXQ8Hj8mCbyCi/R7R2kkk0qlb1atmpUDzhO7IFVQoNk3v51BgCNOhMYMKdWzrVC7MZKaYkaSihMpEiI8RkPSS6lAnCg3zj9I4FGqDKAfyLSEhrn6dyJGXKkJ99JOjvRIzXqZuNDz+Mxl7V+4MRVhpInA08N+xKAOYJYdHFBJsGaTlCAsafo7xCMkEdZpwlko9mwE86R9UrPPavXberVxWcRTBgfgEBwDG5yDBrgBTdACGDyBF/AK3oxn4934NL6mrSWjmNkH/2D8/AIkq6oH</latexit>

x = x?

<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅



Benders’ Decomposition

How can we construct the lower bounds?

<latexit sha1_base64="63XV7T1RCakP7LQWqx/qn1UAKHU=">AAACDHicbVDLSsNAFJ3UV62vaJdugkVwVRIRdVlw40Kkgn1AG8pkOkmHTmbCzI0SQn/BX3Cre3fi1n9w65c4bbPQ1gMXDufcy7mcIOFMg+t+WaWV1bX1jfJmZWt7Z3fP3j9oa5kqQltEcqm6AdaUM0FbwIDTbqIojgNOO8H4aup3HqjSTIp7yBLqxzgSLGQEg5EGdrV/I0XEaQiKRSPASsnHgV1z6+4MzjLxClJDBZoD+7s/lCSNqQDCsdY9z03Az7ECRjidVPqppgkmYxzRnqECx1T7+ez5iXNslKETSmVGgDNTf1/kONY6iwOzGWMY6UVvKv7rBfFCMoSXfs5EkgIVZB4cptwB6UybcYZMUQI8MwQTxczvDhlhhQmY/iqmFG+xgmXSPq175/Wzu7Na47aop4wO0RE6QR66QA10jZqohQjK0DN6Qa/Wk/VmvVsf89WSVdxU0R9Ynz8vHJwE</latexit>() �

<latexit sha1_base64="ZLehUyqqUNYwooiWK3ykuYPzA3w="></latexit>

maximize
⇠,�

[h(⇠)� T (⇠)x?]> �

subject to W>�  r, ⇠ 2 ⌅

optimal value supports          at             : thanks to strong duality
<latexit sha1_base64="fSCk8HCTe1K7b3dL5ebYDRJrHf0=">AAACHnicbVC7TsMwFHXKq4RXgJHFoqpUlipBFTAwVGJhbCX6kJqocly3tWonke0gKitfwE/wC6ywsyFWWPkSkjQDtBzJ0tE59/pcHT9iVCrb/jJKa+sbm1vlbXNnd2//wDo86sowFph0cMhC0feRJIwGpKOoYqQfCYK4z0jPn91kfu+eCEnD4E7NI+JxNAnomGKkUmloVV2O1BQjptsJrGk3/1H7LCYJdH2uH5LkzDSHVsWu2zngKnEKUgEFWkPr2x2FOOYkUJghKQeOHSlPI6EoZiQx3ViSCOEZmpBBSgPEifR0Hp7AaqqM4DgU6QsUzNXfGxpxKefcTyez4+Wyl4n/ej5fSlbjK0/TIIoVCfAieBwzqEKYdQVHVBCs2DwlCAua3g7xFAmEVdpoVoqzXMEq6Z7XnYt6o92oNK+LesrgBJyCGnDAJWiCW9ACHYDBI3gGL+DVeDLejHfjYzFaMoqdY/AHxucP6puimA==</latexit>

Q(x)
<latexit sha1_base64="gubiqhmSFv7Z6zh19uCVjFzOEmk=">AAACLnicbVDLSsNAFJ3UV62vqEs3g0VwVRKpj4VCwY3LCvYBTSyT6aQdOjMJMxOxhHyJP+EvuNW94EIEV36GSZqFtj1w4XDOfXG8kFGlLevDKC0tr6yuldcrG5tb2zvm7l5bBZHEpIUDFsiuhxRhVJCWppqRbigJ4h4jHW98nfmdByIVDcSdnoTE5WgoqE8x0qnUN09jJ18SeywiCXQ8Hj8mCbyCi/R7R2kkk0qlb1atmpUDzhO7IFVQoNk3v51BgCNOhMYMKdWzrVC7MZKaYkaSihMpEiI8RkPSS6lAnCg3zj9I4FGqDKAfyLSEhrn6dyJGXKkJ99JOjvRIzXqZuNDz+Mxl7V+4MRVhpInA08N+xKAOYJYdHFBJsGaTlCAsafo7xCMkEdZpwlko9mwE86R9UrPPavXberVxWcRTBgfgEBwDG5yDBrgBTdACGDyBF/AK3oxn4934NL6mrSWjmNkH/2D8/AIkq6oH</latexit>

x = x?

                                   bounds          from below: since              is

feasible but suboptimal at other values of 

<latexit sha1_base64="WC93IH/D2HSTLCmBUu9h/P0QTdo="></latexit>

[h(⇠?)� T (⇠?)x]> �? <latexit sha1_base64="fSCk8HCTe1K7b3dL5ebYDRJrHf0=">AAACHnicbVC7TsMwFHXKq4RXgJHFoqpUlipBFTAwVGJhbCX6kJqocly3tWonke0gKitfwE/wC6ywsyFWWPkSkjQDtBzJ0tE59/pcHT9iVCrb/jJKa+sbm1vlbXNnd2//wDo86sowFph0cMhC0feRJIwGpKOoYqQfCYK4z0jPn91kfu+eCEnD4E7NI+JxNAnomGKkUmloVV2O1BQjptsJrGk3/1H7LCYJdH2uH5LkzDSHVsWu2zngKnEKUgEFWkPr2x2FOOYkUJghKQeOHSlPI6EoZiQx3ViSCOEZmpBBSgPEifR0Hp7AaqqM4DgU6QsUzNXfGxpxKefcTyez4+Wyl4n/ej5fSlbjK0/TIIoVCfAieBwzqEKYdQVHVBCs2DwlCAua3g7xFAmEVdpoVoqzXMEq6Z7XnYt6o92oNK+LesrgBJyCGnDAJWiCW9ACHYDBI3gGL+DVeDLejHfjYzFaMoqdY/AHxucP6puimA==</latexit>

Q(x)
<latexit sha1_base64="3PyW6K23aKx0dvvn5syhv8ah5WQ=">AAACOXicbVDLSsNAFJ34rPUVdelmsAgVpCRS1IWLghuXFewDmlgmk0k7dCYJMxOxhPyOP+EvuFVwqStx6w84TSNo64ELh3Pui+PFjEplWa/GwuLS8spqaa28vrG5tW3u7LZllAhMWjhikeh6SBJGQ9JSVDHSjQVB3GOk440uJ37njghJo/BGjWPicjQIaUAxUlrqm41q6uRbUkH8DDoeT517mt06UiGRHcN5l+nlPvrpOOqbFatm5YDzxC5IBRRo9s13x49wwkmoMENS9mwrVm6KhKKYkazsJJLECI/QgPQ0DREn0k3zLzJ4qBUfBpHQFSqYq78nUsSlHHNPd3KkhnLWm4j/eh6fuayCczelYZwoEuLp4SBhUEVwEiP0qSBYsbEmCAuqf4d4iATCSodd1qHYsxHMk/ZJzT6t1a/rlcZFEU8J7IMDUAU2OAMNcAWaoAUweABP4Bm8GI/Gm/FhfE5bF4xiZg/8gfH1DR0xryU=</latexit>

(⇠?,�?)
<latexit sha1_base64="+wVLVnKGkWy/4nvsBKViefZ2lI8=">AAACDHicbVC7TsMwFHXKq5RXoCOLRYXEVCWoAgaGSiyMRaIPqYkqx3Vaq7YT2Q4iivIL/AIr7GyIlX9g5Utw0wzQciRLR+fce491gphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdjP3+w9EKhqJe53GxOdoImhIMdJGGtl1r7iRBSwhOfQCnj3mI7vhNJ0CcJW4JWmAEp2R/e2NI5xwIjRmSKmh68Taz5DUFDOS17xEkRjhGZqQoaECcaL8rAjO4alRxjCMpHlCw0L9vZEhrlTKAzPJkZ6qZW8u/usFfClZh1d+RkWcaCLwIjhMGNQRnDcDx1QSrFlqCMKSmr9DPEUSYW36q5lS3OUKVknvvOleNFt3rUb7uqynCo7BCTgDLrgEbXALOqALMEjBM3gBr9aT9Wa9Wx+L0YpV7tTBH1ifPxsam+g=</latexit>x

<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅



Benders’ Decomposition

How can we construct the lower bounds?

<latexit sha1_base64="63XV7T1RCakP7LQWqx/qn1UAKHU=">AAACDHicbVDLSsNAFJ3UV62vaJdugkVwVRIRdVlw40Kkgn1AG8pkOkmHTmbCzI0SQn/BX3Cre3fi1n9w65c4bbPQ1gMXDufcy7mcIOFMg+t+WaWV1bX1jfJmZWt7Z3fP3j9oa5kqQltEcqm6AdaUM0FbwIDTbqIojgNOO8H4aup3HqjSTIp7yBLqxzgSLGQEg5EGdrV/I0XEaQiKRSPASsnHgV1z6+4MzjLxClJDBZoD+7s/lCSNqQDCsdY9z03Az7ECRjidVPqppgkmYxzRnqECx1T7+ez5iXNslKETSmVGgDNTf1/kONY6iwOzGWMY6UVvKv7rBfFCMoSXfs5EkgIVZB4cptwB6UybcYZMUQI8MwQTxczvDhlhhQmY/iqmFG+xgmXSPq175/Wzu7Na47aop4wO0RE6QR66QA10jZqohQjK0DN6Qa/Wk/VmvVsf89WSVdxU0R9Ynz8vHJwE</latexit>() �

<latexit sha1_base64="ZLehUyqqUNYwooiWK3ykuYPzA3w="></latexit>

maximize
⇠,�

[h(⇠)� T (⇠)x?]> �

subject to W>�  r, ⇠ 2 ⌅

optimal value supports          at             : thanks to strong duality

bilinear problem: solution via global optimization solvers,

MILP reformulations (via KKT conditions  
or for structured uncertainty sets    )<latexit sha1_base64="wSF7b3jP/QuN+LGG62fb3sktJZ0=">AAACDHicbVDLSsNAFJ3UV42vaJduBovgqiQi6sJFwY3LCvYBTSiTyaQdOjMJMxMhhPyCv+BW9+7Erf/g1i8xSbPQ1gMDh3PuvWc4fsyo0rb9ZTTW1jc2t5rb5s7u3v6BdXg0UFEiMenjiEVy5CNFGBWkr6lmZBRLgrjPyNCf35b+8JFIRSPxoNOYeBxNBQ0pRrqQJlYrc6sjmSRBDt0RzU1zYrXtjl0BrhKnJm1Qozexvt0gwgknQmOGlBo7dqy9DElNMSO56SaKxAjP0ZSMCyoQJ8rLqtwcnhZKAMNIFk9oWKm/NzLElUq5X0xypGdq2SvFfz2fLyXr8NrLqIgTTQReBIcJgzqCZTMwoJJgzdKCICxp8XeIZ0girIv+ylKc5QpWyeC841x2Lu4v2t2bup4mOAYn4Aw44Ap0wR3ogT7AIAXP4AW8Gk/Gm/FufCxGG0a90wJ/YHz+ALuQmwk=</latexit>

⌅

<latexit sha1_base64="fSCk8HCTe1K7b3dL5ebYDRJrHf0=">AAACHnicbVC7TsMwFHXKq4RXgJHFoqpUlipBFTAwVGJhbCX6kJqocly3tWonke0gKitfwE/wC6ywsyFWWPkSkjQDtBzJ0tE59/pcHT9iVCrb/jJKa+sbm1vlbXNnd2//wDo86sowFph0cMhC0feRJIwGpKOoYqQfCYK4z0jPn91kfu+eCEnD4E7NI+JxNAnomGKkUmloVV2O1BQjptsJrGk3/1H7LCYJdH2uH5LkzDSHVsWu2zngKnEKUgEFWkPr2x2FOOYkUJghKQeOHSlPI6EoZiQx3ViSCOEZmpBBSgPEifR0Hp7AaqqM4DgU6QsUzNXfGxpxKefcTyez4+Wyl4n/ej5fSlbjK0/TIIoVCfAieBwzqEKYdQVHVBCs2DwlCAua3g7xFAmEVdpoVoqzXMEq6Z7XnYt6o92oNK+LesrgBJyCGnDAJWiCW9ACHYDBI3gGL+DVeDLejHfjYzFaMoqdY/AHxucP6puimA==</latexit>

Q(x)
<latexit sha1_base64="gubiqhmSFv7Z6zh19uCVjFzOEmk=">AAACLnicbVDLSsNAFJ3UV62vqEs3g0VwVRKpj4VCwY3LCvYBTSyT6aQdOjMJMxOxhHyJP+EvuNW94EIEV36GSZqFtj1w4XDOfXG8kFGlLevDKC0tr6yuldcrG5tb2zvm7l5bBZHEpIUDFsiuhxRhVJCWppqRbigJ4h4jHW98nfmdByIVDcSdnoTE5WgoqE8x0qnUN09jJ18SeywiCXQ8Hj8mCbyCi/R7R2kkk0qlb1atmpUDzhO7IFVQoNk3v51BgCNOhMYMKdWzrVC7MZKaYkaSihMpEiI8RkPSS6lAnCg3zj9I4FGqDKAfyLSEhrn6dyJGXKkJ99JOjvRIzXqZuNDz+Mxl7V+4MRVhpInA08N+xKAOYJYdHFBJsGaTlCAsafo7xCMkEdZpwlko9mwE86R9UrPPavXberVxWcRTBgfgEBwDG5yDBrgBTdACGDyBF/AK3oxn4934NL6mrSWjmNkH/2D8/AIkq6oH</latexit>

x = x?

                                   bounds          from below: since              is

feasible but suboptimal at other values of 

<latexit sha1_base64="WC93IH/D2HSTLCmBUu9h/P0QTdo="></latexit>

[h(⇠?)� T (⇠?)x]> �? <latexit sha1_base64="fSCk8HCTe1K7b3dL5ebYDRJrHf0=">AAACHnicbVC7TsMwFHXKq4RXgJHFoqpUlipBFTAwVGJhbCX6kJqocly3tWonke0gKitfwE/wC6ywsyFWWPkSkjQDtBzJ0tE59/pcHT9iVCrb/jJKa+sbm1vlbXNnd2//wDo86sowFph0cMhC0feRJIwGpKOoYqQfCYK4z0jPn91kfu+eCEnD4E7NI+JxNAnomGKkUmloVV2O1BQjptsJrGk3/1H7LCYJdH2uH5LkzDSHVsWu2zngKnEKUgEFWkPr2x2FOOYkUJghKQeOHSlPI6EoZiQx3ViSCOEZmpBBSgPEifR0Hp7AaqqM4DgU6QsUzNXfGxpxKefcTyez4+Wyl4n/ej5fSlbjK0/TIIoVCfAieBwzqEKYdQVHVBCs2DwlCAua3g7xFAmEVdpoVoqzXMEq6Z7XnYt6o92oNK+LesrgBJyCGnDAJWiCW9ACHYDBI3gGL+DVeDLejHfjYzFaMoqdY/AHxucP6puimA==</latexit>

Q(x)
<latexit sha1_base64="3PyW6K23aKx0dvvn5syhv8ah5WQ=">AAACOXicbVDLSsNAFJ34rPUVdelmsAgVpCRS1IWLghuXFewDmlgmk0k7dCYJMxOxhPyOP+EvuFVwqStx6w84TSNo64ELh3Pui+PFjEplWa/GwuLS8spqaa28vrG5tW3u7LZllAhMWjhikeh6SBJGQ9JSVDHSjQVB3GOk440uJ37njghJo/BGjWPicjQIaUAxUlrqm41q6uRbUkH8DDoeT517mt06UiGRHcN5l+nlPvrpOOqbFatm5YDzxC5IBRRo9s13x49wwkmoMENS9mwrVm6KhKKYkazsJJLECI/QgPQ0DREn0k3zLzJ4qBUfBpHQFSqYq78nUsSlHHNPd3KkhnLWm4j/eh6fuayCczelYZwoEuLp4SBhUEVwEiP0qSBYsbEmCAuqf4d4iATCSodd1qHYsxHMk/ZJzT6t1a/rlcZFEU8J7IMDUAU2OAMNcAWaoAUweABP4Bm8GI/Gm/FhfE5bF4xiZg/8gfH1DR0xryU=</latexit>

(⇠?,�?)
<latexit sha1_base64="+wVLVnKGkWy/4nvsBKViefZ2lI8=">AAACDHicbVC7TsMwFHXKq5RXoCOLRYXEVCWoAgaGSiyMRaIPqYkqx3Vaq7YT2Q4iivIL/AIr7GyIlX9g5Utw0wzQciRLR+fce491gphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdjP3+w9EKhqJe53GxOdoImhIMdJGGtl1r7iRBSwhOfQCnj3mI7vhNJ0CcJW4JWmAEp2R/e2NI5xwIjRmSKmh68Taz5DUFDOS17xEkRjhGZqQoaECcaL8rAjO4alRxjCMpHlCw0L9vZEhrlTKAzPJkZ6qZW8u/usFfClZh1d+RkWcaCLwIjhMGNQRnDcDx1QSrFlqCMKSmr9DPEUSYW36q5lS3OUKVknvvOleNFt3rUb7uqynCo7BCTgDLrgEbXALOqALMEjBM3gBr9aT9Wa9Wx+L0YpV7tTBH1ifPxsam+g=</latexit>x

<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅



Benders’ Decomposition

How can we construct the lower bounds?

<latexit sha1_base64="63XV7T1RCakP7LQWqx/qn1UAKHU=">AAACDHicbVDLSsNAFJ3UV62vaJdugkVwVRIRdVlw40Kkgn1AG8pkOkmHTmbCzI0SQn/BX3Cre3fi1n9w65c4bbPQ1gMXDufcy7mcIOFMg+t+WaWV1bX1jfJmZWt7Z3fP3j9oa5kqQltEcqm6AdaUM0FbwIDTbqIojgNOO8H4aup3HqjSTIp7yBLqxzgSLGQEg5EGdrV/I0XEaQiKRSPASsnHgV1z6+4MzjLxClJDBZoD+7s/lCSNqQDCsdY9z03Az7ECRjidVPqppgkmYxzRnqECx1T7+ez5iXNslKETSmVGgDNTf1/kONY6iwOzGWMY6UVvKv7rBfFCMoSXfs5EkgIVZB4cptwB6UybcYZMUQI8MwQTxczvDhlhhQmY/iqmFG+xgmXSPq175/Wzu7Na47aop4wO0RE6QR66QA10jZqohQjK0DN6Qa/Wk/VmvVsf89WSVdxU0R9Ynz8vHJwE</latexit>() �

<latexit sha1_base64="ZLehUyqqUNYwooiWK3ykuYPzA3w="></latexit>

maximize
⇠,�

[h(⇠)� T (⇠)x?]> �

subject to W>�  r, ⇠ 2 ⌅

How do we incorporate these lower bounds?

<latexit sha1_base64="/6KtFWM5HgMBVMHARyv5fnmezyk="></latexit>

minimize
x,✓

c>x+ ✓

subject to ✓ �
⇥
h(⇠i)� T (⇠i)x

⇤>
�i 8i 2 I

x 2 X
<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="fx8fOOUqk8IzqfBKrf6sHOxYFi4="></latexit>⇥
h(⇠1)� T (⇠1)x

⇤>
�1

…
<latexit sha1_base64="xlFK4/s9tg3zTFyjw2bmAM0hBeU="></latexit>⇥
h(⇠2)� T (⇠2)x

⇤>
�2

<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅



Benders’ Decomposition

How can we construct the lower bounds?

<latexit sha1_base64="63XV7T1RCakP7LQWqx/qn1UAKHU=">AAACDHicbVDLSsNAFJ3UV62vaJdugkVwVRIRdVlw40Kkgn1AG8pkOkmHTmbCzI0SQn/BX3Cre3fi1n9w65c4bbPQ1gMXDufcy7mcIOFMg+t+WaWV1bX1jfJmZWt7Z3fP3j9oa5kqQltEcqm6AdaUM0FbwIDTbqIojgNOO8H4aup3HqjSTIp7yBLqxzgSLGQEg5EGdrV/I0XEaQiKRSPASsnHgV1z6+4MzjLxClJDBZoD+7s/lCSNqQDCsdY9z03Az7ECRjidVPqppgkmYxzRnqECx1T7+ez5iXNslKETSmVGgDNTf1/kONY6iwOzGWMY6UVvKv7rBfFCMoSXfs5EkgIVZB4cptwB6UybcYZMUQI8MwQTxczvDhlhhQmY/iqmFG+xgmXSPq175/Wzu7Na47aop4wO0RE6QR66QA10jZqohQjK0DN6Qa/Wk/VmvVsf89WSVdxU0R9Ynz8vHJwE</latexit>() �

<latexit sha1_base64="ZLehUyqqUNYwooiWK3ykuYPzA3w="></latexit>

maximize
⇠,�

[h(⇠)� T (⇠)x?]> �

subject to W>�  r, ⇠ 2 ⌅

<latexit sha1_base64="1FynqfgiakGKQz4KFU1CTL4u9Ak=">AAACEnicbVC7TsMwFHXKq5RXgAmxWFRITFWCKmBgqMTCWCT6kJpQOa7TWrWdyHYQVRTxE/wCK+xsiJUfYOVLcNMM0HIkS0fn3HuPdYKYUaUd58sqLS2vrK6V1ysbm1vbO/buXltFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHw19Tv3RCoaiVs9iYnP0VDQkGKkjdS3D7z8RhqwhGTQC3j6kN15SiPZt6tOzckBF4lbkCoo0Ozb394gwgknQmOGlOq5Tqz9FElNMSNZxUsUiREeoyHpGSoQJ8pP8/gMHhtlAMNImic0zNXfGyniSk14YCY50iM1703Ff72AzyXr8MJPqYgTTQSeBYcJgzqC037ggEqCNZsYgrCk5u8Qj5BEWJsWK6YUd76CRdI+rblntfpNvdq4LOopg0NwBE6AC85BA1yDJmgBDB7BM3gBr9aT9Wa9Wx+z0ZJV7OyDP7A+fwAOyZ6Y</latexit>

x?What if some first-stage decisions      are infeasible in the second stage?

<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅

first solve the feasibility problem
<latexit sha1_base64="COEduFxqAMP3SyalI+29qf46pvI="></latexit>

maximize
⇠

min
y,v

{e>v : T (⇠)x? +Wy + v � h(⇠)}

subject to ⇠ 2 ⌅

(always feasible by construction)



Benders’ Decomposition

How can we construct the lower bounds?

<latexit sha1_base64="63XV7T1RCakP7LQWqx/qn1UAKHU=">AAACDHicbVDLSsNAFJ3UV62vaJdugkVwVRIRdVlw40Kkgn1AG8pkOkmHTmbCzI0SQn/BX3Cre3fi1n9w65c4bbPQ1gMXDufcy7mcIOFMg+t+WaWV1bX1jfJmZWt7Z3fP3j9oa5kqQltEcqm6AdaUM0FbwIDTbqIojgNOO8H4aup3HqjSTIp7yBLqxzgSLGQEg5EGdrV/I0XEaQiKRSPASsnHgV1z6+4MzjLxClJDBZoD+7s/lCSNqQDCsdY9z03Az7ECRjidVPqppgkmYxzRnqECx1T7+ez5iXNslKETSmVGgDNTf1/kONY6iwOzGWMY6UVvKv7rBfFCMoSXfs5EkgIVZB4cptwB6UybcYZMUQI8MwQTxczvDhlhhQmY/iqmFG+xgmXSPq175/Wzu7Na47aop4wO0RE6QR66QA10jZqohQjK0DN6Qa/Wk/VmvVsf89WSVdxU0R9Ynz8vHJwE</latexit>() �

<latexit sha1_base64="ZLehUyqqUNYwooiWK3ykuYPzA3w="></latexit>

maximize
⇠,�

[h(⇠)� T (⇠)x?]> �

subject to W>�  r, ⇠ 2 ⌅

<latexit sha1_base64="1FynqfgiakGKQz4KFU1CTL4u9Ak=">AAACEnicbVC7TsMwFHXKq5RXgAmxWFRITFWCKmBgqMTCWCT6kJpQOa7TWrWdyHYQVRTxE/wCK+xsiJUfYOVLcNMM0HIkS0fn3HuPdYKYUaUd58sqLS2vrK6V1ysbm1vbO/buXltFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHw19Tv3RCoaiVs9iYnP0VDQkGKkjdS3D7z8RhqwhGTQC3j6kN15SiPZt6tOzckBF4lbkCoo0Ozb394gwgknQmOGlOq5Tqz9FElNMSNZxUsUiREeoyHpGSoQJ8pP8/gMHhtlAMNImic0zNXfGyniSk14YCY50iM1703Ff72AzyXr8MJPqYgTTQSeBYcJgzqC037ggEqCNZsYgrCk5u8Qj5BEWJsWK6YUd76CRdI+rblntfpNvdq4LOopg0NwBE6AC85BA1yDJmgBDB7BM3gBr9aT9Wa9Wx+z0ZJV7OyDP7A+fwAOyZ6Y</latexit>

x?What if some first-stage decisions      are infeasible in the second stage?

<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅

first solve the feasibility problem (…)

we iteratively generate: 
 

       feasibility cuts (approximating the first-stage feasible region) 
       optimality cuts (approximating         )

<latexit sha1_base64="5fwDcODJMRAMOCC8PrkxWz61NMY=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNS1IWLghuXLdgHdIaSpJk2NJkZkoxYhvkAf8JfcKt7d+JWcOuXmJnOQlsPBA7nnJt7OTjiTGnb/rJWVtfWNzZLW+Xtnd29/crBYVeFsSS0Q0Ieyj5GinIW0I5mmtN+JCkSmNMent5kfu+eSsXC4E7PIuoJNA6YzwjSRhpWqq5AekIQT9oprCVu/mOCeUxT6GKRPKTpmUnZdTsHXCZOQaqgQGtY+XZHIYkFDTThSKmBY0faS5DUjHCalt1Y0QiRKRrTgaEBElR5Sb46hadGGUE/lOYFGubq74kECaVmAptkdrpa9DLxXw+Lhc3av/ISFkSxpgGZL/ZjDnUIs6bgiElKNJ8Zgohk5nZIJkgiok2fZVOKs1jBMume152LeqPdqDavi3pK4BicgBpwwCVoglvQAh1AwCN4Bi/g1Xqy3qx362MeXbGKmSPwB9bnD2TVonA=</latexit>

Q(x)

 
 



Part 2 Continuous Recourse Decisions

Agenda

Two-Stage Models

Decision Rules 
Lower Bounds 
Benders’ Decomposition 
Column-and-Constraint Generation 
Iterative Partitioning 
Fourier-Motzkin Elimination

Zheng and Zhao. Solving Two-Stage Robust Optimization Problems using a Column-and-Constraint Generation 
Method. ORL, 2013.



Column-and-Constraint Generation

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



<latexit sha1_base64="ohoXF8JwAoHNDC6Is7BKEKsQoUk="></latexit>

Q(x) = max
⇠2⌅

Q(x; ⇠)

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

Column-and-Constraint Generation

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="ohoXF8JwAoHNDC6Is7BKEKsQoUk="></latexit>

Q(x) = max
⇠2⌅

Q(x; ⇠)with

We can represent it as a single-stage optimization problem:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)

<latexit sha1_base64="PevwvnaD1HgHXQLfWpZG5b/XuX4="></latexit>

Q(x; ⇠) =

2

64
minimize

y
q>x+ r>y

subject to T (⇠)x+Wy � h(⇠)
y 2 Y

3

75



Column-and-Constraint Generation

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="ohoXF8JwAoHNDC6Is7BKEKsQoUk="></latexit>

Q(x) = max
⇠2⌅

Q(x; ⇠)

Bound          from below through a finite scenario relaxation:
<latexit sha1_base64="i02+P3SkAJwqF7Fk06Mq/qcJRCA=">AAACHXicbVDLSsNAFJ34rPUVdelmsAp1UxIp6sJFwY3LFuwDmlAm00k7dCYJMxOxhPyAP+EvuNW9O3Erbv0SJ2kWtvXAhcO55z44XsSoVJb1baysrq1vbJa2yts7u3v75sFhR4axwKSNQxaKnockYTQgbUUVI71IEMQ9Rrre5Dbrdx+IkDQM7tU0Ii5Ho4D6FCOlpYF56nCkxhixpJXCauLkGxOPxSSFjseTxzQ9hwOzYtWsHHCZ2AWpgALNgfnjDEMccxIozJCUfduKlJsgoShmJC07sSQRwhM0In1NA8SJdJP8dgrPtDKEfih0BQrm6t+JBHEpp9zTzux3OdfzeLrozUz/efux8q/dhAZRrEiAZ4f9mEEVwiwqOKSCYMWmmiAsqP4d4jESCCsdaFmHYi9GsEw6FzX7slZv1SuNmyKeEjgGJ6AKbHAFGuAONEEbYPAEXsAreDOejXfjw/icWVeMYuYIzMH4+gXN0qKa</latexit>

Q(x)

<latexit sha1_base64="4d9bhVQSiHSvEriB+ctTI2wszus="></latexit>

Q(x) = max
⇠2⌅̂

Q(x; ⇠)
<latexit sha1_base64="/M+eQKRedmECfSFfBM6ytkgQPXI=">AAAB+3icbZBLSwMxFIXv1Fetr6pLN8EiuCozIurCRcGNywr2Ae1QMmmmDU0yY5IRyjB/wa3u3Ylbf4xbf4mZdha29UDg49xzyeUEMWfauO63U1pb39jcKm9Xdnb39g+qh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJXT7vPFOlWSQfzTSmvsAjyUJGsMmtPqdPg2rNrbszoVXwCqhBoeag+tMfRiQRVBrCsdY9z42Nn2JlGOE0q/QTTWNMJnhEexYlFlT76ezWDJ1ZZ4jCSNknDZq5fzdSLLSeisAmBTZjvTALRLaczUP/ZXuJCW/8lMk4MVSS+cdhwpGJUF4EGjJFieFTC5goZm9HZIwVJsbWVbGleMsVrEL7ou5d1S8fLmuN26KeMpzAKZyDB9fQgHtoQgsIjOEFXuHNyZx358P5nEdLTrFzDAtyvn4BZEGU6Q==</latexit>

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1

<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅

<latexit sha1_base64="ac1GlCY2GLjU9JL+sW30gakLRRU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS1IWLghuXFewDmlAmk5t26GQSZiZCCQV/xY0LRdz6He78G6dpFtp64MLhnHvnzj1BypnSjvNtrayurW9sVraq2zu7e/v2wWFHJZmk0KYJT2QvIAo4E9DWTHPopRJIHHDoBuPbmd99BKlYIh70JAU/JkPBIkaJNtLAPvaKN3IJ4RR7I6Jzr8emA7vm1J0CeJm4JamhEq2B/eWFCc1iEJpyolTfdVLt50RqRjlMq16mICV0TIbQN1SQGJSfF6un+MwoIY4SaUpoXKi/J3ISKzWJA9MZEz1Si95M/M/rZzq69nMm0kyDoPNFUcaxTvAsCxwyCVTziSGESmb+iumISEK1SaxqQnAXT14mnYu6e1lv3DdqzZsyjgo6QafoHLnoCjXRHWqhNqIoR8/oFb1ZT9aL9W59zFtXrHLmCP2B9fkDvx6V/A==</latexit>

⌅̂

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Column-and-Constraint Generation

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

The finite scenario approximation tends to converge faster:

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Column-and-Constraint Generation

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

The finite scenario approximation tends to converge faster:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Column-and-Constraint Generation

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

The finite scenario approximation tends to converge faster:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Column-and-Constraint Generation

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

The finite scenario approximation tends to converge faster:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Column-and-Constraint Generation

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

The finite scenario approximation tends to converge faster:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Column-and-Constraint Generation

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="8OHp3IwY2fy3B7r+X+L4MJg8HzQ="></latexit>

minimize
x

c>x+Q(x)

subject to x 2 X

<latexit sha1_base64="garUhVAz/DgVbyLvrvbLqwKYrAA=">AAACDnicbVDLSgMxFM3UV62vUXHlJlgEV2VGSnVZcOOygn1AZyhJmrahSWZIMmIZ5h/8Bbe6dydu/QW3fonpdBbaeiBwOOfee8LBMWfaeN6XU1pb39jcKm9Xdnb39g/cw6OOjhJFaJtEPFI9jDTlTNK2YYbTXqwoEpjTLp7ezP3uA1WaRfLezGIaCjSWbMQIMlYauCdpkB9JMU9oBgMs0scsG7hVr+blgKvEL0gVFGgN3O9gGJFEUGkIR1r3fS82YYqUYYTTrBIkmsaITNGY9i2VSFAdpnlyBs+tMoSjSNknDczV3xspElrPBLaTApmJXvbm4r8eFkvJZnQdpkzGiaGSLIJHCYcmgvNu4JApSgyfWYKIYvbvkEyQQsTYBiu2FH+5glXSuaz5jVr9rl5tNop6yuAUnIEL4IMr0AS3oAXagIAUPIMX8Oo8OW/Ou/OxGC05xc4x+APn8wf8nZzu</latexit>x

<latexit sha1_base64="e+GilrO3nl9sf14e9qNqJfjVCn4=">AAACHHicbVDLSgMxFM34rPVVdekmWIS6KTNSqsuCG5ct2Ad0hpJJM21okhmSjFiG+QB/wl9wq3t34lZw65eYmc5CWw8EDuecm3s5fsSo0rb9Za2tb2xubZd2yrt7+weHlaPjngpjiUkXhyyUAx8pwqggXU01I4NIEsR9Rvr+7Cbz+/dEKhqKOz2PiMfRRNCAYqSNNKpUXY70FCOWdFJYS9z8x8RnMUmh6/PkIU0vTMqu2zngKnEKUgUF2qPKtzsOccyJ0JghpYaOHWkvQVJTzEhadmNFIoRnaEKGhgrEifKSfHUKz40yhkEozRMa5urviQRxpebcN8nsdLXsZeK/ns+XNuvg2kuoiGJNBF4sDmIGdQizpuCYSoI1mxuCsKTmdoinSCKsTZ9lU4qzXMEq6V3WnWa90WlUW82inhI4BWegBhxwBVrgFrRBF2DwCJ7BC3i1nqw36936WETXrGLmBPyB9fkDYweiag==</latexit>

Q(x)

<latexit sha1_base64="jCmT5Q8B1p8qkOqf+236Pun6QEU=">AAACE3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkVJcFNy4r2Ac0oUymk3bozCTMTIQSAv6Ev+BW9+7ErR/g1i9xkmahrQcGDufcO+dygphRpR3ny6qsrW9sblW3azu7e/sH9uFRT0WJxKSLIxbJQYAUYVSQrqaakUEsCeIBI/1gdpP7/QciFY3EvZ7HxOdoImhIMdJGGtknqVd8kgYsIRn0ONJTjFg6yLKRXXcaTgG4StyS1EGJzsj+9sYRTjgRGjOk1NB1Yu2nSGqKGclqXqJIjPAMTcjQUIE4UX5axGfw3ChjGEbSPKFhof7eSBFXas4DM5nfqJa9XPzXC/hSsg6v/ZSKONFE4EVwmDCoI5gXBMdUEqzZ3BCEJTW3QzxFEmFtaqyZUtzlClZJ77LhthrNu2a93SrrqYJTcAYugAuuQBvcgg7oAgwewTN4Aa/Wk/VmvVsfi9GKVe4cgz+wPn8A7HafCw==</latexit>

X

<latexit sha1_base64="Cj9bw1F0hkuGCi36InYEhi4qJ0A=">AAACKHicbVDLTgIxFO3gG1+oSzeNxAQ3OGMIuiRx41ISQRKGkE65QEPbmbQdI2nmM/wJf8Gt7t0Zt36JHWCh6EmanJxzT+/NiRLOtPH9T6+wsrq2vrG5Vdze2d3bLx0ctnWcKgotGvNYdSKigTMJLcMMh06igIiIw300uc79+wdQmsXyzkwT6AkykmzIKDFO6pfOw1QOQOVxGwpixpRw28wyXLHh7Hcb8RQyHEbCPmbZWb9U9qv+DPgvCRakjBa47Ze+wkFMUwHSUE607gZ+YnqWKMMoh6wYphoSQidkBF1HJRGge3a2OsOnThngYazckwbP1J8JS4TWUxG5yfx2vezl4r9eJJY2m+FVzzKZpAYknS8ephybGOet4QFTQA2fOkKoYu52TMdEEWpct0VXSrBcwV/SvqgG9WqtWSs36ot6NtExOkEVFKBL1EA36Ba1EEVP6AW9ojfv2Xv3PrzP+WjBW2SO0C94X9/+Laf8</latexit>

Q(x)

The finite scenario approximation tends to converge faster:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



Column-and-Constraint Generation

How can we construct the lower bounds?
<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅



Column-and-Constraint Generation

How can we construct the lower bounds?
<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅

hard problem: solution via global optimization solvers,

MILP reformulations (via KKT conditions  
or for structured uncertainty sets    )<latexit sha1_base64="pXZGhGVCd39Y6up4qzhXuggtxHA=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTSiTyaQdOjMJMxOlhHyFa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7goRRpR3n26qsrW9sblW3azu7e/sHdv2wq+JUYtLBMYtlP0CKMCpIR1PNSD+RBPGAkV4wuZ35vUciFY3Fg54mxOdoJGhEMdJGGtr1zCuWZJKEOfT6NB/aDafpFIDLxC1JA5RoD+0fL4xxyonQmCGlBq6TaD9DUlPMSF7zUkUShCdoRAaGCsSJ8rPiag5PjRLCKJamhIaF+nciQ1ypKQ9MJ0d6rBa9mbjSC/gqeZDq6NrPqEhSTQSe349SBnUMZ/HAkEqCNZsagrCk5gWIx0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QIwlZ1t</latexit>

⌅



Column-and-Constraint Generation

How can we construct the lower bounds?
<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅

hard problem: solution via global optimization solvers,

MILP reformulations (via KKT conditions  
or for structured uncertainty sets    )<latexit sha1_base64="pXZGhGVCd39Y6up4qzhXuggtxHA=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTSiTyaQdOjMJMxOlhHyFa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7goRRpR3n26qsrW9sblW3azu7e/sHdv2wq+JUYtLBMYtlP0CKMCpIR1PNSD+RBPGAkV4wuZ35vUciFY3Fg54mxOdoJGhEMdJGGtr1zCuWZJKEOfT6NB/aDafpFIDLxC1JA5RoD+0fL4xxyonQmCGlBq6TaD9DUlPMSF7zUkUShCdoRAaGCsSJ8rPiag5PjRLCKJamhIaF+nciQ1ypKQ9MJ0d6rBa9mbjSC/gqeZDq6NrPqEhSTQSe349SBnUMZ/HAkEqCNZsagrCk5gWIx0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QIwlZ1t</latexit>

⌅

supports          at            
<latexit sha1_base64="fSCk8HCTe1K7b3dL5ebYDRJrHf0=">AAACHnicbVC7TsMwFHXKq4RXgJHFoqpUlipBFTAwVGJhbCX6kJqocly3tWonke0gKitfwE/wC6ywsyFWWPkSkjQDtBzJ0tE59/pcHT9iVCrb/jJKa+sbm1vlbXNnd2//wDo86sowFph0cMhC0feRJIwGpKOoYqQfCYK4z0jPn91kfu+eCEnD4E7NI+JxNAnomGKkUmloVV2O1BQjptsJrGk3/1H7LCYJdH2uH5LkzDSHVsWu2zngKnEKUgEFWkPr2x2FOOYkUJghKQeOHSlPI6EoZiQx3ViSCOEZmpBBSgPEifR0Hp7AaqqM4DgU6QsUzNXfGxpxKefcTyez4+Wyl4n/ej5fSlbjK0/TIIoVCfAieBwzqEKYdQVHVBCs2DwlCAua3g7xFAmEVdpoVoqzXMEq6Z7XnYt6o92oNK+LesrgBJyCGnDAJWiCW9ACHYDBI3gGL+DVeDLejHfjYzFaMoqdY/AHxucP6puimA==</latexit>

Q(x)
<latexit sha1_base64="gubiqhmSFv7Z6zh19uCVjFzOEmk=">AAACLnicbVDLSsNAFJ3UV62vqEs3g0VwVRKpj4VCwY3LCvYBTSyT6aQdOjMJMxOxhHyJP+EvuNW94EIEV36GSZqFtj1w4XDOfXG8kFGlLevDKC0tr6yuldcrG5tb2zvm7l5bBZHEpIUDFsiuhxRhVJCWppqRbigJ4h4jHW98nfmdByIVDcSdnoTE5WgoqE8x0qnUN09jJ18SeywiCXQ8Hj8mCbyCi/R7R2kkk0qlb1atmpUDzhO7IFVQoNk3v51BgCNOhMYMKdWzrVC7MZKaYkaSihMpEiI8RkPSS6lAnCg3zj9I4FGqDKAfyLSEhrn6dyJGXKkJ99JOjvRIzXqZuNDz+Mxl7V+4MRVhpInA08N+xKAOYJYdHFBJsGaTlCAsafo7xCMkEdZpwlko9mwE86R9UrPPavXberVxWcRTBgfgEBwDG5yDBrgBTdACGDyBF/AK3oxn4934NL6mrSWjmNkH/2D8/AIkq6oH</latexit>

x = x?
<latexit sha1_base64="38IFpbwjTQG3eETwMJkNgdzjhAo="></latexit>

x 7! min{r>y : T (⇠?)x+Wy � h(⇠?)}



Column-and-Constraint Generation

How can we construct the lower bounds?
<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅

                                                                  bounds          from 
below: since     is a feasible, but—when            —typically 
suboptimal choice for the adversary

<latexit sha1_base64="fSCk8HCTe1K7b3dL5ebYDRJrHf0=">AAACHnicbVC7TsMwFHXKq4RXgJHFoqpUlipBFTAwVGJhbCX6kJqocly3tWonke0gKitfwE/wC6ywsyFWWPkSkjQDtBzJ0tE59/pcHT9iVCrb/jJKa+sbm1vlbXNnd2//wDo86sowFph0cMhC0feRJIwGpKOoYqQfCYK4z0jPn91kfu+eCEnD4E7NI+JxNAnomGKkUmloVV2O1BQjptsJrGk3/1H7LCYJdH2uH5LkzDSHVsWu2zngKnEKUgEFWkPr2x2FOOYkUJghKQeOHSlPI6EoZiQx3ViSCOEZmpBBSgPEifR0Hp7AaqqM4DgU6QsUzNXfGxpxKefcTyez4+Wyl4n/ej5fSlbjK0/TIIoVCfAieBwzqEKYdQVHVBCs2DwlCAua3g7xFAmEVdpoVoqzXMEq6Z7XnYt6o92oNK+LesrgBJyCGnDAJWiCW9ACHYDBI3gGL+DVeDLejHfjYzFaMoqdY/AHxucP6puimA==</latexit>

Q(x)
<latexit sha1_base64="4NUfdMI2wh/PoV2NcYxmoxiuuV8=">AAACFXicbVC7TsMwFHV4lvIKMMJgUSExVQmqgIGhEgtjkehDakLlOE5r1XYi20FUURZ+gl9ghZ0NsTKz8iW4aQfacqQrHZ177kMnSBhV2nG+raXlldW19dJGeXNre2fX3ttvqTiVmDRxzGLZCZAijArS1FQz0kkkQTxgpB0Mr8f99gORisbiTo8S4nPUFzSiGGkj9eyjzCuWZJKEOfQCnnmPNL/3lEYy79kVp+oUgIvEnZIKmKLRs3+8MMYpJ0JjhpTquk6i/QxJTTEjedlLFUkQHqI+6RoqECfKz4oHcnhilBBGsTQlNCzUvxMZ4kqNeGCcHOmBmukFPJ/3jk3/ebupji79jIok1UTgyeEoZVDHcBwRDKkkWLORIQhLan6HeIAkwtoEWTahuPMRLJLWWdU9r9Zua5X61TSeEjgEx+AUuOAC1MENaIAmwOAJvIBX8GY9W+/Wh/U5sS5Z05kDMAPr6xe1XqAG</latexit>

⇠?
<latexit sha1_base64="Kt51t0tzkr/IkgTBkVlJoQ2RrJs=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi1YWLghuXFewDOrVk0ts2NMmMSUYsw/yJP+EvuNW9uBFx51+YPhb2cSDkcM65ueEEEWfauO6nk1lZXVvfyG7mtrZ3dvfy+wc1HcaKQpWGPFSNgGjgTELVMMOhESkgIuBQDwbXI7/+CEqzUN6ZYQQtQXqSdRklxkrtfCnxx48kAY8hxX4gkqfU3hIe8DLr3teGqLSdL7hFdwy8SLwpKaApKu38j98JaSxAGsqJ1k3PjUwrIcowyiHN+bGGiNAB6UHTUkkE6FYy3p/iE6t0cDdU9kiDx+r/iYQIrYcisElBTF/PeIFI57Oj0LJsMzbdy1bCZBQbkHSyuBtzbEI8Kg93mAJq+NASQhWzf8e0TxShxlacs6V48xUsktpZ0SsVz2/PC+WraT1ZdISO0Sny0AUqoxtUQVVE0TN6RW/o3XlxPpwv53sSzTjTmUM0A+f3D3knq2A=</latexit>

x 6= x?

