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The Two Canonical Uncertainty Descriptions

<latexit sha1_base64="bKk7/nYDpKrr5I+zVjxStZt6mSU=">AAACBXicbVDLSgMxFL1TX7W+qi51ESyCqzJTirosCOKygn1AO5RMJtOGJpkhyYildOPGX3HjQhG3/oM7/8a0nYW2HggczrmXm3OChDNtXPfbya2srq1v5DcLW9s7u3vF/YOmjlNFaIPEPFbtAGvKmaQNwwyn7URRLAJOW8Hwauq37qnSLJZ3ZpRQX+C+ZBEj2FipVzzu6ijCgvERumYPNEShvalYkM7tklt2Z0DLxMtICTLUe8WvbhiTVFBpCMdadzw3Mf4YK8MIp5NCN9U0wWSI+7RjqcSCan88SzFBp1YJURQr+6RBM/X3xhgLrUcisJMCm4Fe9Kbif14nNdGlP2YySQ2VZH4oSjkyMZpWYiMrSoxtIGSYKGb/isgAK0yMLa5gS/AWIy+TZqXsnZert5VSrZrVkYcjOIEz8OACanADdWgAgUd4hld4c56cF+fd+ZiP5pxs5xD+wPn8Adf3mMM=</latexit>

Fixed distribution

<latexit sha1_base64="kwScICG0h4iLhqpo8smL5yywEJM=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCozpajLghuXFe0F2qFkMpk2NJkZkjNiGbpy46u4caGIW5/BnW9j2s5CW38I/PznnCTn8xPBNTjOt1VYWV1b3yhulra2d3b37P2Dlo5TRVmTxiJWHZ9oJnjEmsBBsE6iGJG+YG1/dDWtt++Z0jyO7mCcME+SQcRDTgmYqG8f93QYEsnFGPeAPYAfZrcQ0yHRwOmkb5edijMTXjZubsooV6Nvf/WCmKaSRUAF0brrOgl4GVHmNsEmpV6qWULoiAxY19iISKa9bLbGBJ+aJMBhrMyJAM/S3xMZkVqPpW86JYGhXqxNw/9q3RTCSy/jUZICi+j8oTAVGGI8ZYIDrhgFgyDghCpu/ooNAUUoGHIlA8FdXHnZtKoV97xSu6mW67UcRxEdoRN0hlx0geroGjVQE1H0iJ7RK3qznqwX6936mLcWrHzmEP2R9fkDOf2Zkw==</latexit>

Stochastic
<latexit sha1_base64="rxOYiltHKfJR27RnrbbCSuAqdps=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpRV0W3LisYB/QhjKZ3LRDZ5IwMymWUNz4K25cKOLWr3Dn3zhts9DWAwOHc+7hzj1+wpnSjvNtFdbWNza3itulnd29/QP78Kil4lRSaNKYx7LjEwWcRdDUTHPoJBKI8Dm0/dHNzG+PQSoWR/d6koAnyCBiIaNEG6lvn/RUGBLB+ASLWAKGBxNXio2hb5edijMHXiVuTsooR6Nvf/WCmKYCIk05UarrOon2MiI1oxympV6qICF0RAbQNTQiApSXzU+Y4nOjBDiMpXmRxnP1dyIjQqmJ8M2kIHqolr2Z+J/XTXV47WUsSlINEV0sClOOdYxnfeCASaDanB8wQiUzf8V0SCSh2rRWMiW4yyevkla14l5WanfVcr2W11FEp+gMXSAXXaE6ukUN1EQUPaJn9IrerCfrxXq3PhajBSvPHKM/sD5/ALGYl5Y=</latexit>

more expressive
<latexit sha1_base64="tWPV48wV1scI2Piq93SDFGm2BFY=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswm4IahmwsYxgHpAsYXb2bjJkdmaZmQ2EJYWNv2JjoYitH2Hn3zh5FJp44MLhnHu5954w5Uwbz/t2Nja3tnd2C3vF/YPDo2P35LSlZaYoNKnkUnVCooEzAU3DDIdOqoAkIYd2OLqd+e0xKM2keDCTFIKEDASLGSXGSn231NNxTBLGJ5iD1phKoUGNrTuGvlv2Kt4ceJ34S1JGSzT67lcvkjRLQBjKidZd30tNkBNlGOUwLfYyDSmhIzKArqWCJKCDfP7EFF9YJcKxVLaEwXP190ROEq0nSWg7E2KGetWbif953czEN0HORJoZEHSxKM44NhLPEsERU0CNDSBihCpmb8V0SBShxuZWtCH4qy+vk1a14l9VavfVcr22jKOASugcXSIfXaM6ukMN1EQUPaJn9IrenCfnxXl3PhatG85y5gz9gfP5A0nPmHk=</latexit>

less conservative

<latexit sha1_base64="vVSFQJImOjAhu8hgKmYB6epM/DQ=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiSlqMuCG5cV7APaUG4mk3boTBJmJkIJXbjxV9y4UMStH+HOv3HSZqGtBwYO59zLnXP8hDOlHefbKm1sbm3vlHcre/sHh0f28UlXxakktENiHsu+D4pyFtGOZprTfiIpCJ/Tnj+9yf3eA5WKxdG9niXUEzCOWMgIaCON7OpQhSEIxmd4AjLAOsaJjBMYg6Yju+bUnQXwOnELUkMF2iP7axjEJBU00oSDUgPXSbSXgdSMcDqvDFNFEyBTGNOBoREIqrxsEWKOz40S4DCW5kUaL9TfGxkIpWbCN5MC9EStern4nzdIdXjtZSxKUk0jsjwUpjyPmjeCAyYp0aaAgAGRzPwVE9MFEG16q5gS3NXI66TbqLuX9eZdo9ZqFnWUURWdoQvkoivUQreojTqIoEf0jF7Rm/VkvVjv1sdytGQVO6foD6zPH6QemA4=</latexit>

hard to propagate
<latexit sha1_base64="NCanRF85KT/lNkJI29E7p9UmDLo=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkFHVZcOOygn1AG8rNZNIOnUnCzEQooW78FTcuFHHrX7jzb5y0WWjrgYHDOfdw5x4/4Uxpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRcSoJbZOYx7Lng6KcRbStmea0l0gKwue0609ucr/7QKVicXSvpwn1BIwiFjIC2khD+2SgwhAE41PMqVJYSyAaTHpoV52aMwdeJW5BqqhAa2h/DYKYpIJGmnBQqu86ifYykJoRTmeVQapoAmQCI9o3NAJBlZfNL5jhc6MEOIyleZHGc/V3IgOh1FT4ZlKAHqtlLxf/8/qpDq+9jEVJqmlEFovClGMd47wOHDBJiTbXBwyIZOavmIwhL8GUVjEluMsnr5JOveZe1hp39WqzUdRRRqfoDF0gF12hJrpFLdRGBD2iZ/SK3qwn68V6tz4WoyWryByjP7A+fwCcB5b0</latexit>

less tractable

<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>"

<latexit sha1_base64="80NlNJstWKQugZ8ql5cDaQ9yTM4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FiSUtRlwY0rqWAf0IYymUzaofMIMxOhxC78FTcuFHHrb7jzb5y2WWjrgQuHc+7l3nvChFFtPO/bKaysrq1vFDdLW9s7u3vu/kFLy1Rh0sSSSdUJkSaMCtI01DDSSRRBPGSkHY6up377gShNpbg344QEHA0EjSlGxkp996in4xhxysbwVip+HspURCTqu2Wv4s0Al4mfkzLI0ei7X71I4pQTYTBDWnd9LzFBhpShmJFJqZdqkiA8QgPStVQgTnSQze6fwFOrRDCWypYwcKb+nsgQ13rMQ9vJkRnqRW8q/ud1UxNfBRkVSWqIwPNFccqgkXAaBoyoItjY3yOKsKL2VoiHSCFsbGQlG4K/+PIyaVUr/kWldlct12t5HEVwDE7AGfDBJaiDG9AATYDBI3gGr+DNeXJenHfnY95acPKZQ/AHzucP7R2WAQ==</latexit>

Norm-bounded
<latexit sha1_base64="d1/x9BXeKVV3B47JfmQ9BZTKshA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KUoh4LXjxWsB/QhrLZbtqlu5uwOxFCKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvDAR3IDnfTtr6xubW9ulnfLu3v7BoXt03DZxqilr0VjEuhsSwwRXrAUcBOsmmhEZCtYJJ7czv/PItOGxeoAsYYEkI8UjTglYaeCe9k0UEclFhlNFmQbCFWQDt+JVvTnwKvELUkEFmgP3qz+MaSqZAiqIMT3fSyDIiQZOBZuW+6lhCaETMmI9SxWRzAT5/PwpvrDKEEextqUAz9XfEzmRxmQytJ2SwNgsezPxP6+XQnQT5FwlKTBFF4uiVGCI8SwLPOSaUbCvDzmhmttbMR0TTSjYxMo2BH/55VXSrlX9q2r9vlZp1Is4SugMnaNL5KNr1EB3qIlaiKIcPaNX9OY8OS/Ou/OxaF1zipkT9AfO5w/UfpYD</latexit>

uncertainty

<latexit sha1_base64="8y3vxxSx5bFIxRKa48MXiGkTBDA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpRV0W3LisYh/QhjKZTNqhM0mYuRFLKG78FTcuFHHrV7jzb5y2WWjrgYHDOfdy5xw/EVyD43xbhZXVtfWN4mZpa3tnd8/eP2jpOFWUNWksYtXxiWaCR6wJHATrJIoR6QvW9kdXU799z5TmcXQH44R5kgwiHnJKwEh9+6inw5BILsa4B+wB/DC7jf1Uw6Rvl52KMwNeJm5OyihHo29/9YKYppJFQAXRuus6CXgZUcCpYJNSL9UsIXREBqxraEQk0142izDBp0YJcBgr8yLAM/X3Rkak1mPpm0lJYKgXvan4n9dNIbz0Mh4lKbCIzg+FqcAQ42kfOOCKUTDxA06o4uavmA6JIhRMayVTgrsYeZm0qhX3vFK7qZbrtbyOIjpGJ+gMuegC1dE1aqAmougRPaNX9GY9WS/Wu/UxHy1Y+c4h+gPr8wcS25fV</latexit>

Robust

<latexit sha1_base64="pr8wHeVxQt6QaCSEUqCsPN0QM0M=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsyUoi4LblxWsA9oh5JJ77ShmcyQZIrD0JUbf8WNC0Xc+g3u/BvTdhbaeiBwOOfcJPf4MWdKO863VVhb39jcKm6Xdnb39g/sw6OWihJJoUkjHsmOTxRwJqCpmebQiSWQ0OfQ9sc3M789AalYJO51GoMXkqFgAaNEG6lvn/ZUEJCQ8RSLSGMTTTE8mCuUYhPo22Wn4syBV4mbkzLK0ejbX71BRJMQhKacKNV1nVh7GZGaUQ7TUi9REBM6JkPoGipICMrL5mtM8blRBjiIpDlC47n6eyIjoVJp6JtkSPRILXsz8T+vm+jg2suYiBMNgi4eChKOdYRnneABk0C1qWDACJXM/BXTEZGEatNcyZTgLq+8SlrVintZqd1Vy/VaXkcRnaAzdIFcdIXq6BY1UBNR9Iie0St6s56sF+vd+lhEC1Y+c4z+wPr8AbscmUI=</latexit>

not very expressive
<latexit sha1_base64="cLrvjTWQrmHzPmDFAy+G+FH0dSc=">AAAB/3icbVA9SwNBEN3zM8avU8HGZjEIVuEuBLUM2FhGMB+QHGFvM5cs2d07dvcC4UzhX7GxUMTWv2Hnv3GTXKGJDwYe780wMy9MONPG876dtfWNza3twk5xd2//4NA9Om7qOFUUGjTmsWqHRANnEhqGGQ7tRAERIYdWOLqd+a0xKM1i+WAmCQSCDCSLGCXGSj33tKujiAjGJ5jGUoMaW2MMPbfklb058Crxc1JCOeo996vbj2kqQBrKidYd30tMkBFlGOUwLXZTDQmhIzKAjqWSCNBBNr9/ii+s0sdRrGxJg+fq74mMCK0nIrSdgpihXvZm4n9eJzXRTZAxmaQGJF0silKOTYxnYeA+U0CN/b3PCFXM3orpkChCjY2saEPwl19eJc1K2b8qV+8rpVo1j6OAztA5ukQ+ukY1dIfqqIEoekTP6BW9OU/Oi/PufCxa15x85gT9gfP5A5hDlnA=</latexit>

conservative

<latexit sha1_base64="/qCZW2bqqU1GCODuHYQC5cKD1dk=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZDUMuAjWUE84AkhLuTu8mQmd1lZlZYQgobf8XGQhFbP8LOv3HyKDTxwMDhnHu5c06QCK6N5307uY3Nre2d/G5hb//g8Mg9PmnqOFUMGywWsWoHoFHwCBuGG4HtRCHIQGArGN/M/NYDKs3j6N5kCfYkDCMecgbGSn232NVhCJKLjCLojJqYJipOYAgG+27JK3tz0HXiL0mJLFHvu1/dQcxSiZFhArTu+F5iehNQhjOB00I31ZgAG8MQO5ZGIFH3JvMQU3pulQENY2VfZOhc/b0xAal1JgM7KcGM9Ko3E//zOqkJr3sTHiWpwYgtDoWpmEWdNUIHXCEztoABB6a4/StlI1DAjO2tYEvwVyOvk2al7F+Wq3eVUq26rCNPiuSMXBCfXJEauSV10iCMPJJn8krenCfnxXl3PhajOWe5c0r+wPn8AcHZmCE=</latexit>

easy to propagate
<latexit sha1_base64="TEQCUnm1+i6nfbeLMVyNxvBrWg8=">AAAB/HicbVBNS8NAFNzUr1q/oj16WSyCp5KUoh4LXjxWsK3QhrLZbNqlu0nYfRFCqH/FiwdFvPpDvPlv3LQ5aOvAwjDzhn1v/ERwDY7zbVU2Nre2d6q7tb39g8Mj+/ikr+NUUdajsYjVg080EzxiPeAg2EOiGJG+YAN/dlP4g0emNI+je8gS5kkyiXjIKQEjje36SIchkVxkGBShQExwbDecprMAXiduSRqoRHdsf42CmKaSRUAF0XroOgl4OVHAqWDz2ijVLCF0RiZsaGhEJNNevlh+js+NEuAwVuZFgBfq70ROpNaZ9M2kJDDVq14h/ucNUwivvZxHSQososuPwlRgiHHRBA64YhTM4QEnVHGzK6ZTUpRg+qqZEtzVk9dJv9V0L5vtu1aj0y7rqKJTdIYukIuuUAfdoi7qIYoy9Ixe0Zv1ZL1Y79bHcrRilZk6+gPr8wfwHpTr</latexit>

tractable
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Why Is Forecasting Crucial to Integrating Variable RE to the 
Grid? 

Source: Pierre Pinson, DTU, Denmark 

Average day ahead error: 8%-10% for wind farm, 4% for system 
Ramp error: Over 50% for large ramps 

Operating with increased uncertainty… 

<latexit sha1_base64="mbACyP+RcTCnxOUVDOtc9wr3AuA=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KUoh4LXjxWsK3QhjLZbNqlu5uwuxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzwpQzbTzv2yltbG5t75R3K3v7B4dH7nG1q5NMEdohCU/UQwiaciZpxzDD6UOqKIiQ0144uZn7vUeqNEvkvZmmNBAwkixmBIyVhm51oOMYBONTbBQwyeRo6Na8urcAXid+QWqoQHvofg2ihGSCSkM4aN33vdQEOSjDCKezyiDTNAUygRHtWypBUB3ki9tn+NwqEY4TZUsavFB/T+QgtJ6K0HYKMGO96s3F/7x+ZuLrIGcyzQyVZLkozjg2CZ4HgSOmKDH274gBUczeiskYFBBj46rYEPzVl9dJt1H3L+vNu0at1SziKKNTdIYukI+uUAvdojbqIIKe0DN6RW/OzHlx3p2PZWvJKWZO0B84nz9Bn5SL</latexit>

training <latexit sha1_base64="e4Wijgi2KUeRpvMclYsaAss3fAc=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCp7JbinosePFYwX5Au5Rsmm1Dk+ySzCpl7U/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwkRwA5737RQ2Nre2d4q7pb39g8Mjt3zcNnGqKWvRWMS6GxLDBFesBRwE6yaaERkK1gknN3O/88C04bG6h2nCAklGikecErDSwC33TRQRycUUAzPA1WjgVryqtwBeJ35OKihHc+B+9YcxTSVTQAUxpud7CQQZ0cCpYLNSPzUsIXRCRqxnqSKSmSBbnD7D51YZ4ijWthTghfp7IiPSmKkMbackMDar3lz8z+ulEF0HGVdJCkzR5aIoFRhiPM8BD7lmFOzbQ06o5vZWTMdEEwo2rZINwV99eZ20a1X/slq/q1Ua9TyOIjpFZ+gC+egKNdAtaqIWougRPaNX9OY8OS/Ou/OxbC04+cwJ+gPn8weHTJQj</latexit>

testing

additionally: both require prior knowledge  &  suffer from distribution shift  … can we do better ?
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distribution 
shift



Distributional Uncertainty via Optimal Transport

<latexit sha1_base64="/+FRpYVTL/Q5DmLt2ZGqfvDazEI=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUmkqMuCG5cV7AOaUCbTaTt0MgkzEyGE4sZfceNCEbd+hTv/xkmahbYeGDicc19zgpgzpR3n21pZXVvf2KxsVbd3dvf27YPDjooSSWibRDySvQArypmgbc00p71YUhwGnHaD6U3udx+oVCwS9zqNqR/isWAjRrA20sA+zrxiSEZSLGZeiPUkCFBrIGYDu+bUnQJombglqUGJ1sD+8oYRSUIqNOFYqb7rxNrPsNSMcDqreomiMSZTPKZ9QwUOqfKzYvsMnRlliEaRNE9oVKi/OzIcKpWGganMb1SLXi7+5/UTPbr2MybiRFNB5otGCUc6QnkeaMgkJZqnhmAimbkVkQmWmGiTWtWE4C5+eZl0LuruZb1x16g1G2UcFTiBUzgHF66gCbfQgjYQeIRneIU368l6sd6tj3npilX2HMEfWJ8/8cqXvQ==</latexit>

Pn

<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>"
<latexit sha1_base64="gzBBd/K4jjBYVFimyExo36VKlsI="></latexit>

Pn =
1

n

nX

i=1

�zi
<latexit sha1_base64="sjlPuQ12qw6GUmCDlxYS0CfJcIU=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokUdVlw47KCfUAbwmQ6bYdOJmFmIsQQf8WNC0Xc+iHu/BunaRbaeuDC4Zx75849QcyZ0o7zba2tb2xubVd2qrt7+weH9tFxV0WJJLRDIh7JfoAV5UzQjmaa034sKQ4DTnvB7Gbu9x6oVCwS9zqNqRfiiWBjRrA2km/XsmxYvJKRFIv80Xfz3LfrTsMpgFaJW5I6lGj79tdwFJEkpEITjpUauE6svQxLzQineXWYKBpjMsMTOjBU4JAqLyvW5ujMKCM0jqQpoVGh/p7IcKhUGgamM8R6qpa9ufifN0j0+NrLmIgTTQVZLBonHOkIzZNAIyYp0Tw1BBPJzF8RmWKJiTZ5VU0I7vLJq6R70XAvG827Zr3VLOOowAmcwjm4cAUtuIU2dIBACs/wCm/Wk/VivVsfi9Y1q5ypwR9Ynz/PZJV8</latexit>z1

<latexit sha1_base64="r1rPK4D6ooSH9Lkti/dEyALfk9o=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiSlqMuCG5cV7APaECbTSTt0MgkzEyGG+CtuXCji1g9x5984TbPQ1gMXDufcO3fu8WNGpbLtb6Oysbm1vVPdre3tHxwemccnfRklApMejlgkhj6ShFFOeooqRoaxICj0GRn485uFP3ggQtKI36s0Jm6IppwGFCOlJc+sZ9m4eCXDKeL5o9fKc89s2E27gLVOnJI0oETXM7/GkwgnIeEKMyTlyLFj5WZIKIoZyWvjRJIY4TmakpGmHIVEulmxNrfOtTKxgkjo4soq1N8TGQqlTENfd4ZIzeSqtxD/80aJCq7djPI4UYTj5aIgYZaKrEUS1oQKghVLNUFYUP1XC8+QQFjpvGo6BGf15HXSbzWdy2b7rt3otMs4qnAKZ3ABDlxBB26hCz3AkMIzvMKb8WS8GO/Gx7K1YpQzdfgD4/MH0OqVfQ==</latexit>z2

<latexit sha1_base64="Xpi8enVimMC1uI6NqNsyZodaZlQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokUdVlw47KCfUAbwmQ6bYdOJmFmIsQQf8WNC0Xc+iHu/BunaRbaeuDC4Zx75849QcyZ0o7zba2tb2xubVd2qrt7+weH9tFxV0WJJLRDIh7JfoAV5UzQjmaa034sKQ4DTnvB7Gbu9x6oVCwS9zqNqRfiiWBjRrA2km/XsmxYvJKRFIv80Rd57tt1p+EUQKvELUkdSrR9+2s4ikgSUqEJx0oNXCfWXoalZoTTvDpMFI0xmeEJHRgqcEiVlxVrc3RmlBEaR9KU0KhQf09kOFQqDQPTGWI9VcveXPzPGyR6fO1lTMSJpoIsFo0TjnSE5kmgEZOUaJ4agolk5q+ITLHERJu8qiYEd/nkVdK9aLiXjeZds95qlnFU4ARO4RxcuIIW3EIbOkAghWd4hTfryXqx3q2PReuaVc7U4A+szx8sYZW5</latexit>zn

<latexit sha1_base64="LyBNxR6vMdKF+1SlvN5BX9Iv1dE=">AAACAnicbVDNS8MwHE3n15xfVU/iJTgET6OVoR4HXjxu4D5gLSPJ0i0sTUuSCqMUL/4rXjwo4tW/wpv/jWnXg24+CDze+33l4ZgzpR3n26qsrW9sblW3azu7e/sH9uFRT0WJJLRLIh7JAUaKciZoVzPN6SCWFIWY0z6e3eZ+/4FKxSJxr+cx9UM0ESxgBGkjjeyTNPWKKSnmCc28EOkpxrCTZSO77jScAnCVuCWpgxLtkf3ljSOShFRowpFSQ9eJtZ8iqRnhNKt5iaIxIjM0oUNDBQqp8tNieQbPjTKGQSTNExoW6u+OFIVKzUNsKvMT1bKXi/95w0QHN37KRJxoKshiUZBwqCOY5wHHTFKi+dwQRCQzt0IyRRIRbVKrmRDc5S+vkt5lw71qNDvNeqtZxlEFp+AMXAAXXIMWuANt0AUEPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+ADHYl+Y=</latexit>

Q

<latexit sha1_base64="sjlPuQ12qw6GUmCDlxYS0CfJcIU=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokUdVlw47KCfUAbwmQ6bYdOJmFmIsQQf8WNC0Xc+iHu/BunaRbaeuDC4Zx75849QcyZ0o7zba2tb2xubVd2qrt7+weH9tFxV0WJJLRDIh7JfoAV5UzQjmaa034sKQ4DTnvB7Gbu9x6oVCwS9zqNqRfiiWBjRrA2km/XsmxYvJKRFIv80Xfz3LfrTsMpgFaJW5I6lGj79tdwFJEkpEITjpUauE6svQxLzQineXWYKBpjMsMTOjBU4JAqLyvW5ujMKCM0jqQpoVGh/p7IcKhUGgamM8R6qpa9ufifN0j0+NrLmIgTTQVZLBonHOkIzZNAIyYp0Tw1BBPJzF8RmWKJiTZ5VU0I7vLJq6R70XAvG827Zr3VLOOowAmcwjm4cAUtuIU2dIBACs/wCm/Wk/VivVsfi9Y1q5ypwR9Ynz/PZJV8</latexit>z1
<latexit sha1_base64="r1rPK4D6ooSH9Lkti/dEyALfk9o=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiSlqMuCG5cV7APaECbTSTt0MgkzEyGG+CtuXCji1g9x5984TbPQ1gMXDufcO3fu8WNGpbLtb6Oysbm1vVPdre3tHxwemccnfRklApMejlgkhj6ShFFOeooqRoaxICj0GRn485uFP3ggQtKI36s0Jm6IppwGFCOlJc+sZ9m4eCXDKeL5o9fKc89s2E27gLVOnJI0oETXM7/GkwgnIeEKMyTlyLFj5WZIKIoZyWvjRJIY4TmakpGmHIVEulmxNrfOtTKxgkjo4soq1N8TGQqlTENfd4ZIzeSqtxD/80aJCq7djPI4UYTj5aIgYZaKrEUS1oQKghVLNUFYUP1XC8+QQFjpvGo6BGf15HXSbzWdy2b7rt3otMs4qnAKZ3ABDlxBB26hCz3AkMIzvMKb8WS8GO/Gx7K1YpQzdfgD4/MH0OqVfQ==</latexit>z2

<latexit sha1_base64="Xpi8enVimMC1uI6NqNsyZodaZlQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokUdVlw47KCfUAbwmQ6bYdOJmFmIsQQf8WNC0Xc+iHu/BunaRbaeuDC4Zx75849QcyZ0o7zba2tb2xubVd2qrt7+weH9tFxV0WJJLRDIh7JfoAV5UzQjmaa034sKQ4DTnvB7Gbu9x6oVCwS9zqNqRfiiWBjRrA2km/XsmxYvJKRFIv80Rd57tt1p+EUQKvELUkdSrR9+2s4ikgSUqEJx0oNXCfWXoalZoTTvDpMFI0xmeEJHRgqcEiVlxVrc3RmlBEaR9KU0KhQf09kOFQqDQPTGWI9VcveXPzPGyR6fO1lTMSJpoIsFo0TjnSE5kmgEZOUaJ4agolk5q+ITLHERJu8qiYEd/nkVdK9aLiXjeZds95qlnFU4ARO4RxcuIIW3EIbOkAghWd4hTfryXqx3q2PReuaVc7U4A+szx8sYZW5</latexit>zn<latexit sha1_base64="NfoFS7DONpjJanJg0jaIkAri2R4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JIUZcFNy4r2Ac0oUwmk3boZCbMTIQQs/BX3LhQxK2/4c6/cZpmoa0HLhzOuXfu3BMkjCrtON/Wyura+sZmbau+vbO7t28fHPaUSCUmXSyYkIMAKcIoJ11NNSODRBIUB4z0g+nNzO8/EKmo4Pc6S4gfozGnEcVIG2lkH+e5V76S4wzxwmOh0KooRnbDaTol4DJxK9IAFToj+8sLBU5jwjVmSKmh6yTaz5HUFDNS1L1UkQThKRqToaEcxUT5ebm5gGdGCWEkpCmuYan+nshRrFQWB6YzRnqiFr2Z+J83THV07eeUJ6kmHM8XRSmDWsBZGDCkkmDNMkMQltT8FeIJkghrE1ndhOAunrxMehdN97LZums12q0qjho4AafgHLjgCrTBLeiALsDgETyDV/BmPVkv1rv1MW9dsaqZI/AH1ucPkr+XEg==</latexit>. . .

<latexit sha1_base64="GUD9jfdS/NnObjoPykcSdja/fbk=">AAACIHicbVDNS8MwHE39nPNr6tFLcAjzMloZTgRh6MXjBPcBay1plm1haVqSdFBK/xQv/itePCiiN/1rTLcKuvkg8Hjv/ZJfnhcyKpVpfhpLyyura+uFjeLm1vbObmlvvy2DSGDSwgELRNdDkjDKSUtRxUg3FAT5HiMdb3yd+Z0JEZIG/E7FIXF8NOR0QDFSWnJLddtHauR58MpN7AkSJJSUBTy9x5XEnl6f4Bjx9CfWdHl6Ai8u3VLZrJpTwEVi5aQMcjTd0ofdD3DkE64wQ1L2LDNUToKEopiRtGhHkoQIj9GQ9DTlyCfSSaYbpPBYK304CIQ+XMGp+nsiQb6Use/pZLannPcy8T+vF6nBuZNQHkaKcDx7aBAxqAKYtQX7VBCsWKwJwoLqXSEeIYGw0p0WdQnW/JcXSfu0ap1Va7e1cqOW11EAh+AIVIAF6qABbkATtAAGD+AJvIBX49F4Nt6M91l0ychnDsAfGF/fd8mjtA==</latexit>

Bc
"(Pn) :=

<latexit sha1_base64="pwdxrW+hpeJMkJ16Y3YgW/5to9I="></latexit>

OT distance Wc(Q,P) can capture continuous (physics) &

discrete (data) distributions ! data-driven parameterization

3

<latexit sha1_base64="kX4N/i38TmnWl3Cc1tEqlX2dBUI=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCp7AbgnoMePEYwTwgWcLs7GwyZHZmmekVwpKTF3/FiwdFvPoN3vwbJ4+DJhY0FFXddHeFqeAGPO/bKaytb2xuFbdLO7t7+wfu4VHLqExT1qRKKN0JiWGCS9YEDoJ1Us1IEgrWDkc3U7/9wLThSt7DOGVBQgaSx5wSsFLfPe2ZOCYJF2MMmkiTKg0zC1NloO+WvYo3A14l/oKU0QKNvvvVixTNEiaBCmJM1/dSCHKigVPBJqVeZlhK6IgMWNdSSRJmgnz2xgSfWyXCsdK2JOCZ+nsiJ4kx4yS0nQmBoVn2puJ/XjeD+DrIuUwzYJLOF8WZwKDwNBMccc0o2AgiTqjm9lZMh0QTCja5kg3BX355lbSqFf+yUrurluu1RRxFdILO0AXy0RWqo1vUQE1E0SN6Rq/ozXlyXpx352PeWnAWM8foD5zPHxuLmX4=</latexit>

transportation cost

<latexit sha1_base64="N0TNt3jrhueJLz4PHB3TnT82KC4=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJFHVZcOOyBfuAJpTJdNoOnUzCzEQosQt/xY0LRdz6G+78GydpFtp6YOBwzn3NCWLOlHacb6u0tr6xuVXeruzs7u0f2IdHHRUlktA2iXgkewFWlDNB25ppTnuxpDgMOO0G09vM7z5QqVgk7vUspn6Ix4KNGMHaSAP7xMtnpAFP6Bx5IdaTIECtgV11ak4OtErcglShQHNgf3nDiCQhFZpwrFTfdWLtp1hqRjidV7xE0RiTKR7TvqECh1T5ab57js6NMkSjSJonNMrV3x0pDpWahYGpzA5Uy14m/uf1Ez268VMm4kRTQRaLRglHOkJZGGjIJCWazwzBRDJzKyITLDHRJrKKCcFd/vIq6VzW3KtavVWvNupFHGU4hTO4ABeuoQF30IQ2EHiEZ3iFN+vJerHerY9Fackqeo7hD6zPH+FMlfg=</latexit>

Q

<latexit sha1_base64="8Zg+ORCEw87bBZePujOTCEhsKUI=">AAAB/3icbVDLSsNAFL3xWeurKrhxM1gEVyWRoi4LblxWsA9oQplMJ+3QySTMTIQQu/BX3LhQxK2/4c6/cZJmoa0HBg7nnvuY48ecKW3b39bK6tr6xmZlq7q9s7u3Xzs47KookYR2SMQj2fexopwJ2tFMc9qPJcWhz2nPn97k9d4DlYpF4l6nMfVCPBYsYARrIw1rx24xIyMpFjPkhlhPfB+1h7W63bALoGXilKQOJYz/yx1FJAmp0IRjpQaOHWsvw1Izwums6iaKxphM8ZgODBU4pMrLit0zdGaUEQoiaZ7QqFB/d2Q4VCoNfePMD1SLtVz8rzZIdHDtZUzEiaaCzBcFCUc6QnkYaMQkJZqnhmAimbkVkQmWmGgTWdWE4Cx+eZl0LxrOZaN516y3mmUcFTiBUzgHB66gBbfQhg4QeIRneIU368l6sd6tj7l1xSp7juAPrM8f5H6V+g==</latexit>