<latexit sha1_base64="38IFpbwjTQG3eETwMJkNgdzjhAo="></latexit>

x 7! min{r>y : T (⇠?)x+Wy � h(⇠?)}

hard problem: solution via global optimization solvers,

MILP reformulations (via KKT conditions  
or for structured uncertainty sets    )<latexit sha1_base64="pXZGhGVCd39Y6up4qzhXuggtxHA=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTSiTyaQdOjMJMxOlhHyFa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7goRRpR3n26qsrW9sblW3azu7e/sHdv2wq+JUYtLBMYtlP0CKMCpIR1PNSD+RBPGAkV4wuZ35vUciFY3Fg54mxOdoJGhEMdJGGtr1zCuWZJKEOfT6NB/aDafpFIDLxC1JA5RoD+0fL4xxyonQmCGlBq6TaD9DUlPMSF7zUkUShCdoRAaGCsSJ8rPiag5PjRLCKJamhIaF+nciQ1ypKQ9MJ0d6rBa9mbjSC/gqeZDq6NrPqEhSTQSe349SBnUMZ/HAkEqCNZsagrCk5gWIx0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QIwlZ1t</latexit>

⌅

supports          at            
<latexit sha1_base64="fSCk8HCTe1K7b3dL5ebYDRJrHf0=">AAACHnicbVC7TsMwFHXKq4RXgJHFoqpUlipBFTAwVGJhbCX6kJqocly3tWonke0gKitfwE/wC6ywsyFWWPkSkjQDtBzJ0tE59/pcHT9iVCrb/jJKa+sbm1vlbXNnd2//wDo86sowFph0cMhC0feRJIwGpKOoYqQfCYK4z0jPn91kfu+eCEnD4E7NI+JxNAnomGKkUmloVV2O1BQjptsJrGk3/1H7LCYJdH2uH5LkzDSHVsWu2zngKnEKUgEFWkPr2x2FOOYkUJghKQeOHSlPI6EoZiQx3ViSCOEZmpBBSgPEifR0Hp7AaqqM4DgU6QsUzNXfGxpxKefcTyez4+Wyl4n/ej5fSlbjK0/TIIoVCfAieBwzqEKYdQVHVBCs2DwlCAua3g7xFAmEVdpoVoqzXMEq6Z7XnYt6o92oNK+LesrgBJyCGnDAJWiCW9ACHYDBI3gGL+DVeDLejHfjYzFaMoqdY/AHxucP6puimA==</latexit>

Q(x)
<latexit sha1_base64="gubiqhmSFv7Z6zh19uCVjFzOEmk=">AAACLnicbVDLSsNAFJ3UV62vqEs3g0VwVRKpj4VCwY3LCvYBTSyT6aQdOjMJMxOxhHyJP+EvuNW94EIEV36GSZqFtj1w4XDOfXG8kFGlLevDKC0tr6yuldcrG5tb2zvm7l5bBZHEpIUDFsiuhxRhVJCWppqRbigJ4h4jHW98nfmdByIVDcSdnoTE5WgoqE8x0qnUN09jJ18SeywiCXQ8Hj8mCbyCi/R7R2kkk0qlb1atmpUDzhO7IFVQoNk3v51BgCNOhMYMKdWzrVC7MZKaYkaSihMpEiI8RkPSS6lAnCg3zj9I4FGqDKAfyLSEhrn6dyJGXKkJ99JOjvRIzXqZuNDz+Mxl7V+4MRVhpInA08N+xKAOYJYdHFBJsGaTlCAsafo7xCMkEdZpwlko9mwE86R9UrPPavXberVxWcRTBgfgEBwDG5yDBrgBTdACGDyBF/AK3oxn4934NL6mrSWjmNkH/2D8/AIkq6oH</latexit>

x = x?
<latexit sha1_base64="38IFpbwjTQG3eETwMJkNgdzjhAo="></latexit>

x 7! min{r>y : T (⇠?)x+Wy � h(⇠?)}



Column-and-Constraint Generation

How can we construct the lower bounds?

�
How do we incorporate these lower bounds?

similar to the 
Hadjiyiannis 

scenario relaxation!

<latexit sha1_base64="pcFKVCFGeyGbgtzyCyPNBy5376k="></latexit>

maximize
⇠

min{r>y : T (⇠)x? +Wy � h(⇠)}

subject to ⇠ 2 ⌅

<latexit sha1_base64="8d3GA2e82/WvGFHtyKGRxLgxLp4="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q>x+ r>y(⇠i) 8i 2 I
T (⇠i)x+Wy(⇠i) � h(⇠i) 8i 2 I
x 2 X , y(⇠i) 2 Y, i 2 I



Part 2 Continuous Recourse Decisions

Agenda

Two-Stage Models

Decision Rules 
Lower Bounds 
Benders’ Decomposition 
Column-and-Constraint Generation 
Iterative Partitioning 
Fourier-Motzkin Elimination

Bertsimas and Dunning. Multistage Robust Mixed-Integer Optimization with Adaptive Partitions. OR, 2016. 
Postek and den Hertog. Multistage Adjustable Robust Mixed-Integer Optimization via Iterative Splitting of 
the Uncertainty Set. INFORMS JoC, 2016.



Static Partitioning

Idea: manually split uncertainty set into subsets and assign

          individual decision rules to each subset

<latexit sha1_base64="PL65wZbGTggdzjBWFljfnmTI01o=">AAACD3icbVDLSsNAFJ3UV62PRl26GSyCq5JIURcuCm5cVrAPaEKZTG7boZNJmJkIJfQjXLvVb3Anbv0EP8G/cJpmYW0PDBzOuede5gQJZ0o7zrdV2tjc2t4p71b29g8Oq/bRcUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk7u5330CqVgsHvU0AT8iI8GGjBJtpIFd9fIdmYRwhr0eG9g1p+7kwKvELUgNFWgN7B8vjGkagdCUE6X6rpNoPyNSM8phVvFSBQmhEzKCvqGCRKD8LD86w+dGCfEwluYJjXP1byIjkVLTKDCTEdFjteQF0VrZRObiOq+f6uGNnzGRpBoEXdwfphzrGM/LwSGTQDWfGkKoZOYLmI6JJFSbCiumG/d/E6ukc1l3r+qNh0ateVu0VEan6AxdIBddoya6Ry3URhSl6AW9ojfr2Xq3PqzPxWjJKjInaAnW1y9FCpxh</latexit>

⌅



Static Partitioning

<latexit sha1_base64="3gW6PxIfkqnw0Wq7xKMwPmWBK54=">AAACEXicbVC7TsMwFHXKq5RXCiOLRYXEVCUIAQNDJRbGItGH1ESR4zitVduJbAdURf0KZlb4BjbEyhfwCfwFbpqB0h7J0tE599wrnzBlVGnH+bYqa+sbm1vV7drO7t7+gV0/7Kokk5h0cMIS2Q+RIowK0tFUM9JPJUE8ZKQXjm9nfu+RSEUT8aAnKfE5GgoaU4y0kQK77hU7ckmiKfT6NHADu+E0nQJwmbglaYAS7cD+8aIEZ5wIjRlSauA6qfZzJDXFjExrXqZIivAYDcnAUIE4UX5enJ3CU6NEME6keULDQv2byBFXasJDM8mRHqkFL+QrZROZiau8Qabjaz+nIs00EXh+P84Y1Amc1QMjKgnWbGIIwpKaL0A8QhJhbUqsmW7c/00sk+55071sXtxfNFo3ZUtVcAxOwBlwwRVogTvQBh2AwRN4Aa/gzXq23q0P63M+WrHKzBFYgPX1C4LsnQU=</latexit>

⌅1
<latexit sha1_base64="CRwFVMus9h1sWru1Re2++uKce6c=">AAACEXicbVC7TsMwFHXKq5RXCiOLRYXEVCVVBQwMlVgYi0QfUhNFjuO2Vm0nsh1QFfUrmFnhG9gQK1/AJ/AXuGkGSnskS0fn3HOvfMKEUaUd59sqbWxube+Udyt7+weHR3b1uKviVGLSwTGLZT9EijAqSEdTzUg/kQTxkJFeOLmd+71HIhWNxYOeJsTnaCTokGKkjRTYVS/fkUkSzaDXp0EjsGtO3ckBV4lbkBoo0A7sHy+KccqJ0JghpQauk2g/Q1JTzMis4qWKJAhP0IgMDBWIE+Vn+dkZPDdKBIexNE9omKt/ExniSk15aCY50mO15IV8rWwic3GdN0j18NrPqEhSTQRe3B+mDOoYzuuBEZUEazY1BGFJzRcgHiOJsDYlVkw37v8mVkm3UXcv6837Zq11U7RUBqfgDFwAF1yBFrgDbdABGDyBF/AK3qxn6936sD4XoyWryJyAJVhfv4SHnQY=</latexit>

⌅2

<latexit sha1_base64="fBrrxFRAc/KDOF/75UB00bFbP1w=">AAACEXicbVC7TsMwFHXKq5RXCiOLRYXEVCVQAQNDJRbGItGH1ESR47itVduJbAdURf0KZlb4BjbEyhfwCfwFbpqB0h7J0tE599wrnzBhVGnH+bZKa+sbm1vl7crO7t7+gV097Kg4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbjm9nfveRSEVj8aAnCfE5Ggo6oBhpIwV21ct3ZJJEU+j1aHAR2DWn7uSAy8QtSA0UaAX2jxfFOOVEaMyQUn3XSbSfIakpZmRa8VJFEoTHaEj6hgrEifKz/OwUnholgoNYmic0zNW/iQxxpSY8NJMc6ZFa8EK+UjaRmbjK66d6cO1nVCSpJgLP7w9SBnUMZ/XAiEqCNZsYgrCk5gsQj5BEWJsSK6Yb938Ty6RzXncv6437Rq15U7RUBsfgBJwBF1yBJrgDLdAGGDyBF/AK3qxn6936sD7noyWryByBBVhfv4YinQc=</latexit>

⌅3
<latexit sha1_base64="UbO2DGFCdwxIrwsURSYYHj6dsr8=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgRVwMBQiYWxSPQhNVHkOE5r1XYi2wFVUb+CmRW+gQ2x8gV8An+Bm2agtEeydHTOPffKJ0wZVdpxvq219Y3Nre3KTnV3b//g0K4ddVWSSUw6OGGJ7IdIEUYF6WiqGemnkiAeMtILx7czv/dIpKKJeNCTlPgcDQWNKUbaSIFd84oduSTRFHp9GjQDu+40nAJwmbglqYMS7cD+8aIEZ5wIjRlSauA6qfZzJDXFjEyrXqZIivAYDcnAUIE4UX5enJ3CM6NEME6keULDQv2byBFXasJDM8mRHqkFL+QrZROZiau8Qabjaz+nIs00EXh+P84Y1Amc1QMjKgnWbGIIwpKaL0A8QhJhbUqsmm7c/00sk+5Fw71sNO+b9dZN2VIFnIBTcA5ccAVa4A60QQdg8ARewCt4s56td+vD+pyPrlll5hgswPr6BYe9nQg=</latexit>

⌅4

<latexit sha1_base64="0Uy0qoewC1ocdPkpbQfQBhw61aY="></latexit>

⌅1 [ ⌅2 [ ⌅3 [ ⌅4
!
= ⌅

choose a partition of     into      ,…,      such that
<latexit sha1_base64="CZNe6ZbVW8IZgJU4ozPTlc/Tqo0=">AAACEXicbVC7TsMwFHXKq5RXCiOLRYXEVCUIAQNDJRbGItGH1ESV4zitVduJbAdURfkKZlb4BjbEyhfwCfwFbpqB0h7J0tE599wrnyBhVGnH+bYqa+sbm1vV7drO7t7+gV0/7Ko4lZh0cMxi2Q+QIowK0tFUM9JPJEE8YKQXTG5nfu+RSEVj8aCnCfE5GgkaUYy0kYZ2PfOKJZkkYQ69Ps2HdsNpOgXgMnFL0gAl2kP7xwtjnHIiNGZIqYHrJNrPkNQUM5LXvFSRBOEJGpGBoQJxovysuJrDU6OEMIqleULDQv2byBBXasoDM8mRHqsFL+ArZROZiau8Qaqjaz+jIkk1EXh+P0oZ1DGc1QNDKgnWbGoIwpKaL0A8RhJhbUqsmW7c/00sk+55071sXtxfNFo3ZUtVcAxOwBlwwRVogTvQBh2AwRN4Aa/gzXq23q0P63M+WrHKzBFYgPX1CytZnW0=</latexit>

⌅
<latexit sha1_base64="3gW6PxIfkqnw0Wq7xKMwPmWBK54=">AAACEXicbVC7TsMwFHXKq5RXCiOLRYXEVCUIAQNDJRbGItGH1ESR4zitVduJbAdURf0KZlb4BjbEyhfwCfwFbpqB0h7J0tE599wrnzBlVGnH+bYqa+sbm1vV7drO7t7+gV0/7Kokk5h0cMIS2Q+RIowK0tFUM9JPJUE8ZKQXjm9nfu+RSEUT8aAnKfE5GgoaU4y0kQK77hU7ckmiKfT6NHADu+E0nQJwmbglaYAS7cD+8aIEZ5wIjRlSauA6qfZzJDXFjExrXqZIivAYDcnAUIE4UX5enJ3CU6NEME6keULDQv2byBFXasJDM8mRHqkFL+QrZROZiau8Qabjaz+nIs00EXh+P84Y1Amc1QMjKgnWbGIIwpKaL0A8QhJhbUqsmW7c/00sk+55071sXtxfNFo3ZUtVcAxOwBlwwRVogTvQBh2AwRN4Aa/gzXq23q0P63M+WrHKzBFYgPX1C4LsnQU=</latexit>

⌅1
<latexit sha1_base64="UbO2DGFCdwxIrwsURSYYHj6dsr8=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgRVwMBQiYWxSPQhNVHkOE5r1XYi2wFVUb+CmRW+gQ2x8gV8An+Bm2agtEeydHTOPffKJ0wZVdpxvq219Y3Nre3KTnV3b//g0K4ddVWSSUw6OGGJ7IdIEUYF6WiqGemnkiAeMtILx7czv/dIpKKJeNCTlPgcDQWNKUbaSIFd84oduSTRFHp9GjQDu+40nAJwmbglqYMS7cD+8aIEZ5wIjRlSauA6qfZzJDXFjEyrXqZIivAYDcnAUIE4UX5enJ3CM6NEME6keULDQv2byBFXasJDM8mRHqkFL+QrZROZiau8Qabjaz+nIs00EXh+P84Y1Amc1QMjKgnWbGIIwpKaL0A8QhJhbUqsmm7c/00sk+5Fw71sNO+b9dZN2VIFnIBTcA5ccAVa4A60QQdg8ARewCt4s56td+vD+pyPrlll5hgswPr6BYe9nQg=</latexit>

⌅4

Idea: manually split uncertainty set into subsets and assign

          individual decision rules to each subset



Static Partitioning

Idea: manually split uncertainty set into subsets and assign

          individual decision rules to each subset



Static Partitioning

<latexit sha1_base64="2HfdNayT0BG2rZzVZZQyeqMCNYo="></latexit>

y2(⇠), ⇠ 2 ⌅2

<latexit sha1_base64="Q9E+uo/eSXto1/yRoT6qv0QVlrQ=">AAACXnicbVHNSgMxGEzXv1qtrXoRvASLUEHKrooKeih48VjBaqHblmz6tQ1NskuSFcuyb+dLePOqV30A0x9BbQcCw8w3+cgkiDjTxnVfM87S8srqWnY9t7GZ3yoUt3cedBgrCnUa8lA1AqKBMwl1wwyHRqSAiIDDYzC8GfuPT6A0C+W9GUXQEqQvWY9RYqzUKbYTf3JJEvAYUjxqn6a4/KMp6KbYD0TiP7M0PTrG/hVe7GGfyX 9Wg3VO006x5FbcCfA88WakhGaodYrvfjeksQBpKCdaNz03Mq2EKMMohzTnxxoiQoekD01LJRGgW8lkb4oPrdLFvVDZIw2eqL8TCRFaj0RgJwUxA/3HC8RC2UbG4iKvGZveZSthMooNSDrd34s5NiEed427TAE1fGQJoYrZJ2A6IIpQY38kZ7vx/jcxTx5OKt555ezurFS9nrWURfvoAJWRhy5QFd2iGqojil7QB/pEX5k3Z9XJO4XpqJOZZXbRHzh73/beuXU=</latexit>

y3(⇠), ⇠ 2 ⌅3

assign a different decision rule          to each
<latexit sha1_base64="msYqLUPKxjqAim1lruUKxOUUKyw=">AAACK3icbVDLSgMxFM3UV62vqks3wSJUhDIjRV24KLhxWcE+oFNLJr1tQ5OZIcmIZZiP8ENcu9VvcKW4deFfmE4rWNsDgcM599xLjhdyprRtv1uZpeWV1bXsem5jc2t7J7+7V1dBJCnUaMAD2fSIAs58qGmmOTRDCUR4HBre8GrsN+5BKhb4t3oUQluQvs96jBJtpE7+JHbTJbHHI0jw6I4luPirSegm2PVE7D6wJDnu5At2yU6B54kzJQU0RbWT/3a7AY0E+JpyolTLsUPdjonUjHJIcm6kICR0SPrQMtQnAlQ7Tm8n+MgoXdwLpHm+xqn6NxETodRIeGZSED1QM54nFsomMhYXea1I9y7aMfPDSINPJ/d7Ecc6wOPicJdJoJqPDCFUMvMFTAdEEqpNvTnTjfO/iXlSPy05Z6XyTblQuZy2lEUH6BAVkYPOUQVdoyqqIYoe0TN6Qa/Wk/VmfVifk9GMNc3soxlYXz90lKiY</latexit>

yi(⇠)
<latexit sha1_base64="XVNUOi5UNbz6D2Qp4DALZNmpeqc=">AAACHHicbVDNSgMxGMzWv1r/Vj3qIVgED6XsSlEPCgUvHivYH+guJZtN29BssiRZoSy9+CCeveozeBOvgo/gW5hu92BtBwLDzDdfkgliRpV2nG+rsLK6tr5R3Cxtbe/s7tn7By0lEolJEwsmZCdAijDKSVNTzUgnlgRFASPtYHQ79duPRCoq+IMex8SP0IDTPsVIG6lnH3vZjlSScAIpvIFuBXosFFpVYK1nl52qkwEuEjcnZZCj0bN/vFDgJCJcY4aU6rpOrP0USU0xI5OSlygSIzxCA9I1lKOIKD/NXjCBp0YJYV9Ic7iGmfo3kaJIqXEUmMkI6aGa84JoqWwiU3GZ1010/8pPKY8TTTie3d9PGNQCTpuCIZUEazY2BGFJzRcgHiKJsDZ9lkw37v8mFknrvOpeVGv3tXL9Om+pCI7ACTgDLrgEdXAHGqAJMHgCL+AVvFnP1rv1YX3ORgtWnjkEc7C+fgHLNqAr</latexit>

i = 1, . . . , 4subset                    of the partition

Idea: manually split uncertainty set into subsets and assign

          individual decision rules to each subset



Static Partitioning

<latexit sha1_base64="aAhWNNndUI3Tp9iXHBgHOctT0B0="></latexit>

y1(⇠), ⇠ 2 ⌅1

assign a different decision rule          to each
<latexit sha1_base64="msYqLUPKxjqAim1lruUKxOUUKyw=">AAACK3icbVDLSgMxFM3UV62vqks3wSJUhDIjRV24KLhxWcE+oFNLJr1tQ5OZIcmIZZiP8ENcu9VvcKW4deFfmE4rWNsDgcM599xLjhdyprRtv1uZpeWV1bXsem5jc2t7J7+7V1dBJCnUaMAD2fSIAs58qGmmOTRDCUR4HBre8GrsN+5BKhb4t3oUQluQvs96jBJtpE7+JHbTJbHHI0jw6I4luPirSegm2PVE7D6wJDnu5At2yU6B54kzJQU0RbWT/3a7AY0E+JpyolTLsUPdjonUjHJIcm6kICR0SPrQMtQnAlQ7Tm8n+MgoXdwLpHm+xqn6NxETodRIeGZSED1QM54nFsomMhYXea1I9y7aMfPDSINPJ/d7Ecc6wOPicJdJoJqPDCFUMvMFTAdEEqpNvTnTjfO/iXlSPy05Z6XyTblQuZy2lEUH6BAVkYPOUQVdoyqqIYoe0TN6Qa/Wk/VmfVifk9GMNc3soxlYXz90lKiY</latexit>

yi(⇠)
<latexit sha1_base64="XVNUOi5UNbz6D2Qp4DALZNmpeqc=">AAACHHicbVDNSgMxGMzWv1r/Vj3qIVgED6XsSlEPCgUvHivYH+guJZtN29BssiRZoSy9+CCeveozeBOvgo/gW5hu92BtBwLDzDdfkgliRpV2nG+rsLK6tr5R3Cxtbe/s7tn7By0lEolJEwsmZCdAijDKSVNTzUgnlgRFASPtYHQ79duPRCoq+IMex8SP0IDTPsVIG6lnH3vZjlSScAIpvIFuBXosFFpVYK1nl52qkwEuEjcnZZCj0bN/vFDgJCJcY4aU6rpOrP0USU0xI5OSlygSIzxCA9I1lKOIKD/NXjCBp0YJYV9Ic7iGmfo3kaJIqXEUmMkI6aGa84JoqWwiU3GZ1010/8pPKY8TTTie3d9PGNQCTpuCIZUEazY2BGFJzRcgHiKJsDZ9lkw37v8mFknrvOpeVGv3tXL9Om+pCI7ACTgDLrgEdXAHGqAJMHgCL+AVvFnP1rv1YX3ORgtWnjkEc7C+fgHLNqAr</latexit>

i = 1, . . . , 4subset                    of the partition

Idea: manually split uncertainty set into subsets and assign

          individual decision rules to each subset



Static Partitioning

<latexit sha1_base64="pUfJ0JaH/694QpDklPpEDTz5KA0="></latexit>

y4(⇠), ⇠ 2 ⌅4

assign a different decision rule          to each
<latexit sha1_base64="msYqLUPKxjqAim1lruUKxOUUKyw=">AAACK3icbVDLSgMxFM3UV62vqks3wSJUhDIjRV24KLhxWcE+oFNLJr1tQ5OZIcmIZZiP8ENcu9VvcKW4deFfmE4rWNsDgcM599xLjhdyprRtv1uZpeWV1bXsem5jc2t7J7+7V1dBJCnUaMAD2fSIAs58qGmmOTRDCUR4HBre8GrsN+5BKhb4t3oUQluQvs96jBJtpE7+JHbTJbHHI0jw6I4luPirSegm2PVE7D6wJDnu5At2yU6B54kzJQU0RbWT/3a7AY0E+JpyolTLsUPdjonUjHJIcm6kICR0SPrQMtQnAlQ7Tm8n+MgoXdwLpHm+xqn6NxETodRIeGZSED1QM54nFsomMhYXea1I9y7aMfPDSINPJ/d7Ecc6wOPicJdJoJqPDCFUMvMFTAdEEqpNvTnTjfO/iXlSPy05Z6XyTblQuZy2lEUH6BAVkYPOUQVdoyqqIYoe0TN6Qa/Wk/VmfVifk9GMNc3soxlYXz90lKiY</latexit>

yi(⇠)
<latexit sha1_base64="XVNUOi5UNbz6D2Qp4DALZNmpeqc=">AAACHHicbVDNSgMxGMzWv1r/Vj3qIVgED6XsSlEPCgUvHivYH+guJZtN29BssiRZoSy9+CCeveozeBOvgo/gW5hu92BtBwLDzDdfkgliRpV2nG+rsLK6tr5R3Cxtbe/s7tn7By0lEolJEwsmZCdAijDKSVNTzUgnlgRFASPtYHQ79duPRCoq+IMex8SP0IDTPsVIG6lnH3vZjlSScAIpvIFuBXosFFpVYK1nl52qkwEuEjcnZZCj0bN/vFDgJCJcY4aU6rpOrP0USU0xI5OSlygSIzxCA9I1lKOIKD/NXjCBp0YJYV9Ic7iGmfo3kaJIqXEUmMkI6aGa84JoqWwiU3GZ1010/8pPKY8TTTie3d9PGNQCTpuCIZUEazY2BGFJzRcgHiKJsDZ9lkw37v8mFknrvOpeVGv3tXL9Om+pCI7ACTgDLrgEdXAHGqAJMHgCL+AVvFnP1rv1YX3ORgtWnjkEc7C+fgHLNqAr</latexit>

i = 1, . . . , 4subset                    of the partition

Idea: manually split uncertainty set into subsets and assign

          individual decision rules to each subset



Static Partitioning

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="gjdkhAxZmsFnTVbWk+DDLPTGDq4="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y



Static Partitioning

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="gjdkhAxZmsFnTVbWk+DDLPTGDq4="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="KbmgvwdQduCVZsmcglIChGDpFww="></latexit>

minimize
x,{yi}i

c>x

subject to T (⇠)x+Wyi(⇠) � h(⇠) 8⇠ 2 ⌅i, 8i 2 I
x 2 X , yi : ⌅i 7! Y, i 2 I



<latexit sha1_base64="KbmgvwdQduCVZsmcglIChGDpFww="></latexit>

minimize
x,{yi}i

c>x

subject to T (⇠)x+Wyi(⇠) � h(⇠) 8⇠ 2 ⌅i, 8i 2 I
x 2 X , yi : ⌅i 7! Y, i 2 I

Static Partitioning

<latexit sha1_base64="3gW6PxIfkqnw0Wq7xKMwPmWBK54=">AAACEXicbVC7TsMwFHXKq5RXCiOLRYXEVCUIAQNDJRbGItGH1ESR4zitVduJbAdURf0KZlb4BjbEyhfwCfwFbpqB0h7J0tE599wrnzBlVGnH+bYqa+sbm1vV7drO7t7+gV0/7Kokk5h0cMIS2Q+RIowK0tFUM9JPJUE8ZKQXjm9nfu+RSEUT8aAnKfE5GgoaU4y0kQK77hU7ckmiKfT6NHADu+E0nQJwmbglaYAS7cD+8aIEZ5wIjRlSauA6qfZzJDXFjExrXqZIivAYDcnAUIE4UX5enJ3CU6NEME6keULDQv2byBFXasJDM8mRHqkFL+QrZROZiau8Qabjaz+nIs00EXh+P84Y1Amc1QMjKgnWbGIIwpKaL0A8QhJhbUqsmW7c/00sk+55071sXtxfNFo3ZUtVcAxOwBlwwRVogTvQBh2AwRN4Aa/gzXq23q0P63M+WrHKzBFYgPX1C4LsnQU=</latexit>

⌅1
<latexit sha1_base64="CRwFVMus9h1sWru1Re2++uKce6c=">AAACEXicbVC7TsMwFHXKq5RXCiOLRYXEVCVVBQwMlVgYi0QfUhNFjuO2Vm0nsh1QFfUrmFnhG9gQK1/AJ/AXuGkGSnskS0fn3HOvfMKEUaUd59sqbWxube+Udyt7+weHR3b1uKviVGLSwTGLZT9EijAqSEdTzUg/kQTxkJFeOLmd+71HIhWNxYOeJsTnaCTokGKkjRTYVS/fkUkSzaDXp0EjsGtO3ckBV4lbkBoo0A7sHy+KccqJ0JghpQauk2g/Q1JTzMis4qWKJAhP0IgMDBWIE+Vn+dkZPDdKBIexNE9omKt/ExniSk15aCY50mO15IV8rWwic3GdN0j18NrPqEhSTQRe3B+mDOoYzuuBEZUEazY1BGFJzRcgHiOJsDYlVkw37v8mVkm3UXcv6837Zq11U7RUBqfgDFwAF1yBFrgDbdABGDyBF/AK3qxn6936sD4XoyWryJyAJVhfv4SHnQY=</latexit>

⌅2

<latexit sha1_base64="fBrrxFRAc/KDOF/75UB00bFbP1w=">AAACEXicbVC7TsMwFHXKq5RXCiOLRYXEVCVQAQNDJRbGItGH1ESR47itVduJbAdURf0KZlb4BjbEyhfwCfwFbpqB0h7J0tE599wrnzBhVGnH+bZKa+sbm1vl7crO7t7+gV097Kg4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbjm9nfveRSEVj8aAnCfE5Ggo6oBhpIwV21ct3ZJJEU+j1aHAR2DWn7uSAy8QtSA0UaAX2jxfFOOVEaMyQUn3XSbSfIakpZmRa8VJFEoTHaEj6hgrEifKz/OwUnholgoNYmic0zNW/iQxxpSY8NJMc6ZFa8EK+UjaRmbjK66d6cO1nVCSpJgLP7w9SBnUMZ/XAiEqCNZsYgrCk5gsQj5BEWJsSK6Yb938Ty6RzXncv6437Rq15U7RUBsfgBJwBF1yBJrgDLdAGGDyBF/AK3qxn6936sD7noyWryByBBVhfv4YinQc=</latexit>

⌅3
<latexit sha1_base64="UbO2DGFCdwxIrwsURSYYHj6dsr8=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgRVwMBQiYWxSPQhNVHkOE5r1XYi2wFVUb+CmRW+gQ2x8gV8An+Bm2agtEeydHTOPffKJ0wZVdpxvq219Y3Nre3KTnV3b//g0K4ddVWSSUw6OGGJ7IdIEUYF6WiqGemnkiAeMtILx7czv/dIpKKJeNCTlPgcDQWNKUbaSIFd84oduSTRFHp9GjQDu+40nAJwmbglqYMS7cD+8aIEZ5wIjRlSauA6qfZzJDXFjEyrXqZIivAYDcnAUIE4UX5enJ3CM6NEME6keULDQv2byBFXasJDM8mRHqkFL+QrZROZiau8Qabjaz+nIs00EXh+P84Y1Amc1QMjKgnWbGIIwpKaL0A8QhJhbUqsmm7c/00sk+5Fw71sNO+b9dZN2VIFnIBTcA5ccAVa4A60QQdg8ARewCt4s56td+vD+pyPrlll5hgswPr6BYe9nQg=</latexit>

⌅4

Recall the decision rule formulation of the two-stage RO problem:
<latexit sha1_base64="gjdkhAxZmsFnTVbWk+DDLPTGDq4="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y



Iterative Partitioning

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3

<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

Imagine a two-stage RO problem with the uncertainty set:

    = scenarios that are binding 
for at least one of the 

constraints in the problem

�
active 

(or critical) 
scenarios



Iterative Partitioning

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3

<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

since a single realization 
is binding, we cannot 

improve on this subset!
since a single realization 

is binding, we cannot 
improve on this subset!

since a single realization 
is binding, we cannot 

improve on this subset!

Imagine a two-stage RO problem with the uncertainty set:



Iterative Partitioning

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3

<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

since multiple realizations 
are binding, we can 
potentially improve 

through the right splits!

since multiple realizations 
are binding, we can 
potentially improve 

through the right splits!

Imagine a two-stage RO problem with the uncertainty set:
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since a single realization is binding, 
we cannot improve on this subset!

1

<latexit sha1_base64="RnQeXt63TpxovpJnYKi67Iy7kkk=">AAACM3icbVDLSsNAFJ34rPUVdelmsAgVpCRSVMRFwY3LCvYBTSyT6bQdOpOEmYkYQv7Fn/AX3OpW3BW3/oPTNIJtPTBwOOfcO5fjhYxKZVkfxtLyyuraemGjuLm1vbNr7u03ZRAJTBo4YIFoe0gSRn3SUFQx0g4FQdxjpOWNbiZ+65EISQP/XsUhcTka+LRPMVJa6ppX5cTJtiQei0gKHY8nT+mDIxUS6SlcNONf86RrlqyKlQEuEjsnJZCj3jXHTi/AESe+wgxJ2bGtULkJEopiRtKiE0kSIjxCA9LR1EecSDfJDkjhsVZ6sB8I/XwFM/XvRIK4lDH3dJIjNZQznsfT+ewk9F+2E6n+pZtQP4wU8fH0437EoArgpEDYo4JgxWJNEBZU3w7xEAmEla65qEux5ytYJM2zin1eqd5VS7XrvJ4COARHoAxscAFq4BbUQQNg8AxewRt4N16MT2NsfE2jS0Y+cwBmYHz/AEEmrLo=</latexit>

(x?,y?) Assume that for fixed             , the constraint set

is only binding at the uncertainty realization             .

<latexit sha1_base64="kGoRhFIrvPAz2yWXIaPvk2ousaw="></latexit>

T (⇠)x? +Wy?(⇠) � h(⇠) 8⇠ 2 ⌅i

<latexit sha1_base64="vRZoFWpb27NtvuGszyYj23oS4bo=">AAACLnicbVDLSgMxFM3UV62vUZdugkVwVWbE18JFwY3LCvYBnbFk0rQNTTJDkhHLMF/iT/gLbnUvuBDBlZ9hZjoL23ogcHLOvTnhBBGjSjvOh1VaWl5ZXSuvVzY2t7Z37N29lgpjiUkThyyUnQApwqggTU01I51IEsQDRtrB+Drz2w9EKhqKOz2JiM/RUNABxUgbqWefJV7+SCJJP4VewBPvkab3ntJImjsVcHagQ3s0rfTsqlNzcsBF4hakCgo0eva31w9xzInQmCGluq4TaT9BUlPMSFrxYkUihMdoSLqGCsSJ8pM8OIVHRunDQSjNERrm6t+NBHGlJjwwkxzpkZr3MvFfL+BzyXpw6SdURLEmAk+DBzGDOoRZd7BPJcGaTQxBWFLzd4hHSCKsTcNZKe58BYukdVJzz2unt6fV+lVRTxkcgENwDFxwAergBjRAE2DwBF7AK3iznq1369P6mo6WrGJnH8zA+vkFXLmqKA==</latexit>

⇠? 2 ⌅i
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we cannot improve on this subset!

1

<latexit sha1_base64="RnQeXt63TpxovpJnYKi67Iy7kkk=">AAACM3icbVDLSsNAFJ34rPUVdelmsAgVpCRSVMRFwY3LCvYBTSyT6bQdOpOEmYkYQv7Fn/AX3OpW3BW3/oPTNIJtPTBwOOfcO5fjhYxKZVkfxtLyyuraemGjuLm1vbNr7u03ZRAJTBo4YIFoe0gSRn3SUFQx0g4FQdxjpOWNbiZ+65EISQP/XsUhcTka+LRPMVJa6ppX5cTJtiQei0gKHY8nT+mDIxUS6SlcNONf86RrlqyKlQEuEjsnJZCj3jXHTi/AESe+wgxJ2bGtULkJEopiRtKiE0kSIjxCA9LR1EecSDfJDkjhsVZ6sB8I/XwFM/XvRIK4lDH3dJIjNZQznsfT+ewk9F+2E6n+pZtQP4wU8fH0437EoArgpEDYo4JgxWJNEBZU3w7xEAmEla65qEux5ytYJM2zin1eqd5VS7XrvJ4COARHoAxscAFq4BbUQQNg8AxewRt4N16MT2NsfE2jS0Y+cwBmYHz/AEEmrLo=</latexit>

(x?,y?)

<latexit sha1_base64="sZ2K/r2m6IUxVfsdtU/Ci+TWuoc="></latexit>

T (⇠?)x? +Wy?(⇠?) � h(⇠?)

 Assume that for fixed             , the constraint set

Then convexity allows us to equivalently write the constraint set as 

<latexit sha1_base64="kGoRhFIrvPAz2yWXIaPvk2ousaw="></latexit>

T (⇠)x? +Wy?(⇠) � h(⇠) 8⇠ 2 ⌅i

is only binding at the uncertainty realization             .<latexit sha1_base64="vRZoFWpb27NtvuGszyYj23oS4bo=">AAACLnicbVDLSgMxFM3UV62vUZdugkVwVWbE18JFwY3LCvYBnbFk0rQNTTJDkhHLMF/iT/gLbnUvuBDBlZ9hZjoL23ogcHLOvTnhBBGjSjvOh1VaWl5ZXSuvVzY2t7Z37N29lgpjiUkThyyUnQApwqggTU01I51IEsQDRtrB+Drz2w9EKhqKOz2JiM/RUNABxUgbqWefJV7+SCJJP4VewBPvkab3ntJImjsVcHagQ3s0rfTsqlNzcsBF4hakCgo0eva31w9xzInQmCGluq4TaT9BUlPMSFrxYkUihMdoSLqGCsSJ8pM8OIVHRunDQSjNERrm6t+NBHGlJjwwkxzpkZr3MvFfL+BzyXpw6SdURLEmAk+DBzGDOoRZd7BPJcGaTQxBWFLzd4hHSCKsTcNZKe58BYukdVJzz2unt6fV+lVRTxkcgENwDFxwAergBjRAE2DwBF7AK3iznq1369P6mo6WrGJnH8zA+vkFXLmqKA==</latexit>

⇠? 2 ⌅i



Iterative Partitioning

Why is that?

since a single realization is binding, 
we cannot improve on this subset!

1

<latexit sha1_base64="RnQeXt63TpxovpJnYKi67Iy7kkk=">AAACM3icbVDLSsNAFJ34rPUVdelmsAgVpCRSVMRFwY3LCvYBTSyT6bQdOpOEmYkYQv7Fn/AX3OpW3BW3/oPTNIJtPTBwOOfcO5fjhYxKZVkfxtLyyuraemGjuLm1vbNr7u03ZRAJTBo4YIFoe0gSRn3SUFQx0g4FQdxjpOWNbiZ+65EISQP/XsUhcTka+LRPMVJa6ppX5cTJtiQei0gKHY8nT+mDIxUS6SlcNONf86RrlqyKlQEuEjsnJZCj3jXHTi/AESe+wgxJ2bGtULkJEopiRtKiE0kSIjxCA9LR1EecSDfJDkjhsVZ6sB8I/XwFM/XvRIK4lDH3dJIjNZQznsfT+ewk9F+2E6n+pZtQP4wU8fH0437EoArgpEDYo4JgxWJNEBZU3w7xEAmEla65qEux5ytYJM2zin1eqd5VS7XrvJ4COARHoAxscAFq4BbUQQNg8AxewRt4N16MT2NsfE2jS0Y+cwBmYHz/AEEmrLo=</latexit>

(x?,y?)

<latexit sha1_base64="sZ2K/r2m6IUxVfsdtU/Ci+TWuoc="></latexit>

T (⇠?)x? +Wy?(⇠?) � h(⇠?)

 Assume that for fixed             , the constraint set

Then convexity allows us to equivalently write the constraint set as 

 For constant/affine decision rules, this implies that 
the decision must be optimal!

<latexit sha1_base64="kGoRhFIrvPAz2yWXIaPvk2ousaw="></latexit>

T (⇠)x? +Wy?(⇠) � h(⇠) 8⇠ 2 ⌅i

is only binding at the uncertainty realization             .<latexit sha1_base64="vRZoFWpb27NtvuGszyYj23oS4bo=">AAACLnicbVDLSgMxFM3UV62vUZdugkVwVWbE18JFwY3LCvYBnbFk0rQNTTJDkhHLMF/iT/gLbnUvuBDBlZ9hZjoL23ogcHLOvTnhBBGjSjvOh1VaWl5ZXSuvVzY2t7Z37N29lgpjiUkThyyUnQApwqggTU01I51IEsQDRtrB+Drz2w9EKhqKOz2JiM/RUNABxUgbqWefJV7+SCJJP4VewBPvkab3ntJImjsVcHagQ3s0rfTsqlNzcsBF4hakCgo0eva31w9xzInQmCGluq4TaT9BUlPMSFrxYkUihMdoSLqGCsSJ8pM8OIVHRunDQSjNERrm6t+NBHGlJjwwkxzpkZr3MvFfL+BzyXpw6SdURLEmAk+DBzGDOoRZd7BPJcGaTQxBWFLzd4hHSCKsTcNZKe58BYukdVJzz2unt6fV+lVRTxkcgENwDFxwAergBjRAE2DwBF7AK3iznq1369P6mo6WrGJnH8zA+vkFXLmqKA==</latexit>

⇠? 2 ⌅i



Iterative Partitioning

Why is that?
2

since multiple realizations are binding, we can 
potentially improve through the right splits!