P

<latexit sha1_base64="ScQ1ccykJJCgJa3nXeRDXChj1jQ=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclaQUdVlw47KCfUAbymQyacfOI8xMhBL6BW78FTcuFHHr2p1/46TNQlsvXDicey73nhMmjGrjed/O2vrG5tZ2aae8u7d/cOgeHXe0TBUmbSyZVL0QacKoIG1DDSO9RBHEQ0a64eQ6n3cfiNJUijszTUjA0UjQmGJkLDV0qwMdx4hTNoWaGChjeC+pMDCypxUN01yl4dCteDVvXnAV+AWogKJaQ/drEEmcciIMZkjrvu8lJsiQMhQzMisPUk0ShCdoRPoWCsSJDrK5nRmsWiaCsVS27Stz9vdGhrjWUx5aJUdmrJdnOfnfrJ+a+CrIqEhSQwReHIpTBo2EeTbWtCLY2CgiirCi9leIx0ghbGyCZRuCv2x5FXTqNf+i1ritV5qNIo4SOAVn4Bz44BI0wQ1ogTbA4BE8g1fw5jw5L86787GQrjnFzgn4U87nD1z3nEU=</latexit>

set of joint distributions
<latexit sha1_base64="i5sLMMt1kFhTMAZpKmgweGRKmoo="></latexit>

with marginals Q and P

<latexit sha1_base64="9eCoAcYguvMh78nYBFBSGarU0M0="></latexit>z

<latexit sha1_base64="PzJ5v5XBA5/BxHrgzxXfo53fGHc="></latexit>x

<latexit sha1_base64="ssKGA8k9tWBg01JUBYBjjEs1m/s="></latexit>

Wc(Q,P) = inf
�2 �(Q,P)

E(x,z)⇠� [ c(x� z) ]

<latexit sha1_base64="SXsVChNVuGEdSRjFh944XrzGyhY="></latexit>

�(x, z)

<latexit sha1_base64="ssKGA8k9tWBg01JUBYBjjEs1m/s="></latexit>

Wc(Q,P) = inf
�2 �(Q,P)

E(x,z)⇠� [ c(x� z) ]
<latexit sha1_base64="JesJOUGqTIO1TJtO2Kawry+Pwps=">AAACB3icbVC7SgNBFJ31GeMrainIYBCswm4IahmwsTNCXpCEMDu5mwyZnV1m7ophSWfjr9hYKGLrL9j5N04ehSYeGDiccy93zvFjKQy67rezsrq2vrGZ2cpu7+zu7ecODusmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh9cTv3EP2ohIVXEUQydkfSUCwRlaqZs7aZsgYKGQI9pGeEA/SG+rtGcPM8Vh3M3l3YI7BV0m3pzkyRyVbu6r3Yt4EoJCLpkxLc+NsZMyjYJLGGfbiYGY8SHrQ8tSxUIwnXSaY0zPrNKjQaTtU0in6u+NlIXGjELfToYMB2bRm4j/ea0Eg6tOKlScICg+OxQkkmJEJ6XYvBo42g56gnEt7F8pHzDNONrqsrYEbzHyMqkXC95FoXRXzJdL8zoy5JicknPikUtSJjekQmqEk0fyTF7Jm/PkvDjvzsdsdMWZ7xyRP3A+fwBcYZmW</latexit>

OT distance
<latexit sha1_base64="ssKGA8k9tWBg01JUBYBjjEs1m/s="></latexit>

Wc(Q,P) = inf
�2 �(Q,P)

E(x,z)⇠� [ c(x� z) ]
<latexit sha1_base64="ssKGA8k9tWBg01JUBYBjjEs1m/s="></latexit>

Wc(Q,P) = inf
�2 �(Q,P)

E(x,z)⇠� [ c(x� z) ]



Geometric Properties of OT Ambiguity Sets
<latexit sha1_base64="QuFmWrDOFQ3u9y9HyOjlIVEhDq4="></latexit>

Example. P1 = �0

<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>"
<latexit sha1_base64="xmF6pZFY52xDJuqZaH5ptjhsUXM=">AAACGHicbZDLSgMxFIYz9V5vVZdugkVwVWdKUZcFF7pUsBdoS8lkzrShSWbIyQi19DHc+CpuXCji1p1vY1q70NYfAj//OSfJ+cJUCrS+/+XllpZXVtfWN/KbW9s7u4W9/TommeFQ44lMTDNkCFJoqFlhJTRTA0yFEhrh4HJSb9yDQZHoOztMoaNYT4tYcGZd1C2ctjGOmRJySK9Ag2FSPADSCCwYJbT7gODUJGGGVgMi7RaKfsmfii6aYGaKZKabbuGzHSU8U6AtlwyxFfip7YyYcRdLGOfbGULK+ID1oOWsZgqwM5ouNqbHLolonBh3tKXT9PfEiCnEoQpdp2K2j/O1SfhfrZXZ+KIzEjrNLGj+81CcSWoTOqFEI2GAWwclEowbMYHA+8ww7rBg3kEI5ldeNPVyKTgrVW7LxWplhmOdHJIjckICck6q5JrckBrh5JE8k1fy5j15L9679/HTmvNmMwfkj7zPbwFjoPY=</latexit>

Generalizes deterministic robustness

<latexit sha1_base64="sLqJOk8XThAT97sixyNrT6RKHjQ=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiMxgEq7AbgloGbCwjmAckS5idnU2GzGOZhxBCsPFXbCwUsfUr7PwbJ8kWmnhg4HDOvdw5J84Y1SYIvr3C2vrG5lZxu7Szu7d/4B8etbS0CpMmlkyqTow0YVSQpqGGkU6mCOIxI+14dDPz2w9EaSrFvRlnJOJoIGhKMTJO6vsnPZ2miFM2hrG0IiEJ1DbLpDJ9vxxUgjngKglzUgY5Gn3/q5dIbDkRBjOkdTcMMhNNkDIUMzIt9awmGcIjNCBdRwXiREeTeYQpPHdKAlOp3BMGztXfGxPEtR7z2E1yZIZ62ZuJ/3lda9LraEJFZg0ReHEotQwaCWd9wIQqgo2Ln1CEFXV/hXiIFMLGtVZyJYTLkVdJq1oJLyu1u2q5XsvrKIJTcAYuQAiuQB3cggZoAgwewTN4BW/ek/fivXsfi9GCl+8cgz/wPn8ArRqXkw==</latexit>

bounded support

<latexit sha1_base64="ZXn69+wzQl7ByKAiDd5rFoFKgyI=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZDUMuAjWUE84BkCbOzs8mQeSzzEMKSwsZfsbFQxNaPsPNvnDwKTTxw4XDOvdx7T5wxqk0QfHuFjc2t7Z3ibmlv/+DwyD8+aWtpFSYtLJlU3RhpwqggLUMNI91MEcRjRjrx+Gbmdx6I0lSKezPJSMTRUNCUYmScNPDLfZ2miFM2gVbE0oqEJFDbLJPKDPxKUA3mgOskXJIKWKI58L/6icSWE2EwQ1r3wiAzUY6UoZiRaalvNckQHqMh6TkqECc6yudPTOG5UxKYSuVKGDhXf0/kiGs94bHr5MiM9Ko3E//zetak11FORWYNEXixKLUMGglnicCEKoKNCyChCCvqboV4hBTCxuVWciGEqy+vk3atGl5W63e1SqO+jKMIyuAMXIAQXIEGuAVN0AIYPIJn8ArevCfvxXv3PhatBW85cwr+wPv8AWUcmIo=</latexit>

unbounded support
<latexit sha1_base64="xlzEn4ZUDzFRkf4KinRRwhrs8Z4=">AAACEHicbVA9SwNBEN3z2/gVtbRZDKJVuJOgloKNZQQTA0kIc5u5uLi3d+zOqeHIT7Dxr9hYKGJraee/cRNTaOKDgcd7M7szL0yVtOT7X97M7Nz8wuLScmFldW19o7i5VbdJZgTWRKIS0wjBopIaayRJYSM1CHGo8Cq8ORv6V7dorEz0JfVTbMfQ0zKSAshJneJ+y0YRxFL1uYCUMoOWtwjvKYzyUIG44fYOtB10iiW/7I/Ap0kwJiU2RrVT/Gx1E5HFqEkosLYZ+Cm1czAkhcJBoZVZTN370MOmoxpitO18dNCA7zmly6PEuNLER+rviRxia/tx6DpjoGs76Q3F/7xmRtFJO5c6zQi1+PkoyhSnhA/T4V1pUJALoytBGOl25eIaDAhyGRZcCMHkydOkflgOjsqVi8PSaWUcxxLbYbvsgAXsmJ2yc1ZlNSbYA3tiL+zVe/SevTfv/ad1xhvPbLM/8D6+AdjSnbI=</latexit>

captures black swans

<latexit sha1_base64="3Ohq6kucu8Z8VOc6F/5WZ7df1nw=">AAACC3icbVDLSgMxFM34rPU16tJNaBFclZlS1GXBjcsK9gHtUDKZO21oJhmSTKEM3bvxV9y4UMStP+DOvzF9LLT1QOBwzrnc3BOmnGnjed/OxubW9s5uYa+4f3B4dOyenLa0zBSFJpVcqk5INHAmoGmY4dBJFZAk5NAOR7czvz0GpZkUD2aSQpCQgWAxo8RYqe+WejqOScL4BCuIMgoaUyk0qLENjEGA1n237FW8OfA68ZekjJZo9N2vXiRploAwlBOtu76XmiAnyjDKYVrsZRpSQkdkAF1LBUlAB/n8lim+sEqEY6nsEwbP1d8TOUm0niShTSbEDPWqNxP/87qZiW+CnIk0MyDoYlGccWwknhWDI6aAGttDxAhVzP4V0yFRhBpbX9GW4K+evE5a1Yp/VandV8v12rKOAjpHJXSJfHSN6ugONVATUfSIntErenOenBfn3flYRDec5cwZ+gPn8wcR4pus</latexit>

reduces conservativeness
<latexit sha1_base64="nWp7s+XjDvWCQZglBO9+MeWv9Uw=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgqiRS1GXBjcsK9gFtCJPppB06mYSZiRJjPsWNC0Xc+iXu/BunaRbaeuDC4Zx75849fsyoVLb9bVTW1jc2t6rbtZ3dvf0Ds37Yk1EiMOniiEVi4CNJGOWkq6hiZBALgkKfkb4/u577/XsiJI34nUpj4oZowmlAMVJa8sx6NioeyXCKeP7oOblnNuymXcBaJU5JGlCi45lfo3GEk5BwhRmScujYsXIzJBTFjOS1USJJjPAMTchQU45CIt2s2Jpbp1oZW0EkdHFlFerviQyFUqahrztDpKZy2ZuL/3nDRAVXbkZ5nCjC8WJRkDBLRdY8B2tMBcGKpZogLKj+q4WnSCCsdFo1HYKzfPIq6Z03nYtm67bVaLfKOKpwDCdwBg5cQhtuoANdwPAAz/AKb8aT8WK8Gx+L1opRzhzBHxifP/1YlHA=</latexit>z1

<latexit sha1_base64="3RoHHu675qYqLgNkuwEbW/QbGPA="></latexit>

)

4

expressive: robustness in  space  &  likelihood

<latexit sha1_base64="ewySohb7cgEbB0upHtwIysKQQps=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUdAelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJrVsv1Wh5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AdzGMrQ==</latexit>

0
<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>"

<latexit sha1_base64="CT88sq2YM8AU5WkXJiKOQjZuGwA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2FZoQ9lsJ+3SzSbubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYjVY0A1Ci6xZbgR+JgopFEgsBOMb+d+Z4JK81g+mGmCfkSHkoecUWMlv0Z6E6ow0VzEsl+uuFV3AbJOvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJV6qcaEsjEdYtdSSSPUfrY4ekYurDIgYaxsSUMW6u+JjEZaT6PAdkbUjPSqNxf/87qpCW/8jMskNSjZclGYCmJiMk+ADLhCZsTUEsoUt7cSNqKKMmNzKtkQvNWX10m7VvWuqvX7eqVRz+MowhmcwyV4cA0NuIMmtIDBEzzDK7w5E+fFeXc+lq0FJ585hT9wPn8AgoiR6A==</latexit>

2"
<latexit sha1_base64="wi5TWe8g0FbVaEP0bKa26C1fuDw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VbC20oWy2k3bpZhN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgaj25n/OEaleSwfzCRBP6IDyUPOqLGSf0m6Y6ow0VzEsleuuFV3DrJKvJxUIEejV/7q9mOWRigNE1Trjucmxs+oMpwJnJa6qcaEshEdYMdSSSPUfjY/ekrOrNInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCW/8jMskNSjZYlGYCmJiMkuA9LlCZsTEEsoUt7cSNqSKMmNzKtkQvOWXV0nroupdVWv3tUq9lsdRhBM4hXPw4BrqcAcNaAKDJ3iGV3hzxs6L8+58LFoLTj5zDH/gfP4AhBiR6Q==</latexit>

3"
<latexit sha1_base64="uXKMM5aIxQypveRJvCOybOsJoq0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgxbIrRT0WvHisYD+gu5RsOtuGZpOQZAul9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5seLMWN//9gobm1vbO8Xd0t7+weFR+fikZWSmKTSp5FJ3YmKAMwFNyyyHjtJA0phDOx7dz/32GLRhUjzZiYIoJQPBEkaJdVJ4FY6JBmUYl6JXrvhVfwG8ToKcVFCORq/8FfYlzVIQlnJiTDfwlY2mRFtGOcxKYWZAEToiA+g6KkgKJpoubp7hC6f0cSK1K2HxQv09MSWpMZM0dp0psUOz6s3F/7xuZpO7aMqEyiwIulyUZBxbiecB4D7TQC2fOEKoZu5WTIdEE2pdTCUXQrD68jppXVeDm2rtsVap1/I4iugMnaNLFKBbVEcPqIGaiCKFntErevMy78V79z6WrQUvnzlFf+B9/gAjsZG5</latexit>�"

<latexit sha1_base64="sbyI3f0EeArzzLyAfPSEEPXZngw=">AAAB9HicbVDLSgNBEOyNrxhfUY9eFoPgxbAbgnoMePEYwTwgWcLspDcZMjuzzswGQsh3ePGgiFc/xpt/4yTZgyYWNBRV3XR3hQln2njet5Pb2Nza3snvFvb2Dw6PiscnTS1TRbFBJZeqHRKNnAlsGGY4thOFJA45tsLR3dxvjVFpJsWjmSQYxGQgWMQoMVYKrirdMVGYaMal6BVLXtlbwF0nfkZKkKHeK351+5KmMQpDOdG643uJCaZEGUY5zgrdVGNC6IgMsGOpIDHqYLo4euZeWKXvRlLZEsZdqL8npiTWehKHtjMmZqhXvbn4n9dJTXQbTJlIUoOCLhdFKXeNdOcJuH2mkBo+sYRQxeytLh0SRaixORVsCP7qy+ukWSn71+XqQ7VUq2Zx5OEMzuESfLiBGtxDHRpA4Qme4RXenLHz4rw7H8vWnJPNnMIfOJ8/lsaR9Q==</latexit>�2"
<latexit sha1_base64="TV4Oif8hMVSbBDOXM8sKx/5hvIg=">AAAB9HicbVDLSgNBEOyNrxhfUY9eFoPgxbCrQT0GvHiMYB6QLGF20psMmZ1ZZ2YDIeQ7vHhQxKsf482/cZLsQRMLGoqqbrq7woQzbTzv28mtrW9sbuW3Czu7e/sHxcOjhpapolinkkvVColGzgTWDTMcW4lCEoccm+HwbuY3R6g0k+LRjBMMYtIXLGKUGCsFF1edEVGYaMal6BZLXtmbw10lfkZKkKHWLX51epKmMQpDOdG67XuJCSZEGUY5TgudVGNC6JD0sW2pIDHqYDI/euqeWaXnRlLZEsadq78nJiTWehyHtjMmZqCXvZn4n9dOTXQbTJhIUoOCLhZFKXeNdGcJuD2mkBo+toRQxeytLh0QRaixORVsCP7yy6ukcVn2r8uVh0qpWsniyMMJnMI5+HADVbiHGtSBwhM8wyu8OSPnxXl3PhatOSebOYY/cD5/AJhVkfY=</latexit>�3"

<latexit sha1_base64="mMcLk3ssuY4tb5iD3uWaAEU6bSQ=">AAACD3icbVDNS8MwHE39nPOr6tFLcFM8jXYM9SIMvHic4D5gLSVNsy0sTUuSCqXsP/Div+LFgyJevXrzvzHtetDNB4HHe79f8vL8mFGpLOvbWFldW9/YrGxVt3d29/bNg8OejBKBSRdHLBIDH0nCKCddRRUjg1gQFPqM9P3pTe73H4iQNOL3Ko2JG6IxpyOKkdKSZ57VM6e4JcMp4jMnRGri+7Dj2TN4DZ2AMIU8q+6ZNathFYDLxC5JDZToeOaXE0Q4CQlXmCEph7YVKzdDQlHMyKzqJJLECE/RmAw15Sgk0s2KJDN4qpUAjiKhD1ewUH9vZCiUMg19PZnnlYteLv7nDRM1unIzyuNEEY7nD40SBlUE83JgQAXBiqWaICyozgrxBAmEla6wqkuwF7+8THrNhn3RaN01a+1WWUcFHIMTcA5scAna4BZ0QBdg8AiewSt4M56MF+Pd+JiPrhjlzhH4A+PzB62Zm7o=</latexit>

P1 = �0

<latexit sha1_base64="3wniU+ebNUb870goZqkhTRFdIAE="></latexit>

c(x� 0)

<latexit sha1_base64="ewySohb7cgEbB0upHtwIysKQQps=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUdAelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJrVsv1Wh5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AdzGMrQ==</latexit>

0
<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>"

<latexit sha1_base64="CT88sq2YM8AU5WkXJiKOQjZuGwA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2FZoQ9lsJ+3SzSbubgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYjVY0A1Ci6xZbgR+JgopFEgsBOMb+d+Z4JK81g+mGmCfkSHkoecUWMlv0Z6E6ow0VzEsl+uuFV3AbJOvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJV6qcaEsjEdYtdSSSPUfrY4ekYurDIgYaxsSUMW6u+JjEZaT6PAdkbUjPSqNxf/87qpCW/8jMskNSjZclGYCmJiMk+ADLhCZsTUEsoUt7cSNqKKMmNzKtkQvNWX10m7VvWuqvX7eqVRz+MowhmcwyV4cA0NuIMmtIDBEzzDK7w5E+fFeXc+lq0FJ585hT9wPn8AgoiR6A==</latexit>

2"
<latexit sha1_base64="wi5TWe8g0FbVaEP0bKa26C1fuDw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48VbC20oWy2k3bpZhN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgaj25n/OEaleSwfzCRBP6IDyUPOqLGSf0m6Y6ow0VzEsleuuFV3DrJKvJxUIEejV/7q9mOWRigNE1Trjucmxs+oMpwJnJa6qcaEshEdYMdSSSPUfjY/ekrOrNInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCW/8jMskNSjZYlGYCmJiMkuA9LlCZsTEEsoUt7cSNqSKMmNzKtkQvOWXV0nroupdVWv3tUq9lsdRhBM4hXPw4BrqcAcNaAKDJ3iGV3hzxs6L8+58LFoLTj5zDH/gfP4AhBiR6Q==</latexit>

3"
<latexit sha1_base64="uXKMM5aIxQypveRJvCOybOsJoq0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgxbIrRT0WvHisYD+gu5RsOtuGZpOQZAul9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5seLMWN//9gobm1vbO8Xd0t7+weFR+fikZWSmKTSp5FJ3YmKAMwFNyyyHjtJA0phDOx7dz/32GLRhUjzZiYIoJQPBEkaJdVJ4FY6JBmUYl6JXrvhVfwG8ToKcVFCORq/8FfYlzVIQlnJiTDfwlY2mRFtGOcxKYWZAEToiA+g6KkgKJpoubp7hC6f0cSK1K2HxQv09MSWpMZM0dp0psUOz6s3F/7xuZpO7aMqEyiwIulyUZBxbiecB4D7TQC2fOEKoZu5WTIdEE2pdTCUXQrD68jppXVeDm2rtsVap1/I4iugMnaNLFKBbVEcPqIGaiCKFntErevMy78V79z6WrQUvnzlFf+B9/gAjsZG5</latexit>�"

<latexit sha1_base64="sbyI3f0EeArzzLyAfPSEEPXZngw=">AAAB9HicbVDLSgNBEOyNrxhfUY9eFoPgxbAbgnoMePEYwTwgWcLspDcZMjuzzswGQsh3ePGgiFc/xpt/4yTZgyYWNBRV3XR3hQln2njet5Pb2Nza3snvFvb2Dw6PiscnTS1TRbFBJZeqHRKNnAlsGGY4thOFJA45tsLR3dxvjVFpJsWjmSQYxGQgWMQoMVYKrirdMVGYaMal6BVLXtlbwF0nfkZKkKHeK351+5KmMQpDOdG643uJCaZEGUY5zgrdVGNC6IgMsGOpIDHqYLo4euZeWKXvRlLZEsZdqL8npiTWehKHtjMmZqhXvbn4n9dJTXQbTJlIUoOCLhdFKXeNdOcJuH2mkBo+sYRQxeytLh0SRaixORVsCP7qy+ukWSn71+XqQ7VUq2Zx5OEMzuESfLiBGtxDHRpA4Qme4RXenLHz4rw7H8vWnJPNnMIfOJ8/lsaR9Q==</latexit>�2"
<latexit sha1_base64="TV4Oif8hMVSbBDOXM8sKx/5hvIg=">AAAB9HicbVDLSgNBEOyNrxhfUY9eFoPgxbCrQT0GvHiMYB6QLGF20psMmZ1ZZ2YDIeQ7vHhQxKsf482/cZLsQRMLGoqqbrq7woQzbTzv28mtrW9sbuW3Czu7e/sHxcOjhpapolinkkvVColGzgTWDTMcW4lCEoccm+HwbuY3R6g0k+LRjBMMYtIXLGKUGCsFF1edEVGYaMal6BZLXtmbw10lfkZKkKHWLX51epKmMQpDOdG67XuJCSZEGUY5TgudVGNC6JD0sW2pIDHqYDI/euqeWaXnRlLZEsadq78nJiTWehyHtjMmZqCXvZn4n9dOTXQbTJhIUoOCLhZFKXeNdGcJuD2mkBo+toRQxeytLh0QRaixORVsCP7yy6ukcVn2r8uVh0qpWsniyMMJnMI5+HADVbiHGtSBwhM8wyu8OSPnxXl3PhatOSebOYY/cD5/AJhVkfY=</latexit>�3"

<latexit sha1_base64="mMcLk3ssuY4tb5iD3uWaAEU6bSQ=">AAACD3icbVDNS8MwHE39nPOr6tFLcFM8jXYM9SIMvHic4D5gLSVNsy0sTUuSCqXsP/Div+LFgyJevXrzvzHtetDNB4HHe79f8vL8mFGpLOvbWFldW9/YrGxVt3d29/bNg8OejBKBSRdHLBIDH0nCKCddRRUjg1gQFPqM9P3pTe73H4iQNOL3Ko2JG6IxpyOKkdKSZ57VM6e4JcMp4jMnRGri+7Dj2TN4DZ2AMIU8q+6ZNathFYDLxC5JDZToeOaXE0Q4CQlXmCEph7YVKzdDQlHMyKzqJJLECE/RmAw15Sgk0s2KJDN4qpUAjiKhD1ewUH9vZCiUMg19PZnnlYteLv7nDRM1unIzyuNEEY7nD40SBlUE83JgQAXBiqWaICyozgrxBAmEla6wqkuwF7+8THrNhn3RaN01a+1WWUcFHIMTcA5scAna4BZ0QBdg8AiewSt4M56MF+Pd+JiPrhjlzhH4A+PzB62Zm7o=</latexit>

P1 = �0

<latexit sha1_base64="OouAttfCJAoNLTD8gsK8aXHM4E4="></latexit>

c(x� 0) = |x� 0|

<latexit sha1_base64="CtT1dYNIN0pRGjl7slXvufGidxg="></latexit>

Wc(Q, �0) = Ex⇠Q [c(x� 0)]
<latexit sha1_base64="j1dkJnJ9HkATyl1idz8INddB+jM="></latexit>

Bc
"(�0) = {Q : Ex⇠Q [c(x� 0)]  "}



Capturing of OT Ambiguity Sets from Data

<latexit sha1_base64="/+FRpYVTL/Q5DmLt2ZGqfvDazEI=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUmkqMuCG5cV7AOaUCbTaTt0MgkzEyGE4sZfceNCEbd+hTv/xkmahbYeGDicc19zgpgzpR3n21pZXVvf2KxsVbd3dvf27YPDjooSSWibRDySvQArypmgbc00p71YUhwGnHaD6U3udx+oVCwS9zqNqR/isWAjRrA20sA+zrxiSEZSLGZeiPUkCFBrIGYDu+bUnQJombglqUGJ1sD+8oYRSUIqNOFYqb7rxNrPsNSMcDqreomiMSZTPKZ9QwUOqfKzYvsMnRlliEaRNE9oVKi/OzIcKpWGganMb1SLXi7+5/UTPbr2MybiRFNB5otGCUc6QnkeaMgkJZqnhmAimbkVkQmWmGiTWtWE4C5+eZl0LuruZb1x16g1G2UcFTiBUzgHF66gCbfQgjYQeIRneIU368l6sd6tj3npilX2HMEfWJ8/8cqXvQ==</latexit>

Pn

<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>"
<latexit sha1_base64="gzBBd/K4jjBYVFimyExo36VKlsI="></latexit>

Pn =
1

n

nX

i=1

�zi
<latexit sha1_base64="sjlPuQ12qw6GUmCDlxYS0CfJcIU=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokUdVlw47KCfUAbwmQ6bYdOJmFmIsQQf8WNC0Xc+iHu/BunaRbaeuDC4Zx75849QcyZ0o7zba2tb2xubVd2qrt7+weH9tFxV0WJJLRDIh7JfoAV5UzQjmaa034sKQ4DTnvB7Gbu9x6oVCwS9zqNqRfiiWBjRrA2km/XsmxYvJKRFIv80Xfz3LfrTsMpgFaJW5I6lGj79tdwFJEkpEITjpUauE6svQxLzQineXWYKBpjMsMTOjBU4JAqLyvW5ujMKCM0jqQpoVGh/p7IcKhUGgamM8R6qpa9ufifN0j0+NrLmIgTTQVZLBonHOkIzZNAIyYp0Tw1BBPJzF8RmWKJiTZ5VU0I7vLJq6R70XAvG827Zr3VLOOowAmcwjm4cAUtuIU2dIBACs/wCm/Wk/VivVsfi9Y1q5ypwR9Ynz/PZJV8</latexit>z1

<latexit sha1_base64="r1rPK4D6ooSH9Lkti/dEyALfk9o=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiSlqMuCG5cV7APaECbTSTt0MgkzEyGG+CtuXCji1g9x5984TbPQ1gMXDufcO3fu8WNGpbLtb6Oysbm1vVPdre3tHxwemccnfRklApMejlgkhj6ShFFOeooqRoaxICj0GRn485uFP3ggQtKI36s0Jm6IppwGFCOlJc+sZ9m4eCXDKeL5o9fKc89s2E27gLVOnJI0oETXM7/GkwgnIeEKMyTlyLFj5WZIKIoZyWvjRJIY4TmakpGmHIVEulmxNrfOtTKxgkjo4soq1N8TGQqlTENfd4ZIzeSqtxD/80aJCq7djPI4UYTj5aIgYZaKrEUS1oQKghVLNUFYUP1XC8+QQFjpvGo6BGf15HXSbzWdy2b7rt3otMs4qnAKZ3ABDlxBB26hCz3AkMIzvMKb8WS8GO/Gx7K1YpQzdfgD4/MH0OqVfQ==</latexit>z2

<latexit sha1_base64="Xpi8enVimMC1uI6NqNsyZodaZlQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokUdVlw47KCfUAbwmQ6bYdOJmFmIsQQf8WNC0Xc+iHu/BunaRbaeuDC4Zx75849QcyZ0o7zba2tb2xubVd2qrt7+weH9tFxV0WJJLRDIh7JfoAV5UzQjmaa034sKQ4DTnvB7Gbu9x6oVCwS9zqNqRfiiWBjRrA2km/XsmxYvJKRFIv80Rd57tt1p+EUQKvELUkdSrR9+2s4ikgSUqEJx0oNXCfWXoalZoTTvDpMFI0xmeEJHRgqcEiVlxVrc3RmlBEaR9KU0KhQf09kOFQqDQPTGWI9VcveXPzPGyR6fO1lTMSJpoIsFo0TjnSE5kmgEZOUaJ4agolk5q+ITLHERJu8qiYEd/nkVdK9aLiXjeZds95qlnFU4ARO4RxcuIIW3EIbOkAghWd4hTfryXqx3q2PReuaVc7U4A+szx8sYZW5</latexit>zn

<latexit sha1_base64="GUD9jfdS/NnObjoPykcSdja/fbk=">AAACIHicbVDNS8MwHE39nPNr6tFLcAjzMloZTgRh6MXjBPcBay1plm1haVqSdFBK/xQv/itePCiiN/1rTLcKuvkg8Hjv/ZJfnhcyKpVpfhpLyyura+uFjeLm1vbObmlvvy2DSGDSwgELRNdDkjDKSUtRxUg3FAT5HiMdb3yd+Z0JEZIG/E7FIXF8NOR0QDFSWnJLddtHauR58MpN7AkSJJSUBTy9x5XEnl6f4Bjx9CfWdHl6Ai8u3VLZrJpTwEVi5aQMcjTd0ofdD3DkE64wQ1L2LDNUToKEopiRtGhHkoQIj9GQ9DTlyCfSSaYbpPBYK304CIQ+XMGp+nsiQb6Use/pZLannPcy8T+vF6nBuZNQHkaKcDx7aBAxqAKYtQX7VBCsWKwJwoLqXSEeIYGw0p0WdQnW/JcXSfu0ap1Va7e1cqOW11EAh+AIVIAF6qABbkATtAAGD+AJvIBX49F4Nt6M91l0ychnDsAfGF/fd8mjtA==</latexit>

Bc
"(Pn) :=

<latexit sha1_base64="ytn4aQC5e4ThEpUQE7xeyarrrmE="></latexit>

2. " = O

⇣
n
�1/2

⌘ <latexit sha1_base64="t3e4yy/vcAiCQEXqJ7GF/FasX4s=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GwCrshqGXAxjKCeUASwuzs3WTI7OwyDyEsqW38FRsLRWz9Ajv/xkmyhSYeuHA4517uvSdIOVPa876dwtr6xuZWcbu0s7u3f+AeHrVUYiSFJk14IjsBUcCZgKZmmkMnlUDigEM7GN/M/PYDSMUSca8nKfRjMhQsYpRoKw3c056KIhIzPsFaGsCSqTE2aQoSB4kRIYQDt+xVvDnwKvFzUkY5GgP3qxcm1MQgNOVEqa7vpbqfEakZ5TAt9YyClNAxGULXUkFiUP1s/soUn1slxFEibQmN5+rviYzESk3iwHbGRI/UsjcT//O6RkfX/YyJ1GgQdLEoMhzrBM9ywSGTQLWNIWSESmZvxXREJKHapleyIfjLL6+SVrXiX1Zqd9VyvZbHUUQn6AxdIB9doTq6RQ3URBQ9omf0it6cJ+fFeXc+Fq0FJ585Rn/gfP4AZRCaqw==</latexit>

true risk upper bounded
<latexit sha1_base64="c/eM463Z3P4PakRLS0J6k683uiQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyUpRT0WvHisYD+gDWWz2bRLN5uwOxFC6MWLf8WLB0W8+h+8+W/ctjlo64OBx3szzMzzE8E1OM63VVpb39jcKm9Xdnb39g/sw6OOjlNFWZvGIlY9n2gmuGRt4CBYL1GMRL5gXX9yM/O7D0xpHst7yBLmRWQkecgpASMN7dOBDkMScZFhP8MwZljFfqoBK64nQ7vq1Jw58CpxC1JFBVpD+2sQxDSNmAQqiNZ910nAy4kCTgWbVgapZgmhEzJifUMliZj28vkXU3xulACHsTIlAc/V3xM5ibTOIt90RgTGetmbif95/RTCay/nMkmBSbpYFKYCQ4xnkeCAK0bBJBBwQhU3t2I6JopQMMFVTAju8surpFOvuZe1xl292mwUcZTRCTpDF8hFV6iJblELtRFFj+gZvaI368l6sd6tj0VrySpmjtEfWJ8/SoyYZw==</latexit>

by the robust risk

<latexit sha1_base64="9Gk8xbQ2RXVcd8cfIlNTCo4CoSM="></latexit>

Ez⇠P? [`(z)]  sup
Q2Bc

"(Pn)
Ez⇠Q [`(z)] +O(n�1)

<latexit sha1_base64="tI1h8NNTfPFX3f/KTHSua0TMKbY="></latexit>

1. " = O

⇣
n
�1/max{2,d}

⌘
<latexit sha1_base64="/+FRpYVTL/Q5DmLt2ZGqfvDazEI=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUmkqMuCG5cV7AOaUCbTaTt0MgkzEyGE4sZfceNCEbd+hTv/xkmahbYeGDicc19zgpgzpR3n21pZXVvf2KxsVbd3dvf27YPDjooSSWibRDySvQArypmgbc00p71YUhwGnHaD6U3udx+oVCwS9zqNqR/isWAjRrA20sA+zrxiSEZSLGZeiPUkCFBrIGYDu+bUnQJombglqUGJ1sD+8oYRSUIqNOFYqb7rxNrPsNSMcDqreomiMSZTPKZ9QwUOqfKzYvsMnRlliEaRNE9oVKi/OzIcKpWGganMb1SLXi7+5/UTPbr2MybiRFNB5otGCUc6QnkeaMgkJZqnhmAimbkVkQmWmGiTWtWE4C5+eZl0LuruZb1x16g1G2UcFTiBUzgHF66gCbfQgjYQeIRneIU368l6sd6tj3npilX2HMEfWJ8/8cqXvQ==</latexit>

Pn

<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>"

<latexit sha1_base64="alKyvyyY1vm4iT2RhDTOYFUgUDw=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK4KokUdVlw47KCfUATymQ6bYdOJmFmIoTQnRt/xY0LRdz6C+78GydpFtp6YOBwzr0zZ04Qc6a043xbK6tr6xubla3q9s7u3r59cNhRUSIJbZOIR7IXYEU5E7Stmea0F0uKw4DTbjC9yf3uA5WKReJepzH1QzwWbMQI1kYa2CeZV1ySkRSLmRdiPQkC1Bp4SmM5QwO75tSdAmiZuCWpQYnWwP7yhhFJQio04VipvuvE2s+w1IxwOqt6iaIxJlM8pn1DBQ6p8rMiwgydGWWIRpE0R2hUqL83MhwqlYaBmcyDqkUvF//z+okeXfsZE3GiqSDzh0YJRzpCeSloyCQlmqeGYCKZyYrIBEtMtKmuakpwF7+8TDoXdfey3rhr1JqNso4KHMMpnIMLV9CEW2hBGwg8wjO8wpv1ZL1Y79bHfHTFKneO4A+szx+VgJm3</latexit>

P?