Example:

<latexit sha1_base64="5G7MejVcktpuhqzkFDu5Hg7nk1A=">AAAB+XicbZDNSgMxFIXv1L9a/6ou3QSL4MYyI0VduCi4cVnFaQvtUDJppg1NMkOSEcrQN3Cre3fi1qdx65OYtrOwrQcCH+eeSy4nTDjTxnW/ncLa+sbmVnG7tLO7t39QPjxq6jhVhPok5rFqh1hTziT1DTOcthNFsQg5bYWju+m89UyVZrF8MuOEBgIPJIsYwcZajxder1xxq+5MaBW8HCqQq9Er/3T7MUkFlYZwrHXHcxMTZFgZRjidlLqppgkmIzygHYsSC6qDbHbpBJ1Zp4+iWNknDZq5fzcyLLQei9AmBTZDvTALxWQ5Ow39l+2kJroJMiaT1FBJ5h9HKUcmRtMaUJ8pSgwfW8BEMXs7IkOsMDG2rJItxVuuYBWal1Xvqlp7qFXqt3k9RTiBUzgHD66hDvfQAB8IRPACr/DmZM678+F8zqMFJ985hgU5X78fEZOV</latexit>

�1
<latexit sha1_base64="z2Yyb3sfPNnTkCZAiTZK9O4muhU=">AAAB+HicbZA7SwNBFIXvxleMr6ilzWIQrMKuBLWwCNhYJmAekCxhdnI3GTIzu8zMCjHkF9hqbye2/htbf4mTZAuTeGDg49xzmcsJE8608bxvJ7exubW9k98t7O0fHB4Vj0+aOk4VxQaNeazaIdHImcSGYYZjO1FIRMixFY7uZ/PWEyrNYvloxgkGggwkixglxlp1r1cseWVvLncd/AxKkKnWK/50+zFNBUpDOdG643uJCSZEGUY5TgvdVGNC6IgMsGNREoE6mMwPnboX1um7Uazsk8adu383JkRoPRahTQpihnppForpanYW+i/bSU10G0yYTFKDki4+jlLumtidteD2mUJq+NgCoYrZ2106JIpQY7sq2FL81QrWoXlV9q/LlXqlVL3L6snDGZzDJfhwA1V4gBo0gALCC7zCm/PsvDsfzucimnOynVNYkvP1C7FJk10=</latexit>

0
<latexit sha1_base64="45CKRD+mBtShj4q5wpafOAJlPNY=">AAAB+HicbZA7SwNBFIXvxleMr6ilzWIQrMKuBLWwCNhYJmAekCxhdnI3GTIzu8zMCjHkF9hqbye2/htbf4mTZAuTeGDg49xzmcsJE8608bxvJ7exubW9k98t7O0fHB4Vj0+aOk4VxQaNeazaIdHImcSGYYZjO1FIRMixFY7uZ/PWEyrNYvloxgkGggwkixglxlp1v1cseWVvLncd/AxKkKnWK/50+zFNBUpDOdG643uJCSZEGUY5TgvdVGNC6IgMsGNREoE6mMwPnboX1um7Uazsk8adu383JkRoPRahTQpihnppForpanYW+i/bSU10G0yYTFKDki4+jlLumtidteD2mUJq+NgCoYrZ2106JIpQY7sq2FL81QrWoXlV9q/LlXqlVL3L6snDGZzDJfhwA1V4gBo0gALCC7zCm/PsvDsfzucimnOynVNYkvP1C7Ldk14=</latexit>

1
<latexit sha1_base64="n9xBvKlagK2KtpoUwIyiR7SkuOw=">AAACCHicbVDLSsNAFJ3UV62PRl26GSyCq5JIURcuCm5cVrAPaEKZTCbt0JlJmJkIJeQH/AW3uncnbv0Lt36J0zQL23rgwuHccx+cIGFUacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVmHRxzGI5CJAijArS1VQzMkgkQTxgpB9M7+b9/hORisbiUc8S4nM0FjSiGGkjjey6V+zIJAlz6A3oyG44TacAXCduSRqgRGdk/3hhjFNOhMYMKTV0nUT7GZKaYkbympcqkiA8RWMyNFQgTpSfFUdzeG6UEEaxNCU0LNS/ExniSs14YJwc6Yla6gU8X/XOTf95h6mObvyMiiTVRODF4ShlUMdwngoMqSRYs5khCEtqfod4giTC2mRXM6G4qxGsk95l071qth5ajfZtGU8VnIIzcAFccA3a4B50QBdgkIIX8ArerGfr3fqwPhfWilXOnIAlWF+/Z7eZ1Q==</latexit>

⌅

<latexit sha1_base64="o768loIRliSC773J1ndSDFM2e1E=">AAACInicbVDLSsNAFJ3UV62vqks3g0XQTUmkqAsXBTcuK9gHNKFMJjft0MnDmYlYQr7Bn/AX3OrenbgSXPklTtMKtvXAhcO55z44bsyZVKb5aRSWlldW14rrpY3Nre2d8u5eS0aJoNCkEY9ExyUSOAuhqZji0IkFkMDl0HaHV+N++x6EZFF4q0YxOAHph8xnlCgt9conqZ0vSV2eQIZHPSvDdh/u8K8uwNPKA8t65YpZNXPgRWJNSQVN0eiVv20vokkAoaKcSNm1zFg5KRGKUQ5ZyU4kxIQOSR+6moYkAOmk+dUMH2nFw34kdIUK5+rfiZQEUo4CVzsDogZypucG2bx3bPrP202Uf+GkLIwTBSGdHPYTjlWEx3lhjwmgio80IVQw/TumAyIIVTrVkg7Fmo9gkbROq9ZZtXZTq9Qvp/EU0QE6RMfIQueojq5RAzURRY/oGb2gV+PJeDPejY+JtWBMZ/bRDIyvH1lKpQY=</latexit>

y1 � ⇠
<latexit sha1_base64="Ry9LnfRQjjdjN5qvKYYw5m7c4Ko=">AAACI3icbVC7SgNBFJ2NrxhfUUubwSCIYNgNQS0sAjaWEcwDsssyO7lJhsw+nJkVw7L/4E/4C7ba24mNhY1f4mQTwSQeuHA499wHx4s4k8o0P43c0vLK6lp+vbCxubW9U9zda8owFhQaNOShaHtEAmcBNBRTHNqRAOJ7HFre8Grcb92DkCwMbtUoAscn/YD1GCVKS27xJLGzJYnHY0jxyK2k2O7DHf7VBXRTfGo/sNQtlsyymQEvEmtKSmiKulv8trshjX0IFOVEyo5lRspJiFCMckgLdiwhInRI+tDRNCA+SCfJzqb4SCtd3AuFrkDhTP07kRBfypHvaadP1EDO9Dw/nfeOTf95O7HqXTgJC6JYQUAnh3sxxyrE48Bwlwmgio80IVQw/TumAyIIVTrWgg7Fmo9gkTQrZeusXL2plmqX03jy6AAdomNkoXNUQ9eojhqIokf0jF7Qq/FkvBnvxsfEmjOmM/toBsbXD9ZwpT4=</latexit>

y2 � �⇠

binding binding
<latexit sha1_base64="QvBoLq42M87Y9S75DPaKPVyp4iE=">AAACE3icbVDLSsNAFJ34rPUVdaebwSK4Kkkp6kKh4MZlBfuANpbJdNIOnZmEmYlYQsCf8Bfc6t6duPUD3PolTtMsbOuBC4dzz31w/IhRpR3n21paXlldWy9sFDe3tnd27b39pgpjiUkDhyyUbR8pwqggDU01I+1IEsR9Rlr+6HrSbz0QqWgo7vQ4Ih5HA0EDipE2Us8+TLrZksRnMUnh431XaSRTeAUrPbvklJ0McJG4OSmBHPWe/dPthzjmRGjMkFId14m0lyCpKWYkLXZjRSKER2hAOoYKxInykux8Ck+M0odBKE0JDTP170SCuFJj7hsnR3qoZno+T+e9E9N/3k6sgwsvoSKKNRF4ejiIGdQhnAQE+1QSrNnYEIQlNb9DPEQSYW1iLJpQ3PkIFkmzUnbPytXbaql2mcdTAEfgGJwCF5yDGrgBddAAGDyBF/AK3qxn6936sD6n1iUrnzkAM7C+fgF+Z54m</latexit>

x? = 2

�

<latexit sha1_base64="I0k6lG44ymdVy3XS4KRIxl1/ZaM="></latexit>

minimize
x,y

x

subject to x � y1 + y2 8⇠ 2 [�1, 1]
y1 � ⇠ 8⇠ 2 [�1, 1]
y2 � �⇠ 8⇠ 2 [�1, 1]
x, y1, y2 2 R
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Why is that?
2

since multiple realizations are binding, we can 
potentially improve through the right splits!

Example:

<latexit sha1_base64="5G7MejVcktpuhqzkFDu5Hg7nk1A=">AAAB+XicbZDNSgMxFIXv1L9a/6ou3QSL4MYyI0VduCi4cVnFaQvtUDJppg1NMkOSEcrQN3Cre3fi1qdx65OYtrOwrQcCH+eeSy4nTDjTxnW/ncLa+sbmVnG7tLO7t39QPjxq6jhVhPok5rFqh1hTziT1DTOcthNFsQg5bYWju+m89UyVZrF8MuOEBgIPJIsYwcZajxder1xxq+5MaBW8HCqQq9Er/3T7MUkFlYZwrHXHcxMTZFgZRjidlLqppgkmIzygHYsSC6qDbHbpBJ1Zp4+iWNknDZq5fzcyLLQei9AmBTZDvTALxWQ5Ow39l+2kJroJMiaT1FBJ5h9HKUcmRtMaUJ8pSgwfW8BEMXs7IkOsMDG2rJItxVuuYBWal1Xvqlp7qFXqt3k9RTiBUzgHD66hDvfQAB8IRPACr/DmZM678+F8zqMFJ985hgU5X78fEZOV</latexit>

�1
<latexit sha1_base64="z2Yyb3sfPNnTkCZAiTZK9O4muhU=">AAAB+HicbZA7SwNBFIXvxleMr6ilzWIQrMKuBLWwCNhYJmAekCxhdnI3GTIzu8zMCjHkF9hqbye2/htbf4mTZAuTeGDg49xzmcsJE8608bxvJ7exubW9k98t7O0fHB4Vj0+aOk4VxQaNeazaIdHImcSGYYZjO1FIRMixFY7uZ/PWEyrNYvloxgkGggwkixglxlp1r1cseWVvLncd/AxKkKnWK/50+zFNBUpDOdG643uJCSZEGUY5TgvdVGNC6IgMsGNREoE6mMwPnboX1um7Uazsk8adu383JkRoPRahTQpihnppForpanYW+i/bSU10G0yYTFKDki4+jlLumtidteD2mUJq+NgCoYrZ2106JIpQY7sq2FL81QrWoXlV9q/LlXqlVL3L6snDGZzDJfhwA1V4gBo0gALCC7zCm/PsvDsfzucimnOynVNYkvP1C7FJk10=</latexit>

0
<latexit sha1_base64="45CKRD+mBtShj4q5wpafOAJlPNY=">AAAB+HicbZA7SwNBFIXvxleMr6ilzWIQrMKuBLWwCNhYJmAekCxhdnI3GTIzu8zMCjHkF9hqbye2/htbf4mTZAuTeGDg49xzmcsJE8608bxvJ7exubW9k98t7O0fHB4Vj0+aOk4VxQaNeazaIdHImcSGYYZjO1FIRMixFY7uZ/PWEyrNYvloxgkGggwkixglxlp1v1cseWVvLncd/AxKkKnWK/50+zFNBUpDOdG643uJCSZEGUY5TgvdVGNC6IgMsGNREoE6mMwPnboX1um7Uazsk8adu383JkRoPRahTQpihnppForpanYW+i/bSU10G0yYTFKDki4+jlLumtidteD2mUJq+NgCoYrZ2106JIpQY7sq2FL81QrWoXlV9q/LlXqlVL3L6snDGZzDJfhwA1V4gBo0gALCC7zCm/PsvDsfzucimnOynVNYkvP1C7Ldk14=</latexit>

1
<latexit sha1_base64="n9xBvKlagK2KtpoUwIyiR7SkuOw=">AAACCHicbVDLSsNAFJ3UV62PRl26GSyCq5JIURcuCm5cVrAPaEKZTCbt0JlJmJkIJeQH/AW3uncnbv0Lt36J0zQL23rgwuHccx+cIGFUacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVmHRxzGI5CJAijArS1VQzMkgkQTxgpB9M7+b9/hORisbiUc8S4nM0FjSiGGkjjey6V+zIJAlz6A3oyG44TacAXCduSRqgRGdk/3hhjFNOhMYMKTV0nUT7GZKaYkbympcqkiA8RWMyNFQgTpSfFUdzeG6UEEaxNCU0LNS/ExniSs14YJwc6Yla6gU8X/XOTf95h6mObvyMiiTVRODF4ShlUMdwngoMqSRYs5khCEtqfod4giTC2mRXM6G4qxGsk95l071qth5ajfZtGU8VnIIzcAFccA3a4B50QBdgkIIX8ArerGfr3fqwPhfWilXOnIAlWF+/Z7eZ1Q==</latexit>

⌅

<latexit sha1_base64="o768loIRliSC773J1ndSDFM2e1E=">AAACInicbVDLSsNAFJ3UV62vqks3g0XQTUmkqAsXBTcuK9gHNKFMJjft0MnDmYlYQr7Bn/AX3OrenbgSXPklTtMKtvXAhcO55z44bsyZVKb5aRSWlldW14rrpY3Nre2d8u5eS0aJoNCkEY9ExyUSOAuhqZji0IkFkMDl0HaHV+N++x6EZFF4q0YxOAHph8xnlCgt9conqZ0vSV2eQIZHPSvDdh/u8K8uwNPKA8t65YpZNXPgRWJNSQVN0eiVv20vokkAoaKcSNm1zFg5KRGKUQ5ZyU4kxIQOSR+6moYkAOmk+dUMH2nFw34kdIUK5+rfiZQEUo4CVzsDogZypucG2bx3bPrP202Uf+GkLIwTBSGdHPYTjlWEx3lhjwmgio80IVQw/TumAyIIVTrVkg7Fmo9gkbROq9ZZtXZTq9Qvp/EU0QE6RMfIQueojq5RAzURRY/oGb2gV+PJeDPejY+JtWBMZ/bRDIyvH1lKpQY=</latexit>

y1 � ⇠
<latexit sha1_base64="Ry9LnfRQjjdjN5qvKYYw5m7c4Ko=">AAACI3icbVC7SgNBFJ2NrxhfUUubwSCIYNgNQS0sAjaWEcwDsssyO7lJhsw+nJkVw7L/4E/4C7ba24mNhY1f4mQTwSQeuHA499wHx4s4k8o0P43c0vLK6lp+vbCxubW9U9zda8owFhQaNOShaHtEAmcBNBRTHNqRAOJ7HFre8Grcb92DkCwMbtUoAscn/YD1GCVKS27xJLGzJYnHY0jxyK2k2O7DHf7VBXRTfGo/sNQtlsyymQEvEmtKSmiKulv8trshjX0IFOVEyo5lRspJiFCMckgLdiwhInRI+tDRNCA+SCfJzqb4SCtd3AuFrkDhTP07kRBfypHvaadP1EDO9Dw/nfeOTf95O7HqXTgJC6JYQUAnh3sxxyrE48Bwlwmgio80IVQw/TumAyIIVTrWgg7Fmo9gkTQrZeusXL2plmqX03jy6AAdomNkoXNUQ9eojhqIokf0jF7Qq/FkvBnvxsfEmjOmM/toBsbXD9ZwpT4=</latexit>

y2 � �⇠

binding binding �

<latexit sha1_base64="aQiHOgpAvJmTtkOfnBIIYX8hC3Y=">AAACDHicbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhPyCv+BW9+7Erf/g1i9xmmZhWw9cOJx77oPjJ4xKZVnfRm1jc2t7p77b2Ns/ODwyj08GMk4FJn0cs1iMfCQJoxHpK6oYGSWCIO4zMvRnd/P+8IkISePoUWUJcTmaRDSkGCkteWYzd8oluSBBAZ0R9ezCM1tW2yoB14ldkRao0PPMHyeIccpJpDBDUo5tK1FujoSimJGi4aSSJAjP0ISMNY0QJ9LNy7sFPNdKAMNY6IoULNW/EzniUmbc106O1FQu9XxerHrnpv+841SFN25OoyRVJMKLw2HKoIrhPBkYUEGwYpkmCAuqf4d4igTCSufX0KHYqxGsk8Fl275qdx46re5tFU8dnIIzcAFscA264B70QB9gkIEX8ArejGfj3fgwPhfWmlHNNMESjK9fgqKbhQ==</latexit>

⌅1
<latexit sha1_base64="jXdxWQX4hcCCW+uL6Cvs5oF2Gs4=">AAACDHicbVDLSsNAFJ3UV62vaJduBovgqiSlqAsXBTcuK9gHNCFMJpN26GQSZiZCCPkFf8Gt7t2JW//BrV/iNM1CWw9cOJx77oPjJ4xKZVlfRm1jc2t7p77b2Ns/ODwyj0+GMk4FJgMcs1iMfSQJo5wMFFWMjBNBUOQzMvLnt4v+6JEISWP+oLKEuBGachpSjJSWPLOZO+WSXJCggM6Yep3CM1tW2yoB14ldkRao0PfMbyeIcRoRrjBDUk5sK1FujoSimJGi4aSSJAjP0ZRMNOUoItLNy7sFPNdKAMNY6OIKlurviRxFUmaRr50RUjP5p+dHxap3YfrPO0lVeO3mlCepIhwvD4cpgyqGi2RgQAXBimWaICyo/h3iGRIIK51fQ4dir0awToadtn3Z7t53W72bKp46OAVn4ALY4Ar0wB3ogwHAIAPP4AW8Gk/Gm/FufCytNaOaaYI/MD5/AIQ3m4Y=</latexit>

⌅2

<latexit sha1_base64="HG5DHf6ms2tZw/xZOf6Uq2e8xI4="></latexit>

minimize
x,y

x

subject to x � y1 + y2 8⇠ 2 [�1, 0], x � y1 + y2 8⇠ 2 [0, 1]
y1 � ⇠ 8⇠ 2 [�1, 0], y1 � ⇠ 8⇠ 2 [0, 1]
y2 � �⇠ 8⇠ 2 [�1, 0], y2 � �⇠ 8⇠ 2 [0, 1]
x, y1, y2 2 R

<latexit sha1_base64="gl7jLR2s4g9Vdwof35qE912b1jU=">AAACFHicbVDLSsNAFJ3UV62vqMtuBovgqiRS1IVCwY3LCvYBTSyT6aQdOpmEmYlYQhb+hL/gVvfuxK17t36JkzQL23rgwuHccx8cL2JUKsv6Nkorq2vrG+XNytb2zu6euX/QkWEsMGnjkIWi5yFJGOWkrahipBcJggKPka43uc763QciJA35nZpGxA3QiFOfYqS0NDCriZMvSTwWkxQ+3jtSIZHCK2hXBmbNqls54DKxC1IDBVoD88cZhjgOCFeYISn7thUpN0FCUcxIWnFiSSKEJ2hE+ppyFBDpJvn9FB5rZQj9UOjiCubq34kEBVJOA087A6TGcq7nBemiNzP95+3Hyr9wE8qjWBGOZ4f9mEEVwiwhOKSCYMWmmiAsqP4d4jESCCudYxaKvRjBMumc1u2zeuO2UWteFvGUQRUcgRNgg3PQBDegBdoAgyfwAl7Bm/FsvBsfxufMWjKKmUMwB+PrF7utnjk=</latexit>

x? = 1

1 1
1

1

2 2
2

2

i i

1 2



Iterative Partitioning

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3

<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

If a subset     is split into     and      such that all active 
(critical) realizations            are contained in     (or     ), 

then the optimal value of the two-stage RO cannot improve.

Necessary Condition for Improvement

<latexit sha1_base64="fQi+ibL8/wojV5yZYaAMNaD2DZA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSjhWe2rLZVAq4SuyItUKHnmT9OEOOUk0hhhqQc21ai3BwJRTEjRcNJJUkQnqEJGWsaIU6km5d3C3iulQCGsdAvUrBU/yZyxKXMuK8nOVJTueT5fK2sI3NxnTdOVXjj5jRKUkUivLgfpgyqGM4LggEVBCuWaYKwoPoLEE+RQFjpGhu6G/t/E6tkcNm2r9qdh06re1u1VAen4AxcABtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxWjNqDJNsATj6xfE6Z5J</latexit>

⌅i

<latexit sha1_base64="qwORoN2PQlsF+gI3+i4lcLf0fSY=">AAACFHicbVC7TsMwFHXKq5RXeGwsFhWCqUpQBQwMlVgYi0QfUhNFjuO0Vh0nsh2kEuU3mFnhG9gQKzufwF/gphko7ZEsHZ1zz73y8RNGpbKsb6Oysrq2vlHdrG1t7+zumfsHXRmnApMOjlks+j6ShFFOOooqRvqJICjyGen549up33skQtKYP6hJQtwIDTkNKUZKS555lDnFkkyQIIdOn3r0LPfMutWwCsBFYpekDkq0PfPHCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPicA5PtRLAMBb6cQUL9W8iQ5GUk8jXkxFSIznn+dFSWUem4jJvkKrw2s0oT1JFOJ7dD1MGVQynDcGACoIVm2iCsKD6CxCPkEBY6R5ruhv7fxOLpHvRsC8bzftmvXVTtlQFx+AEnAMbXIEWuANt0AEYPIEX8ArejGfj3fgwPmejFaPMHII5GF+/MCieeg==</latexit>

⌅0
i

<latexit sha1_base64="WiV3A/NzAqkW17eZQaQVq/RIJjM=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1ikrkoiRV24KLhxWcE+oAlhMpm0Q2eSMDMRSsh3uHar3+BO3Lr2E/wLp2kW1vbAwOGce+5ljp8wKpVlfRuVtfWNza3qdm1nd2//wDw86sk4FZh0ccxiMfCRJIxGpKuoYmSQCIK4z0jfn9zN/P4TEZLG0aOaJsTlaBTRkGKktOSZJ5lTLMkECXLoDKhHG43cM+tW0yoAl4ldkjoo0fHMHyeIccpJpDBDUg5tK1FuhoSimJG85qSSJAhP0IgMNY0QJ9LNiss5PNdKAMNY6BcpWKh/ExniUk65ryc5UmO54Pl8pawjM3GVN0xVeONmNEpSRSI8vx+mDKoYziqCARUEKzbVBGFB9RcgHiOBsNJF1nQ39v8mlknvsmlfNVsPrXr7tmypCk7BGbgANrgGbXAPOqALMMjAC3gFb8az8W58GJ/z0YpRZo7BAoyvX5uBnqs=</latexit>

⌅00
i

<latexit sha1_base64="KpyD0AjzbiJVCla0BsFbRfOnxDc=">AAACLnicbVDLSsNAFJ3UV62vqEs3g0VwFRIRdeGi4MZlBfuAJpTJdNIOnZmEmYlYQv7CD3HtVr9BcCFu9S+cpllY2wMDh3PuuZc5YcKo0q77YVVWVtfWN6qbta3tnd09e/+greJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44vpn6nQciFY3FvZ4kJOBoKGhEMdJG6ttO5hdLMkkGOfRDnvmPNDeMCjhvdWmf5n277jpuAbhIvJLUQYlm3/7xBzFOOREaM6RUz3MTHWRIaooZyWt+qkiC8BgNSc9QgThRQVbczeGJUQYwiqV5QsNC/ZvIEFdqwkMzyZEeqTkv5EtlE5mKy7xeqqOrIKMiSTUReHY/ShnUMZx2BwdUEqzZxBCEJTVfgHiEJMLaNFwz3Xj/m1gk7TPHu3DO787rjeuypSo4AsfgFHjgEjTALWiCFsDgCbyAV/BmPVvv1qf1NRutWGXmEMzB+v4FE4qp8A==</latexit>

⇠ 2 ⌅i

<latexit sha1_base64="qwORoN2PQlsF+gI3+i4lcLf0fSY=">AAACFHicbVC7TsMwFHXKq5RXeGwsFhWCqUpQBQwMlVgYi0QfUhNFjuO0Vh0nsh2kEuU3mFnhG9gQKzufwF/gphko7ZEsHZ1zz73y8RNGpbKsb6Oysrq2vlHdrG1t7+zumfsHXRmnApMOjlks+j6ShFFOOooqRvqJICjyGen549up33skQtKYP6hJQtwIDTkNKUZKS555lDnFkkyQIIdOn3r0LPfMutWwCsBFYpekDkq0PfPHCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPicA5PtRLAMBb6cQUL9W8iQ5GUk8jXkxFSIznn+dFSWUem4jJvkKrw2s0oT1JFOJ7dD1MGVQynDcGACoIVm2iCsKD6CxCPkEBY6R5ruhv7fxOLpHvRsC8bzftmvXVTtlQFx+AEnAMbXIEWuANt0AEYPIEX8ArejGfj3fgwPmejFaPMHII5GF+/MCieeg==</latexit>

⌅0
i

<latexit sha1_base64="WiV3A/NzAqkW17eZQaQVq/RIJjM=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1ikrkoiRV24KLhxWcE+oAlhMpm0Q2eSMDMRSsh3uHar3+BO3Lr2E/wLp2kW1vbAwOGce+5ljp8wKpVlfRuVtfWNza3qdm1nd2//wDw86sk4FZh0ccxiMfCRJIxGpKuoYmSQCIK4z0jfn9zN/P4TEZLG0aOaJsTlaBTRkGKktOSZJ5lTLMkECXLoDKhHG43cM+tW0yoAl4ldkjoo0fHMHyeIccpJpDBDUg5tK1FuhoSimJG85qSSJAhP0IgMNY0QJ9LNiss5PNdKAMNY6BcpWKh/ExniUk65ryc5UmO54Pl8pawjM3GVN0xVeONmNEpSRSI8vx+mDKoYziqCARUEKzbVBGFB9RcgHiOBsNJF1nQ39v8mlknvsmlfNVsPrXr7tmypCk7BGbgANrgGbXAPOqALMMjAC3gFb8az8W58GJ/z0YpRZo7BAoyvX5uBnqs=</latexit>

⌅00
i

Imagine a two-stage RO problem with the uncertainty set:



Iterative Partitioning

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5
<latexit sha1_base64="zn3qCdLvezfeCilprs3t/yNGHp4=">AAACFHicbVC7TsMwFHXKq5RXeGwsFhWCqUpQBQwMlVgYi0QfUhNFjuO0Vu0ksh2kEuU3mFnhG9gQKzufwF/gphko7ZEsHZ1zz73y8RNGpbKsb6Oysrq2vlHdrG1t7+zumfsHXRmnApMOjlks+j6ShNGIdBRVjPQTQRD3Gen549up33skQtI4elCThLgcDSMaUoyUljzzKHOKJZkgQQ6dPvWaZ7ln1q2GVQAuErskdVCi7Zk/ThDjlJNIYYakHNhWotwMCUUxI3nNSSVJEB6jIRloGiFOpJsVh3N4qpUAhrHQL1KwUP8mMsSlnHBfT3KkRnLO8/lSWUem4jJvkKrw2s1olKSKRHh2P0wZVDGcNgQDKghWbKIJwoLqL0A8QgJhpXus6W7s/00sku5Fw75sNO+b9dZN2VIVHIMTcA5scAVa4A60QQdg8ARewCt4M56Nd+PD+JyNVowycwjmYHz9AtqYnkU=</latexit>

⌅0
4

<latexit sha1_base64="hc9ej2Fp7ApeXG+0eG5NItdayBU=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1ikrkoiRV24KLhxWcE+oAlhMpm0QyeTMDMRSsh3uHar3+BO3Lr2E/wLp2kW1vbAwOGce+5ljp8wKpVlfRuVtfWNza3qdm1nd2//wDw86sk4FZh0ccxiMfCRJIxy0lVUMTJIBEGRz0jfn9zN/P4TEZLG/FFNE+JGaMRpSDFSWvLMk8wplmSCBDl0BtRrNRq5Z9atplUALhO7JHVQouOZP04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbFZdzeK6VAIax0I8rWKh/ExmKpJxGvp6MkBrLBc+PVso6MhNXecNUhTduRnmSKsLx/H6YMqhiOKsIBlQQrNhUE4QF1V+AeIwEwkoXWdPd2P+bWCa9y6Z91Ww9tOrt27KlKjgFZ+AC2OAatME96IAuwCADL+AVvBnPxrvxYXzORytGmTkGCzC+fgFFy552</latexit>

⌅00
4

Imagine a two-stage RO problem with the uncertainty set:



Iterative Partitioning

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

<latexit sha1_base64="zn3qCdLvezfeCilprs3t/yNGHp4=">AAACFHicbVC7TsMwFHXKq5RXeGwsFhWCqUpQBQwMlVgYi0QfUhNFjuO0Vu0ksh2kEuU3mFnhG9gQKzufwF/gphko7ZEsHZ1zz73y8RNGpbKsb6Oysrq2vlHdrG1t7+zumfsHXRmnApMOjlks+j6ShNGIdBRVjPQTQRD3Gen549up33skQtI4elCThLgcDSMaUoyUljzzKHOKJZkgQQ6dPvWaZ7ln1q2GVQAuErskdVCi7Zk/ThDjlJNIYYakHNhWotwMCUUxI3nNSSVJEB6jIRloGiFOpJsVh3N4qpUAhrHQL1KwUP8mMsSlnHBfT3KkRnLO8/lSWUem4jJvkKrw2s1olKSKRHh2P0wZVDGcNgQDKghWbKIJwoLqL0A8QgJhpXus6W7s/00sku5Fw75sNO+b9dZN2VIVHIMTcA5scAVa4A60QQdg8ARewCt4M56Nd+PD+JyNVowycwjmYHz9AtqYnkU=</latexit>

⌅0
4

<latexit sha1_base64="hc9ej2Fp7ApeXG+0eG5NItdayBU=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1ikrkoiRV24KLhxWcE+oAlhMpm0QyeTMDMRSsh3uHar3+BO3Lr2E/wLp2kW1vbAwOGce+5ljp8wKpVlfRuVtfWNza3qdm1nd2//wDw86sk4FZh0ccxiMfCRJIxy0lVUMTJIBEGRz0jfn9zN/P4TEZLG/FFNE+JGaMRpSDFSWvLMk8wplmSCBDl0BtRrNRq5Z9atplUALhO7JHVQouOZP04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbFZdzeK6VAIax0I8rWKh/ExmKpJxGvp6MkBrLBc+PVso6MhNXecNUhTduRnmSKsLx/H6YMqhiOKsIBlQQrNhUE4QF1V+AeIwEwkoXWdPd2P+bWCa9y6Z91Ww9tOrt27KlKjgFZ+AC2OAatME96IAuwCADL+AVvBnPxrvxYXzORytGmTkGCzC+fgFFy552</latexit>

⌅00
4

Imagine a two-stage RO problem with the uncertainty set:



Iterative Partitioning: Splitting Heuristics 

HEURISTIC 1: separate the farthest 
two scenarios “mid-way”

<latexit sha1_base64="fQi+ibL8/wojV5yZYaAMNaD2DZA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSjhWe2rLZVAq4SuyItUKHnmT9OEOOUk0hhhqQc21ai3BwJRTEjRcNJJUkQnqEJGWsaIU6km5d3C3iulQCGsdAvUrBU/yZyxKXMuK8nOVJTueT5fK2sI3NxnTdOVXjj5jRKUkUivLgfpgyqGM4LggEVBCuWaYKwoPoLEE+RQFjpGhu6G/t/E6tkcNm2r9qdh06re1u1VAen4AxcABtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxWjNqDJNsATj6xfE6Z5J</latexit>

⌅i



Iterative Partitioning: Splitting Heuristics 

HEURISTIC 1: separate the farthest 
two scenarios “mid-way”

<latexit sha1_base64="fQi+ibL8/wojV5yZYaAMNaD2DZA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSjhWe2rLZVAq4SuyItUKHnmT9OEOOUk0hhhqQc21ai3BwJRTEjRcNJJUkQnqEJGWsaIU6km5d3C3iulQCGsdAvUrBU/yZyxKXMuK8nOVJTueT5fK2sI3NxnTdOVXjj5jRKUkUivLgfpgyqGM4LggEVBCuWaYKwoPoLEE+RQFjpGhu6G/t/E6tkcNm2r9qdh06re1u1VAen4AxcABtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxWjNqDJNsATj6xfE6Z5J</latexit>

⌅i



Iterative Partitioning: Splitting Heuristics 

HEURISTIC 1: separate the farthest 
two scenarios “mid-way”

<latexit sha1_base64="qwORoN2PQlsF+gI3+i4lcLf0fSY=">AAACFHicbVC7TsMwFHXKq5RXeGwsFhWCqUpQBQwMlVgYi0QfUhNFjuO0Vh0nsh2kEuU3mFnhG9gQKzufwF/gphko7ZEsHZ1zz73y8RNGpbKsb6Oysrq2vlHdrG1t7+zumfsHXRmnApMOjlks+j6ShFFOOooqRvqJICjyGen549up33skQtKYP6hJQtwIDTkNKUZKS555lDnFkkyQIIdOn3r0LPfMutWwCsBFYpekDkq0PfPHCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPicA5PtRLAMBb6cQUL9W8iQ5GUk8jXkxFSIznn+dFSWUem4jJvkKrw2s0oT1JFOJ7dD1MGVQynDcGACoIVm2iCsKD6CxCPkEBY6R5ruhv7fxOLpHvRsC8bzftmvXVTtlQFx+AEnAMbXIEWuANt0AEYPIEX8ArejGfj3fgwPmejFaPMHII5GF+/MCieeg==</latexit>

⌅0
i

<latexit sha1_base64="WiV3A/NzAqkW17eZQaQVq/RIJjM=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1ikrkoiRV24KLhxWcE+oAlhMpm0Q2eSMDMRSsh3uHar3+BO3Lr2E/wLp2kW1vbAwOGce+5ljp8wKpVlfRuVtfWNza3qdm1nd2//wDw86sk4FZh0ccxiMfCRJIxGpKuoYmSQCIK4z0jfn9zN/P4TEZLG0aOaJsTlaBTRkGKktOSZJ5lTLMkECXLoDKhHG43cM+tW0yoAl4ldkjoo0fHMHyeIccpJpDBDUg5tK1FuhoSimJG85qSSJAhP0IgMNY0QJ9LNiss5PNdKAMNY6BcpWKh/ExniUk65ryc5UmO54Pl8pawjM3GVN0xVeONmNEpSRSI8vx+mDKoYziqCARUEKzbVBGFB9RcgHiOBsNJF1nQ39v8mlknvsmlfNVsPrXr7tmypCk7BGbgANrgGbXAPOqALMMjAC3gFb8az8W58GJ/z0YpRZo7BAoyvX5uBnqs=</latexit>

⌅00
i



Iterative Partitioning: Splitting Heuristics 

HEURISTIC 1:

HEURISTIC 2:

separate the farthest 
two scenarios “mid-way”

split subset as evenly as 
possible into two subsets

<latexit sha1_base64="fQi+ibL8/wojV5yZYaAMNaD2DZA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSjhWe2rLZVAq4SuyItUKHnmT9OEOOUk0hhhqQc21ai3BwJRTEjRcNJJUkQnqEJGWsaIU6km5d3C3iulQCGsdAvUrBU/yZyxKXMuK8nOVJTueT5fK2sI3NxnTdOVXjj5jRKUkUivLgfpgyqGM4LggEVBCuWaYKwoPoLEE+RQFjpGhu6G/t/E6tkcNm2r9qdh06re1u1VAen4AxcABtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxWjNqDJNsATj6xfE6Z5J</latexit>

⌅i



Iterative Partitioning: Splitting Heuristics 

HEURISTIC 1:

HEURISTIC 2:

separate the farthest 
two scenarios “mid-way”

split subset as evenly as 
possible into two subsets

<latexit sha1_base64="qwORoN2PQlsF+gI3+i4lcLf0fSY=">AAACFHicbVC7TsMwFHXKq5RXeGwsFhWCqUpQBQwMlVgYi0QfUhNFjuO0Vh0nsh2kEuU3mFnhG9gQKzufwF/gphko7ZEsHZ1zz73y8RNGpbKsb6Oysrq2vlHdrG1t7+zumfsHXRmnApMOjlks+j6ShFFOOooqRvqJICjyGen549up33skQtKYP6hJQtwIDTkNKUZKS555lDnFkkyQIIdOn3r0LPfMutWwCsBFYpekDkq0PfPHCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPicA5PtRLAMBb6cQUL9W8iQ5GUk8jXkxFSIznn+dFSWUem4jJvkKrw2s0oT1JFOJ7dD1MGVQynDcGACoIVm2iCsKD6CxCPkEBY6R5ruhv7fxOLpHvRsC8bzftmvXVTtlQFx+AEnAMbXIEWuANt0AEYPIEX8ArejGfj3fgwPmejFaPMHII5GF+/MCieeg==</latexit>

⌅0
i

<latexit sha1_base64="WiV3A/NzAqkW17eZQaQVq/RIJjM=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1ikrkoiRV24KLhxWcE+oAlhMpm0Q2eSMDMRSsh3uHar3+BO3Lr2E/wLp2kW1vbAwOGce+5ljp8wKpVlfRuVtfWNza3qdm1nd2//wDw86sk4FZh0ccxiMfCRJIxGpKuoYmSQCIK4z0jfn9zN/P4TEZLG0aOaJsTlaBTRkGKktOSZJ5lTLMkECXLoDKhHG43cM+tW0yoAl4ldkjoo0fHMHyeIccpJpDBDUg5tK1FuhoSimJG85qSSJAhP0IgMNY0QJ9LNiss5PNdKAMNY6BcpWKh/ExniUk65ryc5UmO54Pl8pawjM3GVN0xVeONmNEpSRSI8vx+mDKoYziqCARUEKzbVBGFB9RcgHiOBsNJF1nQ39v8mlknvsmlfNVsPrXr7tmypCk7BGbgANrgGbXAPOqALMMjAC3gFb8az8W58GJ/z0YpRZo7BAoyvX5uBnqs=</latexit>

⌅00
i



Iterative Partitioning: Splitting Heuristics 

HEURISTIC 1:

HEURISTIC 2:

separate the farthest 
two scenarios “mid-way”

split subset as evenly as 
possible into two subsets

<latexit sha1_base64="qwORoN2PQlsF+gI3+i4lcLf0fSY=">AAACFHicbVC7TsMwFHXKq5RXeGwsFhWCqUpQBQwMlVgYi0QfUhNFjuO0Vh0nsh2kEuU3mFnhG9gQKzufwF/gphko7ZEsHZ1zz73y8RNGpbKsb6Oysrq2vlHdrG1t7+zumfsHXRmnApMOjlks+j6ShFFOOooqRvqJICjyGen549up33skQtKYP6hJQtwIDTkNKUZKS555lDnFkkyQIIdOn3r0LPfMutWwCsBFYpekDkq0PfPHCWKcRoQrzJCUA9tKlJshoShmJK85qSQJwmM0JANNOYqIdLPicA5PtRLAMBb6cQUL9W8iQ5GUk8jXkxFSIznn+dFSWUem4jJvkKrw2s0oT1JFOJ7dD1MGVQynDcGACoIVm2iCsKD6CxCPkEBY6R5ruhv7fxOLpHvRsC8bzftmvXVTtlQFx+AEnAMbXIEWuANt0AEYPIEX8ArejGfj3fgwPmejFaPMHII5GF+/MCieeg==</latexit>

⌅0
i

<latexit sha1_base64="WiV3A/NzAqkW17eZQaQVq/RIJjM=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1ikrkoiRV24KLhxWcE+oAlhMpm0Q2eSMDMRSsh3uHar3+BO3Lr2E/wLp2kW1vbAwOGce+5ljp8wKpVlfRuVtfWNza3qdm1nd2//wDw86sk4FZh0ccxiMfCRJIxGpKuoYmSQCIK4z0jfn9zN/P4TEZLG0aOaJsTlaBTRkGKktOSZJ5lTLMkECXLoDKhHG43cM+tW0yoAl4ldkjoo0fHMHyeIccpJpDBDUg5tK1FuhoSimJG85qSSJAhP0IgMNY0QJ9LNiss5PNdKAMNY6BcpWKh/ExniUk65ryc5UmO54Pl8pawjM3GVN0xVeONmNEpSRSI8vx+mDKoYziqCARUEKzbVBGFB9RcgHiOBsNJF1nQ39v8mlknvsmlfNVsPrXr7tmypCk7BGbgANrgGbXAPOqALMMjAC3gFb8az8W58GJ/z0YpRZo7BAoyvX5uBnqs=</latexit>

⌅00
i



Iterative Partitioning: Splitting Heuristics 

HEURISTIC 1:

HEURISTIC 2:

HEURISTIC 3:

separate the farthest 
two scenarios “mid-way”

split subset as evenly as 
possible into two subsets

minimize larger worst case 
over the two subsets



Iterative Partitioning: Voronoi Partitioning 

Imagine a two-stage RO problem with the uncertainty set:

dots = scenarios that are 
binding for at least one of the 

constraints in the problem

�
active 

(or critical) 
scenarios



Iterative Partitioning: Voronoi Partitioning 

A Voronoi diagram is a partition of a plane into regions 
close to each of a given set of seeds. For each seed there is 
a corresponding region, called a Voronoi cell, consisting of 
all points of the plane closer to that seed than to any other.

Georgy Feodosevich Voronoy

We can partition the uncertainty set into a Voronoi diagram:

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3
<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

<latexit sha1_base64="ohwRTgEmSBataiD3C/Gk0eIhNbA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1YWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXb7rSvHq5a3duqpTo4BWfgAtjgGnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX79y1Z4W</latexit>

⌅6
<latexit sha1_base64="hDIetKsL5fvVqRZaORBnce8REP0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvm5fPVy1urdVS3VwCs7ABbBBB3TBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX790cZ4X</latexit>

⌅7

<latexit sha1_base64="OiMj0psh2wMnwyvIJcV2S7NfCQY=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi2oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VWHHzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7evHq5a3duqpTo4BWfgAtjgBnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX792DZ4Y</latexit>

⌅8

<latexit sha1_base64="JVtHUc+iyfLJJCdvm2dmx+4HiEQ=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQiPsBFwY3LCvYBTQiTyaQdOpOEmYkQQj7DtVv9Bnfi1g/wE/wLp2kW1vbAwOGce+5ljp8wKpVlfRu1tfWNza36dmNnd2//wDw86ss4FZj0cMxiMfSRJIxGpKeoYmSYCIK4z8jAn97N/METEZLG0aPKEuJyNI5oSDFSWvLMZu6US3JBggI6Q+rdFJ7ZstpWCbhM7Iq0QIWuZ/44QYxTTiKFGZJyZFuJcnMkFMWMFA0nlSRBeIrGZKRphDiRbl7eLeCpVgIYxkK/SMFS/ZvIEZcy476e5EhN5ILn85WyjszEVd4oVeG1m9MoSRWJ8Px+mDKoYjgrCAZUEKxYpgnCguovQDxBAmGla2zobuz/TSyT/nnbvmxfPFy0OrdVS3VwDE7AGbDBFeiAe9AFPYBBBl7AK3gzno1348P4nI/WjCrTBAswvn4Bd6meGQ==</latexit>

⌅9

https://en.wikipedia.org/wiki/Partition_of_a_set
https://en.wikipedia.org/wiki/Plane_(geometry)
https://en.wikipedia.org/wiki/Region_(mathematics)


Iterative Partitioning: Voronoi Partitioning 

A Voronoi diagram is a partition of a plane into regions 
close to each of a given set of seeds. For each seed there is 
a corresponding region, called a Voronoi cell, consisting of 
all points of the plane closer to that seed than to any other.

Georgy Feodosevich Voronoy

We can partition the uncertainty set into a Voronoi diagram:

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3
<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

<latexit sha1_base64="ohwRTgEmSBataiD3C/Gk0eIhNbA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1YWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXb7rSvHq5a3duqpTo4BWfgAtjgGnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX79y1Z4W</latexit>

⌅6
<latexit sha1_base64="hDIetKsL5fvVqRZaORBnce8REP0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvm5fPVy1urdVS3VwCs7ABbBBB3TBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX790cZ4X</latexit>

⌅7

<latexit sha1_base64="OiMj0psh2wMnwyvIJcV2S7NfCQY=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi2oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VWHHzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7evHq5a3duqpTo4BWfgAtjgBnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX792DZ4Y</latexit>

⌅8

<latexit sha1_base64="JVtHUc+iyfLJJCdvm2dmx+4HiEQ=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQiPsBFwY3LCvYBTQiTyaQdOpOEmYkQQj7DtVv9Bnfi1g/wE/wLp2kW1vbAwOGce+5ljp8wKpVlfRu1tfWNza36dmNnd2//wDw86ss4FZj0cMxiMfSRJIxGpKeoYmSYCIK4z8jAn97N/METEZLG0aPKEuJyNI5oSDFSWvLMZu6US3JBggI6Q+rdFJ7ZstpWCbhM7Iq0QIWuZ/44QYxTTiKFGZJyZFuJcnMkFMWMFA0nlSRBeIrGZKRphDiRbl7eLeCpVgIYxkK/SMFS/ZvIEZcy476e5EhN5ILn85WyjszEVd4oVeG1m9MoSRWJ8Px+mDKoYjgrCAZUEKxYpgnCguovQDxBAmGla2zobuz/TSyT/nnbvmxfPFy0OrdVS3VwDE7AGbDBFeiAe9AFPYBBBl7AK3gzno1348P4nI/WjCrTBAswvn4Bd6meGQ==</latexit>

⌅9

new active scenario 
after re-optimization

https://en.wikipedia.org/wiki/Partition_of_a_set
https://en.wikipedia.org/wiki/Plane_(geometry)
https://en.wikipedia.org/wiki/Region_(mathematics)


Iterative Partitioning: Voronoi Partitioning 

A Voronoi diagram is a partition of a plane into regions 
close to each of a given set of seeds. For each seed there is 
a corresponding region, called a Voronoi cell, consisting of 
all points of the plane closer to that seed than to any other.

Georgy Feodosevich Voronoy

We can partition the uncertainty set into a Voronoi diagram:

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3
<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

<latexit sha1_base64="ohwRTgEmSBataiD3C/Gk0eIhNbA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1YWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXb7rSvHq5a3duqpTo4BWfgAtjgGnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX79y1Z4W</latexit>

⌅6
<latexit sha1_base64="hDIetKsL5fvVqRZaORBnce8REP0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvm5fPVy1urdVS3VwCs7ABbBBB3TBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX790cZ4X</latexit>

⌅7

<latexit sha1_base64="OiMj0psh2wMnwyvIJcV2S7NfCQY=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi2oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VWHHzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7evHq5a3duqpTo4BWfgAtjgBnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX792DZ4Y</latexit>

⌅8

<latexit sha1_base64="JVtHUc+iyfLJJCdvm2dmx+4HiEQ=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQiPsBFwY3LCvYBTQiTyaQdOpOEmYkQQj7DtVv9Bnfi1g/wE/wLp2kW1vbAwOGce+5ljp8wKpVlfRu1tfWNza36dmNnd2//wDw86ss4FZj0cMxiMfSRJIxGpKeoYmSYCIK4z8jAn97N/METEZLG0aPKEuJyNI5oSDFSWvLMZu6US3JBggI6Q+rdFJ7ZstpWCbhM7Iq0QIWuZ/44QYxTTiKFGZJyZFuJcnMkFMWMFA0nlSRBeIrGZKRphDiRbl7eLeCpVgIYxkK/SMFS/ZvIEZcy476e5EhN5ILn85WyjszEVd4oVeG1m9MoSRWJ8Px+mDKoYjgrCAZUEKxYpgnCguovQDxBAmGla2zobuz/TSyT/nnbvmxfPFy0OrdVS3VwDE7AGbDBFeiAe9AFPYBBBl7AK3gzno1348P4nI/WjCrTBAswvn4Bd6meGQ==</latexit>

⌅9

https://en.wikipedia.org/wiki/Partition_of_a_set
https://en.wikipedia.org/wiki/Plane_(geometry)
https://en.wikipedia.org/wiki/Region_(mathematics)


Iterative Partitioning: Voronoi Partitioning 

A Voronoi diagram is a partition of a plane into regions 
close to each of a given set of seeds. For each seed there is 
a corresponding region, called a Voronoi cell, consisting of 
all points of the plane closer to that seed than to any other.

Georgy Feodosevich Voronoy

We can partition the uncertainty set into a Voronoi diagram:

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3
<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

<latexit sha1_base64="ohwRTgEmSBataiD3C/Gk0eIhNbA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1YWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXb7rSvHq5a3duqpTo4BWfgAtjgGnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX79y1Z4W</latexit>

⌅6
<latexit sha1_base64="hDIetKsL5fvVqRZaORBnce8REP0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvm5fPVy1urdVS3VwCs7ABbBBB3TBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX790cZ4X</latexit>

⌅7

<latexit sha1_base64="OiMj0psh2wMnwyvIJcV2S7NfCQY=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi2oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VWHHzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7evHq5a3duqpTo4BWfgAtjgBnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX792DZ4Y</latexit>

⌅8

<latexit sha1_base64="JVtHUc+iyfLJJCdvm2dmx+4HiEQ=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQiPsBFwY3LCvYBTQiTyaQdOpOEmYkQQj7DtVv9Bnfi1g/wE/wLp2kW1vbAwOGce+5ljp8wKpVlfRu1tfWNza36dmNnd2//wDw86ss4FZj0cMxiMfSRJIxGpKeoYmSYCIK4z8jAn97N/METEZLG0aPKEuJyNI5oSDFSWvLMZu6US3JBggI6Q+rdFJ7ZstpWCbhM7Iq0QIWuZ/44QYxTTiKFGZJyZFuJcnMkFMWMFA0nlSRBeIrGZKRphDiRbl7eLeCpVgIYxkK/SMFS/ZvIEZcy476e5EhN5ILn85WyjszEVd4oVeG1m9MoSRWJ8Px+mDKoYjgrCAZUEKxYpgnCguovQDxBAmGla2zobuz/TSyT/nnbvmxfPFy0OrdVS3VwDE7AGbDBFeiAe9AFPYBBBl7AK3gzno1348P4nI/WjCrTBAswvn4Bd6meGQ==</latexit>

⌅9

<latexit sha1_base64="NfzKT1j+x/FYgbDP/ThzcQq4UR8="></latexit>

⌅i =
n
⇠ 2 ⌅ :

���⇠ � ⇠̂i
��� 

���⇠ � ⇠̂j
��� 8j 6= i

o

Definition of 
Voronoi uncertainty sets:

https://en.wikipedia.org/wiki/Partition_of_a_set
https://en.wikipedia.org/wiki/Plane_(geometry)
https://en.wikipedia.org/wiki/Region_(mathematics)


Iterative Partitioning: Comparison

Splitting Heuristics Voronoi Partitioning



Iterative Partitioning: Comparison

Splitting Heuristics Voronoi Partitioning

Convenience

need to specify 
splits manually

splits determined 
by Voronoi



Iterative Partitioning: Comparison

Splitting Heuristics Voronoi Partitioning

Convenience

Tractability

need to specify 
splits manually

splits determined 
by Voronoi

new scenarios only 
have local impact

new scenarios 
have global impact



Part 2 Continuous Recourse Decisions

Agenda

Two-Stage Models

Decision Rules 
Lower Bounds 
Benders’ Decomposition 
Column-and-Constraint Generation 
Iterative Partitioning 
Fourier-Motzkin Elimination

Zhen, den Hertog and Sim. Adjustable Robust Optimization via Fourier–Motzkin Elimination. OR, 2018.



Fourier-Motzkin Elimination

Recall the decision rule formulation of the two-stage RO problem:

Jean-Baptiste Joseph Fourier 
École Normale Supérieure, École Polytechnique 

(1768-1830)

Theodore Motzkin 
University of Basel, UCLA


(1908-1970)

<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y



Fourier-Motzkin Elimination

Recall the decision rule formulation of the two-stage RO problem:

Pick a second-stage decision          and rewrite the constraints as:
<latexit sha1_base64="GvHy/TbxP68edtS0DtO+O2fjefY="></latexit>

yk(⇠) �
1

Wik
·
⇥
hi(⇠)� Ti(⇠)

>x�W�k
i

>y�k(⇠)
⇤

8⇠ 2 ⌅, 8i : Wik > 0
<latexit sha1_base64="NzRk22pxXyNhOr2mdEfwPIDhVhY="></latexit>

yk(⇠) 
1

|Wik|
·
⇥
Ti(⇠)

>x+W�k
i

>y�k(⇠)� hi(⇠)
⇤

8⇠ 2 ⌅, 8i : Wik < 0

<latexit sha1_base64="pwpB2bC64yOi/WeFDD4DNNIPnFg="></latexit>

Ti(⇠)
>x+W�k

i
>y�k(⇠) � hi(⇠) 8⇠ 2 ⌅, 8i : Wik = 0

<latexit sha1_base64="pwpB2bC64yOi/WeFDD4DNNIPnFg="></latexit>

Ti(⇠)
>x+W�k

i
>y�k(⇠) � hi(⇠) 8⇠ 2 ⌅, 8i : Wik = 0

<latexit sha1_base64="zCjG6KUYicjRqUmMSJAwcXIO4P8=">AAACLHicbZDLSsNAGIUnXmu9VV26GSxCBSmJFHXhouDGZQV7gSaEyfRvO3QmCTMTsYS8hA/i2q0+gxsRt4Jv4fQiaNsDA4fvvzEniDlT2rbfraXlldW19dxGfnNre2e3sLffUFEiKdRpxCPZCogCzkKoa6Y5tGIJRAQcmsHgelRv3oNULArv9DAGT5BeyLqMEm2QXzhN3fGSNOAJZHjoDzJc+mUSOhl2A5G6DyzLTrBfKNpleyw8b5ypKaKpan7h2+1ENBEQasqJUm3HjrWXEqkZ5ZDl3URBTOiA9KBtbEgEKC8dH8/wsSEd3I2keaHGY/p3IiVCqaEITKcguq9mayO4sBaIRbid6O6ll7IwTjSEdHK/m3CsIzxKDneYBKr50BhCJTNfwLRPJKHa5Js32TizScybxlnZOS9XbivF6tU0pRw6REeohBx0garoBtVQHVH0iJ7RC3q1nqw368P6nLQuWdOZA/RP1tcP6MuoxQ==</latexit>

yk(⇠)

2

1

3

<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="rvgQ76MTP0R2OeuEHfk800unp84=">AAACFHicbZC7TsMwGIWdcivlFi4bi0WFxEKVoAoYGCqxMBaJXqQmrRzXaa3aTmQ7SCXKazCzwjOwIVZ2HoG3wG0zQNsjWfp0zv/L9gliRpV2nG+rsLK6tr5R3Cxtbe/s7tn7B00VJRKTBo5YJNsBUoRRQRqaakbasSSIB4y0gtHtJG89EqloJB70OCY+RwNBQ4qRNlbPPvICnrayHu2m56MszbqejuKeXXYqzlRwEdwcyiBXvWf/eP0IJ5wIjRlSquM6sfZTJDXFjGQlL1EkRniEBqRjUCBOlJ9OX5/BU+P0YRhJc4SGU/fvRoq4UmMemEmO9FDNZxNzaRbwZXYn0eG1n1IRJ5oIPLs/TBjUEZw0BPtUEqzZ2ADCkpovQDxEEmFteiyZbtz5JhaheVFxLyvV+2q5dpO3VATH4AScARdcgRq4A3XQABg8gRfwCt6sZ+vd+rA+Z6MFK985BP9kff0C00Ce3Q==</latexit>

W�k
i

>: i-th row of recourse matrix w/o k-th column



Fourier-Motzkin Elimination

Recall the decision rule formulation of the two-stage RO problem:

Pick a second-stage decision          and rewrite the constraints as:
<latexit sha1_base64="GvHy/TbxP68edtS0DtO+O2fjefY="></latexit>

yk(⇠) �
1

Wik
·
⇥
hi(⇠)� Ti(⇠)

>x�W�k
i

>y�k(⇠)
⇤

8⇠ 2 ⌅, 8i : Wik > 0
<latexit sha1_base64="NzRk22pxXyNhOr2mdEfwPIDhVhY="></latexit>

yk(⇠) 
1

|Wik|
·
⇥
Ti(⇠)

>x+W�k
i

>y�k(⇠)� hi(⇠)
⇤

8⇠ 2 ⌅, 8i : Wik < 0

<latexit sha1_base64="pwpB2bC64yOi/WeFDD4DNNIPnFg="></latexit>

Ti(⇠)
>x+W�k

i
>y�k(⇠) � hi(⇠) 8⇠ 2 ⌅, 8i : Wik = 0

<latexit sha1_base64="pwpB2bC64yOi/WeFDD4DNNIPnFg="></latexit>

Ti(⇠)
>x+W�k

i
>y�k(⇠) � hi(⇠) 8⇠ 2 ⌅, 8i : Wik = 0

<latexit sha1_base64="zCjG6KUYicjRqUmMSJAwcXIO4P8=">AAACLHicbZDLSsNAGIUnXmu9VV26GSxCBSmJFHXhouDGZQV7gSaEyfRvO3QmCTMTsYS8hA/i2q0+gxsRt4Jv4fQiaNsDA4fvvzEniDlT2rbfraXlldW19dxGfnNre2e3sLffUFEiKdRpxCPZCogCzkKoa6Y5tGIJRAQcmsHgelRv3oNULArv9DAGT5BeyLqMEm2QXzhN3fGSNOAJZHjoDzJc+mUSOhl2A5G6DyzLTrBfKNpleyw8b5ypKaKpan7h2+1ENBEQasqJUm3HjrWXEqkZ5ZDl3URBTOiA9KBtbEgEKC8dH8/wsSEd3I2keaHGY/p3IiVCqaEITKcguq9mayO4sBaIRbid6O6ll7IwTjSEdHK/m3CsIzxKDneYBKr50BhCJTNfwLRPJKHa5Js32TizScybxlnZOS9XbivF6tU0pRw6REeohBx0garoBtVQHVH0iJ7RC3q1nqw368P6nLQuWdOZA/RP1tcP6MuoxQ==</latexit>

yk(⇠)

2

1

3

Eliminate          by bounding all combinations of       and       :
<latexit sha1_base64="zCjG6KUYicjRqUmMSJAwcXIO4P8=">AAACLHicbZDLSsNAGIUnXmu9VV26GSxCBSmJFHXhouDGZQV7gSaEyfRvO3QmCTMTsYS8hA/i2q0+gxsRt4Jv4fQiaNsDA4fvvzEniDlT2rbfraXlldW19dxGfnNre2e3sLffUFEiKdRpxCPZCogCzkKoa6Y5tGIJRAQcmsHgelRv3oNULArv9DAGT5BeyLqMEm2QXzhN3fGSNOAJZHjoDzJc+mUSOhl2A5G6DyzLTrBfKNpleyw8b5ypKaKpan7h2+1ENBEQasqJUm3HjrWXEqkZ5ZDl3URBTOiA9KBtbEgEKC8dH8/wsSEd3I2keaHGY/p3IiVCqaEITKcguq9mayO4sBaIRbid6O6ll7IwTjSEdHK/m3CsIzxKDneYBKr50BhCJTNfwLRPJKHa5Js32TizScybxlnZOS9XbivF6tU0pRw6REeohBx0garoBtVQHVH0iJ7RC3q1nqw368P6nLQuWdOZA/RP1tcP6MuoxQ==</latexit>

yk(⇠) 1 2
<latexit sha1_base64="3f9k0d2h38TtIFOLl6XxyYrGa/o="></latexit>

1

Wik
·
⇥
hi(⇠)� Ti(⇠)

>x�W�k
i

>y�k(⇠)
⇤

<latexit sha1_base64="dz+JVP7evTDsIfrNhsioh9nvG3s="></latexit>

8⇠ 2 ⌅, 8i : Wik > 0, 8j : Wjk < 0
<latexit sha1_base64="dz+JVP7evTDsIfrNhsioh9nvG3s="></latexit>

8⇠ 2 ⌅, 8i : Wik > 0, 8j : Wjk < 0

�

<latexit sha1_base64="pq3UclnaREvj09qJG7yTDOpCYaQ="></latexit>

minimize
x,y

c>x

subject to T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y

<latexit sha1_base64="Y33EgU6FH+ycSzRC98Shi+ynKoY="></latexit>

 1

|Wjk|
·
⇥
Tj(⇠)

>x+W�k
j

>y�k(⇠)� hj(⇠)
⇤



Fourier-Motzkin Elimination

method can be combined with other 
approximations, such as linear decision rules
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various practical improvements available, 
such as dropping of redundant constraints



Fourier-Motzkin Elimination

method can be combined with other 
approximations, such as linear decision rules

various practical improvements available, 
such as dropping of redundant constraints

worst-case complexity is high: 
if we eliminate N second-stage decision

variables from M constraints

<latexit sha1_base64="pdZMHa2rpR4vVEU5DvDylcj1nfQ=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1iEuilJKerCRcGNG7WCfUCblsl00g6dScLMRCgh3+HarX6DO3Hr2k/wL5y0WWjbAxcO59zLvfe4IaNSWda3kVtZXVvfyG8WtrZ3dvfM/YOmDCKBSQMHLBBtF0nCqE8aiipG2qEgiLuMtNzxdeq3noiQNPAf1SQkDkdDn3oUI6WlvnnU5UiNMGLxfQJLt7240rtLzvpm0SpbU8BFYmekCDLU++ZPdxDgiBNfYYak7NhWqJwYCUUxI0mhG0kSIjxGQ9LR1EecSCeenp/AU60MoBcIXb6CU/XvRIy4lBPu6s70WDnvpeJSz+XL5E6kvEsnpn4YKeLj2X4vYlAFMI0IDqggWLGJJggLql+AeIQEwkoHWdDZ2PNJLJJmpWyfl6sP1WLtKkspD47BCSgBG1yAGrgBddAAGMTgBbyCN+PZeDc+jM9Za87IZg7BPxhfv7zWniE=</latexit>

O(M2N )



Part 3 Continuous Recourse Decisions

Agenda

Multi-Stage Models

Time (In-)Consistency 
Decision Rules 
Iterative Partitioning 
Nested Benders’ Decomposition 
Robust Dual Dynamic Programming

Delage and Iancu. Robust Multistage Decision Making. INFORMS Tutorials in OR, 2015.



Time (In-)Consistency

At no point in future does the decision maker prefer to deviate from 
any of the decisions suggested by the robust optimization model


that is solved today.

Time Consistency (Informal Definition)



Time (In-)Consistency

At no point in future does the decision maker prefer to deviate from 
any of the decisions suggested by the robust optimization model


that is solved today.

Time Consistency (Informal Definition)

RO problems suffer from two types of time inconsistency:

1 Suboptimal decisions in non-worst-case scenarios          :
<latexit sha1_base64="QxIo096+xmiozcqn1F+4n3Kt8S4=">AAACHHicbZC7TsMwFIadcivlFmCEwaJCYqoSVAEDQyUWxiLRi9REleM4rVXbiWwHUUVdeBBmVngGNsSKxCPwFrhpBmh7JEuf/v+cY/sPEkaVdpxvq7Syura+Ud6sbG3v7O7Z+wdtFacSkxaOWSy7AVKEUUFammpGuokkiAeMdILRzdTvPBCpaCzu9TghPkcDQSOKkTZS3z728h2ZJOEEegHPvEdqgArodWnfrjo1Jy+4CG4BVVBUs2//eGGMU06Exgwp1XOdRPsZkppiRiYVL1UkQXiEBqRnUCBOlJ/lL5jAU6OEMIqlOULDXP07kSGu1JgHppMjPVTz3lRc6gV8mdxLdXTlZ1QkqSYCz+6PUgZ1DKdJwZBKgjUbG0BYUvMFiIdIIqxNnhWTjTufxCK0z2vuRa1+V682rouUyuAInIAz4IJL0AC3oAlaAIMn8AJewZv1bL1bH9bnrLVkFTOH4F9ZX79Z5KG2</latexit>

⇠ 2 ⌅

<latexit sha1_base64="UdAP8PRY1aW6cSbPbDl8j3paYV0=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQGdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXGvnfs=</latexit>

y = 0

<latexit sha1_base64="LudFCV7ZAxlToNn6+EWYKWb/VjM=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQHdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXNKnfw=</latexit>

y = 1

<latexit sha1_base64="JEUbfKTyGmDvwc8HDXE37tXsV6w=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1gEVyWRUt0IBTcuK9gHNKFMJpN26MwkzEzEEvodrt3qN7gTt679BP/CaZqFtj1w4XDOfXBPkDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5AijArS1lQz0kskQTxgpBuMb2d+95FIRWPxoCcJ8TkaChpRjLSRBvZJ5uVLMknCKfSe6BTeQHdgV52akwMuE7cgVVCgNbB/vDDGKSdCY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3VCBOlJ/ll6fw3CghjGJpSmiYq38nMsSVmvDAdHKkR2rRm4krvYCvkvupjq79jIok1UTg+f0oZVDHcBYRDKkkWLOJIQhLal6AeIQkwtoEWTHZuItJLJPOZc1t1Or39WqzUaRUBqfgDFwAF1yBJrgDLdAGGGTgBbyCN+vZerc+rM95a8kqZo7BP1hfvyvZnl0=</latexit>

⇠ = 1

<latexit sha1_base64="ePs+WMwBoiP4AfTWuPk/mMW8gMU=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1gEVyWRUt0IBTcuK9gHNKFMJpN26MwkzEzEEvodrt3qN7gTt679BP/CaZqFtj1w4XDOfXBPkDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5AijArS1lQz0kskQTxgpBuMb2d+95FIRWPxoCcJ8TkaChpRjLSRBvZJ5uVLMknCKfSe6BTeQGdgV52akwMuE7cgVVCgNbB/vDDGKSdCY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3VCBOlJ/ll6fw3CghjGJpSmiYq38nMsSVmvDAdHKkR2rRm4krvYCvkvupjq79jIok1UTg+f0oZVDHcBYRDKkkWLOJIQhLal6AeIQkwtoEWTHZuItJLJPOZc1t1Or39WqzUaRUBqfgDFwAF1yBJrgDLdAGGGTgBbyCN+vZerc+rM95a8kqZo7BP1hfvyo+nlw=</latexit>

⇠ = 0

<latexit sha1_base64="UdAP8PRY1aW6cSbPbDl8j3paYV0=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQGdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXGvnfs=</latexit>

y = 0

<latexit sha1_base64="LudFCV7ZAxlToNn6+EWYKWb/VjM=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQHdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXNKnfw=</latexit>

y = 1



Time (In-)Consistency

At no point in future does the decision maker prefer to deviate from 
any of the decisions suggested by the robust optimization model


that is solved today.

Time Consistency (Informal Definition)

RO problems suffer from two types of time inconsistency:

1 Suboptimal decisions in non-worst-case scenarios          :
<latexit sha1_base64="QxIo096+xmiozcqn1F+4n3Kt8S4=">AAACHHicbZC7TsMwFIadcivlFmCEwaJCYqoSVAEDQyUWxiLRi9REleM4rVXbiWwHUUVdeBBmVngGNsSKxCPwFrhpBmh7JEuf/v+cY/sPEkaVdpxvq7Syura+Ud6sbG3v7O7Z+wdtFacSkxaOWSy7AVKEUUFammpGuokkiAeMdILRzdTvPBCpaCzu9TghPkcDQSOKkTZS3z728h2ZJOEEegHPvEdqgArodWnfrjo1Jy+4CG4BVVBUs2//eGGMU06Exgwp1XOdRPsZkppiRiYVL1UkQXiEBqRnUCBOlJ/lL5jAU6OEMIqlOULDXP07kSGu1JgHppMjPVTz3lRc6gV8mdxLdXTlZ1QkqSYCz+6PUgZ1DKdJwZBKgjUbG0BYUvMFiIdIIqxNnhWTjTufxCK0z2vuRa1+V682rouUyuAInIAz4IJL0AC3oAlaAIMn8AJewZv1bL1bH9bnrLVkFTOH4F9ZX79Z5KG2</latexit>

⇠ 2 ⌅

<latexit sha1_base64="UdAP8PRY1aW6cSbPbDl8j3paYV0=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQGdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXGvnfs=</latexit>

y = 0

<latexit sha1_base64="LudFCV7ZAxlToNn6+EWYKWb/VjM=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQHdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXNKnfw=</latexit>

y = 1

<latexit sha1_base64="JEUbfKTyGmDvwc8HDXE37tXsV6w=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1gEVyWRUt0IBTcuK9gHNKFMJpN26MwkzEzEEvodrt3qN7gTt679BP/CaZqFtj1w4XDOfXBPkDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5AijArS1lQz0kskQTxgpBuMb2d+95FIRWPxoCcJ8TkaChpRjLSRBvZJ5uVLMknCKfSe6BTeQHdgV52akwMuE7cgVVCgNbB/vDDGKSdCY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3VCBOlJ/ll6fw3CghjGJpSmiYq38nMsSVmvDAdHKkR2rRm4krvYCvkvupjq79jIok1UTg+f0oZVDHcBYRDKkkWLOJIQhLal6AeIQkwtoEWTHZuItJLJPOZc1t1Or39WqzUaRUBqfgDFwAF1yBJrgDLdAGGGTgBbyCN+vZerc+rM95a8kqZo7BP1hfvyvZnl0=</latexit>

⇠ = 1

<latexit sha1_base64="ePs+WMwBoiP4AfTWuPk/mMW8gMU=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1gEVyWRUt0IBTcuK9gHNKFMJpN26MwkzEzEEvodrt3qN7gTt679BP/CaZqFtj1w4XDOfXBPkDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5AijArS1lQz0kskQTxgpBuMb2d+95FIRWPxoCcJ8TkaChpRjLSRBvZJ5uVLMknCKfSe6BTeQGdgV52akwMuE7cgVVCgNbB/vDDGKSdCY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3VCBOlJ/ll6fw3CghjGJpSmiYq38nMsSVmvDAdHKkR2rRm4krvYCvkvupjq79jIok1UTg+f0oZVDHcBYRDKkkWLOJIQhLal6AeIQkwtoEWTHZuItJLJPOZc1t1Or39WqzUaRUBqfgDFwAF1yBJrgDLdAGGGTgBbyCN+vZerc+rM95a8kqZo7BP1hfvyo+nlw=</latexit>

⇠ = 0

<latexit sha1_base64="UdAP8PRY1aW6cSbPbDl8j3paYV0=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQGdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXGvnfs=</latexit>

y = 0

<latexit sha1_base64="LudFCV7ZAxlToNn6+EWYKWb/VjM=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQHdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXNKnfw=</latexit>

y = 1



Time (In-)Consistency

At no point in future does the decision maker prefer to deviate from 
any of the decisions suggested by the robust optimization model


that is solved today.

Time Consistency (Informal Definition)

RO problems suffer from two types of time inconsistency:

1 Suboptimal decisions in non-worst-case scenarios          :
<latexit sha1_base64="QxIo096+xmiozcqn1F+4n3Kt8S4=">AAACHHicbZC7TsMwFIadcivlFmCEwaJCYqoSVAEDQyUWxiLRi9REleM4rVXbiWwHUUVdeBBmVngGNsSKxCPwFrhpBmh7JEuf/v+cY/sPEkaVdpxvq7Syura+Ud6sbG3v7O7Z+wdtFacSkxaOWSy7AVKEUUFammpGuokkiAeMdILRzdTvPBCpaCzu9TghPkcDQSOKkTZS3z728h2ZJOEEegHPvEdqgArodWnfrjo1Jy+4CG4BVVBUs2//eGGMU06Exgwp1XOdRPsZkppiRiYVL1UkQXiEBqRnUCBOlJ/lL5jAU6OEMIqlOULDXP07kSGu1JgHppMjPVTz3lRc6gV8mdxLdXTlZ1QkqSYCz+6PUgZ1DKdJwZBKgjUbG0BYUvMFiIdIIqxNnhWTjTufxCK0z2vuRa1+V682rouUyuAInIAz4IJL0AC3oAlaAIMn8AJewZv1bL1bH9bnrLVkFTOH4F9ZX79Z5KG2</latexit>

⇠ 2 ⌅

<latexit sha1_base64="UdAP8PRY1aW6cSbPbDl8j3paYV0=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQGdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXGvnfs=</latexit>

y = 0

<latexit sha1_base64="LudFCV7ZAxlToNn6+EWYKWb/VjM=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQHdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXNKnfw=</latexit>

y = 1

<latexit sha1_base64="JEUbfKTyGmDvwc8HDXE37tXsV6w=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1gEVyWRUt0IBTcuK9gHNKFMJpN26MwkzEzEEvodrt3qN7gTt679BP/CaZqFtj1w4XDOfXBPkDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5AijArS1lQz0kskQTxgpBuMb2d+95FIRWPxoCcJ8TkaChpRjLSRBvZJ5uVLMknCKfSe6BTeQHdgV52akwMuE7cgVVCgNbB/vDDGKSdCY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3VCBOlJ/ll6fw3CghjGJpSmiYq38nMsSVmvDAdHKkR2rRm4krvYCvkvupjq79jIok1UTg+f0oZVDHcBYRDKkkWLOJIQhLal6AeIQkwtoEWTHZuItJLJPOZc1t1Or39WqzUaRUBqfgDFwAF1yBJrgDLdAGGGTgBbyCN+vZerc+rM95a8kqZo7BP1hfvyvZnl0=</latexit>

⇠ = 1

<latexit sha1_base64="ePs+WMwBoiP4AfTWuPk/mMW8gMU=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1gEVyWRUt0IBTcuK9gHNKFMJpN26MwkzEzEEvodrt3qN7gTt679BP/CaZqFtj1w4XDOfXBPkDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5AijArS1lQz0kskQTxgpBuMb2d+95FIRWPxoCcJ8TkaChpRjLSRBvZJ5uVLMknCKfSe6BTeQGdgV52akwMuE7cgVVCgNbB/vDDGKSdCY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3VCBOlJ/ll6fw3CghjGJpSmiYq38nMsSVmvDAdHKkR2rRm4krvYCvkvupjq79jIok1UTg+f0oZVDHcBYRDKkkWLOJIQhLal6AeIQkwtoEWTHZuItJLJPOZc1t1Or39WqzUaRUBqfgDFwAF1yBJrgDLdAGGGTgBbyCN+vZerc+rM95a8kqZo7BP1hfvyo+nlw=</latexit>

⇠ = 0

<latexit sha1_base64="UdAP8PRY1aW6cSbPbDl8j3paYV0=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQGdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXGvnfs=</latexit>

y = 0

<latexit sha1_base64="LudFCV7ZAxlToNn6+EWYKWb/VjM=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQHdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXNKnfw=</latexit>

y = 1

(a) worst-case optimal strategy: always choose
<latexit sha1_base64="AOX43HEvLa8WraPTPKqRYqQElZ4=">AAACFHicbVDLSgMxFM3UV62v8bFzEyyCqzIjRV0oFNy4rGAf0A4lk2ba0CQzJBlhHOY3XLvVb3Anbt37Cf6F6XQW1vZA4HDOPfeS40eMKu0431ZpZXVtfaO8Wdna3tnds/cP2iqMJSYtHLJQdn2kCKOCtDTVjHQjSRD3Gen4k9up33kkUtFQPOgkIh5HI0EDipE20sA+Svv5ktRnMclgksEb6A7sqlNzcsBF4hakCgo0B/ZPfxjimBOhMUNK9Vwn0l6KpKaYkazSjxWJEJ6gEekZKhAnykvzwxk8NcoQBqE0T2iYq38TKeJKJdw3kxzpsZrzfL5UNpGpuMzrxTq48lIqolgTgWf3g5hBHcJpQ3BIJcGaJYYgLKn5AsRjJBHWpseK6cb938QiaZ/X3Ita/b5ebVwXLZXBMTgBZ8AFl6AB7kATtAAGT+AFvII369l6tz6sz9loySoyh2AO1tcvb9yeAg==</latexit>

y = 1



Time (In-)Consistency

At no point in future does the decision maker prefer to deviate from 
any of the decisions suggested by the robust optimization model


that is solved today.

Time Consistency (Informal Definition)

RO problems suffer from two types of time inconsistency:

1 Suboptimal decisions in non-worst-case scenarios          :
<latexit sha1_base64="QxIo096+xmiozcqn1F+4n3Kt8S4=">AAACHHicbZC7TsMwFIadcivlFmCEwaJCYqoSVAEDQyUWxiLRi9REleM4rVXbiWwHUUVdeBBmVngGNsSKxCPwFrhpBmh7JEuf/v+cY/sPEkaVdpxvq7Syura+Ud6sbG3v7O7Z+wdtFacSkxaOWSy7AVKEUUFammpGuokkiAeMdILRzdTvPBCpaCzu9TghPkcDQSOKkTZS3z728h2ZJOEEegHPvEdqgArodWnfrjo1Jy+4CG4BVVBUs2//eGGMU06Exgwp1XOdRPsZkppiRiYVL1UkQXiEBqRnUCBOlJ/lL5jAU6OEMIqlOULDXP07kSGu1JgHppMjPVTz3lRc6gV8mdxLdXTlZ1QkqSYCz+6PUgZ1DKdJwZBKgjUbG0BYUvMFiIdIIqxNnhWTjTufxCK0z2vuRa1+V682rouUyuAInIAz4IJL0AC3oAlaAIMn8AJewZv1bL1bH9bnrLVkFTOH4F9ZX79Z5KG2</latexit>

⇠ 2 ⌅

<latexit sha1_base64="UdAP8PRY1aW6cSbPbDl8j3paYV0=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQGdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXGvnfs=</latexit>

y = 0

<latexit sha1_base64="LudFCV7ZAxlToNn6+EWYKWb/VjM=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQHdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXNKnfw=</latexit>

y = 1

<latexit sha1_base64="JEUbfKTyGmDvwc8HDXE37tXsV6w=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1gEVyWRUt0IBTcuK9gHNKFMJpN26MwkzEzEEvodrt3qN7gTt679BP/CaZqFtj1w4XDOfXBPkDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5AijArS1lQz0kskQTxgpBuMb2d+95FIRWPxoCcJ8TkaChpRjLSRBvZJ5uVLMknCKfSe6BTeQHdgV52akwMuE7cgVVCgNbB/vDDGKSdCY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3VCBOlJ/ll6fw3CghjGJpSmiYq38nMsSVmvDAdHKkR2rRm4krvYCvkvupjq79jIok1UTg+f0oZVDHcBYRDKkkWLOJIQhLal6AeIQkwtoEWTHZuItJLJPOZc1t1Or39WqzUaRUBqfgDFwAF1yBJrgDLdAGGGTgBbyCN+vZerc+rM95a8kqZo7BP1hfvyvZnl0=</latexit>

⇠ = 1

<latexit sha1_base64="ePs+WMwBoiP4AfTWuPk/mMW8gMU=">AAACFXicbVDLSsNAFJ3UV62vqLhyM1gEVyWRUt0IBTcuK9gHNKFMJpN26MwkzEzEEvodrt3qN7gTt679BP/CaZqFtj1w4XDOfXBPkDCqtON8W6W19Y3NrfJ2ZWd3b//APjzqqDiVmLRxzGLZC5AijArS1lQz0kskQTxgpBuMb2d+95FIRWPxoCcJ8TkaChpRjLSRBvZJ5uVLMknCKfSe6BTeQGdgV52akwMuE7cgVVCgNbB/vDDGKSdCY4aU6rtOov0MSU0xI9OKlyqSIDxGQ9I3VCBOlJ/ll6fw3CghjGJpSmiYq38nMsSVmvDAdHKkR2rRm4krvYCvkvupjq79jIok1UTg+f0oZVDHcBYRDKkkWLOJIQhLal6AeIQkwtoEWTHZuItJLJPOZc1t1Or39WqzUaRUBqfgDFwAF1yBJrgDLdAGGGTgBbyCN+vZerc+rM95a8kqZo7BP1hfvyo+nlw=</latexit>

⇠ = 0

<latexit sha1_base64="UdAP8PRY1aW6cSbPbDl8j3paYV0=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQGdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXGvnfs=</latexit>

y = 0

<latexit sha1_base64="LudFCV7ZAxlToNn6+EWYKWb/VjM=">AAACFHicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIqW6EghuXFewD2lAm00k7dGYSZiZCDPkN1271G9yJW/d+gn/hNM1C2x64cDjnPrjHjxhV2nG+rdLa+sbmVnm7srO7t39gHx51VBhLTNo4ZKHs+UgRRgVpa6oZ6UWSIO4z0vWntzO/+0ikoqF40ElEPI7GggYUI22koX2SDvIlqc9iksEkgzfQHdpVp+bkgMvELUgVFGgN7Z/BKMQxJ0JjhpTqu06kvRRJTTEjWWUQKxIhPEVj0jdUIE6Ul+aHM3hulBEMQmlKaJirfydSxJVKuG86OdITtejNxJWez1fJ/VgH115KRRRrIvD8fhAzqEM4SwiOqCRYs8QQhCU1L0A8QRJhbXKsmGzcxSSWSeey5jZq9ft6tdkoUiqDU3AGLoALrkAT3IEWaAMMnsALeAVv1rP1bn1Yn/PWklXMHIN/sL5+AXNKnfw=</latexit>

y = 1

(a) worst-case optimal strategy: always choose
<latexit sha1_base64="AOX43HEvLa8WraPTPKqRYqQElZ4=">AAACFHicbVDLSgMxFM3UV62v8bFzEyyCqzIjRV0oFNy4rGAf0A4lk2ba0CQzJBlhHOY3XLvVb3Anbt37Cf6F6XQW1vZA4HDOPfeS40eMKu0431ZpZXVtfaO8Wdna3tnds/cP2iqMJSYtHLJQdn2kCKOCtDTVjHQjSRD3Gen4k9up33kkUtFQPOgkIh5HI0EDipE20sA+Svv5ktRnMclgksEb6A7sqlNzcsBF4hakCgo0B/ZPfxjimBOhMUNK9Vwn0l6KpKaYkazSjxWJEJ6gEekZKhAnykvzwxk8NcoQBqE0T2iYq38TKeJKJdw3kxzpsZrzfL5UNpGpuMzrxTq48lIqolgTgWf3g5hBHcJpQ3BIJcGaJYYgLKn5AsRjJBHWpseK6cb938QiaZ/X3Ita/b5ebVwXLZXBMTgBZ8AFl6AB7kATtAAGT+AFvII369l6tz6sz9loySoyh2AO1tcvb9yeAg==</latexit>

y = 1

Fix: resolve RO problem in every stage 

(Optimal value is guaranteed to weakly improve.)



Time (In-)Consistency

At no point in future does the decision maker prefer to deviate from 
any of the decisions suggested by the robust optimization model


that is solved today.

Time Consistency (Informal Definition)

RO problems suffer from two types of time inconsistency:

2

1 Suboptimal decisions in non-worst-case scenarios          .
<latexit sha1_base64="QxIo096+xmiozcqn1F+4n3Kt8S4=">AAACHHicbZC7TsMwFIadcivlFmCEwaJCYqoSVAEDQyUWxiLRi9REleM4rVXbiWwHUUVdeBBmVngGNsSKxCPwFrhpBmh7JEuf/v+cY/sPEkaVdpxvq7Syura+Ud6sbG3v7O7Z+wdtFacSkxaOWSy7AVKEUUFammpGuokkiAeMdILRzdTvPBCpaCzu9TghPkcDQSOKkTZS3z728h2ZJOEEegHPvEdqgArodWnfrjo1Jy+4CG4BVVBUs2//eGGMU06Exgwp1XOdRPsZkppiRiYVL1UkQXiEBqRnUCBOlJ/lL5jAU6OEMIqlOULDXP07kSGu1JgHppMjPVTz3lRc6gV8mdxLdXTlZ1QkqSYCz+6PUgZ1DKdJwZBKgjUbG0BYUvMFiIdIIqxNnhWTjTufxCK0z2vuRa1+V682rouUyuAInIAz4IJL0AC3oAlaAIMn8AJewZv1bL1bH9bnrLVkFTOH4F9ZX79Z5KG2</latexit>

⇠ 2 ⌅

Uncertainty set     is updated as time progresses:
<latexit sha1_base64="4EfQtvl9OTEXUvv77PCC/loirXs=">AAACD3icbVDLSsNAFJ3UV62PRl26GSyCq5JIURcuCm5cVrAPaEKZTG7boZNJmJkIJfQjXLvVb3Anbv0EP8G/cJpmoW0PXDiccx/cEyScKe0431ZpY3Nre6e8W9nbPzis2kfHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtM7uZ+9wmkYrF41NME/IiMBBsySrSRBnbVy3dkEsIZ9npsYNecupMDrxK3IDVUoDWwf7wwpmkEQlNOlOq7TqL9jEjNKIdZxUsVJIROyAj6hgoSgfKz/OgMnxslxMNYmhIa5+rfiYxESk2jwHRGRI/VsjcX13pBtE7up3p442dMJKkGQRf3hynHOsbzcHDIJFDNp4YQKpl5AdMxkYRqE2HFZOMuJ7FKOpd196reeGjUmrdFSmV0is7QBXLRNWqie9RCbURRil7QK3qznq1368P6XLSWrGLmBP2D9fULSkacYQ==</latexit>

⌅

<latexit sha1_base64="R1ncEizxf74uedwd2+rcF3N0qfc=">AAACRXicbZDLSsNAGIUn9VbrLerSzWARBKEktVQ3QkEElxXsBZoQJpNJO3RyYWYilpAn8kFcu1SfwIU7cavTNAtte2Dg8P035rgxo0IaxqtWWlldW98ob1a2tnd29/T9g66IEo5JB0cs4n0XCcJoSDqSSkb6MScocBnpuePrab33QLigUXgvJzGxAzQMqU8xkgo5+k1q5UtSTrwMWo/UMTN4BhdofSk9z+AVNA3D0atGzcgFF41ZmCoo1Hb0D8uLcBKQUGKGhBiYRiztFHFJMSNZxUoEiREeoyEZKBuigAg7za9n8EQRD/oRVy+UMKd/J1IUCDEJXNUZIDkS87UpXFpzg2V4kEj/0k5pGCeShHh2308YlBGcRgo9ygmWbKIMwpyqL0A8QhxhqYKvqGzM+SQWTbdeM5u1xl2j2moWKZXBETgGp8AEF6AFbkEbdAAGT+AFvIF37Vn71L6071lrSStmDsE/aT+/fzuxLA==</latexit>

⇠1 + ⇠2 + ⇠3 = 100



Time (In-)Consistency

At no point in future does the decision maker prefer to deviate from 
any of the decisions suggested by the robust optimization model


that is solved today.

Time Consistency (Informal Definition)

RO problems suffer from two types of time inconsistency:

2

1 Suboptimal decisions in non-worst-case scenarios          .
<latexit sha1_base64="QxIo096+xmiozcqn1F+4n3Kt8S4=">AAACHHicbZC7TsMwFIadcivlFmCEwaJCYqoSVAEDQyUWxiLRi9REleM4rVXbiWwHUUVdeBBmVngGNsSKxCPwFrhpBmh7JEuf/v+cY/sPEkaVdpxvq7Syura+Ud6sbG3v7O7Z+wdtFacSkxaOWSy7AVKEUUFammpGuokkiAeMdILRzdTvPBCpaCzu9TghPkcDQSOKkTZS3z728h2ZJOEEegHPvEdqgArodWnfrjo1Jy+4CG4BVVBUs2//eGGMU06Exgwp1XOdRPsZkppiRiYVL1UkQXiEBqRnUCBOlJ/lL5jAU6OEMIqlOULDXP07kSGu1JgHppMjPVTz3lRc6gV8mdxLdXTlZ1QkqSYCz+6PUgZ1DKdJwZBKgjUbG0BYUvMFiIdIIqxNnhWTjTufxCK0z2vuRa1+V682rouUyuAInIAz4IJL0AC3oAlaAIMn8AJewZv1bL1bH9bnrLVkFTOH4F9ZX79Z5KG2</latexit>

⇠ 2 ⌅

Uncertainty set     is updated as time progresses:
<latexit sha1_base64="4EfQtvl9OTEXUvv77PCC/loirXs=">AAACD3icbVDLSsNAFJ3UV62PRl26GSyCq5JIURcuCm5cVrAPaEKZTG7boZNJmJkIJfQjXLvVb3Anbv0EP8G/cJpmoW0PXDiccx/cEyScKe0431ZpY3Nre6e8W9nbPzis2kfHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtM7uZ+9wmkYrF41NME/IiMBBsySrSRBnbVy3dkEsIZ9npsYNecupMDrxK3IDVUoDWwf7wwpmkEQlNOlOq7TqL9jEjNKIdZxUsVJIROyAj6hgoSgfKz/OgMnxslxMNYmhIa5+rfiYxESk2jwHRGRI/VsjcX13pBtE7up3p442dMJKkGQRf3hynHOsbzcHDIJFDNp4YQKpl5AdMxkYRqE2HFZOMuJ7FKOpd196reeGjUmrdFSmV0is7QBXLRNWqie9RCbURRil7QK3qznq1368P6XLSWrGLmBP2D9fULSkacYQ==</latexit>

⌅

<latexit sha1_base64="KqM2tLryZKC1pAqcYA/pEOMgZiM=">AAACGHicbVDLSsNAFJ34rPUVdSO4GSyCq5JIrboQCm5cVrAPaEKYTCbt0MkkzEzEEuqHuHar3+BO3LrzE/wLp2kW2vbAhcM598E9fsKoVJb1bSwtr6yurZc2yptb2zu75t5+W8apwKSFYxaLro8kYZSTlqKKkW4iCIp8Rjr+8Gbidx6IkDTm92qUEDdCfU5DipHSkmceZk6+JBMkGEPnkXr2GF7Dq3PPrFhVKwecJ3ZBKqBA0zN/nCDGaUS4wgxJ2bOtRLkZEopiRsZlJ5UkQXiI+qSnKUcRkW6WHx/DE60EMIyFLq5grv6dyFAk5SjydWeE1EDOehNxoedHi+ReqsJLN6M8SRXheHo/TBlUMZykBAMqCFZspAnCguoXIB4ggbDSWZZ1NvZsEvOkfVa169XaXa3SqBcplcAROAanwAYXoAFuQRO0AAZP4AW8gjfj2Xg3PozPaeuSUcwcgH8wvn4B/VefSA==</latexit>

⇠1 = 95
<latexit sha1_base64="ztt4bEhRhWQaV0KdJ/n03qRnsa0=">AAACLXicbZDLSsNAGIUnXmu9RV26GSyCIJak1upGKLhxWcFeoAlhMpm0QycXZiZiCXkKH8S1W30GF4K4Fd/CaZqFtj0wcPj+G3PcmFEhDeNDW1peWV1bL22UN7e2d3b1vf2OiBKOSRtHLOI9FwnCaEjakkpGejEnKHAZ6bqjm0m9+0C4oFF4L8cxsQM0CKlPMZIKOfpZauVLUk68DFqP1Kll8BTO0fMMXsMLR68YVSMXnDdmYSqgUMvRfywvwklAQokZEqJvGrG0U8QlxYxkZSsRJEZ4hAakr2yIAiLsNL+dwWNFPOhHXL1Qwpz+nUhRIMQ4cFVngORQzNYmcGHNDRbhfiL9KzulYZxIEuLpfT9hUEZwEh30KCdYsrEyCHOqvgDxEHGEpQq4rLIxZ5OYN51a1WxU63f1SrNRpFQCh+AInAATXIImuAUt0AYYPIEX8AretGftXfvUvqatS1oxcwD+Sfv+BZqNp+I=</latexit>

⇠2 + ⇠3 = 5



Time (In-)Consistency

At no point in future does the decision maker prefer to deviate from 
any of the decisions suggested by the robust optimization model


that is solved today.