<latexit sha1_base64="SCH5FQ0RUjNJwD71vRokV8OPiwQ=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSlKKuiy4cVnBPqANZTK5aYdOJmEeQgn9ADf+ihsXirj1A9z5N07aLLT1wMDhnHu5c06Qcqa06347a+sbm1vbpZ3y7t7+wWHl6LijEiMptGnCE9kLiALOBLQ10xx6qQQSBxy6weQm97sPIBVLxL2epuDHZCRYxCjRVhpWqgMVRSRmfIq1NIBDe1KywOQuZkKxELCdcmvuHHiVeAWpogKtYeVrECbUxCA05USpvuem2s+I1IxymJUHRkFK6ISMoG+pIDEoP5uHmeFzq4Q4SqR9QuO5+nsjI7FS0ziwkzHRY7Xs5eJ/Xt/o6NrPmEiNBkEXhyLDsU5w3oyNLoFqW0TICJXM/hXTMZGEattf2ZbgLUdeJZ16zbusNe7q1WajqKOETtEZukAeukJNdItaqI0oekTP6BW9OU/Oi/PufCxG15xi5wT9gfP5AxJom5U=</latexit>

true distribution inside
<latexit sha1_base64="pGBZdaFv5LMh2cZCm63yHv49Cug=">AAACB3icbVC7SgNBFJ2Nrxhfq5aCDAbBKuyGoJYBGzsj5AVJCLOTu8mQ2Qczd4UlpLPxV2wsFLH1F+z8GyfJFpp4YOBwzj3cuceLpdDoON9Wbm19Y3Mrv13Y2d3bP7APj5o6ShSHBo9kpNoe0yBFCA0UKKEdK2CBJ6HljW9mfusBlBZRWMc0hl7AhqHwBWdopL592tW+zwIhU4ojoHd1arJimAhMqQbs20Wn5MxBV4mbkSLJUOvbX91BxJMAQuSSad1xnRh7E6ZQcAnTQjfREDM+ZkPoGBqyAHRvMr9jSs+NMqB+pMwLkc7V34kJC7ROA89MBgxHetmbif95nQT9695EhHGCEPLFIj+RFCM6K4UOhAKOpoOBYFwJ81fKR0wxjqa6ginBXT55lTTLJfeyVLkvF6uVrI48OSFn5IK45IpUyS2pkQbh5JE8k1fyZj1ZL9a79bEYzVlZ5pj8gfX5A3PqmQI=</latexit>

the OT ambiguity set

<latexit sha1_base64="/6ffd+bnzOjan8P41DTh4rKKbB4="></latexit>

P? 2 Bc
"(Pn)

Statistical guarantees:

5

<latexit sha1_base64="kPiweoemMIy1foxf2AT3pE7hZjM="></latexit>

sample distribution Pn
<latexit sha1_base64="RI3SrSWrgNIM/oUPTZsCun1gEM0="></latexit>

true distribution P?
<latexit sha1_base64="N/vn0U4LNSeUxJfvcvfYcLYsd7o="></latexit>

ambiguity set
<latexit sha1_base64="GUD9jfdS/NnObjoPykcSdja/fbk=">AAACIHicbVDNS8MwHE39nPNr6tFLcAjzMloZTgRh6MXjBPcBay1plm1haVqSdFBK/xQv/itePCiiN/1rTLcKuvkg8Hjv/ZJfnhcyKpVpfhpLyyura+uFjeLm1vbObmlvvy2DSGDSwgELRNdDkjDKSUtRxUg3FAT5HiMdb3yd+Z0JEZIG/E7FIXF8NOR0QDFSWnJLddtHauR58MpN7AkSJJSUBTy9x5XEnl6f4Bjx9CfWdHl6Ai8u3VLZrJpTwEVi5aQMcjTd0ofdD3DkE64wQ1L2LDNUToKEopiRtGhHkoQIj9GQ9DTlyCfSSaYbpPBYK304CIQ+XMGp+nsiQb6Use/pZLannPcy8T+vF6nBuZNQHkaKcDx7aBAxqAKYtQX7VBCsWKwJwoLqXSEeIYGw0p0WdQnW/JcXSfu0ap1Va7e1cqOW11EAh+AIVIAF6qABbkATtAAGD+AJvIBX49F4Nt6M91l0ychnDsAfGF/fd8mjtA==</latexit>

Bc
"(Pn) :=
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<latexit sha1_base64="eyzQ2PB/LyqwqRrEmBnoodab6WI=">AAACD3icbVC7SgNBFJ31bXxFLW0Gg2Jj2A2ilqIWdomSqJCEcHcyG4fMzC4zd4Ww5A9s/BUbC0Vsbe38GyePQqMHBg7n3MfcEyZSWPT9L29qemZ2bn5hMbe0vLK6ll/fuLZxahivsVjG5jYEy6XQvIYCJb9NDAcVSn4Tds8G/s09N1bEuoq9hDcVdLSIBAN0Uiu/27BRBErIXlZOUCiQtGpA2yQ2uH/qBrfp+VW538oX/KI/BP1LgjEpkDEqrfxnox2zVHGNTIK19cBPsJmBQcEk7+caqeUJsC50eN1RDYrbZja8p0930sHeKDbuaaRD9WdHBsrangpdpQK8s5PeQPzPq6cYHTczoZMUuWajRVEqKcZ0EA5tC8MZyp4jwIxwf6XsDgwwdBHmXAjB5Ml/yXWpGBwWDy5LhZPSOI4FskW2yR4JyBE5IRekQmqEkQfyRF7Iq/foPXtv3vuodMob92ySX/A+vgEZ8Jyh</latexit>

Optimal Transport-Based DRO

<latexit sha1_base64="rtt5AGb5mqfSrnGR9IS8KqPkeck=">AAACF3icbVA9T8MwEHX4LOWrwMhi0SIxRUmFgLGIhbFIFJDaqnLcS2vVcYJ9AUVR/wULf4WFAYRYYePf4JYO0PKkk57eu7PvXpBIYdDzvpy5+YXFpeXCSnF1bX1js7S1fWXiVHNo8FjG+iZgBqRQ0ECBEm4SDSwKJFwHg7ORf30H2ohYXWKWQDtiPSVCwRlaqVNyWyYMWSRklt8L7NNWqrqgR6/lcJsyKTAbUhHSymmFCjPslMqe641BZ4k/IWUyQb1T+mx1Y55GoJBLZkzT9xJs50yj4BKGxVZqIGF8wHrQtFSxCEw7H981pPtW6dIw1rYU0rH6eyJnkTFZFNjOiGHfTHsj8T+vmWJ40s6FSlIExX8+ClNJMaajkGhXaOAoM0sY18LuSnmfacbRRlm0IfjTJ8+Sq6rrH7mHF9VyzZ3EUSC7ZI8cEJ8ckxo5J3XSIJw8kCfyQl6dR+fZeXPef1rnnMnMDvkD5+MbkM+gEQ==</latexit>

with equality if A is
<latexit sha1_base64="upqbFr25ug8f1wDX2YT5wSoHeow=">AAACAnicbVDLSgMxFM34rPU16krcBIvgxmGmiLosuHFZwT6gHUomzbSheQxJRhmG4sZfceNCEbd+hTv/xrSdhbYeCBzOuZebc6KEUW18/9tZWl5ZXVsvbZQ3t7Z3dt29/aaWqcKkgSWTqh0hTRgVpGGoYaSdKIJ4xEgrGl1P/NY9UZpKcWeyhIQcDQSNKUbGSj33sKvjGHHKsjxOGYNKPpwpJEbeuOdWfM+fAi6SoCAVUKDec7+6fYlTToTBDGndCfzEhDlShmJGxuVuqkmC8AgNSMdSgTjRYT6NMIYnVunDWCr7hIFT9fdGjrjWGY/sJEdmqOe9ifif10lNfBXmVCSpIQLPDtmk0Eg46QP2qSLYsMwShBW1f4V4iBTCxrZWtiUE85EXSbPqBRfe+W21UvOKOkrgCByDUxCAS1ADN6AOGgCDR/AMXsGb8+S8OO/Ox2x0ySl2DsAfOJ8/kJqXeQ==</latexit>

full row-rank.

<latexit sha1_base64="Yeoby0hZxxYD5hokCKO4s415DqU="></latexit>

A#Bc
"(Pn) ✓ Bc�A†

" (A#Pn)

<latexit sha1_base64="7zV5f8g/OYdJ674qK+e9j2D49ng=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSQw+TfrXmud4cZJX4BalBgUa/+tUbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMboJcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rpw/Sv38v6yVneLOMpwAqdwDj5cQx3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1vTjcw=</latexit>!
<latexit sha1_base64="YWZkzY+Np26HX231yvTSAwOKTOY="></latexit>

Pn =
1

n

nX

i=1

�zi
<latexit sha1_base64="fzNi5+RjOeTdffbis6+8RfeDMgI=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgKiQi6rLgxmUF+4A2hMl00g6dTMLMRIgh/oobF4q49UPc+TdO0yy09cCFwzn3zp17goRRqRzn26itrW9sbtW3Gzu7e/sH5uFRT8apwKSLYxaLQYAkYZSTrqKKkUEiCIoCRvrB7Gbu9x+IkDTm9ypLiBehCachxUhpyTebeT4qX8lxhnjx6LtF4Zstx3ZKWKvErUgLKnR882s0jnEaEa4wQ1IOXSdRXo6EopiRojFKJUkQnqEJGWrKUUSkl5drC+tUK2MrjIUurqxS/T2Ro0jKLAp0Z4TUVC57c/E/b5iq8NrLKU9SRTheLApTZqnYmidhjakgWLFME4QF1X+18BQJhJXOq6FDcJdPXiW9c9u9tC/uLlptu4qjDsdwAmfgwhW04RY60AUMGTzDK7wZT8aL8W58LFprRjXThD8wPn8AzZaVdg==</latexit>z1

<latexit sha1_base64="Bzo1tpzEAKxHrwJVmfgGOB5wSOI=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgKiSlqMuCG5cV7APaECbTSTt0MgkzEyGG+CtuXCji1g9x5984bbPQ1gMXDufcO3fuCRJGpXKcb6Oysbm1vVPdre3tHxwemccnPRmnApMujlksBgGShFFOuooqRgaJICgKGOkHs5u5338gQtKY36ssIV6EJpyGFCOlJd+s5/lo8UqOM8SLR79ZFL7ZcGxnAWuduCVpQImOb36NxjFOI8IVZkjKoeskysuRUBQzUtRGqSQJwjM0IUNNOYqI9PLF2sI618rYCmOhiytrof6eyFEkZRYFujNCaipXvbn4nzdMVXjt5ZQnqSIcLxeFKbNUbM2TsMZUEKxYpgnCguq/WniKBMJK51XTIbirJ6+TXtN2L+3WXavRtss4qnAKZ3ABLlxBG26hA13AkMEzvMKb8WS8GO/Gx7K1YpQzdfgD4/MHzxyVdw==</latexit>z2

<latexit sha1_base64="uIZK1E8QH0yZQJykfM65xHa9Ixo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgKiQi6rLgxmUF+4A2hMl00g6dTMLMRIgh/oobF4q49UPc+TdO0yy09cCFwzn3zp17goRRqRzn26itrW9sbtW3Gzu7e/sH5uFRT8apwKSLYxaLQYAkYZSTrqKKkUEiCIoCRvrB7Gbu9x+IkDTm9ypLiBehCachxUhpyTebeT4qX8lxhnjx6POi8M2WYzslrFXiVqQFFTq++TUaxziNCFeYISmHrpMoL0dCUcxI0RilkiQIz9CEDDXlKCLSy8u1hXWqlbEVxkIXV1ap/p7IUSRlFgW6M0JqKpe9ufifN0xVeO3llCepIhwvFoUps1RszZOwxlQQrFimCcKC6r9aeIoEwkrn1dAhuMsnr5Leue1e2hd3F622XcVRh2M4gTNw4QracAsd6AKGDJ7hFd6MJ+PFeDc+Fq01o5ppwh8Ynz8qk5Wz</latexit>zn

<latexit sha1_base64="49NbEvnTrK6L/vuKSqOaUjn2b6U=">AAACIHicbVDNS8MwHE39nPNr6tFLcAjzMloZTgRh6MXjBPcBay1plm1haVqSdFBK/xQv/itePCiiN/1rTLcKuvkg8Hjv/ZJfnhcyKpVpfhpLyyura+uFjeLm1vbObmlvvy2DSGDSwgELRNdDkjDKSUtRxUg3FAT5HiMdb3yd+Z0JEZIG/E7FIXF8NOR0QDFSWnJLddtHauR58MpN7AkSJJSUBTy9x5XEnl6f4Bjx9CfWdHl6Ai8u3VLZrJpTwEVi5aQMcjTd0ofdD3DkE64wQ1L2LDNUToKEopiRtGhHkoQIj9GQ9DTlyCfSSaYbpPBYK304CIQ+XMGp+nsiQb6Use/pZLannPcy8T+vF6nBuZNQHkaKcDx7aBAxqAKYtQX7VBCsWKwJwoLqXSEeIYGw0p0WdQnW/JcXSfu0ap1Va7e1cqOa11EAh+AIVIAF6qABbkATtAAGD+AJvIBX49F4Nt6M91l0ychnDsAfGF/fdfujrg==</latexit>

Bc
"(Pn) := <latexit sha1_base64="KSkEM5slozmmDteUzhYOdAfO3jw=">AAACAnicbVDNS8MwHE39nPOr6km8BIfgqbQy1OPAi8cJ7gPWUtIs3cLStCSpUErx4r/ixYMiXv0rvPnfmHY96OaDwOO931dekDAqlW1/Gyura+sbm42t5vbO7t6+eXDYl3EqMOnhmMViGCBJGOWkp6hiZJgIgqKAkUEwuyn9wQMRksb8XmUJ8SI04TSkGCkt+eZx7lZDcpwhXrgRUtMggF2fF77Zsi27AlwmTk1aoEbXN7/ccYzTiHCFGZJy5NiJ8nIkFMWMFE03lSRBeIYmZKQpRxGRXl5tL+CZVsYwjIV+XMFK/d2Ro0jKLAp0ZXmjXPRK8T9vlKrw2sspT1JFOJ4vClMGVQzLPOCYCoIVyzRBWFB9K8RTJBBWOrWmDsFZ/PIy6V9YzqXVvmu3OlYdRwOcgFNwDhxwBTrgFnRBD2DwCJ7BK3gznowX4934mJeuGHXPEfgD4/MH7/yXtw==</latexit>

Pn

<latexit sha1_base64="6B9iXydmboZUrALXzhqhACdqzFA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6rHgxWMF+wFtKJvtpl262Q27k0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelApu0Pe/ndLG5tb2Tnm3srd/cHhUPT5pGZVpyppUCaU7ETFMcMmayFGwTqoZSSLB2tH4fu63J0wbruQTTlMWJmQoecwpQSt1exOiWWq4ULJfrfmev4C7ToKC1KBAo1/96g0UzRImkQpiTDfwUwxzopFTwWaVXmZYSuiYDFnXUkkSZsJ8cfLMvbDKwI2VtiXRXai/J3KSGDNNItuZEByZVW8u/ud1M4zvwpzLNEMm6XJRnAkXlTv/3x1wzSiKqSWEam5vdemIaELRplSxIQSrL6+T1pUX3HjXj9e1ulfEUYYzOIdLCOAW6vAADWgCBQXP8ApvDjovzrvzsWwtOcXMKfyB8/kDtrmRfA==</latexit>"