Time Consistency (Informal Definition)

RO problems suffer from two types of time inconsistency:

2

1 Suboptimal decisions in non-worst-case scenarios          .
<latexit sha1_base64="QxIo096+xmiozcqn1F+4n3Kt8S4=">AAACHHicbZC7TsMwFIadcivlFmCEwaJCYqoSVAEDQyUWxiLRi9REleM4rVXbiWwHUUVdeBBmVngGNsSKxCPwFrhpBmh7JEuf/v+cY/sPEkaVdpxvq7Syura+Ud6sbG3v7O7Z+wdtFacSkxaOWSy7AVKEUUFammpGuokkiAeMdILRzdTvPBCpaCzu9TghPkcDQSOKkTZS3z728h2ZJOEEegHPvEdqgArodWnfrjo1Jy+4CG4BVVBUs2//eGGMU06Exgwp1XOdRPsZkppiRiYVL1UkQXiEBqRnUCBOlJ/lL5jAU6OEMIqlOULDXP07kSGu1JgHppMjPVTz3lRc6gV8mdxLdXTlZ1QkqSYCz+6PUgZ1DKdJwZBKgjUbG0BYUvMFiIdIIqxNnhWTjTufxCK0z2vuRa1+V682rouUyuAInIAz4IJL0AC3oAlaAIMn8AJewZv1bL1bH9bnrLVkFTOH4F9ZX79Z5KG2</latexit>

⇠ 2 ⌅

Uncertainty set     is updated as time progresses:
<latexit sha1_base64="4EfQtvl9OTEXUvv77PCC/loirXs=">AAACD3icbVDLSsNAFJ3UV62PRl26GSyCq5JIURcuCm5cVrAPaEKZTG7boZNJmJkIJfQjXLvVb3Anbv0EP8G/cJpmoW0PXDiccx/cEyScKe0431ZpY3Nre6e8W9nbPzis2kfHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtM7uZ+9wmkYrF41NME/IiMBBsySrSRBnbVy3dkEsIZ9npsYNecupMDrxK3IDVUoDWwf7wwpmkEQlNOlOq7TqL9jEjNKIdZxUsVJIROyAj6hgoSgfKz/OgMnxslxMNYmhIa5+rfiYxESk2jwHRGRI/VsjcX13pBtE7up3p442dMJKkGQRf3hynHOsbzcHDIJFDNp4YQKpl5AdMxkYRqE2HFZOMuJ7FKOpd196reeGjUmrdFSmV0is7QBXLRNWqie9RCbURRil7QK3qznq1368P6XLSWrGLmBP2D9fULSkacYQ==</latexit>

⌅

<latexit sha1_base64="KqM2tLryZKC1pAqcYA/pEOMgZiM=">AAACGHicbVDLSsNAFJ34rPUVdSO4GSyCq5JIrboQCm5cVrAPaEKYTCbt0MkkzEzEEuqHuHar3+BO3LrzE/wLp2kW2vbAhcM598E9fsKoVJb1bSwtr6yurZc2yptb2zu75t5+W8apwKSFYxaLro8kYZSTlqKKkW4iCIp8Rjr+8Gbidx6IkDTm92qUEDdCfU5DipHSkmceZk6+JBMkGEPnkXr2GF7Dq3PPrFhVKwecJ3ZBKqBA0zN/nCDGaUS4wgxJ2bOtRLkZEopiRsZlJ5UkQXiI+qSnKUcRkW6WHx/DE60EMIyFLq5grv6dyFAk5SjydWeE1EDOehNxoedHi+ReqsJLN6M8SRXheHo/TBlUMZykBAMqCFZspAnCguoXIB4ggbDSWZZ1NvZsEvOkfVa169XaXa3SqBcplcAROAanwAYXoAFuQRO0AAZP4AW8gjfj2Xg3PozPaeuSUcwcgH8wvn4B/VefSA==</latexit>

⇠1 = 95
<latexit sha1_base64="ztt4bEhRhWQaV0KdJ/n03qRnsa0=">AAACLXicbZDLSsNAGIUnXmu9RV26GSyCIJak1upGKLhxWcFeoAlhMpm0QycXZiZiCXkKH8S1W30GF4K4Fd/CaZqFtj0wcPj+G3PcmFEhDeNDW1peWV1bL22UN7e2d3b1vf2OiBKOSRtHLOI9FwnCaEjakkpGejEnKHAZ6bqjm0m9+0C4oFF4L8cxsQM0CKlPMZIKOfpZauVLUk68DFqP1Kll8BTO0fMMXsMLR68YVSMXnDdmYSqgUMvRfywvwklAQokZEqJvGrG0U8QlxYxkZSsRJEZ4hAakr2yIAiLsNL+dwWNFPOhHXL1Qwpz+nUhRIMQ4cFVngORQzNYmcGHNDRbhfiL9KzulYZxIEuLpfT9hUEZwEh30KCdYsrEyCHOqvgDxEHGEpQq4rLIxZ5OYN51a1WxU63f1SrNRpFQCh+AInAATXIImuAUt0AYYPIEX8AretGftXfvUvqatS1oxcwD+Sfv+BZqNp+I=</latexit>

⇠2 + ⇠3 = 5

Fix: use stage-wise rectangular uncertainty sets 

(But may be overly conservative in practice?)



Part 3 Continuous Recourse Decisions

Agenda

Multi-Stage Models

Time (In-)Consistency 
Decision Rules 
Iterative Partitioning 
Nested Benders’ Decomposition 
Robust Dual Dynamic Programming

Delage and Iancu. Robust Multistage Decision Making. INFORMS Tutorials in OR, 2015.

Yanıkoğlu, Gorissen and den Hertog. Adjustable Robust Optimization–A Survey and Tutorial. EJOR, 2019.



Decision Rules

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)

Decision Rules

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

Move second-stage decisions to first stage via decision rules:

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Qaz4xa+lneoieA7OImvIW1YQQ38="></latexit>

minimize
x,y,✓

c>x+ ✓

subject to ✓ � q(⇠)>x+ r>y(⇠) 8⇠ 2 ⌅
T (⇠)x+Wy(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y



Decision Rules

We can do the same in multi-stage robust optimization:
…

… …

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="f/jXY/GmrnUs2z0phDr6GT01mvY=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAimKkEVMDBUYmEsEn1ITYgc12mt2kmwHUQV5RP4CX6BFXY2xAgjX4KTZoCWI1k6Oufee6zjx4xKZVmfxsLi0vLKamWtur6xubVt7ux2ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPL3O/e0+EpFF4oyYxcTkahjSgGCkteeaR4/P0LvPsNLt1VBTD1CmOpj5LSAZz90G7mWfWrLpVAM4TuyQ1UKLlmd/OIMIJJ6HCDEnZt61YuSkSimJGsqqTSBIjPEZD0tc0RJxINy2yM3iolQEMIqFfqGCh/t5IEZdywn09yZEayVkvF//1fD6TrIJzN6VhnCgS4mlwkDCoIpi3BQdUEKzYRBOEBdV/h3iEBMJKd1rVpdizFcyTzkndPq03rhu15kVZTwXsgwNwDGxwBprgCrRAG2DwCJ7BC3g1now34934mI4uGOXOHvgD4+sHQBykgQ==</latexit>

q1
>x1

<latexit sha1_base64="3pvamURgrKww0lrOkDZF2RUaoTs=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWZEtAsXBTcuK9gHtGVI0rQNTTJDkhHL0F/xJ/wFt7rvTrr1J8xMZ6FTDwQO59ybezg44kwbz1s4pY3Nre2d8m5lb//g8Mg9PmnrMFaEtkjIQ9XFSFPOJG0ZZjjtRooigTnt4Ol96neeqdIslE9mFtGBQGPJRowgY6XArSf97JME85jOYR+L5GUe+JYxCQueQGZCEE+66UDgVr2alwGuEz8nVZCjGbjL/jAksaDSEI607vleZAYJUoYRTueVfqxphMgUjWnPUokE1YMkCzCHF1YZwlGo7JMGZurvjQQJrWcC28k0pS56qfivh0XhshnVBwmTUWyoJKvDo5hDE8K0PjhkihLDZ5YgopjNDskEKUSMLbliS/GLFayT9lXNv6ldP15XG3d5PWVwBs7BJfDBLWiAB9AELUDAK3gHH+DTeXMWzpezXI2WnHznFPyB8/0DJRGrng==</latexit>

x1 2 X1

<latexit sha1_base64="c+dcNXzQhIhLwnDkxI1sbYxn6EE=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZKsS5cFNy4rGAf0ClDJk3b0CQzJBlpGeZT/Al/wa3udSW69CtMp7OwrQcCh3PuvSecIGJUacf5sAobm1vbO8Xd0t7+weGRfXzSVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M79ziORiobiQc8i0udoJOiQYqSN5Nt1j6OpnyRediqRZJBCL+CJN6WpXzWcCrhsdqnRU98uOxUnA1wnbk7KIEfTt7+9QYhjToTGDCnVc51I9xMkNcWMpCUvViRCeIJGpGeoQJyofpIFp/DCKAM4DKV5QsNM/buRIK7UjAdmkiM9VqveXPzXC/hKsh5e9xMqolgTgRfBw5hBHcJ5e3BAJcGazQxBWFLzd4jHSCKsTcclU4q7WsE6aVcr7lWldl8rN27yeorgDJyDS+CCOmiAO9AELYDBE3gBr+DNerberU/razFasPKdU7AE6+cXHfirEQ==</latexit> max
⇠22⌅2

<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="OKjtqLRf6SQbZyu94IX8d7Nl8I0=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqpKqgg4MlVgYi0QfUhNFjuu0Vm0nsh1EFfVX+Al+gRX2bqgrP4HTZoCUI1k6Oude36MTxIwqbdsLq7S1vbO7V96vHBweHZ9UT896KkokJl0csUgOAqQIo4J0NdWMDGJJEA8Y6QfT+8zvPxOpaCSe9CwmHkdjQUOKkTaSX22l7uqTNGAJmUM34OnL3G8YRgUseBzpCUYsHWQDfrVm1+0V4CZxclIDOTp+demOIpxwIjRmSKmhY8faS5HUFDMyr7iJIjHCUzQmQ0MF4kR56SrAHF4ZZQTDSJonNFypvzdSxJWa8cBMZilV0cvEf72AFy7rsOWlVMSJJgKvD4cJgzqCWX1wRCXBms0MQVhSkx3iCZIIa1NyxZTiFCvYJL1G3bmpNx+btfZdXk8ZXIBLcA0ccAva4AF0QBdg8ArewQf4tN6shfVlLdejJSvfOQd/YH3/AChcq6A=</latexit>

x2 2 X2

…

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

…

<latexit sha1_base64="FShUvY1Qa4oLm8w6ICO0f0Mx7k0=">AAACJ3icbVC7TsMwFHV4lvIKMLJYVAimKqkqYGCoxMJYJPqQmhI5rtNatZNgO4gqyifwIcys8A1sCEZG/gInzQBtj3Slo3PuQ/d4EaNSWdaXsbS8srq2Xtoob25t7+yae/ttGcYCkxYOWSi6HpKE0YC0FFWMdCNBEPcY6Xjjq8zvPBAhaRjcqklE+hwNA+pTjJSWXPPE8Xhyn7q1JL1zVBjBxMmXJh6LSQoz91G7qWtWrKqVA84TuyAVUKDpmj/OIMQxJ4HCDEnZs61I9RMkFMWMpGUnliRCeIyGpKdpgDiR/SS/ncJjrQygHwpdgYK5+nciQVzKCfd0J0dqJGe9TFzoeXyR3IuVf9FPaBDFigR4et+PGVQhzEKDAyoIVmyiCcKC6hcgHiGBsNLRlnU29mwS86Rdq9pn1fpNvdK4LFIqgUNwBE6BDc5BA1yDJmgBDJ7AC3gFb8az8W58GJ/T1iWjmDkA/2B8/wJuNacP</latexit>

q2
>x2

<latexit sha1_base64="0IqF4uVK/Uxekgi6F0N3uwioKMs="></latexit>

T2(⇠
2)x1 +W2x2 � h2(⇠

2)

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="rsfy+qm1OriZNF1K2U0M9bojy/E=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqhKooANDJRbGItGH1ESR4zqtVduJbAdRRf0VfoJfYIW9G+rKT+C0GSDlSJaOzrnX9+gEMaNK2/bcKm1sbm3vlHcre/sHh0fV45OuihKJSQdHLJL9ACnCqCAdTTUj/VgSxANGesHkPvN7z0QqGoknPY2Jx9FI0JBipI3kV5upu/wkDVhCZtANePoy868NowIWPI70GCOW9rMBv1qz6/YScJ04OamBHG2/unCHEU44ERozpNTAsWPtpUhqihmZVdxEkRjhCRqRgaECcaK8dBlgBi+MMoRhJM0TGi7V3xsp4kpNeWAms5Sq6GXiv17AC5d12PRSKuJEE4FXh8OEQR3BrD44pJJgzaaGICypyQ7xGEmEtSm5YkpxihWsk+5V3bmpNx4btdZdXk8ZnIFzcAkccAta4AG0QQdg8ArewQf4tN6sufVlLVajJSvfOQV/YH3/ACunq6I=</latexit>

x3 2 X3

<latexit sha1_base64="2/PIiGYziQgXqnllcZ1DaKdcfzM=">AAACS3icbVC7TsMwFHUKhVJeAUYWiwqpLFUCFTAwVGJhLIg+pKZEjuu2Vm0nsh3UKsp/8RN8AAsDC+xsiAH3MdDHkSwdnXPvPdYJIkaVdpw3K7O2nt3YzG3lt3d29/btg8O6CmOJSQ2HLJTNACnCqCA1TTUjzUgSxANGGsHgduw3nolUNBSPehSRNkc9QbsUI20k337wOBr6SeJNTiWSdFLoBTzxhjT1LwynAs6bTTrWiys3ns 7Ts9S3C07JmQAuE3dGCmCGqm9/eJ0Qx5wIjRlSquU6kW4nSGqKGUnzXqxIhPAA9UjLUIE4Ue1kEp/CU6N0YDeU5gkNJ+r/jQRxpUY8MJMc6b5a9MbiSi/gC8m6e91OqIhiTQSeBndjBnUIx8XCDpUEazYyBGFJzd8h7iOJsDb1500p7mIFy6R+XnIvS+X7cqFyM6snB47BCSgCF1yBCrgDVVADGLyAd/AJvqxX69v6sX6noxlrtnME5pDJ/gHk4LVJ</latexit> max
⇠32⌅3(⇠2)

<latexit sha1_base64="BGox+xN3o+Ss8HuehhdXp65WIl0=">AAACT3icbZHNS8MwGMbT+jXnV9Wjl+AQ5sHRylAPHgZePCpsc2BnSbN0C0vSkqSyEfqf+U949OpV797EbPag0xcCP57nTd6XJ3HGqNK+/+K4S8srq2uV9erG5tb2jre711VpLjHp4JSlshcjRRgVpKOpZqSXSYJ4zMhdPL6a+XePRCqairaeZqTP0VDQhGKkrRR53ZCjSWRMOH/KSDIoYBhzE05oEbUtUwF/mz060+v/3ngw7ZOgKI6LyKv5DX9e8C8EJdRAWTeR9xoOUpxzIjRmSKn7wM903yCpKWakqIa5IhnCYzQk9xYF4kT1zXyFAh5ZZQCTVNojNJyrP28YxJWa8th2cqRHatGbif96MV+YrJOLvqEiyzUR+HtwkjOoUzgLFw6oJFizqQWEJbW7QzxCEmFtv6BqQwkWI/gL3dNGcNZo3jZrrcsyngo4AIegDgJwDlrgGtyADsDgCbyCN/DuPDsfzqdbtrpOCfvgV7nrX6HHtiw=</latexit> max
⇠T2⌅T (⇠T�1)

<latexit sha1_base64="yTgZD7GZX/8xUxbxy9hxhX3xGV8=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWakaBcuCm5cVugLOqVk0rQNTTJDkhFL6K/4E/6CW913J936E2ams9DWA4HDOffmHk4YM6q05y2cwtb2zu5ecb90cHh0fOKenrVVlEhMWjhikeyGSBFGBWlpqhnpxpIgHjLSCacPqd95JlLRSDT1LCZ9jsaCjihG2koDt2aC7BMTsoTMYRBy8zIfNC2jAq55HOkJRsx004GBW/YqXga4SfyclEGOxsBdBsMIJ5wIjRlSqud7se4bJDXFjMxLQaJIjPAUjUnPUoE4UX2TBZjDK6sM4SiS9gkNM/X3hkFcqRkP7WSaUq17qfivF/K1y3pU6xsq4kQTgVeHRwmDOoJpfXBIJcGazSxBWFKbHeIJkghrW3LJluKvV7BJ2jcV/7ZSfaqW6/d5PUVwAS7BNfDBHaiDR9AALYDBK3gHH+DTeXMWzpezXI0WnHznHPyB8/0DmFKr5A==</latexit>

xT 2 XT

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+…

<latexit sha1_base64="Q/0zkbFWraojoEcL8aIh1oIuYsM=">AAACinicfZFbS8MwFMfTep+3qeCLDwaHoCij3cQL+iDog48KzgnrLGl2tgWTtiapOEq/gN/Qj+CbH8G0m+BleCDwy/9/LuQkiDlT2nHeLHticmp6ZnauNL+wuLRcXlm9U1EiKTRoxCN5HxAFnIXQ0ExzuI8lEBFwaAaPF7nffAapWBTe6kEMbUF6IesySrSR/PKrF4j0NvPreCf1inaphE6Gc9l7YdlDPdvF3j7+MgOewNB9yf xahvcKbuYNxqbUDfXgqbj2/x/jlytO1SkC/wV3BBU0imu//O51IpoICDXlRKmW68S6nRKpGeWQlbxEQUzoI+lBy2BIBKh2WkzP8LZROrgbSXNCjQv1e0VKhFIDEZhMQXRf/fZycawXiHFyK9Hd43bKwjjRENLh/G7CsY5w/i+4wyRQzQcGCJXMPAHTPpGEavN7JbMb9/cm/sJdreoeVg9uDirnZ6MtzaINtIV2kIuO0Dm6QteogSj6sNatTQvbC3bNPrFPh6m2NapZQz/CvvwE9oLGuQ==</latexit>

T3(⇠
3)x2 +W3x3 � h3(⇠

3)
<latexit sha1_base64="wYgEkUCjmaahLLQPswzjTtpwm1c="></latexit>

TT (⇠
T )xT�1 +WTxT � hT (⇠

T )

<latexit sha1_base64="R+eRvGg990K3Xy2IuEb9xIaYu70=">AAACJ3icbVC7TsMwFHV4lvIKMLJYVAimKoEKGBgqsTAWiT6kJkSO67RW7STYDqKK8gl8CDMrfAMbgpGRv8BNM0DbI13p6Jz70D1+zKhUlvVlLCwuLa+sltbK6xubW9vmzm5LRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7wauy3H4iQNApv1SgmLkf9kAYUI6UlzzxyfJ7eZ95pmt05Koph6uRLU58lJINj91G7mWdWrKqVA84SuyAVUKDhmT9OL8IJJ6HCDEnZta1YuSkSimJGsrKTSBIjPER90tU0RJxIN81vZ/BQKz0YREJXqGCu/p1IEZdyxH3dyZEayGlvLM71fD5P7iYquHBTGsaJIiGe3A8SBlUEx6HBHhUEKzbSBGFB9QsQD5BAWOloyzobezqJWdI6qdpn1dpNrVK/LFIqgX1wAI6BDc5BHVyDBmgCDJ7AC3gFb8az8W58GJ+T1gWjmNkD/2B8/wJxi6cR</latexit>

q3
>x3

<latexit sha1_base64="ZqGFPxa1ZD4/XMx34it7r8IgcyQ=">AAACKHicbVC7TsMwFHXKq5RXgJHFokLqVCUIAQNDJRbGIvUlNSVyXKe1aifBdhBVlF/gQ5hZ4RvYUFc2/gInzQBtj3Slo3PuQ/d4EaNSWdbMKK2tb2xulbcrO7t7+wfm4VFHhrHApI1DFoqehyRhNCBtRRUjvUgQxD1Gut7kNvO7T0RIGgYtNY3IgKNRQH2KkdKSa9YcjyePqdtK0gdHhRFMnHxp4rGYpDBzn7WbQtesWnUrB1wmdkGqoEDTNX+cYYhjTgKFGZKyb1uRGiRIKIoZSStOLEmE8ASNSF/TAHEiB0l+PIVnWhlCPxS6AgVz9e9EgriUU+7pTo7UWC56mbjS8/gquR8r/3qQ0CCKFQnw/L4fM6hCmKUGh1QQrNhUE4QF1S9APEYCYaWzrehs7MUklknnvG5f1i/uL6qNmyKlMjgBp6AGbHAFGuAONEEbYPAC3sA7+DBejU/jy5jNW0tGMXMM/sH4/gVIY6d9</latexit>

qT
>xT



Decision Rules

We can do the same in multi-stage robust optimization:
…

… …

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="f/jXY/GmrnUs2z0phDr6GT01mvY=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAimKkEVMDBUYmEsEn1ITYgc12mt2kmwHUQV5RP4CX6BFXY2xAgjX4KTZoCWI1k6Oufee6zjx4xKZVmfxsLi0vLKamWtur6xubVt7ux2ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPL3O/e0+EpFF4oyYxcTkahjSgGCkteeaR4/P0LvPsNLt1VBTD1CmOpj5LSAZz90G7mWfWrLpVAM4TuyQ1UKLlmd/OIMIJJ6HCDEnZt61YuSkSimJGsqqTSBIjPEZD0tc0RJxINy2yM3iolQEMIqFfqGCh/t5IEZdywn09yZEayVkvF//1fD6TrIJzN6VhnCgS4mlwkDCoIpi3BQdUEKzYRBOEBdV/h3iEBMJKd1rVpdizFcyTzkndPq03rhu15kVZTwXsgwNwDGxwBprgCrRAG2DwCJ7BC3g1now34934mI4uGOXOHvgD4+sHQBykgQ==</latexit>

q1
>x1

<latexit sha1_base64="3pvamURgrKww0lrOkDZF2RUaoTs=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWZEtAsXBTcuK9gHtGVI0rQNTTJDkhHL0F/xJ/wFt7rvTrr1J8xMZ6FTDwQO59ybezg44kwbz1s4pY3Nre2d8m5lb//g8Mg9PmnrMFaEtkjIQ9XFSFPOJG0ZZjjtRooigTnt4Ol96neeqdIslE9mFtGBQGPJRowgY6XArSf97JME85jOYR+L5GUe+JYxCQueQGZCEE+66UDgVr2alwGuEz8nVZCjGbjL/jAksaDSEI607vleZAYJUoYRTueVfqxphMgUjWnPUokE1YMkCzCHF1YZwlGo7JMGZurvjQQJrWcC28k0pS56qfivh0XhshnVBwmTUWyoJKvDo5hDE8K0PjhkihLDZ5YgopjNDskEKUSMLbliS/GLFayT9lXNv6ldP15XG3d5PWVwBs7BJfDBLWiAB9AELUDAK3gHH+DTeXMWzpezXI2WnHznFPyB8/0DJRGrng==</latexit>

x1 2 X1

<latexit sha1_base64="c+dcNXzQhIhLwnDkxI1sbYxn6EE=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZKsS5cFNy4rGAf0ClDJk3b0CQzJBlpGeZT/Al/wa3udSW69CtMp7OwrQcCh3PuvSecIGJUacf5sAobm1vbO8Xd0t7+weGRfXzSVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M79ziORiobiQc8i0udoJOiQYqSN5Nt1j6OpnyRediqRZJBCL+CJN6WpXzWcCrhsdqnRU98uOxUnA1wnbk7KIEfTt7+9QYhjToTGDCnVc51I9xMkNcWMpCUvViRCeIJGpGeoQJyofpIFp/DCKAM4DKV5QsNM/buRIK7UjAdmkiM9VqveXPzXC/hKsh5e9xMqolgTgRfBw5hBHcJ5e3BAJcGazQxBWFLzd4jHSCKsTcclU4q7WsE6aVcr7lWldl8rN27yeorgDJyDS+CCOmiAO9AELYDBE3gBr+DNerberU/razFasPKdU7AE6+cXHfirEQ==</latexit> max
⇠22⌅2

<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="OKjtqLRf6SQbZyu94IX8d7Nl8I0=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqpKqgg4MlVgYi0QfUhNFjuu0Vm0nsh1EFfVX+Al+gRX2bqgrP4HTZoCUI1k6Oude36MTxIwqbdsLq7S1vbO7V96vHBweHZ9UT896KkokJl0csUgOAqQIo4J0NdWMDGJJEA8Y6QfT+8zvPxOpaCSe9CwmHkdjQUOKkTaSX22l7uqTNGAJmUM34OnL3G8YRgUseBzpCUYsHWQDfrVm1+0V4CZxclIDOTp+demOIpxwIjRmSKmhY8faS5HUFDMyr7iJIjHCUzQmQ0MF4kR56SrAHF4ZZQTDSJonNFypvzdSxJWa8cBMZilV0cvEf72AFy7rsOWlVMSJJgKvD4cJgzqCWX1wRCXBms0MQVhSkx3iCZIIa1NyxZTiFCvYJL1G3bmpNx+btfZdXk8ZXIBLcA0ccAva4AF0QBdg8ArewQf4tN6shfVlLdejJSvfOQd/YH3/AChcq6A=</latexit>

x2 2 X2

…

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

…

<latexit sha1_base64="FShUvY1Qa4oLm8w6ICO0f0Mx7k0=">AAACJ3icbVC7TsMwFHV4lvIKMLJYVAimKqkqYGCoxMJYJPqQmhI5rtNatZNgO4gqyifwIcys8A1sCEZG/gInzQBtj3Slo3PuQ/d4EaNSWdaXsbS8srq2Xtoob25t7+yae/ttGcYCkxYOWSi6HpKE0YC0FFWMdCNBEPcY6Xjjq8zvPBAhaRjcqklE+hwNA+pTjJSWXPPE8Xhyn7q1JL1zVBjBxMmXJh6LSQoz91G7qWtWrKqVA84TuyAVUKDpmj/OIMQxJ4HCDEnZs61I9RMkFMWMpGUnliRCeIyGpKdpgDiR/SS/ncJjrQygHwpdgYK5+nciQVzKCfd0J0dqJGe9TFzoeXyR3IuVf9FPaBDFigR4et+PGVQhzEKDAyoIVmyiCcKC6hcgHiGBsNLRlnU29mwS86Rdq9pn1fpNvdK4LFIqgUNwBE6BDc5BA1yDJmgBDJ7AC3gFb8az8W58GJ/T1iWjmDkA/2B8/wJuNacP</latexit>

q2
>x2

<latexit sha1_base64="0IqF4uVK/Uxekgi6F0N3uwioKMs="></latexit>

T2(⇠
2)x1 +W2x2 � h2(⇠

2)

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="rsfy+qm1OriZNF1K2U0M9bojy/E=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqhKooANDJRbGItGH1ESR4zqtVduJbAdRRf0VfoJfYIW9G+rKT+C0GSDlSJaOzrnX9+gEMaNK2/bcKm1sbm3vlHcre/sHh0fV45OuihKJSQdHLJL9ACnCqCAdTTUj/VgSxANGesHkPvN7z0QqGoknPY2Jx9FI0JBipI3kV5upu/wkDVhCZtANePoy868NowIWPI70GCOW9rMBv1qz6/YScJ04OamBHG2/unCHEU44ERozpNTAsWPtpUhqihmZVdxEkRjhCRqRgaECcaK8dBlgBi+MMoRhJM0TGi7V3xsp4kpNeWAms5Sq6GXiv17AC5d12PRSKuJEE4FXh8OEQR3BrD44pJJgzaaGICypyQ7xGEmEtSm5YkpxihWsk+5V3bmpNx4btdZdXk8ZnIFzcAkccAta4AG0QQdg8ArewQf4tN6sufVlLVajJSvfOQV/YH3/ACunq6I=</latexit>

x3 2 X3

<latexit sha1_base64="2/PIiGYziQgXqnllcZ1DaKdcfzM=">AAACS3icbVC7TsMwFHUKhVJeAUYWiwqpLFUCFTAwVGJhLIg+pKZEjuu2Vm0nsh3UKsp/8RN8AAsDC+xsiAH3MdDHkSwdnXPvPdYJIkaVdpw3K7O2nt3YzG3lt3d29/btg8O6CmOJSQ2HLJTNACnCqCA1TTUjzUgSxANGGsHgduw3nolUNBSPehSRNkc9QbsUI20k337wOBr6SeJNTiWSdFLoBTzxhjT1LwynAs6bTTrWiys3ns 7Ts9S3C07JmQAuE3dGCmCGqm9/eJ0Qx5wIjRlSquU6kW4nSGqKGUnzXqxIhPAA9UjLUIE4Ue1kEp/CU6N0YDeU5gkNJ+r/jQRxpUY8MJMc6b5a9MbiSi/gC8m6e91OqIhiTQSeBndjBnUIx8XCDpUEazYyBGFJzd8h7iOJsDb1500p7mIFy6R+XnIvS+X7cqFyM6snB47BCSgCF1yBCrgDVVADGLyAd/AJvqxX69v6sX6noxlrtnME5pDJ/gHk4LVJ</latexit> max
⇠32⌅3(⇠2)

<latexit sha1_base64="BGox+xN3o+Ss8HuehhdXp65WIl0=">AAACT3icbZHNS8MwGMbT+jXnV9Wjl+AQ5sHRylAPHgZePCpsc2BnSbN0C0vSkqSyEfqf+U949OpV797EbPag0xcCP57nTd6XJ3HGqNK+/+K4S8srq2uV9erG5tb2jre711VpLjHp4JSlshcjRRgVpKOpZqSXSYJ4zMhdPL6a+XePRCqairaeZqTP0VDQhGKkrRR53ZCjSWRMOH/KSDIoYBhzE05oEbUtUwF/mz060+v/3ngw7ZOgKI6LyKv5DX9e8C8EJdRAWTeR9xoOUpxzIjRmSKn7wM903yCpKWakqIa5IhnCYzQk9xYF4kT1zXyFAh5ZZQCTVNojNJyrP28YxJWa8th2cqRHatGbif96MV+YrJOLvqEiyzUR+HtwkjOoUzgLFw6oJFizqQWEJbW7QzxCEmFtv6BqQwkWI/gL3dNGcNZo3jZrrcsyngo4AIegDgJwDlrgGtyADsDgCbyCN/DuPDsfzqdbtrpOCfvgV7nrX6HHtiw=</latexit> max
⇠T2⌅T (⇠T�1)

<latexit sha1_base64="yTgZD7GZX/8xUxbxy9hxhX3xGV8=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWakaBcuCm5cVugLOqVk0rQNTTJDkhFL6K/4E/6CW913J936E2ams9DWA4HDOffmHk4YM6q05y2cwtb2zu5ecb90cHh0fOKenrVVlEhMWjhikeyGSBFGBWlpqhnpxpIgHjLSCacPqd95JlLRSDT1LCZ9jsaCjihG2koDt2aC7BMTsoTMYRBy8zIfNC2jAq55HOkJRsx004GBW/YqXga4SfyclEGOxsBdBsMIJ5wIjRlSqud7se4bJDXFjMxLQaJIjPAUjUnPUoE4UX2TBZjDK6sM4SiS9gkNM/X3hkFcqRkP7WSaUq17qfivF/K1y3pU6xsq4kQTgVeHRwmDOoJpfXBIJcGazSxBWFKbHeIJkghrW3LJluKvV7BJ2jcV/7ZSfaqW6/d5PUVwAS7BNfDBHaiDR9AALYDBK3gHH+DTeXMWzpezXI0WnHznHPyB8/0DmFKr5A==</latexit>

xT 2 XT

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+…

<latexit sha1_base64="Q/0zkbFWraojoEcL8aIh1oIuYsM=">AAACinicfZFbS8MwFMfTep+3qeCLDwaHoCij3cQL+iDog48KzgnrLGl2tgWTtiapOEq/gN/Qj+CbH8G0m+BleCDwy/9/LuQkiDlT2nHeLHticmp6ZnauNL+wuLRcXlm9U1EiKTRoxCN5HxAFnIXQ0ExzuI8lEBFwaAaPF7nffAapWBTe6kEMbUF6IesySrSR/PKrF4j0NvPreCf1inaphE6Gc9l7YdlDPdvF3j7+MgOewNB9yf xahvcKbuYNxqbUDfXgqbj2/x/jlytO1SkC/wV3BBU0imu//O51IpoICDXlRKmW68S6nRKpGeWQlbxEQUzoI+lBy2BIBKh2WkzP8LZROrgbSXNCjQv1e0VKhFIDEZhMQXRf/fZycawXiHFyK9Hd43bKwjjRENLh/G7CsY5w/i+4wyRQzQcGCJXMPAHTPpGEavN7JbMb9/cm/sJdreoeVg9uDirnZ6MtzaINtIV2kIuO0Dm6QteogSj6sNatTQvbC3bNPrFPh6m2NapZQz/CvvwE9oLGuQ==</latexit>

T3(⇠
3)x2 +W3x3 � h3(⇠

3)
<latexit sha1_base64="wYgEkUCjmaahLLQPswzjTtpwm1c="></latexit>

TT (⇠
T )xT�1 +WTxT � hT (⇠

T )

<latexit sha1_base64="R+eRvGg990K3Xy2IuEb9xIaYu70=">AAACJ3icbVC7TsMwFHV4lvIKMLJYVAimKoEKGBgqsTAWiT6kJkSO67RW7STYDqKK8gl8CDMrfAMbgpGRv8BNM0DbI13p6Jz70D1+zKhUlvVlLCwuLa+sltbK6xubW9vmzm5LRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7wauy3H4iQNApv1SgmLkf9kAYUI6UlzzxyfJ7eZ95pmt05Koph6uRLU58lJINj91G7mWdWrKqVA84SuyAVUKDhmT9OL8IJJ6HCDEnZta1YuSkSimJGsrKTSBIjPER90tU0RJxIN81vZ/BQKz0YREJXqGCu/p1IEZdyxH3dyZEayGlvLM71fD5P7iYquHBTGsaJIiGe3A8SBlUEx6HBHhUEKzbSBGFB9QsQD5BAWOloyzobezqJWdI6qdpn1dpNrVK/LFIqgX1wAI6BDc5BHVyDBmgCDJ7AC3gFb8az8W58GJ+T1gWjmNkD/2B8/wJxi6cR</latexit>

q3
>x3

<latexit sha1_base64="ZqGFPxa1ZD4/XMx34it7r8IgcyQ=">AAACKHicbVC7TsMwFHXKq5RXgJHFokLqVCUIAQNDJRbGIvUlNSVyXKe1aifBdhBVlF/gQ5hZ4RvYUFc2/gInzQBtj3Slo3PuQ/d4EaNSWdbMKK2tb2xulbcrO7t7+wfm4VFHhrHApI1DFoqehyRhNCBtRRUjvUgQxD1Gut7kNvO7T0RIGgYtNY3IgKNRQH2KkdKSa9YcjyePqdtK0gdHhRFMnHxp4rGYpDBzn7WbQtesWnUrB1wmdkGqoEDTNX+cYYhjTgKFGZKyb1uRGiRIKIoZSStOLEmE8ASNSF/TAHEiB0l+PIVnWhlCPxS6AgVz9e9EgriUU+7pTo7UWC56mbjS8/gquR8r/3qQ0CCKFQnw/L4fM6hCmKUGh1QQrNhUE4QF1S9APEYCYaWzrehs7MUklknnvG5f1i/uL6qNmyKlMjgBp6AGbHAFGuAONEEbYPAC3sA7+DBejU/jy5jNW0tGMXMM/sH4/gVIY6d9</latexit>

qT
>xT



Decision Rules

We can do the same in multi-stage robust optimization:
<latexit sha1_base64="USWeZ9Fkfl+YJnlNdg4QR7yAx70="></latexit>

minimize
{xt}t,✓

c>x1 + ✓

subject to ✓ �
TX

t=2

q>
t xt(⇠

t) 8⇠ 2 ⌅

Tt(⇠
t)xt�1(⇠

t�1) +Wtxt(⇠
t) � ht(⇠

t) 8⇠ 2 ⌅,
8t = 2, . . . , T

x1 2 X1, xt : ⌅
t 7! Xt, t = 2, . . . , t



Decision Rules

We can do the same in multi-stage robust optimization:

<latexit sha1_base64="6yp0g8gTRw+/DiQ9TDswo8oo4kk=">AAACE3icbVDLSsNAFJ3UV62vaJduBovQVUmkqAsXRTcuK9gHNKFMppN26MwkzEyEEPoZrt3qN7gTt36An+BfOE2z0LYHLhzOuQ/uCWJGlXacb6u0sbm1vVPereztHxwe2ccnXRUlEpMOjlgk+wFShFFBOppqRvqxJIgHjPSC6d3c7z0RqWgkHnUaE5+jsaAhxUgbaWhXvXxHFrCEzKB3S8fj+tCuOQ0nB1wlbkFqoEB7aP94owgnnAiNGVJq4Dqx9jMkNcWMzCpeokiM8BSNycBQgThRfpYfnsFzo4xgGElTQsNc/TuRIa5UygPTyZGeqGVvLq71Ar5OHiQ6vPYzKuJEE4EX98OEQR3BeUBwRCXBmqWGICypeQHiCZIIaxNjxWTjLiexSroXDfey0Xxo1lo3RUplcArOQB244Aq0wD1ogw7AIAUv4BW8Wc/Wu/VhfS5aS1YxUwX/YH39AhAcndY=</latexit> 

<latexit sha1_base64="6yp0g8gTRw+/DiQ9TDswo8oo4kk=">AAACE3icbVDLSsNAFJ3UV62vaJduBovQVUmkqAsXRTcuK9gHNKFMppN26MwkzEyEEPoZrt3qN7gTt36An+BfOE2z0LYHLhzOuQ/uCWJGlXacb6u0sbm1vVPereztHxwe2ccnXRUlEpMOjlgk+wFShFFBOppqRvqxJIgHjPSC6d3c7z0RqWgkHnUaE5+jsaAhxUgbaWhXvXxHFrCEzKB3S8fj+tCuOQ0nB1wlbkFqoEB7aP94owgnnAiNGVJq4Dqx9jMkNcWMzCpeokiM8BSNycBQgThRfpYfnsFzo4xgGElTQsNc/TuRIa5UygPTyZGeqGVvLq71Ar5OHiQ6vPYzKuJEE4EX98OEQR3BeUBwRCXBmqWGICypeQHiCZIIaxNjxWTjLiexSroXDfey0Xxo1lo3RUplcArOQB244Aq0wD1ogw7AIAUv4BW8Wc/Wu/VhfS5aS1YxUwX/YH39AhAcndY=</latexit>

 
<latexit sha1_base64="mviSzmSZ0Bgd6xZKgdgsYUgaZQA=">AAACEnicbVDLSsNAFJ3UV62vWJduBovgqiRS1IWLohuXFewDklAmk0k6dCYJMxOxhP6Fa7f6De7ErT/gJ/gXTtMstO2BC4dz7oN7/JRRqSzr26isrW9sblW3azu7e/sH5mG9J5NMYNLFCUvEwEeSMBqTrqKKkUEqCOI+I31/fDvz+49ESJrED2qSEo+jKKYhxUhpaWjW3WJHLkgwhe4NjSJnaDasplUALhO7JA1QojM0f9wgwRknscIMSenYVqq8HAlFMSPTmptJkiI8RhFxNI0RJ9LLi7tTeKqVAIaJ0BUrWKh/J3LEpZxwX3dypEZy0ZuJKz2fr5KdTIVXXk7jNFMkxvP7YcagSuAsHxhQQbBiE00QFlS/APEICYSVTrGms7EXk1gmvfOmfdFs3bca7esypSo4BifgDNjgErTBHeiALsDgCbyAV/BmPBvvxofxOW+tGOXMEfgH4+sXhiudkg==</latexit>

"

<latexit sha1_base64="roVsxqAH3O3dgWxf0ZGg4Z9iQV0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi6sJF0Y3LCvYBTSiT6SQdOjMJMxMhhH6Ga7f6De7ErR/gJ/gXTtMstO2BC4dz7oN7goRRpR3n26qsrW9sblW3azu7e/sH9uFRV8WpxKSDYxbLfoAUYVSQjqaakX4iCeIBI71gcjfze09EKhqLR50lxOcoEjSkGGkjDe26V+zIA5aSKfRuaRQNhnbDaToF4DJxS9IAJdpD+8cbxTjlRGjMkFID10m0nyOpKWZkWvNSRRKEJygiA0MF4kT5eXF4Ck+NMoJhLE0JDQv170SOuFIZD0wnR3qsFr2ZuNIL+Cp5kOrw2s+pSFJNBJ7fD1MGdQxnAcERlQRrlhmCsKTmBYjHSCKsTYw1k427mMQy6Z433cvmxcNFo3VTplQFx+AEnAEXXIEWuAdt0AEYZOAFvII369l6tz6sz3lrxSpn6uAfrK9fYf2eCQ==</latexit>"

<latexit sha1_base64="roVsxqAH3O3dgWxf0ZGg4Z9iQV0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi6sJF0Y3LCvYBTSiT6SQdOjMJMxMhhH6Ga7f6De7ErR/gJ/gXTtMstO2BC4dz7oN7goRRpR3n26qsrW9sblW3azu7e/sH9uFRV8WpxKSDYxbLfoAUYVSQjqaakX4iCeIBI71gcjfze09EKhqLR50lxOcoEjSkGGkjDe26V+zIA5aSKfRuaRQNhnbDaToF4DJxS9IAJdpD+8cbxTjlRGjMkFID10m0nyOpKWZkWvNSRRKEJygiA0MF4kT5eXF4Ck+NMoJhLE0JDQv170SOuFIZD0wnR3qsFr2ZuNIL+Cp5kOrw2s+pSFJNBJ7fD1MGdQxnAcERlQRrlhmCsKTmBYjHSCKsTYw1k427mMQy6Z433cvmxcNFo3VTplQFx+AEnAEXXIEWuAdt0AEYZOAFvII369l6tz6sz3lrxSpn6uAfrK9fYf2eCQ==</latexit>

"

+

<latexit sha1_base64="mviSzmSZ0Bgd6xZKgdgsYUgaZQA=">AAACEnicbVDLSsNAFJ3UV62vWJduBovgqiRS1IWLohuXFewDklAmk0k6dCYJMxOxhP6Fa7f6De7ErT/gJ/gXTtMstO2BC4dz7oN7/JRRqSzr26isrW9sblW3azu7e/sH5mG9J5NMYNLFCUvEwEeSMBqTrqKKkUEqCOI+I31/fDvz+49ESJrED2qSEo+jKKYhxUhpaWjW3WJHLkgwhe4NjSJnaDasplUALhO7JA1QojM0f9wgwRknscIMSenYVqq8HAlFMSPTmptJkiI8RhFxNI0RJ9LLi7tTeKqVAIaJ0BUrWKh/J3LEpZxwX3dypEZy0ZuJKz2fr5KdTIVXXk7jNFMkxvP7YcagSuAsHxhQQbBiE00QFlS/APEICYSVTrGms7EXk1gmvfOmfdFs3bca7esypSo4BifgDNjgErTBHeiALsDgCbyAV/BmPBvvxofxOW+tGOXMEfgH4+sXhiudkg==</latexit>"
0

<latexit sha1_base64="PcqZiyJE7cVX29f8SelaBhRHO3I="></latexit>

x : ⌅ 7! X1 ⇥ . . .⇥ XT

<latexit sha1_base64="8OohocAuoTnXXIKnq0+bV/soQhA=">AAACF3icbVC7TsMwFHV4lvIKMDCwWFRITFWCKmBgqMTCWCT6kJoosl2ntWonke0gqigfwswK38CGWBn5BP4CN80AbY90paNz7kP34IQzpR3n21pZXVvf2KxsVbd3dvf27YPDjopTSWibxDyWPYwU5Syibc00p71EUiQwp108vp363UcqFYujBz1JqC/QMGIhI0gbKbCPM69YkmGe0hx6WGRPeeDmgV1z6k4BuEjcktRAiVZg/3iDmKSCRppwpFTfdRLtZ0hqRjjNq16qaILIGA1p39AICar8rLidwzOjDGAYS1ORhoX6dyJDQqmJwKZTID1S895UXOphsUzupzq89jMWJammEZndD1MOdQynIcEBk5RoPjEEEcnMC5CMkEREmyirJht3PolF0rmou5f1xn2j1rwpU6qAE3AKzoELrkAT3IEWaAMCcvACXsGb9Wy9Wx/W56x1xSpnjsA/WF+/PCagJA==</latexit>x1

<latexit sha1_base64="BNh8b/sR6yvt/NYzsM+3rJs/HHE=">AAACF3icbVC7TsMwFHXKq5RXgIGBxaJCYqoSVAEDQyUWxiL1JTVRZLtua9VOIttBVFE+hJkVvoENsTLyCfwFbpoB2h7pSkfn3IfuwTFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjooSSWibRDySPYwU5Sykbc00p71YUiQwp108uZv53UcqFYvClp7G1BdoFLIhI0gbKbBPUi9fkmKe0Ax6WKRPWdDKArvq1JwccJm4BamCAs3A/vEGEUkEDTXhSKm+68TaT5HUjHCaVbxE0RiRCRrRvqEhElT5aX47g+dGGcBhJE2FGubq34kUCaWmAptOgfRYLXozcaWHxSq5n+jhjZ+yME40Dcn8/jDhUEdwFhIcMEmJ5lNDEJHMvADJGElEtImyYrJxF5NYJp3LmntVqz/Uq43bIqUyOAVn4AK44Bo0wD1ogjYgIAMv4BW8Wc/Wu/Vhfc5bS1Yxcwz+wfr6BXR6oEc=</latexit>xT

<latexit sha1_base64="Im9p8emYxautsjFtp+zd6MST2E4=">AAACBHicbZDLSgMxGIUz9VbrrerSTbAIrsqMiLpwUXDjsoK9QDuUTCbTxiaTIfmnUIZuXbvVZ3Anbn0PH8G3MG1noW0PBD7O+X+SnCAR3IDrfjuFtfWNza3idmlnd2//oHx41DQq1ZQ1qBJKtwNimOAxawAHwdqJZkQGgrWC4d00b42YNlzFjzBOmC9JP+YRpwSs1eyOQgWmV664VXcmvAxeDhWUq94r/3RDRVPJYqCCGNPx3AT8jGjgVLBJqZsalhA6JH3WsRgTyYyfzV47wWfWCXGktD0x4Jn7dyMj0pixDOykJDAwi9nUXJkFcpXdSSG68TMeJymwmM7vj1KBQeFpIzjkmlEQYwuEam6/gOmAaELB9lay3XiLTSxD86LqXVUvHy4rtdu8pSI6QafoHHnoGtXQPaqjBqLoCb2gV/TmPDvvzofzOR8tOPnOMfon5+sX842Ydw==</latexit>...