<latexit sha1_base64="XZA6MyOoGJxHcD0Q9JrJduLm4cg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUhE1GXBjcsK9gFtCJPppB06mYSZiVhDfsWNC0Xc+iPu/BunbRbaeuDC4Zx75849YcqZ0q77bVXW1jc2t6rbtZ3dvf0D+7DeUUkmCW2ThCeyF2JFORO0rZnmtJdKiuOQ0244uZn53QcqFUvEvZ6m1I/xSLCIEayNFNj1fDB/JCdTLAr0FHhFYDdcx50DrRKvJA0o0Qrsr8EwIVlMhSYcK9X33FT7OZaaEU6L2iBTNMVkgke0b6jAMVV+Pl9boFOjDFGUSFNCo7n6eyLHsVLTODSdMdZjtezNxP+8fqajaz9nIs00FWSxKMo40gmaBYGGTFKi+dQQTCQzf0VkjCUm2sRVMyF4yyevks654106F3cXjaZTxlGFYziBM/DgCppwCy1oA4FHeIZXeLMK68V6tz4WrRWrnDmCP7A+fwBXVZSU</latexit>z1
<latexit sha1_base64="Bzo1tpzEAKxHrwJVmfgGOB5wSOI=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgKiSlqMuCG5cV7APaECbTSTt0MgkzEyGG+CtuXCji1g9x5984bbPQ1gMXDufcO3fuCRJGpXKcb6Oysbm1vVPdre3tHxwemccnPRmnApMujlksBgGShFFOuooqRgaJICgKGOkHs5u5338gQtKY36ssIV6EJpyGFCOlJd+s5/lo8UqOM8SLR79ZFL7ZcGxnAWuduCVpQImOb36NxjFOI8IVZkjKoeskysuRUBQzUtRGqSQJwjM0IUNNOYqI9PLF2sI618rYCmOhiytrof6eyFEkZRYFujNCaipXvbn4nzdMVXjt5ZQnqSIcLxeFKbNUbM2TsMZUEKxYpgnCguq/WniKBMJK51XTIbirJ6+TXtN2L+3WXavRtss4qnAKZ3ABLlxBG26hA13AkMEzvMKb8WS8GO/Gx7K1YpQzdfgD4/MHzxyVdw==</latexit>z2

<latexit sha1_base64="uIZK1E8QH0yZQJykfM65xHa9Ixo=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgKiQi6rLgxmUF+4A2hMl00g6dTMLMRIgh/oobF4q49UPc+TdO0yy09cCFwzn3zp17goRRqRzn26itrW9sbtW3Gzu7e/sH5uFRT8apwKSLYxaLQYAkYZSTrqKKkUEiCIoCRvrB7Gbu9x+IkDTm9ypLiBehCachxUhpyTebeT4qX8lxhnjx6POi8M2WYzslrFXiVqQFFTq++TUaxziNCFeYISmHrpMoL0dCUcxI0RilkiQIz9CEDDXlKCLSy8u1hXWqlbEVxkIXV1ap/p7IUSRlFgW6M0JqKpe9ufifN0xVeO3llCepIhwvFoUps1RszZOwxlQQrFimCcKC6r9aeIoEwkrn1dAhuMsnr5Leue1e2hd3F622XcVRh2M4gTNw4QracAsd6AKGDJ7hFd6MJ+PFeDc+Fq01o5ppwh8Ynz8qk5Wz</latexit>zn<latexit sha1_base64="HXb0Go6Ev8C9Owj8AV3kIlRp728=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyGRoi4LblxWsA9oQplMJu3QyUyYmQglBPwVNy4Ucet3uPNvnKZZaOuBC4dz7p0794Qpo0q77rdVW1vf2Nyqbzd2dvf2D+zDo54SmcSkiwUTchAiRRjlpKupZmSQSoKSkJF+OL2d+/1HIhUV/EHPUhIkaMxpTDHSRhrZJ7lfPpLjGeIF9FkktCpGdtN13BJwlXgVaYIKnZH95UcCZwnhGjOk1NBzUx3kSGqKGSkafqZIivAUjcnQUI4SooK83FzAc6NEMBbSFNewVH9P5ChRapaEpjNBeqKWvbn4nzfMdHwT5JSnmSYcLxbFGYNawHkWMKKSYM1mhiAsqfkrxBMkEdYmsYYJwVs+eZX0Lh3vymndt5ptp4qjDk7BGbgAHrgGbXAHOqALMMjBM3gFb9aT9WK9Wx+L1ppVzRyDP7A+fwAYIZYq</latexit>. . .

<latexit sha1_base64="I2D065PvbdZVZVIHiNcaxK5kqhc=">AAACAXicbVDNS8MwHE3n15xfVS+Cl+AQPJVWhnocePG4gfuAtYwkS7ewNC1JKoxSL/4rXjwo4tX/wpv/jenWg24+CDze+33l4YQzpV3326qsrW9sblW3azu7e/sH9uFRV8WpJLRDYh7LPkaKciZoRzPNaT+RFEWY0x6e3hZ+74FKxWJxr2cJDSI0FixkBGkjDe2TzJ8PyTBPaQ79COkJxrCdD+2667hzwFXilaQOSrSG9pc/ikkaUaEJR0oNPDfRQYakZoTTvOaniiaITNGYDgwVKKIqyObLc3hulBEMY2me0HCu/u7IUKTULMKmsrhQLXuF+J83SHV4E2RMJKmmgiwWhSmHOoZFHHDEJCWazwxBRDJzKyQTJBHRJrSaCcFb/vIq6V463pXTaDfqTaeMowpOwRm4AB64Bk1wB1qgAwh4BM/gFbxZT9aL9W59LEorVtlzDP7A+vwBtVuW/g==</latexit>

Q

<latexit sha1_base64="yUCl9ISYIkEJW7WVMvg6qABpTjU=">AAACH3icbVDLSiNBFK12fMSMOnFczqYwDOim6RZxXApuXGYgUSEJ4XbldlJYj6bq9jBNkz+ZzfyKGxcOw+DOv5lKzMLXgYLDOfdw656sUNJTkjxGKx9W19Y3GpvNj1vbO59au58vvS2dwJ6wyrrrDDwqabBHkhReFw5BZwqvspvzuX/1A52X1nSpKnCoYWJkLgVQkEatk4HPc9BSVfWA8Cdled2donWoZ/ygZwQ6Ammo4h1nC5gsUofxbNRqJ3GyAH9L0iVpsyU6o9bDYGxFqdGQUOB9P00KGtbgSAqFs+ag9FiAuIEJ9gM1oNEP68V9M/41KGOeWxeeIb5Qnydq0N5XOguTGmjqX3tz8T2vX1J+OqylKUpCI54W5aXiZPm8LD6WDgWpKhAQToa/cjEFB4JCpc1QQvr65Lfk8ihOT+Lj70fts3hZR4N9YfvsgKXsGztjF6zDekywX+yW3bM/0e/oLvob/XsaXYmWmT32AtHjf8pbo/c=</latexit>

Theorem (Uncertainty Propagation).

<latexit sha1_base64="zeZpCaHTuxwitjkPP+1D1w1GztM="></latexit>

min
✓2⇥

sup
Q2Bc

"(Pn)
EZ⇠Q [`(✓, Z)]

<latexit sha1_base64="IT4zwnOS/alJbLDBPwgyz3ghYvs=">AAACEHicbVA9T8MwEHX4LOWrwMhi0SKYqqRCwFiJhbFItEU0VXVxHbBwnMi+IEVRfwILf4WFAYRYGdn4N7htBqA86aSn9+58vhckUhh03S9nbn5hcWm5tFJeXVvf2KxsbXdMnGrG2yyWsb4KwHApFG+jQMmvEs0hCiTvBndnY797z7URsbrELOH9CG6UCAUDtNKgcuCbMIRIyCxvK8Y1glCY0Zo/eTpnGagRva6NBpWqW3cnoLPEK0iVFGgNKp/+MGZpxBUyCcb0PDfBfg4aBZN8VPZTwxNgd3DDe5YqiLjp55OtI7pvlSENY21LIZ2oPydyiIzJosB2RoC35q83Fv/zeimGp/1cqCRFrth0UZhKijEdp0OHQnOGMrMEmBb2r5TdggaGNsOyDcH7e/Is6TTq3nH96KJRbdaLOEpkl+yRQ+KRE9Ik56RF2oSRB/JEXsir8+g8O2/O+7R1zilmdsgvOB/fdr+daQ==</latexit>

Uncertainty Z

<latexit sha1_base64="Ffs9jUqsfvhwZt1ii+dVmv/sVRg=">AAACE3icbVDLSgMxFM3UV62vqks3wSKIizJTRF0W6sJlFfuAdiiZNNOGZpIhuSOUof/gxl9x40IRt27c+Tem7Sy09UDgcM693JwTxIIbcN1vJ7eyura+kd8sbG3v7O4V9w+aRiWasgZVQul2QAwTXLIGcBCsHWtGokCwVjCqTf3WA9OGK3kP45j5ERlIHnJKwEq94lnXhCGJuBin1/aa5kEyNYgQY3yngsQArikJWolJr1hyy+4MeJl4GSmhDPVe8avbVzSJmAQqiDEdz43BT4kGTgWbFLqJYTGhIzJgHUsliZjx01mmCT6xSh+HStsnAc/U3xspiYwZR4GdjAgMzaI3Ff/zOgmEV37KZZwAk3R+KEwEBoWnBeE+14yCjd/nhGpu/4rpkGhCwdZYsCV4i5GXSbNS9i7K57eVUrWS1ZFHR+gYnSIPXaIqukF11EAUPaJn9IrenCfnxXl3PuajOSfbOUR/4Hz+AL3zn0c=</latexit>

Distributionally Robust Control
<latexit sha1_base64="zTbFC1XD/UxFkaN7ov05PVfH9Ns=">AAACEnicbVDLSgMxFM34rPU16tJNsBXaTZkpooIIBTcuK9oHdNqSSTNtaJIZkoxShvkGN/6KGxeKuHXlzr8xfSy09cCFwzn3cu89fsSo0o7zbS0tr6yurWc2sptb2zu79t5+XYWxxKSGQxbKpo8UYVSQmqaakWYkCeI+Iw1/eDX2G/dEKhqKOz2KSJujvqABxUgbqWsXPRUEiFM2greIR4wo6F3kveShkxRoMfXSbkIv3bQj8l0755ScCeAicWckB2aodu0vrxfimBOhMUNKtVwn0u0ESU0xI2nWixWJEB6iPmkZKhAnqp1MXkrhsVF6MAilKaHhRP09kSCu1Ij7ppMjPVDz3lj8z2vFOjhvJ1REsSYCTxcFMYM6hON8YI9KgrWJo0cRltTcCvEASYS1STFrQnDnX14k9XLJPS2d3JRzldIsjgw4BEegAFxwBirgGlRBDWDwCJ7BK3iznqwX6936mLYuWbOZA/AH1ucPKLudFA==</latexit>

Samples {w(i)}ni=1

<latexit sha1_base64="S+fpjNVn6IFSkG6H8GEGtMyYGwA=">AAACC3icbVDLSgMxFM3UV62vqks3oa0gFMpMERVEqLpxWcE+oB2GTJq2oZkHyR1tGbp346+4caGIW3/AnX9jOu1CWw9c7uGce0nucUPBFZjmt5FaWl5ZXUuvZzY2t7Z3srt7dRVEkrIaDUQgmy5RTHCf1YCDYM1QMuK5gjXcwfXEb9wzqXjg38EoZLZHej7vckpAS042Vxg6MRStMb7Al3joAC7iKxwlvX2OHxwoONm8WTIT4EVizUgezVB1sl/tTkAjj/lABVGqZZkh2DGRwKlg40w7UiwkdEB6rKWpTzym7Di5ZYwPtdLB3UDq8gEn6u+NmHhKjTxXT3oE+mrem4j/ea0Iumd2zP0wAubT6UPdSGAI8CQY3OGSURAjTQiVXP8V0z6RhIKOL6NDsOZPXiT1csk6KR3flvOV0iyONDpAOXSELHSKKugGVVENUfSIntErejOejBfj3fiYjqaM2c4++gPj8weOo5eD</latexit>

xt+1 = Axt +But + wt

<latexit sha1_base64="62Z7LoFbR9F4wmeNPJ+jA7EO7Vc=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYCu4MSRF1GXBjcuK9gFtCJPppB06eTBzo5TYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxE8EV2Pa3sbK6tr6xWdoqb+/s7u2blYO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv74Ovc7D0wqHkf3MEmYG5JhxANOCWjJMyu1fkhg5Pv4zsvgzJnWPLNqW/YMeJk4BamiAk3P/OoPYpqGLAIqiFI9x07AzYgETgWblvupYgmhYzJkPU0jEjLlZrPoU3yilQEOYqlfBHim/t7ISKjUJPT1ZJ5TLXq5+J/XSyG4cjMeJSmwiM4PBanAEOO8BzzgklEQE00IlVxnxXREJKGg2yrrEpzFLy+Tdt1yLqzz23q1YRV1lNAROkanyEGXqIFuUBO1EEWP6Bm9ojfjyXgx3o2P+eiKUewcoj8wPn8AvvSS9g==</latexit>

St�1

<latexit sha1_base64="8Yk6fk/TU9Bw9ivzkA2GX4a4g5U=">AAAB+HicbVBNS8NAFNzUr1o/GvXoZbEVPJWkiHosePFY0dZCG8Jmu2mXbjZh90Woob/EiwdFvPpTvPlv3LQ5aOvAwjDzHm92gkRwDY7zbZXW1jc2t8rblZ3dvf2qfXDY1XGqKOvQWMSqFxDNBJesAxwE6yWKkSgQ7CGYXOf+wyNTmsfyHqYJ8yIykjzklICRfLtaH0QExkGA7/wMZnXfrjkNZw68StyC1FCBtm9/DYYxTSMmgQqidd91EvAyooBTwWaVQapZQuiEjFjfUEkipr1sHnyGT40yxGGszJOA5+rvjYxEWk+jwEzmKfWyl4v/ef0Uwisv4zJJgUm6OBSmAkOM8xbwkCtGQUwNIVRxkxXTMVGEgumqYkpwl7+8SrrNhnvROL9t1lqNoo4yOkYn6Ay56BK10A1qow6iKEXP6BW9WU/Wi/VufSxGS1axc4T+wPr8AdvmkoQ=</latexit>

St

<latexit sha1_base64="5dFsExeU9LmjTQ+O2BpFHfnJVpY=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYCsIQkiKqMuCG5cV7QPaECbTSTt08mDmRimxn+LGhSJu/RJ3/o2TNgttPTBwOOde7pnjJ4IrsO1vY2V1bX1js7RV3t7Z3ds3KwdtFaeSshaNRSy7PlFM8Ii1gINg3UQyEvqCdfzxde53HphUPI7uYZIwNyTDiAecEtCSZ1Zq/ZDAyPfxnZfBmTOteWbVtuwZ8DJxClJFBZqe+dUfxDQNWQRUEKV6jp2AmxEJnAo2LfdTxRJCx2TIeppGJGTKzWbRp/hEKwMcxFK/CPBM/b2RkVCpSejryTynWvRy8T+vl0Jw5WY8SlJgEZ0fClKBIcZ5D3jAJaMgJpoQKrnOiumISEJBt1XWJTiLX14m7brlXFjnt/VqwyrqKKEjdIxOkYMuUQPdoCZqIYoe0TN6RW/Gk/FivBsf89EVo9g5RH9gfP4Au+aS9A==</latexit>

St+1

<latexit sha1_base64="2hlKh5iX47mQJnId3ZO9wSlDEpU=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSBYhd0gaiMEbCwjmgckS5idvZsMmX0wc1cIIaWNv2JjoYitn2Dn3zhJttDEAwOHc+7hzj1+KoVGx/m2lpZXVtfWCxvFza3tnV17b7+hk0xxqPNEJqrlMw1SxFBHgRJaqQIW+RKa/uB64jcfQGmRxPc4TMGLWC8WoeAMjdS1jzo6DFkk5JDeIUOgV9SERS8TOKQasGuXnLIzBV0kbk5KJEeta391goRnEcTIJdO67TopeiOmUHAJ42In05AyPmA9aBsaswi0N5oeMqYnRglomCjzYqRT9XdixCKth5FvJiOGfT3vTcT/vHaG4aU3EnGaIcR8tijMJMWETlqhgVDA0ZQQCMaVMH+lvM8U42i6K5oS3PmTF0mjUnbPy2e3lVK1nNdRIIfkmJwSl1yQKrkhNVInnDySZ/JK3qwn68V6tz5mo0tWnjkgf2B9/gAq8Zlg</latexit>

State = ambiguity set

°0.50 °0.25 0.00 0.25 0.50 0.75 1.00 1.25 1.50
x1

°1.0

°0.5

0.0

0.5

1.0

1.5

x
2

" = 0.0, cost = 1.13

" = 0.1, cost = 1.28

" = 0.3, cost = 1.39

ε = 0

1% 1% 1% 1% 1% 1% 1% 1% 1% 1%

***** ***** ***** ***** ***** ***** ***** ***** ***** *****

ε = 0.01

100% 1% 1% 1% 1% 1% 1% 1% 1% 1%

***** ***** ***** ***** ***** ***** ***** ***** ***** *****

ε = 0.1

100% 5% 2% 4% 6% 4% 1% 7% 2% 5%

***** ***** ***** ***** ***** ***** ***** ***** ***** *****

ε = 1

100% 49% 17% 32% 56% 36% 3% 66% 13% 49%

***** ***** ***** ***** ***** ***** ***** ***** ***** *****

ε = 10

<latexit sha1_base64="3ZwfhhT3zSgT9K86tsyQhhXwlGA=">AAACF3icbVBNS8NAEN34WetX1aOXxSLUS0hE1GNBBE9SoVWhKWWznbSLu0ncnYgl9F948a948aCIV735b9zWHPx6MPB4b4aZeWEqhUHP+3Cmpmdm5+ZLC+XFpeWV1cra+rlJMs2hxROZ6MuQGZAihhYKlHCZamAqlHARXh2N/Ysb0EYkcROHKXQU68ciEpyhlboVNzBRxJSQQxog3GIY5c0BJBrUiNZOmRnQ4+tMSBFqkakdt1upeq43Af1L/IJUSYFGt/Ie9BKeKYiRS2ZM2/dS7ORMo+ASRuUgM5AyfsX60LY0ZgpMJ5/8NaLbVunRKNG2YqQT9ftEzpQxQxXaTsVwYH57Y/E/r51hdNjJRZxmCDH/WhRlkmJCxyHRntDA0WbSE4xrYW+lfMA042ijLNsQ/N8v/yXnu66/7+6d7VbrbhFHiWySLVIjPjkgdXJCGqRFOLkjD+SJPDv3zqPz4rx+tU45xcwG+QHn7RMQyp/H</latexit>

Theorem (Nash Equilibrium).
<latexit sha1_base64="5njVQ1Dr67ba/oILxm9l9Jqv8EM=">AAACDnicbVDLSgMxFM3UV62vUZdugqXgqswUUZcFXbizSl/QlpJJ77ShyWRMMkIp/QI3/oobF4q4de3OvzFtZ6GtBwKHc+7h5p4g5kwbz/t2Miura+sb2c3c1vbO7p67f1DXMlEUalRyqZoB0cBZBDXDDIdmrICIgEMjGF5O/cYDKM1kVDWjGDqC9CMWMkqMlbpuoa3DkAjGR7g6AHx1d4NjJW1aYKYx3CeEYyO7bt4rejPgZeKnJI9SVLruV7snaSIgMpQTrVu+F5vOmCjDKIdJrp1oiAkdkj60LI2IAN0Zz86Z4IJVejiUyr7I4Jn6OzEmQuuRCOykIGagF72p+J/XSkx40RmzKE4MRHS+KEymB+JpN7jHFFBjq+gxQhWzf8V0QBShxjaYsyX4iycvk3qp6J8VT29L+XIxrSOLjtAxOkE+OkdldI0qqIYoekTP6BW9OU/Oi/PufMxHM06aOUR/4Hz+AOoKm1U=</latexit>

The DRO problem is equal to

<latexit sha1_base64="TnthMt3fANIrt1dolII9mFGLnMI="></latexit>

max
Q2Bc

"(Pn)
min
✓2⇥

EZ⇠Q [`(✓, Z)]

<latexit sha1_base64="XliWBmEV0gkxiBicwLTnO6z97rU=">AAACGnicbVDLSgMxFM34rPVVdekmWARXw4yIiitBBF0oirYKbSl3MhkNTTJDckcsQ7/Djb/ixoUi7sSNf2Nau/B1IHA4515O7okyKSwGwYc3Mjo2PjFZmipPz8zOzVcWFus2zQ3jNZbK1FxGYLkUmtdQoOSXmeGgIskvos5e37+44caKVJ9jN+MtBVdaJIIBOqldCZs2SUAJ2aVN5LcYJcX+LahM8t4OPasf0VTTo+PDs3MaA7oc9NuVauAHA9C/JBySKhnipF15a8YpyxXXyCRY2wiDDFsFGBTMxZSbueUZsA5c8YajGhS3rWJwWo+uOiWmSWrc00gH6veNApS1XRW5SQV4bX97ffE/r5Fjst0qhM5y5Jp9BSW5pJjSfk80FoYzdLXEApgR7q+UXYMBhq7Nsish/H3yX1Jf98NNf+N0vbrrD+sokWWyQtZISLbILjkgJ6RGGLkjD+SJPHv33qP34r1+jY54w50l8gPe+ycoVqA4</latexit>

Example: SVM on MNIST dataset.

<latexit sha1_base64="PJKqAwmKW3xB3z2OapAsscfTMoQ=">AAAB9XicbVDLTsMwEHTKq5RXgSMXiwqJU5QgBBwrceFYJPqQ2lA5zqa16jiR7YBK2v/gwgGEuPIv3Pgb3DQHaBlppdHMrtc7fsKZ0o7zbZVWVtfWN8qbla3tnd296v5BS8WppNCkMY9lxycKOBPQ1Exz6CQSSORzaPuj65nffgCpWCzu9DgBLyIDwUJGiTbSfS9/IZMQTCdPk3615thODrxM3ILUUIFGv/rVC2KaRiA05USprusk2suI1IxymFZ6qYKE0BEZQNdQQSJQXpbvnOITowQ4jKUpoXGu/p7ISKTUOPJNZ0T0UC16M/E/r5vq8MrLmEhSDYLOF4UpxzrGswhwwCRQzceGECqZ+SumQyIJ1SaoignBXTx5mbTObPfCPr89r9XtIo4yOkLH6BS56BLV0Q1qoCaiSKJn9IrerEfrxXq3PuatJauYOUR/YH3+AHzXkxs=</latexit>

|z|

<latexit sha1_base64="6B9iXydmboZUrALXzhqhACdqzFA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6rHgxWMF+wFtKJvtpl262Q27k0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelApu0Pe/ndLG5tb2Tnm3srd/cHhUPT5pGZVpyppUCaU7ETFMcMmayFGwTqoZSSLB2tH4fu63J0wbruQTTlMWJmQoecwpQSt1exOiWWq4ULJfrfmev4C7ToKC1KBAo1/96g0UzRImkQpiTDfwUwxzopFTwWaVXmZYSuiYDFnXUkkSZsJ8cfLMvbDKwI2VtiXRXai/J3KSGDNNItuZEByZVW8u/ud1M4zvwpzLNEMm6XJRnAkXlTv/3x1wzSiKqSWEam5vdemIaELRplSxIQSrL6+T1pUX3HjXj9e1ulfEUYYzOIdLCOAW6vAADWgCBQXP8ApvDjovzrvzsWwtOcXMKfyB8/kDtrmRfA==</latexit>"<latexit sha1_base64="ZxV2tVRoUuVcLZBYiTCqqvAyJ4g=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBiyGRoh4LXjxWsB/QhLLZTtqlm82yuymU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4zRaFFU56qbkQ0cCagZZjh0JUKSBJx6ETj+7nfmYDSLBVPZiohTMhQsJhRYqwUXAUTokBqxlPRr9Y811sArxO/IDVUoNmvfgWDlGYJCEM50brne9KEOVGGUQ6zSpBpkISOyRB6lgqSgA7zxc0zfGGVAY5TZUsYvFB/T+Qk0XqaRLYzIWakV725+J/Xy0x8F+ZMyMyAoMtFccaxSfE8ADxgCqjhU0sIVczeiumIKEKNjaliQ/BXX14n7WvXv3Hrj/Vawy3iKKMzdI4ukY9uUQM9oCZqIYokekav6M3JnBfn3flYtpacYuYU/YHz+QMh45Gz</latexit>�"
<latexit sha1_base64="xOTKx/QrXGOf15d62OjZAHdrX7s=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgKSRa1GPBi8cK9gOaUDbbSbt0s7vsbgol9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5sWRUG9//dkobm1vbO+Xdyt7+weFR9fikrUWmCLSIYEJ1Y6yBUQ4tQw2DrlSA05hBJx7fz/3OBJSmgj+ZqYQoxUNOE0qwsVJ4HU6wAqkpE7xfrfmev4C7ToKC1FCBZr/6FQ4EyVLghjCsdS/wpYlyrAwlDGaVMNMgMRnjIfQs5TgFHeWLm2fuhVUGbiKULW7chfp7Isep1tM0tp0pNiO96s3F/7xeZpK7KKdcZgY4WS5KMuYa4c4DcAdUATFsagkmitpbXTLCChNjY6rYEILVl9dJ+8oLbrz6Y73W8Io4yugMnaNLFKBb1EAPqIlaiCCJntErenMy58V5dz6WrSWnmDlFf+B8/gArPZG5</latexit>

3"
<latexit sha1_base64="1U1i8pelsQH9VoSYr4vj5UFC/aQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi8uuFvVY8OKxgv2AdinZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHTS1TRWiDSC5VO8SaciZowzDDaTtRFMchp61wdDfzW2OqNJPi0UwSGsR4IFjECDZWCi6uumOsaKIZl6JXrniuNwdaJX5OKpCj3it/dfuSpDEVhnCsdcf3EhNkWBlGOJ2WuqmmCSYjPKAdSwWOqQ6y+dFTdGaVPoqksiUMmqu/JzIcaz2JQ9sZYzPUy95M/M/rpCa6DTImktRQQRaLopQjI9EsAdRnihLDJ5Zgopi9FZEhVpgYm1PJhuAvv7xKmpeuf+1WH6qVmpvHUYQTOIVz8OEGanAPdWgAgSd4hld4c8bOi/PufCxaC04+cwx/4Hz+AJaHkfA=</latexit>

�3"
<latexit sha1_base64="I5ZMuLpnURx4BUTx1fNMhGQea40=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeCF48t2A9oQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG8/7dgobm1vbO8Xd0t7+weFR+fikpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPx3dxvP6HSPJEPZpJiENOh5BFn1Fip4fXLFc/1FiDrxM9JBXLU++Wv3iBhWYzSMEG17vpeaoIpVYYzgbNSL9OYUjamQ+xaKmmMOpguDp2RC6sMSJQoW9KQhfp7YkpjrSdxaDtjakZ61ZuL/3ndzES3wZTLNDMo2XJRlAliEjL/mgy4QmbExBLKFLe3EjaiijJjsynZEPzVl9dJ68r1r91qo1qpuXkcRTiDc7gEH26gBvdQhyYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBdgOMqQ==</latexit>

0

<latexit sha1_base64="aiNFXklOGCKVgXYEC5l+/3m/U/w=">AAACDnicbVDNS8MwHE3n15xfVY9egmPgqbQy1Isw8OJxgvuAtZQ0y7awNC1JKpTSv8CL/4oXD4p49ezN/8a060E3HwQe7/1+ycsLYkalsu1vo7a2vrG5Vd9u7Ozu7R+Yh0d9GSUCkx6OWCSGAZKEUU56iipGhrEgKAwYGQTzm8IfPBAhacTvVRoTL0RTTicUI6Ul32xlbnlJhlPEc+iGSM2CAHZ9J4fX0B0TppBv+2bTtuwScJU4FWmCCl3f/HLHEU5CwhVmSMqRY8fKy5BQFDOSN9xEkhjhOZqSkaYchUR6WZkkhy2tjOEkEvpwBUv190aGQinTMNCTRVy57BXif94oUZMrL6M8ThThePHQJGFQRbDoBo6pIFixVBOEBdVZIZ4hgbDSDTZ0Cc7yl1dJ/9xyLqz2XbvZsao66uAEnIIz4IBL0AG3oAt6AINH8AxewZvxZLwY78bHYrRmVDvH4A+Mzx9Ac5uE</latexit>

P1 = �0
<latexit sha1_base64="tQ7ABm7Gs++U+2vAfL1v0AfaDMk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSp4KrtF1GNBBI9V3LbQLiWbzbahSXZNsoVS+ju8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8MOVMG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZItQnCU9UK8Saciapb5jhtJUqikXIaTMc3Ez95pAqzRL5aEYpDQTuSRYzgo2Vgo6OYywYH6Fb/6FbKrsVdwa0TLyclCFHvVv66kQJyQSVhnCsddtzUxOMsTKMcDopdjJNU0wGuEfblkosqA7Gs6Mn6MwqEYoTZUsaNFN/T4yx0HokQtspsOnrRW8q/ue1MxNfB2Mm08xQSeaL4owjk6BpAihiihJjX44YJorZWxHpY4WJsTkVbQje4svLpFGteJeVi/tquXaax1GAYziBc/DgCmpwB3XwgcATPMMrvDlD58V5dz7mrStOPnMEf+B8/gA7c5Go</latexit> E
U
R

<latexit sha1_base64="LpICOOWmSpbTPVam1NaGvdUH5gM="></latexit>

min
PT

t=1 `(xt, ut)

s.t. supQ2St CVaR xt⇠Q (xt 2 X )  0

<latexit sha1_base64="qKDMf2vBKQiNlmy7q9pLPaWaR3c=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUiKqMtCNy4r2FZoQ5lMJu3QeYSZiVhCf8WNC0Xc+iPu/BunbRbaeuDC4Zx7ufeeKGVUG9//dkobm1vbO+Xdyt7+weGRe1ztapkpTDpYMqkeIqQJo4J0DDWMPKSKIB4x0osmrbnfeyRKUynuzTQlIUcjQROKkbHS0K0OdJIgTtkUtqQ2sI7rQ7fme/4CcJ0EBamBAu2h+zWIJc44EQYzpHU/8FMT5kgZihmZVQaZJinCEzQifUsF4kSH+eL2GTy3SgwTqWwJAxfq74kcca2nPLKdHJmxXvXm4n9ePzPJTZhTkWaGCLxclGQMGgnnQcCYKoKN/TumCCtqb4V4jBTCxsZVsSEEqy+vk27DC668y7tGrekVcZTBKTgDFyAA16AJbkEbdAAGT+AZvII3Z+a8OO/Ox7K15BQzJ+APnM8fxXGTjQ==</latexit>

Cost c
<latexit sha1_base64="Ee38jRD+dSh/6KJKP93flHAHj+k="></latexit>

in Bc
"(Pn)

<latexit sha1_base64="jmHmwyLxBYrFTM+DddzQBrFZ/yI=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUUY8FLx4r2A9oQ9lsNu3S3U3Y3Ygl9K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5YcqZNp737ZQ2Nre2d8q7lb39g8Mj97ja0UmmCG2ThCeqF2JNOZO0bZjhtJcqikXIaTec3M797iNVmiXywUxTGgg8kixmBBsrDd3qQMcxFoxPEcGpyRTVQ7fm1b0F0DrxC1KDAq2h+zWIEpIJKg3hWOu+76UmyLEyjHA6qwwyTVNMJnhE+5ZKLKgO8sXtM3RulQjFibIlDVqovydyLLSeitB2CmzGetWbi/95/czEN0HOZJoZKslyUZxxZBI0DwJFTFFi7N8Rw0QxeysiY6wwMTauig3BX315nXQadf+qfnnfqDXrRRxlOIUzuAAfrqEJd9CCNhB4gmd4hTdn5rw4787HsrXkFDMn8AfO5w9QNZSQ</latexit>

captures
<latexit sha1_base64="+9e9y9hq+5/gMRKRs3XSTKR5sOg=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJWZIuqy4MZlBfuAzlAymUwbmswMyR2xDHXjr7hxoYhb/8Kdf2PazkJbDwQO59yb5JwgFVyD43xbpZXVtfWN8mZla3tnd8/eP2jrJFOUtWgiEtUNiGaCx6wFHATrpooRGQjWCUbXU79zz5TmSXwH45T5kgxiHnFKwEh9+8jTUUQkF2PsAXuAIMoDQeho0rerTs2ZAS8TtyBVVKDZt7+8MKGZZDFQQbTuuU4Kfk4UcCrYpOJlmqXmZjJgPUNjIpn281mCCT41SoijRJkTA56pvzdyIrUey8BMSgJDvehNxf+8XgbRlZ/zOM2AxXT+UJQJDAme1oFDrhgFkz7khCpu/orpkChCwZRWMSW4i5GXSbtecy9q57f1aqNW1FFGx+gEnSEXXaIGukFN1EIUPaJn9IrerCfrxXq3PuajJavYOUR/YH3+AB0gl0M=</latexit>

black

<latexit sha1_base64="q/yKz8g7EHu8AIXfW3zYl6HZh2A=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcDXMFFGXBTcuK9gHtKVkMpk2NMkMyR21DLPxV9y4UMStn+HOvzF9LLT1QOBwzr3cnBMkghvwvG+nsLK6tr5R3Cxtbe/s7pX3D5omTjVlDRqLWLcDYpjgijWAg2DtRDMiA8Faweh64rfumTY8VncwTlhPkoHiEacErNQvH3VNFBHJxRh3gT1CEGXmgai8X654rjcFXib+nFTQHPV++asbxjSVTAEVxJiO7yXQy4gGTgXLS93UsITQERmwjqWKSGZ62TRAjk+tEuIo1vYpwFP190ZGpDFjGdhJSWBoFr2J+J/XSSG66mVcJSkwRWeHolRgiPGkDRxyzSjY8CEnVHP7V0yHRBMKtrOSLcFfjLxMmlXXv3DPb6uVmjuvo4iO0Qk6Qz66RDV0g+qogSjK0TN6RW/Ok/PivDsfs9GCM985RH/gfP4AiAqW9Q==</latexit>swan