<latexit sha1_base64="iYix5HT3BAsrkIEj1klnuDNkWZA="></latexit>

minimize
{xt}t,✓

c>x1 + ✓

subject to ✓ �
TX

t=2

q>
t xt(⇠

t) 8⇠ 2 ⌅

Tt(⇠
t)xt�1(⇠

t�1) +Wtxt(⇠
t) � ht(⇠

t) 8⇠ 2 ⌅,
8t = 2, . . . , T

x1 2 X1, xt : ⌅ 7! Xt, t = 2, . . . , t



Part 3 Continuous Recourse Decisions

Agenda

Multi-Stage Models

Time (In-)Consistency 
Decision Rules 
Iterative Partitioning 
Nested Benders’ Decomposition 
Robust Dual Dynamic Programming

Bertsimas and Dunning. Multistage Robust Mixed-Integer Optimization with Adaptive Partitions. OR, 2016. 
Postek and den Hertog. Multistage Adjustable Robust Mixed-Integer Optimization via Iterative Splitting of 
the Uncertainty Set. INFORMS JoC, 2016.



Iterative Partitioning: Splitting Heuristics 

Different splits imply different non-anticipativity constraints:

<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3

<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4

<latexit sha1_base64="4EfQtvl9OTEXUvv77PCC/loirXs=">AAACD3icbVDLSsNAFJ3UV62PRl26GSyCq5JIURcuCm5cVrAPaEKZTG7boZNJmJkIJfQjXLvVb3Anbv0EP8G/cJpmoW0PXDiccx/cEyScKe0431ZpY3Nre6e8W9nbPzis2kfHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtM7uZ+9wmkYrF41NME/IiMBBsySrSRBnbVy3dkEsIZ9npsYNecupMDrxK3IDVUoDWwf7wwpmkEQlNOlOq7TqL9jEjNKIdZxUsVJIROyAj6hgoSgfKz/OgMnxslxMNYmhIa5+rfiYxESk2jwHRGRI/VsjcX13pBtE7up3p442dMJKkGQRf3hynHOsbzcHDIJFDNp4YQKpl5AdMxkYRqE2HFZOMuJ7FKOpd196reeGjUmrdFSmV0is7QBXLRNWqie9RCbURRil7QK3qznq1368P6XLSWrGLmBP2D9fULSkacYQ==</latexit>

⌅



<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3

<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4

Iterative Partitioning: Splitting Heuristics 

<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1

<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

Different splits imply different non-anticipativity constraints:



<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3

<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4

Iterative Partitioning: Splitting Heuristics 

<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1

<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

Different splits imply different non-anticipativity constraints:

We can distinguish between      and      upon observing<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2
<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2



<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3

<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4

Iterative Partitioning: Splitting Heuristics 

<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1

<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

Different splits imply different non-anticipativity constraints:

We can distinguish between      and      upon observing<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2
<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

We have observed     by time period t = 2 <latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2



<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3

<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4

Iterative Partitioning: Splitting Heuristics 

<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1

<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

Different splits imply different non-anticipativity constraints:

We can distinguish between      and      upon observing<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2
<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

We have observed     by time period t = 2 <latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

The first-stage decisions need to be the same across      and<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2



Iterative Partitioning: Splitting Heuristics 

<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3
<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4

<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1

<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

Different splits imply different non-anticipativity constraints:



Iterative Partitioning: Splitting Heuristics 

<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3
<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4

<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1

<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

Different splits imply different non-anticipativity constraints:

We can distinguish between      and      upon observing<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

We have observed     by time period t = 3 

The stage-1+2 decisions need to be the same across      and<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3
<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3



<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3
<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4

Iterative Partitioning: Splitting Heuristics 

<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

Different splits imply different non-anticipativity constraints:



<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3
<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4

Iterative Partitioning: Splitting Heuristics 

<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

Different splits imply different non-anticipativity constraints:

We can distinguish between      and      upon observing<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

We have observed     by time period t = 4 

The stage-1/2/3 decisions need to be the same across      and<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4
<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4



Iterative Partitioning: Splitting Heuristics 

<latexit sha1_base64="b3xDUHuqXc6ndSONplUAtbs3cCY=">AAACEXicbVDLSsNAFJ34rPWV6tLNYBFclaQUdeGi4MZlBfuANoTJZNIOnZmEmYlaQr/CtVv9Bnfi1i/wE/wLp2kW2vbAhcM598E9QcKo0o7zba2tb2xubZd2yrt7+weHduWoo+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wvpn53QciFY3FvZ4kxONoKGhEMdJG8u3KIN+RSRJO4eCJ+nXfrjo1JwdcJm5BqqBAy7d/BmGMU06Exgwp1XedRHsZkppiRqblQapIgvAYDUnfUIE4UV6Wn53CM6OEMIqlKaFhrv6dyBBXasID08mRHqlFbyau9AK+Su6nOrryMiqSVBOB5/ejlEEdw1k8MKSSYM0mhiAsqXkB4hGSCGsTYtlk4y4msUw69Zp7UWvcNarN6yKlEjgBp+AcuOASNMEtaIE2wOARvIBX8GY9W+/Wh/U5b12ziplj8A/W1y+9g50m</latexit>

⇠2

<latexit sha1_base64="SUiFNsWXAqVD8e77Q5ua/WKrrSQ=">AAACEXicbVC7TsMwFHV4lvJKYWSxqJCYqgQqYGCoxMJYJPqQ2ihyHKe1ajuR7QBV1K9gZoVvYEOsfAGfwF/gphmg7ZGudHTOfeieIGFUacf5tlZW19Y3Nktb5e2d3b19u3LQVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcY3Uz9zgORisbiXo8T4nE0EDSiGGkj+Xaln+/IJAknsP9E/XPfrjo1JwdcJG5BqqBA07d/+mGMU06Exgwp1XOdRHsZkppiRiblfqpIgvAIDUjPUIE4UV6Wn53AE6OEMIqlKaFhrv6dyBBXaswD08mRHqp5byou9QK+TO6lOrryMiqSVBOBZ/ejlEEdw2k8MKSSYM3GhiAsqXkB4iGSCGsTYtlk484nsUjaZzX3ola/q1cb10VKJXAEjsEpcMElaIBb0AQtgMEjeAGv4M16tt6tD+tz1rpiFTOH4B+sr1+/Hp0n</latexit>

⇠3

<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4

<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1

<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

Different splits imply different non-anticipativity constraints:

We can distinguish between      and      upon observing<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

We have observed     by time period t = 4 

The stage-1/2/3 decisions need to be the same across      and<latexit sha1_base64="AkplXm50LtNf7gqueOvqOIN4QBc=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiQi6sJFwY3LCvYBTQiTyaQdOjMJMxOlhH6Fa7f6De7ErV/gJ/gXTtMstO2BC4dz7oN7wpRRpR3n26qsrW9sblW3azu7e/sHdv2wq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vUciFU3Eg56kxOdoKGhMMdJGCuy6V+zIJYmm0OvTwA3shtN0CsBl4pakAUq0A/vHixKccSI0Zkipgeuk2s+R1BQzMq15mSIpwmM0JANDBeJE+XlxdgpPjRLBOJGmhIaF+nciR1ypCQ9NJ0d6pBa9mbjSC/kqeZDp+NrPqUgzTQSe348zBnUCZ/HAiEqCNZsYgrCk5gWIR0girE2INZONu5jEMumeN93L5sX9RaN1U6ZUBcfgBJwBF1yBFrgDbdABGDyBF/AK3qxn6936sD7nrRWrnDkC/2B9/QKIKJ0F</latexit>

⌅1
<latexit sha1_base64="CoNqitHQpmd0soCAyjD6w/PrvLM=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiSlqAsXBTcuK9gHtCFMJpN26MwkzEyUEvoVrt3qN7gTt36Bn+BfOE2z0LYHLhzOuQ/uCRJGlXacb6u0sbm1vVPereztHxwe2dXjropTiUkHxyyW/QApwqggHU01I/1EEsQDRnrB5Hbu9x6JVDQWD3qaEI+jkaARxUgbyberw3xHJkk4g8M+9Ru+XXPqTg64StyC1ECBtm//DMMYp5wIjRlSauA6ifYyJDXFjMwqw1SRBOEJGpGBoQJxorwsPzuD50YJYRRLU0LDXP07kSGu1JQHppMjPVbL3lxc6wV8nTxIdXTtZVQkqSYCL+5HKYM6hvN4YEglwZpNDUFYUvMCxGMkEdYmxIrJxl1OYpV0G3X3st68b9ZaN0VKZXAKzsAFcMEVaIE70AYdgMETeAGv4M16tt6tD+tz0VqyipkT8A/W1y+Jw50G</latexit>

⌅2

<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4
<latexit sha1_base64="7/9lyyt2mNsxn8WqI4+W9GKq7Bg=">AAACEXicbVDLSsNAFJ3UV62vVJduBovgqiRS1IWLghuXFewD2hAmk0k7dGYSZiZqCf0K1271G9yJW7/AT/AvnKZZaNsDFw7n3Af3BAmjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR8WpxKSNYxbLXoAUYVSQtqaakV4iCeIBI91gfDPzuw9EKhqLez1JiMfRUNCIYqSN5NvVQb4jkyScwsET9Ru+XXPqTg64TNyC1ECBlm//DMIYp5wIjRlSqu86ifYyJDXFjEwrg1SRBOExGpK+oQJxorwsPzuFp0YJYRRLU0LDXP07kSGu1IQHppMjPVKL3kxc6QV8ldxPdXTlZVQkqSYCz+9HKYM6hrN4YEglwZpNDEFYUvMCxCMkEdYmxIrJxl1MYpl0zuvuRb1x16g1r4uUyuAYnIAz4IJL0AS3oAXaAINH8AJewZv1bL1bH9bnvLVkFTNH4B+sr1/AuZ0o</latexit>

⇠4



Iterative Partitioning: Voronoi Partitioning 

Recall the Voronoi partitioning of uncertainty sets:
<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3
<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

<latexit sha1_base64="ohwRTgEmSBataiD3C/Gk0eIhNbA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1YWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXb7rSvHq5a3duqpTo4BWfgAtjgGnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX79y1Z4W</latexit>

⌅6
<latexit sha1_base64="hDIetKsL5fvVqRZaORBnce8REP0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvm5fPVy1urdVS3VwCs7ABbBBB3TBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX790cZ4X</latexit>

⌅7

<latexit sha1_base64="OiMj0psh2wMnwyvIJcV2S7NfCQY=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi2oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VWHHzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7evHq5a3duqpTo4BWfgAtjgBnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX792DZ4Y</latexit>

⌅8

<latexit sha1_base64="JVtHUc+iyfLJJCdvm2dmx+4HiEQ=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQiPsBFwY3LCvYBTQiTyaQdOpOEmYkQQj7DtVv9Bnfi1g/wE/wLp2kW1vbAwOGce+5ljp8wKpVlfRu1tfWNza36dmNnd2//wDw86ss4FZj0cMxiMfSRJIxGpKeoYmSYCIK4z8jAn97N/METEZLG0aPKEuJyNI5oSDFSWvLMZu6US3JBggI6Q+rdFJ7ZstpWCbhM7Iq0QIWuZ/44QYxTTiKFGZJyZFuJcnMkFMWMFA0nlSRBeIrGZKRphDiRbl7eLeCpVgIYxkK/SMFS/ZvIEZcy476e5EhN5ILn85WyjszEVd4oVeG1m9MoSRWJ8Px+mDKoYjgrCAZUEKxYpgnCguovQDxBAmGla2zobuz/TSyT/nnbvmxfPFy0OrdVS3VwDE7AGbDBFeiAe9AFPYBBBl7AK3gzno1348P4nI/WjCrTBAswvn4Bd6meGQ==</latexit>

⌅9



Iterative Partitioning: Voronoi Partitioning 

Recall the Voronoi partitioning of uncertainty sets:
<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3
<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

<latexit sha1_base64="ohwRTgEmSBataiD3C/Gk0eIhNbA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1YWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXb7rSvHq5a3duqpTo4BWfgAtjgGnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX79y1Z4W</latexit>

⌅6
<latexit sha1_base64="hDIetKsL5fvVqRZaORBnce8REP0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvm5fPVy1urdVS3VwCs7ABbBBB3TBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX790cZ4X</latexit>

⌅7

<latexit sha1_base64="OiMj0psh2wMnwyvIJcV2S7NfCQY=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi2oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VWHHzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7evHq5a3duqpTo4BWfgAtjgBnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX792DZ4Y</latexit>

⌅8

<latexit sha1_base64="JVtHUc+iyfLJJCdvm2dmx+4HiEQ=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQiPsBFwY3LCvYBTQiTyaQdOpOEmYkQQj7DtVv9Bnfi1g/wE/wLp2kW1vbAwOGce+5ljp8wKpVlfRu1tfWNza36dmNnd2//wDw86ss4FZj0cMxiMfSRJIxGpKeoYmSYCIK4z8jAn97N/METEZLG0aPKEuJyNI5oSDFSWvLMZu6US3JBggI6Q+rdFJ7ZstpWCbhM7Iq0QIWuZ/44QYxTTiKFGZJyZFuJcnMkFMWMFA0nlSRBeIrGZKRphDiRbl7eLeCpVgIYxkK/SMFS/ZvIEZcy476e5EhN5ILn85WyjszEVd4oVeG1m9MoSRWJ8Px+mDKoYjgrCAZUEKxYpgnCguovQDxBAmGla2zobuz/TSyT/nnbvmxfPFy0OrdVS3VwDE7AGbDBFeiAe9AFPYBBBl7AK3gzno1348P4nI/WjCrTBAswvn4Bd6meGQ==</latexit>

⌅9

Every partition-pair              generates non-anticipativity constraints:
<latexit sha1_base64="8jBO2W7O9O8JFSk0gLjS0TyhgMg=">AAACKnicbZBNS8MwHMZTX+d8q3r0EhzCFBmtDPXgYeDF4wT3AmspaZptcUlbklQYpd/BD+LZq34Gb8OrF7+FWdeDbnsg8PD7v5HHjxmVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZQITFo4YpHo+kgSRkPSUlQx0o0FQdxnpOOP7qb1zjMRkkbhoxrHxOVoENI+xUhp5Jnn1dTJt6SCBBl0utSj2QVcgE/ZmWdWrJqVCy4auzAVUKjpmT9OEOGEk1BhhqTs2Vas3BQJRTEjWdlJJIkRHqEB6WkbIk6km+aHM3iqSQD7kdAvVDCnfydSxKUcc193cqSGcr42hUtrPl+Ge4nq37gpDeNEkRDP7vcTBlUEp7nBgAqCFRtrg7Cg+gsQD5FAWOl0yzobez6JRdO+rNlXtfpDvdK4LVIqgWNwAqrABtegAe5BE7QABi/gDbyDD+PV+DQmxtesdcUoZo7APxnfv3ZOp3g=</latexit>

(⌅i,⌅j)

<latexit sha1_base64="yFvrNM7KSaIcbv1p8ZSzmbBvLiQ="></latexit>

⌅i = {⇠ : F ⇠  f}
<latexit sha1_base64="7c+l99iaNLKu1K6xfAb0ouPOqqY="></latexit>

⌅j = {⇠ : G⇠  g}



Iterative Partitioning: Voronoi Partitioning 

Recall the Voronoi partitioning of uncertainty sets:
<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3
<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

<latexit sha1_base64="ohwRTgEmSBataiD3C/Gk0eIhNbA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1YWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXb7rSvHq5a3duqpTo4BWfgAtjgGnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX79y1Z4W</latexit>

⌅6
<latexit sha1_base64="hDIetKsL5fvVqRZaORBnce8REP0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvm5fPVy1urdVS3VwCs7ABbBBB3TBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX790cZ4X</latexit>

⌅7

<latexit sha1_base64="OiMj0psh2wMnwyvIJcV2S7NfCQY=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi2oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VWHHzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7evHq5a3duqpTo4BWfgAtjgBnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX792DZ4Y</latexit>

⌅8

<latexit sha1_base64="JVtHUc+iyfLJJCdvm2dmx+4HiEQ=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQiPsBFwY3LCvYBTQiTyaQdOpOEmYkQQj7DtVv9Bnfi1g/wE/wLp2kW1vbAwOGce+5ljp8wKpVlfRu1tfWNza36dmNnd2//wDw86ss4FZj0cMxiMfSRJIxGpKeoYmSYCIK4z8jAn97N/METEZLG0aPKEuJyNI5oSDFSWvLMZu6US3JBggI6Q+rdFJ7ZstpWCbhM7Iq0QIWuZ/44QYxTTiKFGZJyZFuJcnMkFMWMFA0nlSRBeIrGZKRphDiRbl7eLeCpVgIYxkK/SMFS/ZvIEZcy476e5EhN5ILn85WyjszEVd4oVeG1m9MoSRWJ8Px+mDKoYjgrCAZUEKxYpgnCguovQDxBAmGla2zobuz/TSyT/nnbvmxfPFy0OrdVS3VwDE7AGbDBFeiAe9AFPYBBBl7AK3gzno1348P4nI/WjCrTBAswvn4Bd6meGQ==</latexit>

⌅9

Every partition-pair              generates non-anticipativity constraints:
<latexit sha1_base64="8jBO2W7O9O8JFSk0gLjS0TyhgMg=">AAACKnicbZBNS8MwHMZTX+d8q3r0EhzCFBmtDPXgYeDF4wT3AmspaZptcUlbklQYpd/BD+LZq34Gb8OrF7+FWdeDbnsg8PD7v5HHjxmVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZQITFo4YpHo+kgSRkPSUlQx0o0FQdxnpOOP7qb1zjMRkkbhoxrHxOVoENI+xUhp5Jnn1dTJt6SCBBl0utSj2QVcgE/ZmWdWrJqVCy4auzAVUKjpmT9OEOGEk1BhhqTs2Vas3BQJRTEjWdlJJIkRHqEB6WkbIk6km+aHM3iqSQD7kdAvVDCnfydSxKUcc193cqSGcr42hUtrPl+Ge4nq37gpDeNEkRDP7vcTBlUEp7nBgAqCFRtrg7Cg+gsQD5FAWOl0yzobez6JRdO+rNlXtfpDvdK4LVIqgWNwAqrABtegAe5BE7QABi/gDbyDD+PV+DQmxtesdcUoZo7APxnfv3ZOp3g=</latexit>

(⌅i,⌅j)

<latexit sha1_base64="yFvrNM7KSaIcbv1p8ZSzmbBvLiQ="></latexit>

⌅i = {⇠ : F ⇠  f}
<latexit sha1_base64="7c+l99iaNLKu1K6xfAb0ouPOqqY="></latexit>

⌅j = {⇠ : G⇠  g}

The stage-t decisions need to be the same

across      and      whenever the problem<latexit sha1_base64="xYdPs/2xPPJDu5pBhcA97HvBjPA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMstO2BC4dz7oN7/IRRqSzr26htbG5t79R3G3v7B4dH5vHJQMapwKSPYxaLkY8kYTQifUUVI6NEEMR9Rob+7G7uD5+IkDSOHlWWEJejSURDipHSkmc2c6dckgsSFNAZUY8Wntmy2lYJuErsirRAhZ5n/jhBjFNOIoUZknJsW4lycyQUxYwUDSeVJEF4hiZkrGmEOJFuXt4t4LlWAhjGQlekYKn+ncgRlzLjvu7kSE3lsjcX13o+XyePUxXeuDmNklSRCC/uhymDKobzgGBABcGKZZogLKh+AeIpEggrHWNDZ2MvJ7FKBpdt+6rdeei0urdVSnVwCs7ABbDBNeiCe9ADfYBBBl7AK3gzno1348P4XLTWjGqmCf7B+PoFyiWeSQ==</latexit>

⌅i
<latexit sha1_base64="HpS/hu53lmGUvzEtrizejiIakwI=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi6sJFwY3LCvYBTQiTyaQdO5OEmYkQQj7DtVv9Bnfi1g/wE/wLp2kW2vbAhcM598E9fsKoVJb1bdTW1jc2t+rbjZ3dvf0D8/CoL+NUYNLDMYvF0EeSMBqRnqKKkWEiCOI+IwN/ejvzB09ESBpHDypLiMvROKIhxUhpyTObuVMuyQUJCugMqfdYeGbLalsl4DKxK9ICFbqe+eMEMU45iRRmSMqRbSXKzZFQFDNSNJxUkgThKRqTkaYR4kS6eXm3gKdaCWAYC12RgqX6dyJHXMqM+7qTIzWRi95MXOn5fJU8SlV47eY0SlJFIjy/H6YMqhjOAoIBFQQrlmmCsKD6BYgnSCCsdIwNnY29mMQy6Z+37cv2xf1Fq3NTpVQHx+AEnAEbXIEOuANd0AMYZOAFvII349l4Nz6Mz3lrzahmmuAfjK9fy8GeSg==</latexit>

⌅j

<latexit sha1_base64="TfpbNYa6JEo1bFOdE7FFC1JepBE="></latexit>

maximize
⇠i,⇠j ,↵,�

↵+ �

subject to F ⇠i + ↵e  f , G⇠j + �e  g
(⇠i1, . . . , ⇠

i
t) = (⇠j1, . . . , ⇠

j
t )

�

is feasible with strictly positive value.



Iterative Partitioning: Voronoi Partitioning 

Recall the Voronoi partitioning of uncertainty sets:
<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3
<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

<latexit sha1_base64="ohwRTgEmSBataiD3C/Gk0eIhNbA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1YWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXb7rSvHq5a3duqpTo4BWfgAtjgGnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX79y1Z4W</latexit>

⌅6
<latexit sha1_base64="hDIetKsL5fvVqRZaORBnce8REP0=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi1oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VeGNm9MoSRWJ8OJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvm5fPVy1urdVS3VwCs7ABbBBB3TBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX790cZ4X</latexit>

⌅7

<latexit sha1_base64="OiMj0psh2wMnwyvIJcV2S7NfCQY=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi2oWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtTrFJ7ZstpWCbhK7Iq0QIWeZ/44QYxTTiKFGZJybFuJcnMkFMWMFA0nlSRBeIYmZKxphDiRbl7eLeC5VgIYxkK/SMFS/ZvIEZcy476e5EhN5ZLn87WyjszFdd44VWHHzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7evHq5a3duqpTo4BWfgAtjgBnTBPeiBPsAgAy/gFbwZz8a78WF8LkZrRpVpgiUYX792DZ4Y</latexit>

⌅8

<latexit sha1_base64="JVtHUc+iyfLJJCdvm2dmx+4HiEQ=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQiPsBFwY3LCvYBTQiTyaQdOpOEmYkQQj7DtVv9Bnfi1g/wE/wLp2kW1vbAwOGce+5ljp8wKpVlfRu1tfWNza36dmNnd2//wDw86ss4FZj0cMxiMfSRJIxGpKeoYmSYCIK4z8jAn97N/METEZLG0aPKEuJyNI5oSDFSWvLMZu6US3JBggI6Q+rdFJ7ZstpWCbhM7Iq0QIWuZ/44QYxTTiKFGZJyZFuJcnMkFMWMFA0nlSRBeIrGZKRphDiRbl7eLeCpVgIYxkK/SMFS/ZvIEZcy476e5EhN5ILn85WyjszEVd4oVeG1m9MoSRWJ8Px+mDKoYjgrCAZUEKxYpgnCguovQDxBAmGla2zobuz/TSyT/nnbvmxfPFy0OrdVS3VwDE7AGbDBFeiAe9AFPYBBBl7AK3gzno1348P4nI/WjCrTBAswvn4Bd6meGQ==</latexit>

⌅9

Every partition-pair              generates non-anticipativity constraints:
<latexit sha1_base64="8jBO2W7O9O8JFSk0gLjS0TyhgMg=">AAACKnicbZBNS8MwHMZTX+d8q3r0EhzCFBmtDPXgYeDF4wT3AmspaZptcUlbklQYpd/BD+LZq34Gb8OrF7+FWdeDbnsg8PD7v5HHjxmVyrImxsrq2vrGZmmrvL2zu7dvHhy2ZZQITFo4YpHo+kgSRkPSUlQx0o0FQdxnpOOP7qb1zjMRkkbhoxrHxOVoENI+xUhp5Jnn1dTJt6SCBBl0utSj2QVcgE/ZmWdWrJqVCy4auzAVUKjpmT9OEOGEk1BhhqTs2Vas3BQJRTEjWdlJJIkRHqEB6WkbIk6km+aHM3iqSQD7kdAvVDCnfydSxKUcc193cqSGcr42hUtrPl+Ge4nq37gpDeNEkRDP7vcTBlUEp7nBgAqCFRtrg7Cg+gsQD5FAWOl0yzobez6JRdO+rNlXtfpDvdK4LVIqgWNwAqrABtegAe5BE7QABi/gDbyDD+PV+DQmxtesdcUoZo7APxnfv3ZOp3g=</latexit>

(⌅i,⌅j)

<latexit sha1_base64="yFvrNM7KSaIcbv1p8ZSzmbBvLiQ="></latexit>

⌅i = {⇠ : F ⇠  f}
<latexit sha1_base64="7c+l99iaNLKu1K6xfAb0ouPOqqY="></latexit>

⌅j = {⇠ : G⇠  g}

The stage-t decisions need to be the same

across      and      whenever the problem<latexit sha1_base64="xYdPs/2xPPJDu5pBhcA97HvBjPA=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMstO2BC4dz7oN7/IRRqSzr26htbG5t79R3G3v7B4dH5vHJQMapwKSPYxaLkY8kYTQifUUVI6NEEMR9Rob+7G7uD5+IkDSOHlWWEJejSURDipHSkmc2c6dckgsSFNAZUY8Wntmy2lYJuErsirRAhZ5n/jhBjFNOIoUZknJsW4lycyQUxYwUDSeVJEF4hiZkrGmEOJFuXt4t4LlWAhjGQlekYKn+ncgRlzLjvu7kSE3lsjcX13o+XyePUxXeuDmNklSRCC/uhymDKobzgGBABcGKZZogLKh+AeIpEggrHWNDZ2MvJ7FKBpdt+6rdeei0urdVSnVwCs7ABbDBNeiCe9ADfYBBBl7AK3gzno1348P4XLTWjGqmCf7B+PoFyiWeSQ==</latexit>

⌅i
<latexit sha1_base64="HpS/hu53lmGUvzEtrizejiIakwI=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiQi6sJFwY3LCvYBTQiTyaQdO5OEmYkQQj7DtVv9Bnfi1g/wE/wLp2kW2vbAhcM598E9fsKoVJb1bdTW1jc2t+rbjZ3dvf0D8/CoL+NUYNLDMYvF0EeSMBqRnqKKkWEiCOI+IwN/ejvzB09ESBpHDypLiMvROKIhxUhpyTObuVMuyQUJCugMqfdYeGbLalsl4DKxK9ICFbqe+eMEMU45iRRmSMqRbSXKzZFQFDNSNJxUkgThKRqTkaYR4kS6eXm3gKdaCWAYC12RgqX6dyJHXMqM+7qTIzWRi95MXOn5fJU8SlV47eY0SlJFIjy/H6YMqhjOAoIBFQQrlmmCsKD6BYgnSCCsdIwNnY29mMQy6Z+37cv2xf1Fq3NTpVQHx+AEnAEbXIEOuANd0AMYZOAFvII349l4Nz6Mz3lrzahmmuAfjK9fy8GeSg==</latexit>

⌅j

is feasible with strictly positive value.

<latexit sha1_base64="TfpbNYa6JEo1bFOdE7FFC1JepBE="></latexit>

maximize
⇠i,⇠j ,↵,�

↵+ �

subject to F ⇠i + ↵e  f , G⇠j + �e  g
(⇠i1, . . . , ⇠

i
t) = (⇠j1, . . . , ⇠

j
t )

�

Intuition

The objective function tries to determine two 
realizations                   and                   : by 
construction, they will thus be different 

<latexit sha1_base64="1KWw2D0HHIjUHxRqXPF27HF7Fw4=">AAACPHicbVA9SwNBEN3z2/gVtbRZDIJVuBNRixSCjaWC0UDuDHubSbK4e3fszknCcX/GH2Jtq529jYittZszhfkYWHi892Zm54WJFAZd992Zm19YXFpeWS2trW9sbpW3d25NnGoOdR7LWDdCZkCKCOooUEIj0cBUKOEufLgY6nePoI2IoxscJBAo1o1ER3CGlmqVa5lfDMk0tHPqhyrz+yK/FxaLiPoIfcxEhDSn48aGaIm8Va64VbcoOg28EaiQUV21yp9+O+apggi5ZMY0PTfBIGMaBZeQl/zUQML4A+tC08KIKTBBVuzN6YFl2rQTa/vsjwr2f0fGlDEDFVqnYtgzk9qQnKmFahbdTLFzFtjjkxQh4n/7O6mkGNNhkrQtNHCUAwsY18KeQHmPacbR5l2y2XiTSUyD26Oqd1I9vj6unNdGKa2QPbJPDolHTsk5uSRXpE44eSIv5JW8Oc/Oh/PlfP9Z55xRzy4ZK+fnF/rCr+c=</latexit>

⇠i 2 int ⌅i

<latexit sha1_base64="+pJvmPZyrUxVfKDkwsadSgHotjM=">AAACPHicbVA9SwNBEN3zM8avqKXNYhCswp2IWqQI2FhGMB+Qi2FvM4mru3fH7pwkHPdn/CHWttrZ24jYWrs5U6hxYOHx3puZnRfEUhh03Rdnbn5hcWm5sFJcXVvf2CxtbTdNlGgODR7JSLcDZkCKEBooUEI71sBUIKEV3J5N9NYdaCOi8BLHMXQVG4ZiIDhDS/VK1dTPh6Qa+hn1A5X6I5Fd3VgsQuojjDAVIdKM/ja2Re8m65XKbsXNi84CbwrKZFr1XunN70c8URAil8yYjufG2E2ZRsElZEU/MRAzfsuG0LEwZApMN833ZnTfMn06iLR99kc5+7MjZcqYsQqsUzG8Nn+1CfmvFqj/6E6Cg9OuPT5OEEL+vX+QSIoRnSRJ+0IDRzm2gHEt7AmUXzPNONq8izYb728Ss6B5WPGOK0cXR+VadZpSgeySPXJAPHJCauSc1EmDcHJPHskTeXYenFfn3fn4ts45054d8quczy/+Hq/p</latexit>

⇠j 2 int ⌅j

The second constraint ensures that     and  
are indistinguishable at time t

<latexit sha1_base64="xbQKX1QiZNtFNMHUUx00AyRO0mg=">AAACGHicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpwUXDjsoJ9QBPLZDJpx84kYWYilhA/xLVb/QZ34tadn+BfOE2z0LYHLhzOuQ/u8WJGpbKsb6O0tLyyulZer2xsbm3vmLt7bRklApMWjlgkuh6ShNGQtBRVjHRjQRD3GOl4o6uJ33kgQtIovFXjmLgcDUIaUIyUlvrmQerkS1JB/Aw6Hk+dR5rd3Wd9s2rVrBxwntgFqYICzb754/gRTjgJFWZIyp5txcpNkVAUM5JVnESSGOERGpCepiHiRLppfjyDx1rxYRAJXaGCufp3IkVcyjH3dCdHaihnvYm40PP4IrmXqODCTWkYJ4qEeHo/SBhUEZykBH0qCFZsrAnCguoXIB4igbDSWVZ0NvZsEvOkfVqzz2r1m3q1cVmkVAaH4AicABucgwa4Bk3QAhg8gRfwCt6MZ+Pd+DA+p60lo5jZB/9gfP0CUbqgvg==</latexit>

⇠j
<latexit sha1_base64="zDzmaKqNc6FPwIbVDvJg4ftEeBs=">AAACGHicbVDLSsNAFJ34rPUVdSO4GSyCq5JIURcuCm5cVrAPaGKZTKbt0JlJmJmIJcQPce1Wv8GduHXnJ/gXTtMstO2BC4dz7oN7gphRpR3n21paXlldWy9tlDe3tnd27b39looSiUkTRyySnQApwqggTU01I51YEsQDRtrB6Hritx+IVDQSd3ocE5+jgaB9ipE2Us8+TL18SSpJmEEv4Kn3SLN7mvXsilN1csB54hakAgo0evaPF0Y44URozJBSXdeJtZ8iqSlmJCt7iSIxwiM0IF1DBeJE+Wl+PIMnRglhP5KmhIa5+nciRVypMQ9MJ0d6qGa9ibjQC/giuZvo/qWfUhEnmgg8vd9PGNQRnKQEQyoJ1mxsCMKSmhcgHiKJsDZZlk027mwS86R1VnXPq7XbWqV+VaRUAkfgGJwCF1yAOrgBDdAEGDyBF/AK3qxn6936sD6nrUtWMXMA/sH6+gVQHqC9</latexit>

⇠i
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Nested Benders’ Decomposition

Recall the multi-stage robust optimization problem:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="f/jXY/GmrnUs2z0phDr6GT01mvY=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAimKkEVMDBUYmEsEn1ITYgc12mt2kmwHUQV5RP4CX6BFXY2xAgjX4KTZoCWI1k6Oufee6zjx4xKZVmfxsLi0vLKamWtur6xubVt7ux2ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPL3O/e0+EpFF4oyYxcTkahjSgGCkteeaR4/P0LvPsNLt1VBTD1CmOpj5LSAZz90G7mWfWrLpVAM4TuyQ1UKLlmd/OIMIJJ6HCDEnZt61YuSkSimJGsqqTSBIjPEZD0tc0RJxINy2yM3iolQEMIqFfqGCh/t5IEZdywn09yZEayVkvF//1fD6TrIJzN6VhnCgS4mlwkDCoIpi3BQdUEKzYRBOEBdV/h3iEBMJKd1rVpdizFcyTzkndPq03rhu15kVZTwXsgwNwDGxwBprgCrRAG2DwCJ7BC3g1now34934mI4uGOXOHvgD4+sHQBykgQ==</latexit>

q1
>x1

<latexit sha1_base64="3pvamURgrKww0lrOkDZF2RUaoTs=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWZEtAsXBTcuK9gHtGVI0rQNTTJDkhHL0F/xJ/wFt7rvTrr1J8xMZ6FTDwQO59ybezg44kwbz1s4pY3Nre2d8m5lb//g8Mg9PmnrMFaEtkjIQ9XFSFPOJG0ZZjjtRooigTnt4Ol96neeqdIslE9mFtGBQGPJRowgY6XArSf97JME85jOYR+L5GUe+JYxCQueQGZCEE+66UDgVr2alwGuEz8nVZCjGbjL/jAksaDSEI607vleZAYJUoYRTueVfqxphMgUjWnPUokE1YMkCzCHF1YZwlGo7JMGZurvjQQJrWcC28k0pS56qfivh0XhshnVBwmTUWyoJKvDo5hDE8K0PjhkihLDZ5YgopjNDskEKUSMLbliS/GLFayT9lXNv6ldP15XG3d5PWVwBs7BJfDBLWiAB9AELUDAK3gHH+DTeXMWzpezXI2WnHznFPyB8/0DJRGrng==</latexit>

x1 2 X1

<latexit sha1_base64="c+dcNXzQhIhLwnDkxI1sbYxn6EE=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZKsS5cFNy4rGAf0ClDJk3b0CQzJBlpGeZT/Al/wa3udSW69CtMp7OwrQcCh3PuvSecIGJUacf5sAobm1vbO8Xd0t7+weGRfXzSVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M79ziORiobiQc8i0udoJOiQYqSN5Nt1j6OpnyRediqRZJBCL+CJN6WpXzWcCrhsdqnRU98uOxUnA1wnbk7KIEfTt7+9QYhjToTGDCnVc51I9xMkNcWMpCUvViRCeIJGpGeoQJyofpIFp/DCKAM4DKV5QsNM/buRIK7UjAdmkiM9VqveXPzXC/hKsh5e9xMqolgTgRfBw5hBHcJ5e3BAJcGazQxBWFLzd4jHSCKsTcclU4q7WsE6aVcr7lWldl8rN27yeorgDJyDS+CCOmiAO9AELYDBE3gBr+DNerberU/razFasPKdU7AE6+cXHfirEQ==</latexit> max
⇠22⌅2

<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="OKjtqLRf6SQbZyu94IX8d7Nl8I0=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqpKqgg4MlVgYi0QfUhNFjuu0Vm0nsh1EFfVX+Al+gRX2bqgrP4HTZoCUI1k6Oude36MTxIwqbdsLq7S1vbO7V96vHBweHZ9UT896KkokJl0csUgOAqQIo4J0NdWMDGJJEA8Y6QfT+8zvPxOpaCSe9CwmHkdjQUOKkTaSX22l7uqTNGAJmUM34OnL3G8YRgUseBzpCUYsHWQDfrVm1+0V4CZxclIDOTp+demOIpxwIjRmSKmhY8faS5HUFDMyr7iJIjHCUzQmQ0MF4kR56SrAHF4ZZQTDSJonNFypvzdSxJWa8cBMZilV0cvEf72AFy7rsOWlVMSJJgKvD4cJgzqCWX1wRCXBms0MQVhSkx3iCZIIa1NyxZTiFCvYJL1G3bmpNx+btfZdXk8ZXIBLcA0ccAva4AF0QBdg8ArewQf4tN6shfVlLdejJSvfOQd/YH3/AChcq6A=</latexit>

x2 2 X2

…

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="0ZCiZIyXTadAFd5DCPvod5I+eKI=">AAACJXicbVDLSsNAFJ34rPUVdelmsBRclaQUdeGi4MZlBfuApobJdNIOnUnizEQsIV/gh7h2q9/gTgRXrv0LJ2kW2vbAhcM598E9XsSoVJb1Zaysrq1vbJa2yts7u3v75sFhR4axwKSNQxaKnockYTQgbUUVI71IEMQ9Rrre5Crzuw9ESBoGt2oakQFHo4D6FCOlJdesOh5P7lO3fueoMIKJk69MPBaTFGbeo/ZS16xYNSsHXCR2QSqgQMs1f5xhiGNOAoUZkrJvW5EaJEgoihlJy04sSYTwBI1IX9MAcSIHSX47hVWtDKEfCl2Bgrn6dyJBXMop93QnR2os571MXOp5fJncj5V/MUhoEMWKBHh2348ZVCHMIoNDKghWbKoJwoLqFyAeI4Gw0sGWdTb2fBKLpFOv2We1xk2j0rwsUiqBY3ACToENzkETXIMWaAMMnsALeAVvxrPxbnwYn7PWFaOYOQL/YHz/AnJMpgM=</latexit>

q>
2 x2

<latexit sha1_base64="9Cfzs7ObEYw6oyWcJ6YB0nr/+PY="></latexit>

T2(⇠2)x1 +W2 x2 � h2(⇠2)

…



Nested Benders’ Decomposition

Recall the multi-stage robust optimization problem:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="f/jXY/GmrnUs2z0phDr6GT01mvY=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAimKkEVMDBUYmEsEn1ITYgc12mt2kmwHUQV5RP4CX6BFXY2xAgjX4KTZoCWI1k6Oufee6zjx4xKZVmfxsLi0vLKamWtur6xubVt7ux2ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPL3O/e0+EpFF4oyYxcTkahjSgGCkteeaR4/P0LvPsNLt1VBTD1CmOpj5LSAZz90G7mWfWrLpVAM4TuyQ1UKLlmd/OIMIJJ6HCDEnZt61YuSkSimJGsqqTSBIjPEZD0tc0RJxINy2yM3iolQEMIqFfqGCh/t5IEZdywn09yZEayVkvF//1fD6TrIJzN6VhnCgS4mlwkDCoIpi3BQdUEKzYRBOEBdV/h3iEBMJKd1rVpdizFcyTzkndPq03rhu15kVZTwXsgwNwDGxwBprgCrRAG2DwCJ7BC3g1now34934mI4uGOXOHvgD4+sHQBykgQ==</latexit>

q1
>x1

<latexit sha1_base64="3pvamURgrKww0lrOkDZF2RUaoTs=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWZEtAsXBTcuK9gHtGVI0rQNTTJDkhHL0F/xJ/wFt7rvTrr1J8xMZ6FTDwQO59ybezg44kwbz1s4pY3Nre2d8m5lb//g8Mg9PmnrMFaEtkjIQ9XFSFPOJG0ZZjjtRooigTnt4Ol96neeqdIslE9mFtGBQGPJRowgY6XArSf97JME85jOYR+L5GUe+JYxCQueQGZCEE+66UDgVr2alwGuEz8nVZCjGbjL/jAksaDSEI607vleZAYJUoYRTueVfqxphMgUjWnPUokE1YMkCzCHF1YZwlGo7JMGZurvjQQJrWcC28k0pS56qfivh0XhshnVBwmTUWyoJKvDo5hDE8K0PjhkihLDZ5YgopjNDskEKUSMLbliS/GLFayT9lXNv6ldP15XG3d5PWVwBs7BJfDBLWiAB9AELUDAK3gHH+DTeXMWzpezXI2WnHznFPyB8/0DJRGrng==</latexit>

x1 2 X1

<latexit sha1_base64="c+dcNXzQhIhLwnDkxI1sbYxn6EE=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZKsS5cFNy4rGAf0ClDJk3b0CQzJBlpGeZT/Al/wa3udSW69CtMp7OwrQcCh3PuvSecIGJUacf5sAobm1vbO8Xd0t7+weGRfXzSVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M79ziORiobiQc8i0udoJOiQYqSN5Nt1j6OpnyRediqRZJBCL+CJN6WpXzWcCrhsdqnRU98uOxUnA1wnbk7KIEfTt7+9QYhjToTGDCnVc51I9xMkNcWMpCUvViRCeIJGpGeoQJyofpIFp/DCKAM4DKV5QsNM/buRIK7UjAdmkiM9VqveXPzXC/hKsh5e9xMqolgTgRfBw5hBHcJ5e3BAJcGazQxBWFLzd4jHSCKsTcclU4q7WsE6aVcr7lWldl8rN27yeorgDJyDS+CCOmiAO9AELYDBE3gBr+DNerberU/razFasPKdU7AE6+cXHfirEQ==</latexit> max
⇠22⌅2

<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="OKjtqLRf6SQbZyu94IX8d7Nl8I0=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqpKqgg4MlVgYi0QfUhNFjuu0Vm0nsh1EFfVX+Al+gRX2bqgrP4HTZoCUI1k6Oude36MTxIwqbdsLq7S1vbO7V96vHBweHZ9UT896KkokJl0csUgOAqQIo4J0NdWMDGJJEA8Y6QfT+8zvPxOpaCSe9CwmHkdjQUOKkTaSX22l7uqTNGAJmUM34OnL3G8YRgUseBzpCUYsHWQDfrVm1+0V4CZxclIDOTp+demOIpxwIjRmSKmhY8faS5HUFDMyr7iJIjHCUzQmQ0MF4kR56SrAHF4ZZQTDSJonNFypvzdSxJWa8cBMZilV0cvEf72AFy7rsOWlVMSJJgKvD4cJgzqCWX1wRCXBms0MQVhSkx3iCZIIa1NyxZTiFCvYJL1G3bmpNx+btfZdXk8ZXIBLcA0ccAva4AF0QBdg8ArewQf4tN6shfVlLdejJSvfOQd/YH3/AChcq6A=</latexit>

x2 2 X2

…

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="0ZCiZIyXTadAFd5DCPvod5I+eKI=">AAACJXicbVDLSsNAFJ34rPUVdelmsBRclaQUdeGi4MZlBfuApobJdNIOnUnizEQsIV/gh7h2q9/gTgRXrv0LJ2kW2vbAhcM598E9XsSoVJb1Zaysrq1vbJa2yts7u3v75sFhR4axwKSNQxaKnockYTQgbUUVI71IEMQ9Rrre5Crzuw9ESBoGt2oakQFHo4D6FCOlJdesOh5P7lO3fueoMIKJk69MPBaTFGbeo/ZS16xYNSsHXCR2QSqgQMs1f5xhiGNOAoUZkrJvW5EaJEgoihlJy04sSYTwBI1IX9MAcSIHSX47hVWtDKEfCl2Bgrn6dyJBXMop93QnR2os571MXOp5fJncj5V/MUhoEMWKBHh2348ZVCHMIoNDKghWbKoJwoLqFyAeI4Gw0sGWdTb2fBKLpFOv2We1xk2j0rwsUiqBY3ACToENzkETXIMWaAMMnsALeAVvxrPxbnwYn7PWFaOYOQL/YHz/AnJMpgM=</latexit>

q>
2 x2

<latexit sha1_base64="9Cfzs7ObEYw6oyWcJ6YB0nr/+PY="></latexit>

T2(⇠2)x1 +W2 x2 � h2(⇠2)

<latexit sha1_base64="LrRTweo/BLFEtvSbZL+le+BtTcQ="></latexit>

x2 2 X2(x1, ⇠2)

…



Nested Benders’ Decomposition

Recall the multi-stage robust optimization problem:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="f/jXY/GmrnUs2z0phDr6GT01mvY=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAimKkEVMDBUYmEsEn1ITYgc12mt2kmwHUQV5RP4CX6BFXY2xAgjX4KTZoCWI1k6Oufee6zjx4xKZVmfxsLi0vLKamWtur6xubVt7ux2ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPL3O/e0+EpFF4oyYxcTkahjSgGCkteeaR4/P0LvPsNLt1VBTD1CmOpj5LSAZz90G7mWfWrLpVAM4TuyQ1UKLlmd/OIMIJJ6HCDEnZt61YuSkSimJGsqqTSBIjPEZD0tc0RJxINy2yM3iolQEMIqFfqGCh/t5IEZdywn09yZEayVkvF//1fD6TrIJzN6VhnCgS4mlwkDCoIpi3BQdUEKzYRBOEBdV/h3iEBMJKd1rVpdizFcyTzkndPq03rhu15kVZTwXsgwNwDGxwBprgCrRAG2DwCJ7BC3g1now34934mI4uGOXOHvgD4+sHQBykgQ==</latexit>

q1
>x1

<latexit sha1_base64="3pvamURgrKww0lrOkDZF2RUaoTs=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWZEtAsXBTcuK9gHtGVI0rQNTTJDkhHL0F/xJ/wFt7rvTrr1J8xMZ6FTDwQO59ybezg44kwbz1s4pY3Nre2d8m5lb//g8Mg9PmnrMFaEtkjIQ9XFSFPOJG0ZZjjtRooigTnt4Ol96neeqdIslE9mFtGBQGPJRowgY6XArSf97JME85jOYR+L5GUe+JYxCQueQGZCEE+66UDgVr2alwGuEz8nVZCjGbjL/jAksaDSEI607vleZAYJUoYRTueVfqxphMgUjWnPUokE1YMkCzCHF1YZwlGo7JMGZurvjQQJrWcC28k0pS56qfivh0XhshnVBwmTUWyoJKvDo5hDE8K0PjhkihLDZ5YgopjNDskEKUSMLbliS/GLFayT9lXNv6ldP15XG3d5PWVwBs7BJfDBLWiAB9AELUDAK3gHH+DTeXMWzpezXI2WnHznFPyB8/0DJRGrng==</latexit>

x1 2 X1

<latexit sha1_base64="c+dcNXzQhIhLwnDkxI1sbYxn6EE=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZKsS5cFNy4rGAf0ClDJk3b0CQzJBlpGeZT/Al/wa3udSW69CtMp7OwrQcCh3PuvSecIGJUacf5sAobm1vbO8Xd0t7+weGRfXzSVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M79ziORiobiQc8i0udoJOiQYqSN5Nt1j6OpnyRediqRZJBCL+CJN6WpXzWcCrhsdqnRU98uOxUnA1wnbk7KIEfTt7+9QYhjToTGDCnVc51I9xMkNcWMpCUvViRCeIJGpGeoQJyofpIFp/DCKAM4DKV5QsNM/buRIK7UjAdmkiM9VqveXPzXC/hKsh5e9xMqolgTgRfBw5hBHcJ5e3BAJcGazQxBWFLzd4jHSCKsTcclU4q7WsE6aVcr7lWldl8rN27yeorgDJyDS+CCOmiAO9AELYDBE3gBr+DNerberU/razFasPKdU7AE6+cXHfirEQ==</latexit> max
⇠22⌅2

<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="OKjtqLRf6SQbZyu94IX8d7Nl8I0=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqpKqgg4MlVgYi0QfUhNFjuu0Vm0nsh1EFfVX+Al+gRX2bqgrP4HTZoCUI1k6Oude36MTxIwqbdsLq7S1vbO7V96vHBweHZ9UT896KkokJl0csUgOAqQIo4J0NdWMDGJJEA8Y6QfT+8zvPxOpaCSe9CwmHkdjQUOKkTaSX22l7uqTNGAJmUM34OnL3G8YRgUseBzpCUYsHWQDfrVm1+0V4CZxclIDOTp+demOIpxwIjRmSKmhY8faS5HUFDMyr7iJIjHCUzQmQ0MF4kR56SrAHF4ZZQTDSJonNFypvzdSxJWa8cBMZilV0cvEf72AFy7rsOWlVMSJJgKvD4cJgzqCWX1wRCXBms0MQVhSkx3iCZIIa1NyxZTiFCvYJL1G3bmpNx+btfZdXk8ZXIBLcA0ccAva4AF0QBdg8ArewQf4tN6shfVlLdejJSvfOQd/YH3/AChcq6A=</latexit>

x2 2 X2

…

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="0ZCiZIyXTadAFd5DCPvod5I+eKI=">AAACJXicbVDLSsNAFJ34rPUVdelmsBRclaQUdeGi4MZlBfuApobJdNIOnUnizEQsIV/gh7h2q9/gTgRXrv0LJ2kW2vbAhcM598E9XsSoVJb1Zaysrq1vbJa2yts7u3v75sFhR4axwKSNQxaKnockYTQgbUUVI71IEMQ9Rrre5Crzuw9ESBoGt2oakQFHo4D6FCOlJdesOh5P7lO3fueoMIKJk69MPBaTFGbeo/ZS16xYNSsHXCR2QSqgQMs1f5xhiGNOAoUZkrJvW5EaJEgoihlJy04sSYTwBI1IX9MAcSIHSX47hVWtDKEfCl2Bgrn6dyJBXMop93QnR2os571MXOp5fJncj5V/MUhoEMWKBHh2348ZVCHMIoNDKghWbKoJwoLqFyAeI4Gw0sGWdTb2fBKLpFOv2We1xk2j0rwsUiqBY3ACToENzkETXIMWaAMMnsALeAVvxrPxbnwYn7PWFaOYOQL/YHz/AnJMpgM=</latexit>

q>
2 x2

<latexit sha1_base64="9Cfzs7ObEYw6oyWcJ6YB0nr/+PY="></latexit>

T2(⇠2)x1 +W2 x2 � h2(⇠2)

<latexit sha1_base64="LrRTweo/BLFEtvSbZL+le+BtTcQ="></latexit>

x2 2 X2(x1, ⇠2)

<latexit sha1_base64="aDrb02+WIfRzcNmnJ5RATknimZA=">AAACJ3icbVC7TsMwFHV4lvIKMLJYVIiyVEmpgIGhEgtjK9GH1FSR47qtVTuJbAdRWfkEPoSZFb6BDcHIyF/gtB2g7ZGudHTOvb6+J4gZlcpxvqyV1bX1jc3cVn57Z3dv3z44bMooEZg0cMQi0Q6QJIyGpKGoYqQdC4J4wEgrGN1mfuuBCEmj8F6NY9LlaBDSPsVIGcm3zzyO1BAjpuupfwGL2pu8qQOWkBR6AdePqV9Oz3274JScCeAicWekAGao+faP14twwkmoMENSdlwnVl2NhKKYkTTvJZLECI/QgHQMDREnsqsny1N4apQe7EfCVKjgRP07oRGXcswD05l9X857mbjUC/gyuZOo/nVX0zBOFAnxdH8/YVBFMAsN9qggWLGxIQgLak6AeIgEwspEmzfZuPNJLJJmueRelir1SqF6M0spB47BCSgCF1yBKrgDNdAAGDyBF/AK3qxn6936sD6nrSvWbOYI/IP1/Qse4aZH</latexit>

Q3(x2)



Nested Benders’ Decomposition

Recall the multi-stage robust optimization problem:

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="f/jXY/GmrnUs2z0phDr6GT01mvY=">AAACIHicbVC7TsMwFHV4lvIKMLJYVAimKkEVMDBUYmEsEn1ITYgc12mt2kmwHUQV5RP4CX6BFXY2xAgjX4KTZoCWI1k6Oufee6zjx4xKZVmfxsLi0vLKamWtur6xubVt7ux2ZJQITNo4YpHo+UgSRkPSVlQx0osFQdxnpOuPL3O/e0+EpFF4oyYxcTkahjSgGCkteeaR4/P0LvPsNLt1VBTD1CmOpj5LSAZz90G7mWfWrLpVAM4TuyQ1UKLlmd/OIMIJJ6HCDEnZt61YuSkSimJGsqqTSBIjPEZD0tc0RJxINy2yM3iolQEMIqFfqGCh/t5IEZdywn09yZEayVkvF//1fD6TrIJzN6VhnCgS4mlwkDCoIpi3BQdUEKzYRBOEBdV/h3iEBMJKd1rVpdizFcyTzkndPq03rhu15kVZTwXsgwNwDGxwBprgCrRAG2DwCJ7BC3g1now34934mI4uGOXOHvgD4+sHQBykgQ==</latexit>

q1
>x1

<latexit sha1_base64="3pvamURgrKww0lrOkDZF2RUaoTs=">AAACMXicbVDLSgMxFM3UV62vUZdugkVwVWZEtAsXBTcuK9gHtGVI0rQNTTJDkhHL0F/xJ/wFt7rvTrr1J8xMZ6FTDwQO59ybezg44kwbz1s4pY3Nre2d8m5lb//g8Mg9PmnrMFaEtkjIQ9XFSFPOJG0ZZjjtRooigTnt4Ol96neeqdIslE9mFtGBQGPJRowgY6XArSf97JME85jOYR+L5GUe+JYxCQueQGZCEE+66UDgVr2alwGuEz8nVZCjGbjL/jAksaDSEI607vleZAYJUoYRTueVfqxphMgUjWnPUokE1YMkCzCHF1YZwlGo7JMGZurvjQQJrWcC28k0pS56qfivh0XhshnVBwmTUWyoJKvDo5hDE8K0PjhkihLDZ5YgopjNDskEKUSMLbliS/GLFayT9lXNv6ldP15XG3d5PWVwBs7BJfDBLWiAB9AELUDAK3gHH+DTeXMWzpezXI2WnHznFPyB8/0DJRGrng==</latexit>

x1 2 X1

<latexit sha1_base64="c+dcNXzQhIhLwnDkxI1sbYxn6EE=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZKsS5cFNy4rGAf0ClDJk3b0CQzJBlpGeZT/Al/wa3udSW69CtMp7OwrQcCh3PuvSecIGJUacf5sAobm1vbO8Xd0t7+weGRfXzSVmEsMWnhkIWyGyBFGBWkpalmpBtJgnjASCeY3M79ziORiobiQc8i0udoJOiQYqSN5Nt1j6OpnyRediqRZJBCL+CJN6WpXzWcCrhsdqnRU98uOxUnA1wnbk7KIEfTt7+9QYhjToTGDCnVc51I9xMkNcWMpCUvViRCeIJGpGeoQJyofpIFp/DCKAM4DKV5QsNM/buRIK7UjAdmkiM9VqveXPzXC/hKsh5e9xMqolgTgRfBw5hBHcJ5e3BAJcGazQxBWFLzd4jHSCKsTcclU4q7WsE6aVcr7lWldl8rN27yeorgDJyDS+CCOmiAO9AELYDBE3gBr+DNerberU/razFasPKdU7AE6+cXHfirEQ==</latexit> max
⇠22⌅2

<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="OKjtqLRf6SQbZyu94IX8d7Nl8I0=">AAACMXicbVC7TsMwFHXKq5RXgZHFokJiqpKqgg4MlVgYi0QfUhNFjuu0Vm0nsh1EFfVX+Al+gRX2bqgrP4HTZoCUI1k6Oude36MTxIwqbdsLq7S1vbO7V96vHBweHZ9UT896KkokJl0csUgOAqQIo4J0NdWMDGJJEA8Y6QfT+8zvPxOpaCSe9CwmHkdjQUOKkTaSX22l7uqTNGAJmUM34OnL3G8YRgUseBzpCUYsHWQDfrVm1+0V4CZxclIDOTp+demOIpxwIjRmSKmhY8faS5HUFDMyr7iJIjHCUzQmQ0MF4kR56SrAHF4ZZQTDSJonNFypvzdSxJWa8cBMZilV0cvEf72AFy7rsOWlVMSJJgKvD4cJgzqCWX1wRCXBms0MQVhSkx3iCZIIa1NyxZTiFCvYJL1G3bmpNx+btfZdXk8ZXIBLcA0ccAva4AF0QBdg8ArewQf4tN6shfVlLdejJSvfOQd/YH3/AChcq6A=</latexit>

x2 2 X2

…

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="0ZCiZIyXTadAFd5DCPvod5I+eKI=">AAACJXicbVDLSsNAFJ34rPUVdelmsBRclaQUdeGi4MZlBfuApobJdNIOnUnizEQsIV/gh7h2q9/gTgRXrv0LJ2kW2vbAhcM598E9XsSoVJb1Zaysrq1vbJa2yts7u3v75sFhR4axwKSNQxaKnockYTQgbUUVI71IEMQ9Rrre5Crzuw9ESBoGt2oakQFHo4D6FCOlJdesOh5P7lO3fueoMIKJk69MPBaTFGbeo/ZS16xYNSsHXCR2QSqgQMs1f5xhiGNOAoUZkrJvW5EaJEgoihlJy04sSYTwBI1IX9MAcSIHSX47hVWtDKEfCl2Bgrn6dyJBXMop93QnR2os571MXOp5fJncj5V/MUhoEMWKBHh2348ZVCHMIoNDKghWbKoJwoLqFyAeI4Gw0sGWdTb2fBKLpFOv2We1xk2j0rwsUiqBY3ACToENzkETXIMWaAMMnsALeAVvxrPxbnwYn7PWFaOYOQL/YHz/AnJMpgM=</latexit>

q>
2 x2

<latexit sha1_base64="9Cfzs7ObEYw6oyWcJ6YB0nr/+PY="></latexit>

T2(⇠2)x1 +W2 x2 � h2(⇠2)

<latexit sha1_base64="LrRTweo/BLFEtvSbZL+le+BtTcQ="></latexit>

x2 2 X2(x1, ⇠2)

<latexit sha1_base64="aDrb02+WIfRzcNmnJ5RATknimZA=">AAACJ3icbVC7TsMwFHV4lvIKMLJYVIiyVEmpgIGhEgtjK9GH1FSR47qtVTuJbAdRWfkEPoSZFb6BDcHIyF/gtB2g7ZGudHTOvb6+J4gZlcpxvqyV1bX1jc3cVn57Z3dv3z44bMooEZg0cMQi0Q6QJIyGpKGoYqQdC4J4wEgrGN1mfuuBCEmj8F6NY9LlaBDSPsVIGcm3zzyO1BAjpuupfwGL2pu8qQOWkBR6AdePqV9Oz3274JScCeAicWekAGao+faP14twwkmoMENSdlwnVl2NhKKYkTTvJZLECI/QgHQMDREnsqsny1N4apQe7EfCVKjgRP07oRGXcswD05l9X857mbjUC/gyuZOo/nVX0zBOFAnxdH8/YVBFMAsN9qggWLGxIQgLak6AeIgEwspEmzfZuPNJLJJmueRelir1SqF6M0spB47BCSgCF1yBKrgDNdAAGDyBF/AK3qxn6936sD6nrSvWbOYI/IP1/Qse4aZH</latexit>

Q3(x2)

stage-wise rectangularity: <latexit sha1_base64="wBmCairNEJH9OovVqaT+ainNBes=">AAACS3icbVDLSgMxFM1Uq7W+Rl26CRbBVZkRURcKBTcuq/QFnVIymbQNzTxI7ghlmP/yJ/wANy7c6N6duDAzHUFbL4ScnHvuPeG4keAKLOvZKK2sltfWKxvVza3tnV1zb7+jwlhS1qahCGXPJYoJHrA2cBCsF0lGfFewrju9yfrdByYVD4MWzCI28Mk44CNOCWhqaN4nTr4kkcxLsdPjKb7Gi9zQ1hdwnynsCC8E9fNaErZSXB2aNatu5YWXgV2AGiqqOTRfHS+ksc8CoIIo1betCAYJkcCpYGnViRWLCJ2SMetrGBBtPUhy5xQfa8bDo1DqEwDO2d8TCfGVmvmuVvoEJmqxl5H/9lx/wRlGl4OEB1EMLKBz41EsMIQ4CxZ7XDIKYqYBoZLrv2M6IZJQ0PFnodiLESyDzmndPq+f3Z3VGldFPBV0iI7QCbLRBWqgW9REbUTRI3pBb+jdeDI+jE/jay4tGcXMAfpTpfI33Ga0Gg==</latexit>

⌅ = ⌅1 ⇥ . . .⇥ ⌅T



Nested Benders’ Decomposition
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Nested Benders’ Decomposition
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Nested Benders’ Decomposition

2

3 Backward Pass. Find nodal 
solutions        optimizing

min
xt�Xt(xt�1,�t)

qt
�xt + Qt+1(xt)

for all t = T, …, 1. Use dual 
information to update      .
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Nested Benders’ Decomposition

2

3

Repeat until bounds don’t change.

1 Initialization. Set all lower 
bounds to       .��

Forward Pass. Find nodal 
solutions       optimizing

min
xt�Xt(xt�1,�t)

qt
�xt + Qt+1(xt)

for all t = 1, …, T.

xfw
t

fw

Backward Pass. Find nodal 
solutions        optimizing

min
xt�Xt(xt�1,�t)

qt
�xt + Qt+1(xt)

for all t = T, …, 1. Use dual 
information to update      .

xbw
t

Qt

fw

Algorithm: Refine lower bounds     on worst-case costs to-goQt



Nested Benders’ Decomposition: Cut Sharing
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Nested Benders’ Decomposition: Cut Sharing

lower memory requirements

still need to solve all nodal 
problems

faster convergence

The worst-case costs to-go  
    only depend on        , not 
on the parameter trajectory.
Qt xt�1

The cuts in each time stage 
can be shared across all 

nodes in that stage!

Problem: Every iteration requires  
solution of LPs at all nodes!

Toy Example:

and                                                 :

1,222,222,220 LPs need to be 
solved in every iteration!

T = 10 |ext �2| = . . . = |ext �T | = 10



Part 3 Continuous Recourse Decisions

Agenda

Multi-Stage Models

Time (In-)Consistency 
Decision Rules 
Iterative Partitioning 
Nested Benders’ Decomposition 
Robust Dual Dynamic Programming

Georghiou, Tsoukalas and W. Robust Dual Dynamic Programming. OR, 2019.
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Robust Dual Dynamic Programming

1

xfw
2

xfw
1

. .

2 Forward Pass. Find worst- 
case scenarios      optimizing�fw

t

and decisions       optimizing

min
xt�Xt(xt�1,�t)

qt
�xt + Qt+1(xt)

for all t = 1, …, T for one pa- 
rameter trajectory in the tree.

xfw
t

fw fw
min

xt�Xt(xt�1,�t)
qt

�xt + Qt+1(xt)min
xt�Xt(xt�1,�t)

qt
�xt + Qt+1(xt)

�fw
2 �fw

3
max
�t��t

min
xt�Xt(xfw

t�1,�t)
qt

�xt + Qt+1(xt)

Initialization. Set all bounds 
to  +/      .��

Qt QtAlgorithm: Refine lower bounds       and upper bounds



Robust Dual Dynamic Programming

1

. .

2 Forward Pass. (…)

3

xbw
1

xbw
2

Backward Pass. Find worst- 
case scenarios      optimizing

and decisions       optimizing

min
xt�Xt(xt�1,�t)

qt
�xt + Qt+1(xt)

along that trajectory. Use 
first problem to update      and 
second on to update      .

fw
min

xt�Xt(xt�1,�t)
qt

�xt + Qt+1(xt)min
xt�Xt(xt�1,�t)

qt
�xt + Qt+1(xt)

Qt

Qt

xbw
t

�bw
t

max
�t��t

min
xt�Xt(xfw

t�1,�t)
qt

�xt + Qt+1(xt)

bw

�bw
2 �bw

3

Initialization. Set all bounds 
to  +/      .��

Qt QtAlgorithm: Refine lower bounds       and upper bounds



Robust Dual Dynamic Programming

1

2 Forward Pass. (…)

3 Backward Pass. (…)

Repeat until first-stage solution 
      satisfiesxfw

1

Q2(x
fw
1 ) = Q2(x

fw
1 )

this solution is guaranteed to be 
optimal.

;

Initialization. Set all bounds 
to  +/      .��

Qt QtAlgorithm: Refine lower bounds       and upper bounds



Part 4 Discrete Recourse Decisions

Agenda

Decision Rules 
Iterative Partitioning 
K-Adaptability

Bertsimas and Caramanis. Adaptability via Sampling. IEEE CDC, 2007.

Bertsimas and Georghiou. Design of Near Optimal Decision Rules in Multistage Adaptive Mixed-Integer 
Optimization. OR, 2015.

Bertsimas and Georghiou. Binary Decision Rules for Multistage Adaptive Mixed-Integer Optimization. MP, 2018.



Decision Rules: Constraint Sampling

Decision rule formulation of the two-stage RO problem with 
mixed-integer recourse:

<latexit sha1_base64="O7qzesooMIE6lMsq9GcSgxyfDuk="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! Z

continuous discrete



Decision Rules: Constraint Sampling

Decision rule formulation of the two-stage RO problem with 
mixed-integer recourse:

Use affine decision rules for the recourse decisions:1

<latexit sha1_base64="O7qzesooMIE6lMsq9GcSgxyfDuk="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! Z

<latexit sha1_base64="rW+Oz7Vp2Pj6bMxhE2rB77LgWdw="></latexit>

minimize
x,(Y ,y),(Z,z)

c>x

subject to T (⇠)x+ V [Y ⇠ + y] +
W [Z⇠ + z] � h(⇠) 8⇠ 2 ⌅

x 2 X , (Y ,y), (Z, z)



Decision Rules: Constraint Sampling

Decision rule formulation of the two-stage RO problem with 
mixed-integer recourse:

Enforce integrality of integer decisions:2

<latexit sha1_base64="O7qzesooMIE6lMsq9GcSgxyfDuk="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! Z

<latexit sha1_base64="nSt44XRi4XN2z9VyYE5yXPBn+GI="></latexit>

minimize
x,(Y ,y),(Z,z)

c>x

subject to T (⇠)x+ V [Y ⇠ + y] +
W [Zd⇠e+ z] � h(⇠) 8⇠ 2 ⌅

x 2 X , (Y ,y), (Z, z) integer



Decision Rules: Constraint Sampling

Decision rule formulation of the two-stage RO problem with 
mixed-integer recourse:

Conduct constraint sampling:3

<latexit sha1_base64="PNZPvuOdpTG7CKmbjrKeicVhpXw=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcZKLIxFog+piSLHcVqrthPZDlBF/QN+gRV2NsTKT7DyJbhpBmg5kqWjc+69xzphyqjSjvNlVdbWNza3qtu1nd29/QO7fthTSSYx6eKEJXIQIkUYFaSrqWZkkEqCeMhIP5xcz/3+PZGKJuJOT1PiczQSNKYYaSMFdt0rbuSSRDPoPdLADeyG03QKwFXilqQBSnQC+9uLEpxxIjRmSKmh66Taz5HUFDMyq3mZIinCEzQiQ0MF4kT5eRE7g6dGiWCcSPOEhoX6eyNHXKkpD80kR3qslr25+K8X8qVkHV/5ORVpponAi+A4Y1AncN4LjKgkWLOpIQhLav4O8RhJhLVpr2ZKcZcrWCW986bbal7cXjTarbKeKjgGJ+AMuOAStMEN6IAuwOABPIMX8Go9WW/Wu/WxGK1Y5c4R+APr8wfPRZqT</latexit>

⇠1

<latexit sha1_base64="VnsQF0944cSh7DLfTVmmba6zoL0=">AAACCnicbVC7TsMwFHXKq5RXCiOLRYXEVCVVVRgrsTAWiT6kpoocx2mt2k5kO0AV9Q/4BVbY2RArP8HKl+CmGaDlSJaOzrn3HusECaNKO86XVdrY3NreKe9W9vYPDo/s6nFPxanEpItjFstBgBRhVJCuppqRQSIJ4gEj/WB6vfD790QqGos7PUvIiKOxoBHFSBvJt6tefiOTJJxD75H6Dd+uOXUnB1wnbkFqoEDHt7+9MMYpJ0JjhpQauk6iRxmSmmJG5hUvVSRBeIrGZGioQJyoUZbHzuG5UUIYxdI8oWGu/t7IEFdqxgMzyZGeqFVvIf7rBXwlWUdXo4yKJNVE4GVwlDKoY7joBYZUEqzZzBCEJTV/h3iCJMLatFcxpbirFayTXqPuturN22at3SrqKYNTcAYugAsuQRvcgA7oAgwewDN4Aa/Wk/VmvVsfy9GSVeycgD+wPn8A0NmalA==</latexit>

⇠2

<latexit sha1_base64="OEbXOIYeAMPGlUfUZU06rZA0yMc=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQplMJu3QmSTMTIQS+gP+glvduxO3/oVbv8RpmoW2Hhg4nHPvPcMJUs6Udpwvq7KxubW9U92t7e0fHNbto+OeSjJJaJckPJGDACvKWUy7mmlOB6mkWASc9oPp7cLvP1KpWBI/6FlKfYHHMYsYwdpII7vuFTdyScM58gZsZDecplMArRO3JA0o0RnZ316YkEzQWBOOlRq6Tqr9HEvNCKfzmpcpmmIyxWM6NDTGgio/L0Ln6NwoIYoSaV6sUaH+3sixUGomAjMpsJ6oVW8h/usFYiVZRzd+zuI00zQmy+Ao40gnaNEKCpmkRPOZIZhIZv6OyARLTLTprmZKcVcrWCe9y6bbal7dXzXarbKeKpzCGVyAC9fQhjvoQBcIZPAML/BqPVlv1rv1sRytWOXOCfyB9fkDYoGZzw==</latexit>

⌅

<latexit sha1_base64="ac1GlCY2GLjU9JL+sW30gakLRRU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS1IWLghuXFewDmlAmk5t26GQSZiZCCQV/xY0LRdz6He78G6dpFtp64MLhnHvnzj1BypnSjvNtrayurW9sVraq2zu7e/v2wWFHJZmk0KYJT2QvIAo4E9DWTHPopRJIHHDoBuPbmd99BKlYIh70JAU/JkPBIkaJNtLAPvaKN3IJ4RR7I6Jzr8emA7vm1J0CeJm4JamhEq2B/eWFCc1iEJpyolTfdVLt50RqRjlMq16mICV0TIbQN1SQGJSfF6un+MwoIY4SaUpoXKi/J3ISKzWJA9MZEz1Si95M/M/rZzq69nMm0kyDoPNFUcaxTvAsCxwyCVTziSGESmb+iumISEK1SaxqQnAXT14mnYu6e1lv3DdqzZsyjgo6QafoHLnoCjXRHWqhNqIoR8/oFb1ZT9aL9W59zFtXrHLmCP2B9fkDvx6V/A==</latexit>

⌅̂

<latexit sha1_base64="sWGMsgEubaEZE5QGRnFt8nqJ8/E="></latexit>

minimize
x,(Y ,y),(Z,z)

c>x

subject to T (⇠)x+ V [Y ⇠ + y] +
W [Zd⇠e+ z] � h(⇠) 8⇠ 2 ⌅̂

x 2 X , (Y ,y), (Z, z) integer

<latexit sha1_base64="O7qzesooMIE6lMsq9GcSgxyfDuk="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! Z



Decision Rules: Semi-Infinite Programming

Decision rule formulation of the two-stage RO problem with 
mixed-integer recourse:

<latexit sha1_base64="rcLWWYtH6yWVjMbK5BW8xYdNzg4="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! Z

continuous discrete



Decision Rules: Semi-Infinite Programming

Decision rule formulation of the two-stage RO problem with 
mixed-integer recourse:

Restrict second-stage decisions to piecewise affine DRs:1

<latexit sha1_base64="rcLWWYtH6yWVjMbK5BW8xYdNzg4="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! Z

<latexit sha1_base64="gqtjrPXwQrQN5fBbjDuTYtODWpI="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅

yi(⇠) ⌘ max
j

{yij
>⇠ + yij}�max

j
{y

ij
>⇠ + y

ij
} 8i

zi(⇠) = 1 , max
j

{zij
>⇠ + zij}�max

j
{zij

>⇠ + zij}  0 8i

x 2 X , [(yij , yij), (yij
, y

ij
)], [(zij , zij), (zij , zij)]



Decision Rules: Semi-Infinite Programming

Decision rule formulation of the two-stage RO problem with 
mixed-integer recourse:

Iterate between solving two problems:2

<latexit sha1_base64="rcLWWYtH6yWVjMbK5BW8xYdNzg4="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! Z



Decision Rules: Semi-Infinite Programming

Decision rule formulation of the two-stage RO problem with 
mixed-integer recourse:

Iterate between solving two problems:2

Master problem

Find best piecewise affine 
DRs for finite subset

<latexit sha1_base64="bpiUWdpsSF1UU+3axvND4Ets73Y=">AAACM3icbVC7SgNBFJ2NrxhfUUubwSBYhV0NamERsLGMYB6QXcLs5CYZMvtw5q4QlnyIH2Jtq58gdmJj4T84SbYwJgcGDuecey9z/FgKjbb9buVWVtfWN/Kbha3tnd294v5BQ0eJ4lDnkYxUy2capAihjgIltGIFLPAlNP3hzcRvPoLSIgrvcRSDF7B+KHqCMzRSp3ieutMlqYLumLoDhqnbEmNDdeJrQHig8wljdoolu2xPQReJk5ESyVDrFL/dbsSTAELkkmndduwYvZQpFFzCuOAmGmLGh6wPbUNDFoD20unVMT0xSpf2ImVeiHSq/p1IWaD1KPBNMmA40HOeHyyVzchEXOa1E+xdeakI4wQh5LP7vURSjOikQNoVCjjKkSGMK2G+QPmAKcbR1Fww3Tj/m1gkjbOyc1Gu3FVK1euspTw5IsfklDjkklTJLamROuHkibyQV/JmPVsf1qf1NYvmrGzmkMzB+vkFknSsPQ==</latexit>

⌅̂ ✓ ⌅

<latexit sha1_base64="rcLWWYtH6yWVjMbK5BW8xYdNzg4="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! Z



Decision Rules: Semi-Infinite Programming

Decision rule formulation of the two-stage RO problem with 
mixed-integer recourse:

Iterate between solving two problems:2

Master problem Subproblem

Find best piecewise affine 
DRs for finite subset

<latexit sha1_base64="bpiUWdpsSF1UU+3axvND4Ets73Y=">AAACM3icbVC7SgNBFJ2NrxhfUUubwSBYhV0NamERsLGMYB6QXcLs5CYZMvtw5q4QlnyIH2Jtq58gdmJj4T84SbYwJgcGDuecey9z/FgKjbb9buVWVtfWN/Kbha3tnd294v5BQ0eJ4lDnkYxUy2capAihjgIltGIFLPAlNP3hzcRvPoLSIgrvcRSDF7B+KHqCMzRSp3ieutMlqYLumLoDhqnbEmNDdeJrQHig8wljdoolu2xPQReJk5ESyVDrFL/dbsSTAELkkmndduwYvZQpFFzCuOAmGmLGh6wPbUNDFoD20unVMT0xSpf2ImVeiHSq/p1IWaD1KPBNMmA40HOeHyyVzchEXOa1E+xdeakI4wQh5LP7vURSjOikQNoVCjjKkSGMK2G+QPmAKcbR1Fww3Tj/m1gkjbOyc1Gu3FVK1euspTw5IsfklDjkklTJLamROuHkibyQV/JmPVsf1qf1NYvmrGzmkMzB+vkFknSsPQ==</latexit>

⌅̂ ✓ ⌅
Find worst-case  
for fixed decision rules

<latexit sha1_base64="lF6eDLdmQdOHwSG/DWhSLwfQoao=">AAACTnicbVHLSgMxFM3UV62vqks3wSK4KjMi6sJFwY0rUbAP6JSSSW/bYJIZkjtiGeav/BC3utWNP+BONK1dWO2FhMM599xLTqJECou+/+wVFhaXlleKq6W19Y3NrfL2TsPGqeFQ57GMTStiFqTQUEeBElqJAaYiCc3o7mKsN+/BWBHrWxwl0FFsoEVfcIaO6pavsnAyJDPQy2kYqSx8ELlDQtNZqSXcZQGV0Kn9ow0ZZuOGvFuu+FV/UvQ/CKagQqZ13S2/h72Ypwo0csmsbQd+gp2MGRRcQl4KUwsJ43dsAG0HNVNgO9lkd04PHNOj/di4o5FO2N+OjClrRypynYrh0M5okZpLO8uYnKe1U+yfdTKhkxRB85/9/VRSjOk4W9oTBjjKkQOMG+GeQPmQGcbR/UDJZRP8TeI/aBxVg5Pq8c1xpXY+TalI9sg+OSQBOSU1ckmuSZ1w8kheyCt58568D+/T+/ppLXhTzy6ZqULxG0gCtvE=</latexit>

⇠ 2 ⌅ \ ⌅̂

<latexit sha1_base64="rcLWWYtH6yWVjMbK5BW8xYdNzg4="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! Z



Decision Rules: Semi-Infinite Programming

Decision rule formulation of the two-stage RO problem with 
mixed-integer recourse:

Iterate between solving two problems:2

Master problem Subproblem

Find best piecewise affine 
DRs for finite subset

<latexit sha1_base64="bpiUWdpsSF1UU+3axvND4Ets73Y=">AAACM3icbVC7SgNBFJ2NrxhfUUubwSBYhV0NamERsLGMYB6QXcLs5CYZMvtw5q4QlnyIH2Jtq58gdmJj4T84SbYwJgcGDuecey9z/FgKjbb9buVWVtfWN/Kbha3tnd294v5BQ0eJ4lDnkYxUy2capAihjgIltGIFLPAlNP3hzcRvPoLSIgrvcRSDF7B+KHqCMzRSp3ieutMlqYLumLoDhqnbEmNDdeJrQHig8wljdoolu2xPQReJk5ESyVDrFL/dbsSTAELkkmndduwYvZQpFFzCuOAmGmLGh6wPbUNDFoD20unVMT0xSpf2ImVeiHSq/p1IWaD1KPBNMmA40HOeHyyVzchEXOa1E+xdeakI4wQh5LP7vURSjOikQNoVCjjKkSGMK2G+QPmAKcbR1Fww3Tj/m1gkjbOyc1Gu3FVK1euspTw5IsfklDjkklTJLamROuHkibyQV/JmPVsf1qf1NYvmrGzmkMzB+vkFknSsPQ==</latexit>

⌅̂ ✓ ⌅
Find worst-case  
for fixed decision rules

<latexit sha1_base64="lF6eDLdmQdOHwSG/DWhSLwfQoao=">AAACTnicbVHLSgMxFM3UV62vqks3wSK4KjMi6sJFwY0rUbAP6JSSSW/bYJIZkjtiGeav/BC3utWNP+BONK1dWO2FhMM599xLTqJECou+/+wVFhaXlleKq6W19Y3NrfL2TsPGqeFQ57GMTStiFqTQUEeBElqJAaYiCc3o7mKsN+/BWBHrWxwl0FFsoEVfcIaO6pavsnAyJDPQy2kYqSx8ELlDQtNZqSXcZQGV0Kn9ow0ZZuOGvFuu+FV/UvQ/CKagQqZ13S2/h72Ypwo0csmsbQd+gp2MGRRcQl4KUwsJ43dsAG0HNVNgO9lkd04PHNOj/di4o5FO2N+OjClrRypynYrh0M5okZpLO8uYnKe1U+yfdTKhkxRB85/9/VRSjOk4W9oTBjjKkQOMG+GeQPmQGcbR/UDJZRP8TeI/aBxVg5Pq8c1xpXY+TalI9sg+OSQBOSU1ckmuSZ1w8kheyCt58568D+/T+/ppLXhTzy6ZqULxG0gCtvE=</latexit>

⇠ 2 ⌅ \ ⌅̂

can be formulated

as an MILP

can be formulated

as an MILP

<latexit sha1_base64="rcLWWYtH6yWVjMbK5BW8xYdNzg4="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! Z



Decision Rules: Lifting Approach

Decision rule formulation of the two-stage RO problem with 
mixed-binary recourse:

<latexit sha1_base64="bz94KcW1s/Lc4YccAgABpnFCdxA="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! {0, 1}

continuous binary



Decision Rules: Lifting Approach

Decision rule formulation of the two-stage RO problem with 
mixed-binary recourse:

1

<latexit sha1_base64="bz94KcW1s/Lc4YccAgABpnFCdxA="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! {0, 1}

Restrict second-stage decisions to affine functions of 
(lifted) features:

<latexit sha1_base64="botN5E8q1l5J6pu7jKWAvjMaqN0="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅

y(⇠) ⌘ Y ⇠ + y, z(⇠) ⌘ ZL⇠ + z

0  z(⇠)  e 8⇠ 2 ⌅
x 2 X , (Y ,y) real, (Z, z) integer



<latexit sha1_base64="botN5E8q1l5J6pu7jKWAvjMaqN0="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅

y(⇠) ⌘ Y ⇠ + y, z(⇠) ⌘ ZL⇠ + z

0  z(⇠)  e 8⇠ 2 ⌅
x 2 X , (Y ,y) real, (Z, z) integer

Restrict second-stage decisions to affine functions of 
(lifted) features:

Decision Rules: Lifting Approach

Decision rule formulation of the two-stage RO problem with 
mixed-binary recourse:

1

<latexit sha1_base64="bz94KcW1s/Lc4YccAgABpnFCdxA="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! {0, 1}

<latexit sha1_base64="Hi78NoQZfV4C0E9w3fOgBdG3ZfU="></latexit>

Li(⇠) =

(
1 if ↵i

>⇠ � �i

0 otherwise

with             preselected.
<latexit sha1_base64="j5VwwyBE7E6eA+MTSzQ/jnv0n8c=">AAACGHicbVDLSsNAFJ3UV62vqhvBzWARKkhJpKgLFwU3LivYBzQh3Ewn7dCZJMxMhBLqh7h2q9/gTty68xP8C6ePhbU9cOFwzj1c7gkSzpS27W8rt7K6tr6R3yxsbe/s7hX3D5oqTiWhDRLzWLYDUJSziDY005y2E0lBBJy2gsHt2G89UqlYHD3oYUI9Ab2IhYyANpJfPCq7gchc4EkfRj47x25ANfjszC+W7Io9AV4kzoyU0Ax1v/jjdmOSChppwkGpjmMn2stAakY4HRXcVNEEyAB6tGNoBIIqL5t8MMKnRuniMJZmIo0n6t9EBkKpoQjMpgDdV3NeIJbKJjIWl3mdVIfXXsaiJNU0ItP7YcqxjvG4JdxlkhLNh4YAkcy8gEkfJBBtuiyYbpz/TSyS5kXFuaxU76ul2s2spTw6RieojBx0hWroDtVRAxH0hF7QK3qznq1368P6nK7mrFnmEM3B+voFN8ufeg==</latexit>

(↵i,�i)



<latexit sha1_base64="botN5E8q1l5J6pu7jKWAvjMaqN0="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅

y(⇠) ⌘ Y ⇠ + y, z(⇠) ⌘ ZL⇠ + z

0  z(⇠)  e 8⇠ 2 ⌅
x 2 X , (Y ,y) real, (Z, z) integer

Restrict second-stage decisions to affine functions of 
(lifted) features:

Decision Rules: Lifting Approach

Decision rule formulation of the two-stage RO problem with 
mixed-binary recourse:

1

<latexit sha1_base64="bz94KcW1s/Lc4YccAgABpnFCdxA="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! {0, 1}

<latexit sha1_base64="Hi78NoQZfV4C0E9w3fOgBdG3ZfU="></latexit>

Li(⇠) =

(
1 if ↵i

>⇠ � �i

0 otherwise

with             preselected.
<latexit sha1_base64="j5VwwyBE7E6eA+MTSzQ/jnv0n8c=">AAACGHicbVDLSsNAFJ3UV62vqhvBzWARKkhJpKgLFwU3LivYBzQh3Ewn7dCZJMxMhBLqh7h2q9/gTty68xP8C6ePhbU9cOFwzj1c7gkSzpS27W8rt7K6tr6R3yxsbe/s7hX3D5oqTiWhDRLzWLYDUJSziDY005y2E0lBBJy2gsHt2G89UqlYHD3oYUI9Ab2IhYyANpJfPCq7gchc4EkfRj47x25ANfjszC+W7Io9AV4kzoyU0Ax1v/jjdmOSChppwkGpjmMn2stAakY4HRXcVNEEyAB6tGNoBIIqL5t8MMKnRuniMJZmIo0n6t9EBkKpoQjMpgDdV3NeIJbKJjIWl3mdVIfXXsaiJNU0ItP7YcqxjvG4JdxlkhLNh4YAkcy8gEkfJBBtuiyYbpz/TSyS5kXFuaxU76ul2s2spTw6RieojBx0hWroDtVRAxH0hF7QK3qznq1368P6nK7mrFnmEM3B+voFN8ufeg==</latexit>

(↵i,�i)

<latexit sha1_base64="Bq0vWcjLUsBoxzWD67gp6oAGfek=">AAACHHicbVDLSgMxFM3UV62vUZe6CBbBVZmRoi4UCm5cVrAP6AxDJs20sUlmSDJCGbrxQ1y71W9wJ24FP8G/MNPOwmoPBA7n3MPNPWHCqNKO82WVlpZXVtfK65WNza3tHXt3r63iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLrO/c4DkYrG4k6PE+JzNBA0ohhpIwX2oRfyzEMsGaJJQOEV9DjSwzDKyCS4D+yqU3OmgP+JW5AqKNAM7G+vH+OUE6ExQ0r1XCfRfoakppiRScVLFUkQHqEB6RkqECfKz6ZXTOCxUfowiqV5QsOp+juRIa7UmIdmMv+jmvNCvlA2kVxc5PVSHV34GRVJqonAs/1RyqCOYd4U7FNJsGZjQxCW1JwA8RBJhLXps2K6cf828Z+0T2vuWa1+W682LouWyuAAHIET4IJz0AA3oAlaAINH8AxewKv1ZL1Z79bHbLRkFZl9MAfr8wdN96G2</latexit>↵i = ej
<latexit sha1_base64="zwxJ6Ukc4q+6L8P1elx3fqi5VAA="></latexit>

⌅ = [⇠, ⇠]and
polynomial-size MILP if:



<latexit sha1_base64="botN5E8q1l5J6pu7jKWAvjMaqN0="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅

y(⇠) ⌘ Y ⇠ + y, z(⇠) ⌘ ZL⇠ + z

0  z(⇠)  e 8⇠ 2 ⌅
x 2 X , (Y ,y) real, (Z, z) integer

Restrict second-stage decisions to affine functions of 
(lifted) features:

Decision Rules: Lifting Approach

Decision rule formulation of the two-stage RO problem with 
mixed-binary recourse:

1

<latexit sha1_base64="bz94KcW1s/Lc4YccAgABpnFCdxA="></latexit>

minimize
x,y,z

c>x

subject to T (⇠)x+ V y(⇠) +Wz(⇠) � h(⇠) 8⇠ 2 ⌅
x 2 X , y : ⌅ 7! Y, z : ⌅ 7! {0, 1}

<latexit sha1_base64="Hi78NoQZfV4C0E9w3fOgBdG3ZfU="></latexit>

Li(⇠) =

(
1 if ↵i

>⇠ � �i

0 otherwise

with             preselected.
<latexit sha1_base64="j5VwwyBE7E6eA+MTSzQ/jnv0n8c=">AAACGHicbVDLSsNAFJ3UV62vqhvBzWARKkhJpKgLFwU3LivYBzQh3Ewn7dCZJMxMhBLqh7h2q9/gTty68xP8C6ePhbU9cOFwzj1c7gkSzpS27W8rt7K6tr6R3yxsbe/s7hX3D5oqTiWhDRLzWLYDUJSziDY005y2E0lBBJy2gsHt2G89UqlYHD3oYUI9Ab2IhYyANpJfPCq7gchc4EkfRj47x25ANfjszC+W7Io9AV4kzoyU0Ax1v/jjdmOSChppwkGpjmMn2stAakY4HRXcVNEEyAB6tGNoBIIqL5t8MMKnRuniMJZmIo0n6t9EBkKpoQjMpgDdV3NeIJbKJjIWl3mdVIfXXsaiJNU0ItP7YcqxjvG4JdxlkhLNh4YAkcy8gEkfJBBtuiyYbpz/TSyS5kXFuaxU76ul2s2spTw6RieojBx0hWroDtVRAxH0hF7QK3qznq1368P6nK7mrFnmEM3B+voFN8ufeg==</latexit>

(↵i,�i)

<latexit sha1_base64="Bq0vWcjLUsBoxzWD67gp6oAGfek=">AAACHHicbVDLSgMxFM3UV62vUZe6CBbBVZmRoi4UCm5cVrAP6AxDJs20sUlmSDJCGbrxQ1y71W9wJ24FP8G/MNPOwmoPBA7n3MPNPWHCqNKO82WVlpZXVtfK65WNza3tHXt3r63iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLrO/c4DkYrG4k6PE+JzNBA0ohhpIwX2oRfyzEMsGaJJQOEV9DjSwzDKyCS4D+yqU3OmgP+JW5AqKNAM7G+vH+OUE6ExQ0r1XCfRfoakppiRScVLFUkQHqEB6RkqECfKz6ZXTOCxUfowiqV5QsOp+juRIa7UmIdmMv+jmvNCvlA2kVxc5PVSHV34GRVJqonAs/1RyqCOYd4U7FNJsGZjQxCW1JwA8RBJhLXps2K6cf828Z+0T2vuWa1+W682LouWyuAAHIET4IJz0AA3oAlaAINH8AxewKv1ZL1Z79bHbLRkFZl9MAfr8wdN96G2</latexit>↵i = ej
<latexit sha1_base64="zwxJ6Ukc4q+6L8P1elx3fqi5VAA="></latexit>

⌅ = [⇠, ⇠]and
polynomial-size MILP if:

exponential-size MILP otherwise



Part 4 Discrete Recourse Decisions

Agenda

Decision Rules 
Iterative Partitioning 
K-Adaptability

Bertsimas and Dunning. Multistage Robust Mixed-Integer Optimization with Adaptive Partitions. OR, 2016. 
Postek and den Hertog. Multistage Adjustable Robust Mixed-Integer Optimization via Iterative Splitting of 
the Uncertainty Set. INFORMS JoC, 2016.



Iterative Partitioning

Main challenge with iterative and Voronoi partitioning:

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3

<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

dots = scenarios that are 
binding for at least one of the 

constraints in the problem

active 
(or critical) 
scenarios

�



Iterative Partitioning

Main challenge with iterative and Voronoi partitioning:

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3

<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

dots = scenarios that are 
binding for at least one of the 

constraints in the problem

active 
(or critical) 
scenarios

With discrete decisions, active scenarios 
may correspond to non-binding constraints:

�



Iterative Partitioning

Main challenge with iterative and Voronoi partitioning:

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3

<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

dots = scenarios that are 
binding for at least one of the 

constraints in the problem

�

active 
(or critical) 
scenarios

With discrete decisions, active scenarios 
may correspond to non-binding constraints:

<latexit sha1_base64="gkL8kldwXWcFJ2UhsY1wDbKXJiQ="></latexit>

yi  ⇠i 8⇠i 2 [1/2, 1]
yi 2 {0, 1}

�

<latexit sha1_base64="mjBFZk3+pTW35eHLAXK8rh7fM9Y=">AAACFnicbVDLSsNAFJ34rPUVdSnCYBFclUSKuuii4MZlBfuAJobJZNIOnUzCzEQsISt/wl9wq3t34tatW7/EaZqFth64cDjnvjh+wqhUlvVlLC2vrK6tVzaqm1vbO7vm3n5XxqnApINjFou+jyRhlJOOooqRfiIIinxGev74aur37omQNOa3apIQN0JDTkOKkdKSZx5lTrEkEyTIofNAPXrnSIVEDpvQ9syaVbcKwEVil6QGSrQ989sJYpxGhCvMkJQD20qUmyGhKGYkrzqpJAnCYzQkA005ioh0s+KDHJ5oJYBhLHRxBQv190SGIiknka87I6RGct6biv96fjR3WYWXbkZ5kirC8exwmDKoYjjNCAZUEKzYRBOEBdW/QzxCAmGlk6zqUOz5CBZJ96xun9cbN41aq1nGUwGH4BicAhtcgBa4Bm3QARg8gmfwAl6NJ+PNeDc+Zq1LRjlzAP7A+PwBzfOfYg==</latexit>

⇠?i < 1any            is an 
active scenario!



Iterative Partitioning

Main challenge with iterative and Voronoi partitioning:

<latexit sha1_base64="+7ucv1tf1WlzLTqDsdpQyXQ4m9E=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dCYJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRiNSF9RxcgoEQRxn5GhP7ub+8MnIiSNo0eVJcTlaBLRkGKktOSZzdwpl+SCBAV0RtSzC89sWW2rBFwldkVaoELPM3+cIMYpJ5HCDEk5tq1EuTkSimJGioaTSpIgPEMTMtY0QpxINy/vFvBcKwEMY6FfpGCp/k3kiEuZcV9PcqSmcsnz+VpZR+biOm+cqvDGzWmUpIpEeHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNTZ0N/b/JlbJ4LJtX7U7D51W97ZqqQ5OwRm4ADa4Bl1wD3qgDzDIwAt4BW/Gs/FufBifi9GaUWWaYAnG1y9qyZ4R</latexit>

⌅1

<latexit sha1_base64="mJ7WkqvdtIHmdjb+86KvfaRDbf4=">AAACE3icbVDLSsNAFJ34rPUV7dLNYBFclaQUdeGi4MZlBfuAJoTJZNIOnUzCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo2Nza3tnd3aXn3/4PDo2Dw5Hcg4FZj0ccxiMfKRJIxy0ldUMTJKBEGRz8jQn93N/eETEZLG/FFlCXEjNOE0pBgpLXlmI3fKJbkgQQGdEfXahWc2rZZVAq4SuyJNUKHnmT9OEOM0IlxhhqQc21ai3BwJRTEjRd1JJUkQnqEJGWvKUUSkm5d3C3ihlQCGsdCPK1iqfxM5iqTMIl9PRkhN5ZLnR2tlHZmL67xxqsIbN6c8SRXheHE/TBlUMZwXBAMqCFYs0wRhQfUXIJ4igbDSNdZ1N/b/JlbJoN2yr1qdh06ze1u1VANn4BxcAhtcgy64Bz3QBxhk4AW8gjfj2Xg3PozPxeiGUWUaYAnG1y9sZZ4S</latexit>

⌅2

<latexit sha1_base64="0ocMYfZAamAZ0it1b9myUPUfkXk=">AAACE3icbVDNSsNAGNzUv1r/oj16WSyCp5JoUQ8eCl48VrC10ISw2WzapbtJ2N0IIeQxPHvVZ/AmXn0AH8G3cJvmYG0HFoaZb76PHT9hVCrL+jZqa+sbm1v17cbO7t7+gXl4NJBxKjDp45jFYugjSRiNSF9RxcgwEQRxn5FHf3o78x+fiJA0jh5UlhCXo3FEQ4qR0pJnNnOnXJILEhTQGVLvovDMltW2SsBlYlekBSr0PPPHCWKcchIpzJCUI9tKlJsjoShmpGg4qSQJwlM0JiNNI8SJdPPybgFPtRLAMBb6RQqW6t9EjriUGff1JEdqIhc8n6+UdWQmrvJGqQqv3ZxGSapIhOf3w5RBFcNZQTCggmDFMk0QFlR/AeIJEggrXWNDd2P/b2KZDM7b9mW7c99pdW+qlurgGJyAM2CDK9AFd6AH+gCDDLyAV/BmPBvvxofxOR+tGVWmCRZgfP0CbgGeEw==</latexit>

⌅3

<latexit sha1_base64="+t3QuGZg9E4Uqo8B7smnPZTKZyM=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiRS1IWLghuXFewDmhAmk0k7dDIJMxMhhHyGa7f6De7ErR/gJ/gXTtMsrO2BgcM599zLHD9hVCrL+jZqG5tb2zv13cbe/sHhkXl8MpBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7ub+8MnIiSN+aPKEuJGaMJpSDFSWvLMZu6US3JBggI6I+p1Cs9sWW2rBFwldkVaoELPM3+cIMZpRLjCDEk5tq1EuTkSimJGioaTSpIgPEMTMtaUo4hINy/vFvBcKwEMY6EfV7BU/yZyFEmZRb6ejJCayiXPj9bKOjIX13njVIU3bk55kirC8eJ+mDKoYjgvCAZUEKxYpgnCguovQDxFAmGla2zobuz/TaySwWXbvmp3Hjqt7m3VUh2cgjNwAWxwDbrgHvRAH2CQgRfwCt6MZ+Pd+DA+F6M1o8o0wRKMr19vnZ4U</latexit>

⌅4

<latexit sha1_base64="phl2cXd/Wxifya0Xn0Ptui4GIy4=">AAACE3icbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJoTJZNIOnUnCzEQIIZ/h2q1+gztx6wf4Cf6F0zQLa3tg4HDOPfcyx08Ylcqyvo3a2vrG5lZ9u7Gzu7d/YB4e9WWcCkx6OGaxGPpIEkYj0lNUMTJMBEHcZ2TgT+9m/uCJCEnj6FFlCXE5Gkc0pBgpLXlmM3fKJbkgQQGdIfUuC89sWW2rBFwmdkVaoELXM3+cIMYpJ5HCDEk5sq1EuTkSimJGioaTSpIgPEVjMtI0QpxINy/vFvBUKwEMY6FfpGCp/k3kiEuZcV9PcqQmcsHz+UpZR2biKm+UqvDGzWmUpIpEeH4/TBlUMZwVBAMqCFYs0wRhQfUXIJ4ggbDSNTZ0N/b/JpZJ/7xtX7UvHi5anduqpTo4BifgDNjgGnTAPeiCHsAgAy/gFbwZz8a78WF8zkdrRpVpggUYX79xOZ4V</latexit>

⌅5

dots = scenarios that are 
binding for at least one of the 

constraints in the problem

active 
(or critical) 
scenarios

�

Can try to heuristically identify active scenarios:

<latexit sha1_base64="kU57BPhhsxXz+hvbGkYvNqSocWE="></latexit>

⇠? 2 argmin
⇠2⌅

{[T (⇠)x? +Wy?(⇠)]i � hi(⇠)}



Part 4 Discrete Recourse Decisions

Agenda

Decision Rules 
Iterative Partitioning 
K-Adaptability

Bertsimas and Caramanis. Finite Adaptability in Multistage Linear Optimization. IEEE TAC, 2010. 
Hanasusanto, Kuhn and W. K-Adaptability in Two-Stage Robust Binary Programming. OR, 2015.

Subramanyam, Gounaris and W. K-Adaptability in Two-Stage Mixed-Integer Robust Optimization. MPC, 2020.



K-Adaptability: Motivation

Recall the two-stage robust optimization problem:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)



<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)

K-Adaptability: Motivation

Decide on alternative recourse decisions here-and-now…

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="OIXbKLm+Bsb0EgSTMZ7tQla2oCw=">AAACN3icbVC7TsMwFHXKq5RXgJHFokJiqhJUUQaGSiyMRaIP1JbKcd3Wqu1EtoMURfkUPoSZFT6AiQ3ByB/gpBno40iWjs65x9c+XsCo0o7zYRXW1jc2t4rbpZ3dvf0D+/CopfxQYtLEPvNlx0OKMCpIU1PNSCeQBHGPkbY3vUn99hORivriXkcB6XM0FnREMdJGGti1uJddEnssJAnseTyOkkfXMCrggseRnmDE4ockgQO77FScDHCZuDkpgxyNgf3TG/o45ERozJBSXdcJdD9GUlPMSFLqhYoECE/RmHQNFYgT1Y+z/Qk8M8oQjnxpjtAwU/8nYsSVirhnJtNHqjnP4ytlE0nFVV431KOrfkxFEGoi8Gz/KGRQ+zAtEQ6pJFizyBCEJTVfgHiCJMLaVF0y3biLTSyT1kXFvaxU76rl+nXeUhGcgFNwDlxQA3VwCxqgCTB4Bq/gDbxbL9an9WV9z0YLVp45BnOwfv8AivCtsQ==</latexit>

y1 2 Y
<latexit sha1_base64="uN1xLD66YC9bgpY1l0ljWW0XCic=">AAACN3icbVDLSgMxFM34rPU16tJNsAiuykwp1oWLghuXFexD2rEkaaYNTTJDkhHKMJ/ih7h2qx/gyp3o0j8wfSzs40DgcM49ucnBMWfaeN6Hs7a+sbm1ndvJ7+7tHxy6R8cNHSWK0DqJeKRaGGnKmaR1wwynrVhRJDCnTTy8GfvNJ6o0i+S9GcU0EKgvWcgIMlbqupW0M7kkxTyhGexgkY6yx5JlTMIFTyAzIIinD1kGu27BK3oTwGXiz0gBzFDruj+dXkQSQaUhHGnd9r3YBClShhFOs3wn0TRGZIj6tG2pRILqIJ3sz+C5VXowjJQ90sCJ+j+RIqH1SGA7OX6knvOwWCnbyFhc5bUTE14FKZNxYqgk0/1hwqGJ4LhE2GOKEsNHliCimP0CJAOkEDG26rztxl9sYpk0SkX/sli+Kxeq17OWcuAUnIEL4IMKqIJbUAN1QMAzeAVv4N15cT6dL+d7OrrmzDInYA7O7x+MrK2y</latexit>

y2 2 Y

<latexit sha1_base64="NMX9Ia7kxcXauvV1bK5YfCudux0=">AAACN3icbVC7TsMwFHXKq5RXgJHFokJiqhKEKANDJRYkliLRB2pK5bhua9V2IttBqqJ8Ch/CzAofwMSGYOQPcNIM9HEkS0fn3ONrHz9kVGnH+bAKK6tr6xvFzdLW9s7unr1/0FRBJDFp4IAFsu0jRRgVpKGpZqQdSoK4z0jLH1+nfuuJSEUDca8nIelyNBR0QDHSRurZ1djLLol9FpEEej6PJ8njrWFUwDmPIz3CiMUPSQJ7dtmpOBngInFzUgY56j37x+sHOOJEaMyQUh3XCXU3RlJTzEhS8iJFQoTHaEg6hgrEierG2f4EnhilDweBNEdomKn/EzHiSk24bybTR6oZz+dLZRNJxWVeJ9KDy25MRRhpIvB0/yBiUAcwLRH2qSRYs4khCEtqvgDxCEmEtam6ZLpx55tYJM2zintROb87L9eu8paK4Agcg1PggiqogRtQBw2AwTN4BW/g3XqxPq0v63s6WrDyzCGYgfX7B7gIrcs=</latexit>

yK 2 Y

…



<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)

K-Adaptability: Motivation

…and pick the best among the feasible decisions wait-and-see:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="OIXbKLm+Bsb0EgSTMZ7tQla2oCw=">AAACN3icbVC7TsMwFHXKq5RXgJHFokJiqhJUUQaGSiyMRaIP1JbKcd3Wqu1EtoMURfkUPoSZFT6AiQ3ByB/gpBno40iWjs65x9c+XsCo0o7zYRXW1jc2t4rbpZ3dvf0D+/CopfxQYtLEPvNlx0OKMCpIU1PNSCeQBHGPkbY3vUn99hORivriXkcB6XM0FnREMdJGGti1uJddEnssJAnseTyOkkfXMCrggseRnmDE4ockgQO77FScDHCZuDkpgxyNgf3TG/o45ERozJBSXdcJdD9GUlPMSFLqhYoECE/RmHQNFYgT1Y+z/Qk8M8oQjnxpjtAwU/8nYsSVirhnJtNHqjnP4ytlE0nFVV431KOrfkxFEGoi8Gz/KGRQ+zAtEQ6pJFizyBCEJTVfgHiCJMLaVF0y3biLTSyT1kXFvaxU76rl+nXeUhGcgFNwDlxQA3VwCxqgCTB4Bq/gDbxbL9an9WV9z0YLVp45BnOwfv8AivCtsQ==</latexit>

y1 2 Y
<latexit sha1_base64="uN1xLD66YC9bgpY1l0ljWW0XCic=">AAACN3icbVDLSgMxFM34rPU16tJNsAiuykwp1oWLghuXFexD2rEkaaYNTTJDkhHKMJ/ih7h2qx/gyp3o0j8wfSzs40DgcM49ucnBMWfaeN6Hs7a+sbm1ndvJ7+7tHxy6R8cNHSWK0DqJeKRaGGnKmaR1wwynrVhRJDCnTTy8GfvNJ6o0i+S9GcU0EKgvWcgIMlbqupW0M7kkxTyhGexgkY6yx5JlTMIFTyAzIIinD1kGu27BK3oTwGXiz0gBzFDruj+dXkQSQaUhHGnd9r3YBClShhFOs3wn0TRGZIj6tG2pRILqIJ3sz+C5VXowjJQ90sCJ+j+RIqH1SGA7OX6knvOwWCnbyFhc5bUTE14FKZNxYqgk0/1hwqGJ4LhE2GOKEsNHliCimP0CJAOkEDG26rztxl9sYpk0SkX/sli+Kxeq17OWcuAUnIEL4IMKqIJbUAN1QMAzeAVv4N15cT6dL+d7OrrmzDInYA7O7x+MrK2y</latexit>

y2 2 Y

<latexit sha1_base64="NMX9Ia7kxcXauvV1bK5YfCudux0=">AAACN3icbVC7TsMwFHXKq5RXgJHFokJiqhKEKANDJRYkliLRB2pK5bhua9V2IttBqqJ8Ch/CzAofwMSGYOQPcNIM9HEkS0fn3ONrHz9kVGnH+bAKK6tr6xvFzdLW9s7unr1/0FRBJDFp4IAFsu0jRRgVpKGpZqQdSoK4z0jLH1+nfuuJSEUDca8nIelyNBR0QDHSRurZ1djLLol9FpEEej6PJ8njrWFUwDmPIz3CiMUPSQJ7dtmpOBngInFzUgY56j37x+sHOOJEaMyQUh3XCXU3RlJTzEhS8iJFQoTHaEg6hgrEierG2f4EnhilDweBNEdomKn/EzHiSk24bybTR6oZz+dLZRNJxWVeJ9KDy25MRRhpIvB0/yBiUAcwLRH2qSRYs4khCEtqvgDxCEmEtam6ZLpx55tYJM2zintROb87L9eu8paK4Agcg1PggiqogRtQBw2AwTN4BW/g3XqxPq0v63s6WrDyzCGYgfX7B7gIrcs=</latexit>

yK 2 Y

…

<latexit sha1_base64="iMVfQEfFQJxuXV/w0sfGxFGq0Iw="></latexit>

min
k2K

�
r>yk : T (⇠)x+Wyk � h(⇠

 



<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="67VpFo6b5WlKH/BbhgUbB0WIBJw=">AAACLXicbVDLSgMxFM3UV62vUZdugkVwVWakqAsXBTcuK9iHtKUkaaYNTTJDkhHKMD/iT/gLbnXvQhAXbvwNM+0sdOqFkMM5995zOTjiTBvPe3dKK6tr6xvlzcrW9s7unrt/0NZhrAhtkZCHqouRppxJ2jLMcNqNFEUCc9rB0+tM7zxQpVko78wsogOBxpIFjCBjqaFbT/rzJQnmMU1hH4tkltqfSVhQBDITgnhyn6ZDt+rVvHnBZeDnoAryag7dr/4oJLGg0hCOtO75XmQGCVKGEU7TSj/WNEJkisa0Z6FEgupBMrdP4YllRjAIlX3SwDn7eyJBQuuZwLYzu1EXtYz8V8Oi4GyCy0HCZBQbKsnCOIg5NCHMooMjpigxfGYBIorZ2yGZIIWIsQFXbCh+MYJl0D6r+ee1+m292rjK4ymDI3AMToEPLkAD3IAmaAECHsEzeAGvzpPz5nw4n4vWkpPPHII/5Xz/AH21qlg=</latexit>

y 2 Y

<latexit sha1_base64="CO0Nksg4UxMV76BOjqkZk+24vuU=">AAACIXicbVDLSsNAFJ3UV62vqEs3o0VwVRIp6sJFwY3LCvYBTSyT6aQdOpOEmYkQQtZ+iGu3+g3uxJ34Bf6FkzQLbXvgwuGc++AeL2JUKsv6Miorq2vrG9XN2tb2zu6euX/QlWEsMOngkIWi7yFJGA1IR1HFSD8SBHGPkZ43vcn93iMRkobBvUoi4nI0DqhPMVJaGprHjsdTkT04Koxg6hQLU4/FJIO5k2TZ0KxbDasAXCR2SeqgRHto/jijEMecBAozJOXAtiLlpkgoihnJak4sSYTwFI3JQNMAcSLdtLicwVOtjKAfCl2BgoX6dyJFXMqEe7qTIzWR814uLvU8vkwexMq/clMaRLEiAZ7d92MGVQjzuOCICoIVSzRBWFD9AsQTJBBWOtSazsaeT2KRdM8b9kWjedest67LlKrgCJyAM2CDS9ACt6ANOgCDJ/ACXsGb8Wy8Gx/G56y1YpQzh+AfjO9f3WGkuw==</latexit>

r>y

<latexit sha1_base64="zbbZK4uE8K9R3nmEcpqU8Xx+97w="></latexit>

T (⇠)x+Wy � h(⇠)

K-Adaptability: Motivation

…and pick the best among the feasible decisions wait-and-see:

<latexit sha1_base64="Zvn4PE1x1AT91BvBcPU9rDKhZ3s=">AAACGnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgIGhEgtjkehDakLluE5r1Y4j20FUUWZ+gl9ghZ0NsbKw8iU4aQdoOZKlo3Puvcc6Qcyo0o7zZZWWlldW18rrlY3Nre0de3evrUQiMWlhwYTsBkgRRiPS0lQz0o0lQTxgpBOMr3K/c0+koiK61ZOY+BwNIxpSjLSR+vahF/AUZ3eeFjFMveJgGrCEZDB3HrKsb1edmlMALhJ3Rqpghmbf/vYGAiecRBozpFTPdWLtp0hqihnJKl6iSIzwGA1Jz9AIcaL8tEjO4LFRBjAU0rxIw0L9vZEirtSEB2aSIz1S814u/usFfC5Zhxd+SqM40STC0+AwYVALmPcEB1QSrNnEEIQlNX+HeIQkwtq0WTGluPMVLJL2ac09q9Vv6tXG5ayeMjgAR+AEuOAcNMA1aIIWwOARPIMX8Go9WW/Wu/UxHS1Zs5198AfW5w+mfKIf</latexit>

c>x
<latexit sha1_base64="uPrwui8TGYGGWg2Opt2ikIgcJg8=">AAACLXicbVC7TsMwFHXKq5RXgJHFokJiqhJUAQNDJRbGItGH1EaV4zqtVduJbAdRRfkRfoJfYIWdAQkxsPAbOGkGSLmS5aNz7r3n6vgRo0o7zrtVWVldW9+obta2tnd29+z9g64KY4lJB4cslH0fKcKoIB1NNSP9SBLEfUZ6/uw603v3RCoaijs9j4jH0UTQgGKkDTWym8kwX5L4LCYpHPo8eUjNTwUsKRzpKUYs6afpyK47DScvuAzcAtRBUe2R/TUchzjmRGjMkFID14m0lyCpKWYkrQ1jRSKEZ2hCBgYKxInyktw+hSeGGcMglOYJDXP290SCuFJz7pvO7EZV1jLyX83nJWcdXHoJFVGsicAL4yBmUIcwiw6OqSRYs7kBCEtqbod4iiTC2gRcM6G45QiWQfes4Z43mrfNeuuqiKcKjsAxOAUuuAAtcAPaoAMweATP4AW8Wk/Wm/VhfS5aK1Yxcwj+lPX9A3pqqlY=</latexit>

x 2 X

<latexit sha1_base64="UM+BcB3nBqxH3ooWqS7bd70TaCA=">AAAB+3icbVC7SgNBFL0TXzG+opY2g0GwCrsiamERsLGMYB6QLGF2MpsMmZldZmaFsOQXbLW3E1s/xtYvcTbZQhMPXDiccy/ncsJEcGM97wuV1tY3NrfK25Wd3b39g+rhUdvEqaasRWMR625IDBNcsZblVrBuohmRoWCdcHKX+50npg2P1aOdJiyQZKR4xCmxudSXXA2qNa/uzYFXiV+QGhRoDqrf/WFMU8mUpYIY0/O9xAYZ0ZZTwWaVfmpYQuiEjFjPUUUkM0E2/3WGz5wyxFGs3SiL5+rvi4xIY6YydJuS2LFZ9nLxXy+US8k2ugkyrpLUMkUXwVEqsI1xXgQecs2oFVNHCNXc/Y7pmGhCraur4krxlytYJe2Lun9Vv3y4rDVui3rKcAKncA4+XEMD7qEJLaAwhmd4gVc0Q2/oHX0sVkuouDmGP0CfP2QHlOs=</latexit>

min
<latexit sha1_base64="scU/NIjrBvFz4heIr9dklHegqaw=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5JIUQ8eCl48VjBtoQ1ls920S3c3YXcjltC/4FXv3sSrP8arv8RNm4O2DjwYZt5jHhMmnGnjul9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wslt7nceqdIslg9mmtBA4JFkESPY5FJf4KdBtebW3TnQKvEKUoMCrUH1uz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI5r/O0JlVhiiKlR1p0Fz9fZFhofVUhHZTYDPWy14u/uuFYinZRNdBxmSSGirJIjhKOTIxyotAQ6YoMXxqCSaK2d8RGWOFibF1VWwp3nIFq6R9Ufcu6437Rq15U9RThhM4hXPw4AqacAct8IHAGJ7hBV6dmfPmvDsfi9WSU9wcwx84nz9nJ5Tt</latexit>max

<latexit sha1_base64="gDQMkHxU7BB9RAh28MtSfd74AWM=">AAACM3icbVDLSgMxFM34rPU16tJNsAh1U2akqIiLghuXFewDOrVk0ts2NJkZk4y0DPMv/oS/4Fa34q649R9MH4K2Hggczrn3nnD8iDOlHefdWlpeWV1bz2xkN7e2d3btvf2qCmNJoUJDHsq6TxRwFkBFM82hHkkgwudQ8/vXY7/2CFKxMLjTwwiagnQD1mGUaCO17EvPF8lDivOJNzmWSGineCx6A5amJ/eeDiP8Y/o8hqk7SNOWnXMKzgR4kbgzkkMzlFv2yGuHNBYQaMqJUg3XiXQzIVIzyiHNerGCiNA+6ULD0IAIUM1kkpziY6O0cSeU5gUaT9TfGwkRSg2FbyYF0T01743Ffz1fzCXrzkUzYUEUawjoNLgTc6xDPC4Qt5kEqvnQEEIlM3/HtEckodrUnDWluPMVLJLqacE9KxRvi7nS1ayeDDpERyiPXHSOSugGlVEFUfSEXtArerOerQ9rZH1OR5es2c4B+gPr6xs7pay+</latexit>

q(⇠)>x
<latexit sha1_base64="FFpT/ncgpVnM/xtCh98BfQZAUSA=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwIWVGirpwUXDjsoJ9QGcomUzahiaZIcmIZZif8Cf8Bbe6dyeCK8EvMZ3OwrYeCBzOufeecIKYUaUd58sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHwz9TsPRCoaiXs9iYnP0VDQAcVIG6lvn6VefiSVJMygF/DUe6SZYVTAeatLs75ddWpODrhM3IJUQYFm3/7xwggnnAiNGVKq5zqx9lMkNcWMZBUvUSRGeIyGpGeoQJwoP81TM3hilBAOImme0DBX/26kiCs14YGZ5EiP1KI3Ff/1Ar6QrAdXfkpFnGgi8Cx4kDCoIzitDIZUEqzZxBCEJTV/h3iEJMLaFFsxpbiLFSyT9nnNvajV7+rVxnVRTxkcgWNwClxwCRrgFjRBC2DwBF7AK3iznq1368P6nI2WrGLnEMzB+v4FMdCmiA==</latexit>

⇠ 2 ⌅
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.
<latexit sha1_base64="ARygvgTD16YNJdmDT0cy8FHvEEc=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYLbsiamERsLGMYB6QLGF2MkmGzGOZuSuGJZ2/YKu9ndj6I7Z+iZNkC008cOFwzr2cy4kTwS0EwZdXWFldW98obpa2tnd298r7Bw2rU0NZnWqhTSsmlgmuWB04CNZKDCMyFqwZj26mfvOBGcu1uodxwiJJBor3OSXgpHYH2CNk1gd/0i1XAj+YAS+TMCcVlKPWLX93epqmkimggljbDoMEoowY4FSwSamTWpYQOiID1nZUEclslM1enuATp/RwXxs3CvBM/X2REWntWMZuUxIY2kVvKv7rxXIhGfpXUcZVkgJTdB7cTwUGjad94B43jIIYO0Ko4e53TIfEEAqutZIrJVysYJk0zvzwwj+/O69Ur/N6iugIHaNTFKJLVEW3qIbqiCKNntELevWevDfv3fuYrxa8/OYQ/YH3+QPMUpft</latexit>

s.t.

<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+
<latexit sha1_base64="hCEX0dHgPguWCpSPe5q+dFPLPzY=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMjM7jIzK8SQL/Cqd2/i1b/x6pc4SfagiQUNRVU31VSQCK6N6345ubX1jc2t/HZhZ3dv/6B4eNTUcaoYNlgsYtUOqEbBI2wYbgS2E4VUBgJbwehu5rceUWkeRw9mnKAv6SDiIWfUWKl+0SuW3LI7B1klXkZKkKHWK353+zFLJUaGCap1x3MT40+oMpwJnBa6qcaEshEdYMfSiErU/mT+6JScWaVPwljZiQyZq78vJlRqPZaB3ZTUDPWyNxP/9QK5lGzCG3/CoyQ1GLFFcJgKYmIya4H0uUJmxNgSyhS3vxM2pIoyY7sq2FK85QpWSfOy7F2VK/VKqXqb1ZOHEziFc/DgGqpwDzVoAAOEZ3iBV+fJeXPenY/Fas7Jbo7hD5zPH6X9k1g=</latexit>

+

<latexit sha1_base64="OIXbKLm+Bsb0EgSTMZ7tQla2oCw=">AAACN3icbVC7TsMwFHXKq5RXgJHFokJiqhJUUQaGSiyMRaIP1JbKcd3Wqu1EtoMURfkUPoSZFT6AiQ3ByB/gpBno40iWjs65x9c+XsCo0o7zYRXW1jc2t4rbpZ3dvf0D+/CopfxQYtLEPvNlx0OKMCpIU1PNSCeQBHGPkbY3vUn99hORivriXkcB6XM0FnREMdJGGti1uJddEnssJAnseTyOkkfXMCrggseRnmDE4ockgQO77FScDHCZuDkpgxyNgf3TG/o45ERozJBSXdcJdD9GUlPMSFLqhYoECE/RmHQNFYgT1Y+z/Qk8M8oQjnxpjtAwU/8nYsSVirhnJtNHqjnP4ytlE0nFVV431KOrfkxFEGoi8Gz/KGRQ+zAtEQ6pJFizyBCEJTVfgHiCJMLaVF0y3biLTSyT1kXFvaxU76rl+nXeUhGcgFNwDlxQA3VwCxqgCTB4Bq/gDbxbL9an9WV9z0YLVp45BnOwfv8AivCtsQ==</latexit>

y1 2 Y
<latexit sha1_base64="uN1xLD66YC9bgpY1l0ljWW0XCic=">AAACN3icbVDLSgMxFM34rPU16tJNsAiuykwp1oWLghuXFexD2rEkaaYNTTJDkhHKMJ/ih7h2qx/gyp3o0j8wfSzs40DgcM49ucnBMWfaeN6Hs7a+sbm1ndvJ7+7tHxy6R8cNHSWK0DqJeKRaGGnKmaR1wwynrVhRJDCnTTy8GfvNJ6o0i+S9GcU0EKgvWcgIMlbqupW0M7kkxTyhGexgkY6yx5JlTMIFTyAzIIinD1kGu27BK3oTwGXiz0gBzFDruj+dXkQSQaUhHGnd9r3YBClShhFOs3wn0TRGZIj6tG2pRILqIJ3sz+C5VXowjJQ90sCJ+j+RIqH1SGA7OX6knvOwWCnbyFhc5bUTE14FKZNxYqgk0/1hwqGJ4LhE2GOKEsNHliCimP0CJAOkEDG26rztxl9sYpk0SkX/sli+Kxeq17OWcuAUnIEL4IMKqIJbUAN1QMAzeAVv4N15cT6dL+d7OrrmzDInYA7O7x+MrK2y</latexit>

y2 2 Y

<latexit sha1_base64="NMX9Ia7kxcXauvV1bK5YfCudux0=">AAACN3icbVC7TsMwFHXKq5RXgJHFokJiqhKEKANDJRYkliLRB2pK5bhua9V2IttBqqJ8Ch/CzAofwMSGYOQPcNIM9HEkS0fn3ONrHz9kVGnH+bAKK6tr6xvFzdLW9s7unr1/0FRBJDFp4IAFsu0jRRgVpKGpZqQdSoK4z0jLH1+nfuuJSEUDca8nIelyNBR0QDHSRurZ1djLLol9FpEEej6PJ8njrWFUwDmPIz3CiMUPSQJ7dtmpOBngInFzUgY56j37x+sHOOJEaMyQUh3XCXU3RlJTzEhS8iJFQoTHaEg6hgrEierG2f4EnhilDweBNEdomKn/EzHiSk24bybTR6oZz+dLZRNJxWVeJ9KDy25MRRhpIvB0/yBiUAcwLRH2qSRYs4khCEtqvgDxCEmEtam6ZLpx55tYJM2zintROb87L9eu8paK4Agcg1PggiqogRtQBw2AwTN4BW/g3XqxPq0v63s6WrDyzCGYgfX7B7gIrcs=</latexit>

yK 2 Y

…

<latexit sha1_base64="iMVfQEfFQJxuXV/w0sfGxFGq0Iw="></latexit>

min
k2K

�
r>yk : T (⇠)x+Wyk � h(⇠

 

<latexit sha1_base64="XSsz2jmKpoYYKEPs7f0xpBaLUb0="></latexit>

minimize
x,{yk}k

c>x+max
⇠2⌅

min
k2K

�
r>yk : T (⇠)x+Wyk � h(⇠)

 

subject to x 2 X , yk 2 Y, k 2 K



K-Adaptability: Approximation Quality and Solvability

<latexit sha1_base64="XSsz2jmKpoYYKEPs7f0xpBaLUb0="></latexit>

minimize
x,{yk}k

c>x+max
⇠2⌅

min
k2K

�
r>yk : T (⇠)x+Wyk � h(⇠)

 

subject to x 2 X , yk 2 Y, k 2 K



K-Adaptability: Approximation Quality and Solvability

Objective Uncertainty Constraint Uncertainty

<latexit sha1_base64="XSsz2jmKpoYYKEPs7f0xpBaLUb0="></latexit>

minimize
x,{yk}k

c>x+max
⇠2⌅

min
k2K

�
r>yk : T (⇠)x+Wyk � h(⇠)

 

subject to x 2 X , yk 2 Y, k 2 K



K-Adaptability: Approximation Quality and Solvability

Objective Uncertainty Constraint Uncertainty

Approximation 
Quality

optimal whenever
<latexit sha1_base64="wUyJS/fKUHGCKm3XL7MmfllF6yY="></latexit>

K > min{dimY, dim⌅}

<latexit sha1_base64="XSsz2jmKpoYYKEPs7f0xpBaLUb0="></latexit>

minimize
x,{yk}k

c>x+max
⇠2⌅

min
k2K

�
r>yk : T (⇠)x+Wyk � h(⇠)

 

subject to x 2 X , yk 2 Y, k 2 K



K-Adaptability: Approximation Quality and Solvability

Objective Uncertainty Constraint Uncertainty

Approximation 
Quality

optimal whenever
<latexit sha1_base64="wUyJS/fKUHGCKm3XL7MmfllF6yY="></latexit>

K > min{dimY, dim⌅}
can be suboptimal  

for all
<latexit sha1_base64="FXMIXAkDGRSrMSvZxvjdcAAa1/M=">AAACIHicbVC9TsMwGHTKXyl/AUYWiwqJqUoQAoYOlViQWIpEf1ATVY7rtFYdJ7IdpCrNyoMws8IzsCFGeAPeAifNQGlPsnS6+86ffV7EqFSW9WWUVlbX1jfKm5Wt7Z3dPXP/oC3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3yd+Z1HIiQN+b2aRMQN0JBTn2KktNQ34S2sw2ni5DclHotJCp0AqRFGLHlI02nfrFo1KwdcJHZBqqBAs2/+OIMQxwHhCjMkZc+2IuUmSCiKGUkrTixJhPAYDUlPU44CIt0k35/CE60MoB8KfbiCufo3kaBAykng6cnskXLO84Klso5k4jKvFyv/yk0oj2JFOJ7t92MGVQiztuCACoIVm2iCsKD6CxCPkEBY6U4ruhv7fxOLpH1Wsy9q53fn1Ua9aKkMjsAxOAU2uAQNcAOaoAUweAIv4BW8Gc/Gu/FhfM5GS0aROQRzML5/Ac9Bo5k=</latexit>

K < |Y|

<latexit sha1_base64="XSsz2jmKpoYYKEPs7f0xpBaLUb0="></latexit>

minimize
x,{yk}k

c>x+max
⇠2⌅

min
k2K

�
r>yk : T (⇠)x+Wyk � h(⇠)

 

subject to x 2 X , yk 2 Y, k 2 K



K-Adaptability: Approximation Quality and Solvability

Objective Uncertainty Constraint Uncertainty

Approximation 
Quality

Solvability

optimal whenever

exact reformulation 
as polynomial-size 

MILP

<latexit sha1_base64="wUyJS/fKUHGCKm3XL7MmfllF6yY="></latexit>

K > min{dimY, dim⌅}
can be suboptimal  

for all
<latexit sha1_base64="FXMIXAkDGRSrMSvZxvjdcAAa1/M=">AAACIHicbVC9TsMwGHTKXyl/AUYWiwqJqUoQAoYOlViQWIpEf1ATVY7rtFYdJ7IdpCrNyoMws8IzsCFGeAPeAifNQGlPsnS6+86ffV7EqFSW9WWUVlbX1jfKm5Wt7Z3dPXP/oC3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3yd+Z1HIiQN+b2aRMQN0JBTn2KktNQ34S2sw2ni5DclHotJCp0AqRFGLHlI02nfrFo1KwdcJHZBqqBAs2/+OIMQxwHhCjMkZc+2IuUmSCiKGUkrTixJhPAYDUlPU44CIt0k35/CE60MoB8KfbiCufo3kaBAykng6cnskXLO84Klso5k4jKvFyv/yk0oj2JFOJ7t92MGVQiztuCACoIVm2iCsKD6CxCPkEBY6U4ruhv7fxOLpH1Wsy9q53fn1Ua9aKkMjsAxOAU2uAQNcAOaoAUweAIv4BW8Gc/Gu/FhfM5GS0aROQRzML5/Ac9Bo5k=</latexit>

K < |Y|

<latexit sha1_base64="XSsz2jmKpoYYKEPs7f0xpBaLUb0="></latexit>

minimize
x,{yk}k

c>x+max
⇠2⌅

min
k2K

�
r>yk : T (⇠)x+Wyk � h(⇠)

 

subject to x 2 X , yk 2 Y, k 2 K



K-Adaptability: Approximation Quality and Solvability

Objective Uncertainty Constraint Uncertainty

Approximation 
Quality

Solvability

optimal whenever

exact reformulation 
as polynomial-size 

MILP

<latexit sha1_base64="wUyJS/fKUHGCKm3XL7MmfllF6yY="></latexit>

K > min{dimY, dim⌅}
can be suboptimal  

for all
<latexit sha1_base64="FXMIXAkDGRSrMSvZxvjdcAAa1/M=">AAACIHicbVC9TsMwGHTKXyl/AUYWiwqJqUoQAoYOlViQWIpEf1ATVY7rtFYdJ7IdpCrNyoMws8IzsCFGeAPeAifNQGlPsnS6+86ffV7EqFSW9WWUVlbX1jfKm5Wt7Z3dPXP/oC3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3yd+Z1HIiQN+b2aRMQN0JBTn2KktNQ34S2sw2ni5DclHotJCp0AqRFGLHlI02nfrFo1KwdcJHZBqqBAs2/+OIMQxwHhCjMkZc+2IuUmSCiKGUkrTixJhPAYDUlPU44CIt0k35/CE60MoB8KfbiCufo3kaBAykng6cnskXLO84Klso5k4jKvFyv/yk0oj2JFOJ7t92MGVQiztuCACoIVm2iCsKD6CxCPkEBY6U4ruhv7fxOLpH1Wsy9q53fn1Ua9aKkMjsAxOAU2uAQNcAOaoAUweAIv4BW8Gc/Gu/FhfM5GS0aROQRzML5/Ac9Bo5k=</latexit>

K < |Y|

exact reformulation 
as MILP:

polynomial in rest

exponential in K

<latexit sha1_base64="XSsz2jmKpoYYKEPs7f0xpBaLUb0="></latexit>

minimize
x,{yk}k

c>x+max
⇠2⌅

min
k2K

�
r>yk : T (⇠)x+Wyk � h(⇠)

 

subject to x 2 X , yk 2 Y, k 2 K



K-Adaptability: Approximation Quality and Solvability

Objective Uncertainty Constraint Uncertainty

Approximation 
Quality

Solvability

optimal whenever

exact reformulation 
as polynomial-size 

MILP

<latexit sha1_base64="wUyJS/fKUHGCKm3XL7MmfllF6yY="></latexit>

K > min{dimY, dim⌅}
can be suboptimal  

for all
<latexit sha1_base64="FXMIXAkDGRSrMSvZxvjdcAAa1/M=">AAACIHicbVC9TsMwGHTKXyl/AUYWiwqJqUoQAoYOlViQWIpEf1ATVY7rtFYdJ7IdpCrNyoMws8IzsCFGeAPeAifNQGlPsnS6+86ffV7EqFSW9WWUVlbX1jfKm5Wt7Z3dPXP/oC3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3yd+Z1HIiQN+b2aRMQN0JBTn2KktNQ34S2sw2ni5DclHotJCp0AqRFGLHlI02nfrFo1KwdcJHZBqqBAs2/+OIMQxwHhCjMkZc+2IuUmSCiKGUkrTixJhPAYDUlPU44CIt0k35/CE60MoB8KfbiCufo3kaBAykng6cnskXLO84Klso5k4jKvFyv/yk0oj2JFOJ7t92MGVQiztuCACoIVm2iCsKD6CxCPkEBY6U4ruhv7fxOLpH1Wsy9q53fn1Ua9aKkMjsAxOAU2uAQNcAOaoAUweAIv4BW8Gc/Gu/FhfM5GS0aROQRzML5/Ac9Bo5k=</latexit>

K < |Y|

exact reformulation 
as MILP:

polynomial in rest

exponential in K
Solution as monolithic MILP

or via dedicated B&B schemes!

<latexit sha1_base64="XSsz2jmKpoYYKEPs7f0xpBaLUb0="></latexit>

minimize
x,{yk}k

c>x+max
⇠2⌅

min
k2K

�
r>yk : T (⇠)x+Wyk � h(⇠)

 

subject to x 2 X , yk 2 Y, k 2 K



Part 5 Future Research Directions

Agenda
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What the Future? 

Limited-memory decision rules and their optimality 
(see, e.g., Lu and Sturt, Operations Research, 2025) 
Continuous-time models 
Decision-dependence


Time of information discovery depends on 
decisions only: e.g., oil drilling

Time of information discovery depends on 
decisions and uncertainty: e.g. project scheduling  

Multi-stage (mixed-)integer & combinatorial problems 
(e.g., total unimodularity?) 
Multi-stage distributionally robust optimization? 
Extensive numerical comparison of different approaches