<latexit sha1_base64="seT6Cke5pc5G/44L39YZtxMzj10=">AAACAnicbVC7SgNBFJ31GeNr1UpsBoNgFXaDqGXAxjKCeUA2hNnJ3WTI7IOZu8GwBBt/xcZCEVu/ws6/cZJsoYkHBg7n3MOde/xECo2O822trK6tb2wWtorbO7t7+/bBYUPHqeJQ57GMVctnGqSIoI4CJbQSBSz0JTT94c3Ub45AaRFH9zhOoBOyfiQCwRkaqWsfezoIWCjkmHoID+gHGYwgQj3p2iWn7MxAl4mbkxLJUevaX14v5mlo0lwyrduuk2AnYwoFlzApeqmGhPEh60Pb0IiFoDvZ7IQJPTNKjwaxMi9COlN/JzIWaj0OfTMZMhzoRW8q/ue1UwyuO5mIkhQh4vNFQSopxnTaB+0JBRzN+T3BuBLmr5QPmGIcTWtFU4K7ePIyaVTK7mX54q5SqpbzOgrkhJySc+KSK1Ilt6RG6oSTR/JMXsmb9WS9WO/Wx3x0xcozR+QPrM8fMvKX5Q==</latexit>

events

<latexit sha1_base64="4dwRHQFr4VsGtDdl3Iw9Z8FG4eA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5IUUZcFEdwIFewD2lAmk5t26GQSZiZCCHXjr7hxoYhb/8Kdf+O0zUJbDwwczrmXO+f4CWdKO863tbS8srq2Xtoob25t7+zae/stFaeSQpPGPJYdnyjgTEBTM82hk0ggkc+h7Y+uJn77AaRisbjXWQJeRAaChYwSbaS+fdhTYUgixjN8LUAOMnxL5Ai06tsVp+pMgReJW5AKKtDo21+9IKZpBEJTTpTquk6ivZxIzSiHcbmXKkgIHZEBdA0VJALl5dMEY3xilACHsTRPaDxVf2/kJFIqi3wzGRE9VPPeRPzP66Y6vPRyJpJUg6CzQ2HKsY7xpA4cMAlUm/QBI1Qy81dMh0QSqk1pZVOCOx95kbRqVfe8enZXq9RrRR0ldISO0Sly0QWqoxvUQE1E0SN6Rq/ozXqyXqx362M2umQVOwfoD6zPH1yllso=</latexit>

Energy Markets
<latexit sha1_base64="MOX5OQPTLeaPNVCeF4uid4mek38=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjNF1GXBjQuFCvYB7VDupJk2NMkMSUYoQ8GNv+LGhSJu/Ql3/o1pOwttPRA4nHNvknPChDNtPO/bWVpeWV1bL2wUN7e2d3bdvf2GjlNFaJ3EPFatEDTlTNK6YYbTVqIoiJDTZji8mvjNB6o0i+W9GSU0ENCXLGIEjJW67mFHRxEIxkf4FsjA3oJvKCjJZL/rlryyNwVeJH5OSihHret+dXoxSQWVhnDQuu17iQkyUIYRTsfFTqppAmQIfdq2VIKgOsimGcb4xCo9HMXKHmnwVP29kYHQeiRCOynADPS8NxH/89qpiS6DjMkkNVSS2UNRyrGJ8aQQ3GOKEmPz9xgQxexfMRmAAmJsbUVbgj8feZE0KmX/vHx2VylVK3kdBXSEjtEp8tEFqqJrVEN1RNAjekav6M15cl6cd+djNrrk5DsH6A+czx+xXpeC</latexit>

Machine Learning

<latexit sha1_base64="UmHDp/+ZbhkGu2OLzWSXl+Ek3fo="></latexit>

inf �"+ 1
n

Pn
i=1 si

s.t. ✓ 2 ⇥, � 2 R+, si 2 R, ⇣ij 2 Rd

(�`j)⇤2(✓,�⇣ij) + �c⇤1(⇣ij/�, zi)  si

<latexit sha1_base64="mRyHk57TAlR7oNv/yK+Z34/82w0=">AAACG3icbVC7SgNBFJ31GeMramkzGARtlt0gaimksVQxKiQhzE7umsF5LDN3g2HJf9j4KzYWilgJFv6Nk5jC14GBwzn3MPeeJJPCYRR9BFPTM7Nz86WF8uLS8spqZW39wpnccmhwI429SpgDKTQ0UKCEq8wCU4mEy+SmPvIv+2CdMPocBxm0FbvWIhWcoZc6lVrLpSlTQg5oC+EWk7Q474GxoIZ0p250H27pGaTGqlyOI7thp1KNwmgM+pfEE1IlE5x0Km+truG5Ao1cMueacZRhu2AWBZcwLLdyBxnjN+wamp5qpsC1i/FtQ7rtlS71C/inkY7V74mCKecGKvGTimHP/fZG4n9eM8f0sF0IneUImn99lOaSoqGjomhXWODoe+kKxq3wu1LeY5Zx9HWWfQnx75P/kotaGO+He6e16lE4qaNENskW2SExOSBH5JickAbh5I48kCfyHNwHj8FL8Po1OhVMMhvkB4L3T6W8obc=</latexit>

Theorem (Convex Reformulation).

<latexit sha1_base64="j2bnJI7xybZMZXSD/oFTMJMmQqE=">AAACGnicbVBNSwMxEM36WetX1aOXYCso6LJbRD0WvHhUsCp0S8mmUxvNZpdktliX/R1e/CtePCjiTbz4b0xrD2p9EPJ4b2YyeWEihUHP+3QmJqemZ2YLc8X5hcWl5dLK6rmJU82hzmMZ68uQGZBCQR0FSrhMNLAolHAR3hwN/IseaCNidYb9BJoRu1KiIzhDK7VKfiUAKVvZdb6VBcNxmYZ2HmAXkOU7d9sVymPVg9tde3HWA7dVKnuuNwQdJ/6IlMkIJ63Se9COeRqBQi6ZMQ3fS7CZMY2CS8iLQWogYfyGXUHDUsUiMM1suEtON63Spp1Y26OQDtWfHRmLjOlHoa2MGHbNX28g/uc1UuwcNjOhkhRB8e+HOqmkGNNBTrQtNHCUfUsY18LuSnmXacbRplm0Ifh/vzxOzquuv+/unVbLNXcUR4Gskw2yRXxyQGrkmJyQOuHknjySZ/LiPDhPzqvz9l064Yx61sgvOB9fm0qhJg==</latexit>

`j(✓, z) convex-concave.

<latexit sha1_base64="7AZ6cDyCtvBqnQbYZSjKAitplV8="></latexit>

(ii) c(⇣, z) is convex in ⇣.

<latexit sha1_base64="RQ4dKCJyPSjV5DgP+Bturl+qiM0="></latexit>

(i) `(✓, z) = maxj2[J] `j(✓, z),

<latexit sha1_base64="WpvjGo+tV0Gf3DlL1Yf+30vHoZA=">AAACC3icbVA7T8MwGHTKq5RXgJHFaoXEFCUVAsYiFsYi0YfURJXjOK1V24lsB6mKurPwV1gYQIiVP8DGv8FpM0DLSZZOd/fZ/i5MGVXadb+tytr6xuZWdbu2s7u3f2AfHnVVkklMOjhhieyHSBFGBeloqhnpp5IgHjLSCyc3hd97IFLRRNzraUoCjkaCxhQjbaShXfdVHCNO2RT6mYiILC7Kr5XKeFok1MwZ2g3XceeAq8QrSQOUaA/tLz9KcMaJ0JghpQaem+ogR1JTzMis5meKpAhP0IgMDBWIExXk811m8NQoEYwTaY7QcK7+nsgRV2rKQ5PkSI/VsleI/3mDTMdXQU5Fmmki8OKhOGNQJ7AoBkZUEqxNDxFFWFLzV4jHSCKsTX01U4K3vPIq6TYd78I5v2s2Wk5ZRxWcgDo4Ax64BC1wC9qgAzB4BM/gFbxZT9aL9W59LKIVq5w5Bn9gff4ALX2btw==</latexit>

Assumptions.

<latexit sha1_base64="VjOZLMgi4zKoM3rOmnJQgkn0NZc="></latexit>

(i’) `(✓, z) = `(✓>z).

<latexit sha1_base64="vU7aTTzpLB+ht13FjmVWje+PtOA=">AAACAXicbVBLSwMxGMz6rPW16kXwEiyCp7JbRD0WvHisYB/QXUo2m21D81iSrFCWevGvePGgiFf/hTf/jdl2D9o6EBhmvi/JTJQyqo3nfTsrq2vrG5uVrer2zu7evntw2NEyU5i0sWRS9SKkCaOCtA01jPRSRRCPGOlG45vC7z4QpakU92aSkpCjoaAJxchYaeAeBzpJEKdsAoNMxEQVF+VSTQduzat7M8Bl4pekBkq0Bu5XEEuccSIMZkjrvu+lJsyRMhQzMq0GmSYpwmM0JH1LBeJEh/kswRSeWSWGiVT2CANn6u+NHHGtJzyykxyZkV70CvE/r5+Z5DrMqUgzQwSeP5RkDBoJizpgTBXBxqaPKcKK2r9CPEIKYWNLq9oS/MXIy6TTqPuX9Yu7Rq1ZL+uogBNwCs6BD65AE9yCFmgDDB7BM3gFb86T8+K8Ox/z0RWn3DkCf+B8/gBI/5dg</latexit>or

<latexit sha1_base64="7zV5f8g/OYdJ674qK+e9j2D49ng=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSQw+TfrXmud4cZJX4BalBgUa/+tUbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMboJcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rpw/Sv38v6yVneLOMpwAqdwDj5cQx3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1vTjcw=</latexit> !

<latexit sha1_base64="rhTrN537fh12yv9VtBq3L9tVut0="></latexit>

B|·|
" (P1) = {Q : EZ⇠Q[|Z|]  "}

<latexit sha1_base64="S/yan/wPgrTIgXVt5i7qO7ll2Jg=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIWkiLosdONGqGAf0IQymUzaoZMHMzdiiV34K25cKOLW33Dn3zhts9DWAxcO59zLvff4qeAKbPvbKK2srq1vlDcrW9s7u3vm/kFbJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX/UmPqdeyYVT+I7GKfMi8gg5iGnBLTUN49cFYYk4mKMXWAP4If5TbMx6ZtV27JnwMvEKUgVFWj2zS83SGgWsRioIEr1HDsFLycSOBVsUnEzxVJCR2TAeprGJGLKy2f3T/CpVgIcJlJXDHim/p7ISaTUOPJ1Z0RgqBa9qfif18sgvPJyHqcZsJjOF4WZwJDgaRg44JJR0L8HnFDJ9a2YDokkFHRkFR2Cs/jyMmnXLOfCOr+tVetWEUcZHaMTdIYcdInq6Bo1UQtR9Iie0St6M56MF+Pd+Ji3loxi5hD9gfH5AxAYlhI=</latexit>

MPC

<latexit sha1_base64="1ovEWTPSSLGKApYMDnR08fZFNkE="></latexit>

W c(Q,Pn) = inf
�2�(Q,Pn)

Z

Rd⇥Rd

c(Z1, Z2)d�(Z1, Z2)

<latexit sha1_base64="YftGhE2/DuTEYvhmpkwrkq7Y6Lc="></latexit>

Q? is discrete with finite support.

<latexit sha1_base64="42a9BDbYHb/D+aturzmWj92WO9M=">AAACA3icbVDLSgMxFM34rPVVdaebYBFcDTOlqOCm4MZlBfuAzlAymUwbmseQZIQyFNz4K25cKOLWn3Dn35i2s9DWA4HDOfdyc06UMqqN5307K6tr6xubpa3y9s7u3n7l4LCtZaYwaWHJpOpGSBNGBWkZahjppoogHjHSiUY3U7/zQJSmUtybcUpCjgaCJhQjY6V+5TjQSYI4ZWPou8E1bCqZokFhVj3XmwEuE78gVVCg2a98BbHEGSfCYIa07vleasIcKUMxI5NykGmSIjxCA9KzVCBOdJjPMkzgmVVimEhlnzBwpv7eyBHXeswjO8mRGepFbyr+5/Uyk1yFORVpZojA80NJxqCRcFoIjKki2Nj8MUVYUftXiIdIIWxsbWVbgr8YeZm0a65/4dbvatVGvaijBE7AKTgHPrgEDXALmqAFMHgEz+AVvDlPzovz7nzMR1ecYucI/IHz+QMIVpcZ</latexit>

1. Propagation

<latexit sha1_base64="J8aiEfOOC9xYhqux+0RDSt8iUe4=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgapgpRQU3hW5cVrAP6Awlk8m0oXkMSUYopeDGX3HjQhG3/oQ7/8a0nYW2HggczrmXm3OilFFtPO/bKaytb2xuFbdLO7t7+wflw6O2lpnCpIUlk6obIU0YFaRlqGGkmyqCeMRIJxo1Zn7ngShNpbg345SEHA0ETShGxkr98kmgkwRxysaw6gY3sCF5mpncrHiuNwdcJX5OKiBHs1/+CmKJM06EwQxp3fO91IQTpAzFjExLQaZJivAIDUjPUoE40eFknmEKz60Sw0Qq+4SBc/X3xgRxrcc8spMcmaFe9mbif14vM8l1OKHCxiICLw4lGYNGwlkhMKaKYGPzxxRhRe1fIR4ihbCxtZVsCf5y5FXSrrr+pVu7q1bqtbyOIjgFZ+AC+OAK1MEtaIIWwOARPINX8OY8OS/Ou/OxGC04+c4x+APn8wcgsZcp</latexit>

2. Computation

Liviu Aolaritei

+Nicolas Lanzetti,  
Marta Fochesato, 
Soroosh Shafiee,  
Antonio Terpin,  
Daniel Kuhn, 
John Lygeros, …
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Propagation of OT Ambiguity Sets

<latexit sha1_base64="QIl416K627bV6D5dHLh1RrhcQzI="></latexit>

f(Bc
"(Pn)) = ?

<latexit sha1_base64="/+FRpYVTL/Q5DmLt2ZGqfvDazEI=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUmkqMuCG5cV7AOaUCbTaTt0MgkzEyGE4sZfceNCEbd+hTv/xkmahbYeGDicc19zgpgzpR3n21pZXVvf2KxsVbd3dvf27YPDjooSSWibRDySvQArypmgbc00p71YUhwGnHaD6U3udx+oVCwS9zqNqR/isWAjRrA20sA+zrxiSEZSLGZeiPUkCFBrIGYDu+bUnQJombglqUGJ1sD+8oYRSUIqNOFYqb7rxNrPsNSMcDqreomiMSZTPKZ9QwUOqfKzYvsMnRlliEaRNE9oVKi/OzIcKpWGganMb1SLXi7+5/UTPbr2MybiRFNB5otGCUc6QnkeaMgkJZqnhmAimbkVkQmWmGiTWtWE4C5+eZl0LuruZb1x16g1G2UcFTiBUzgHF66gCbfQgjYQeIRneIU368l6sd6tj3npilX2HMEfWJ8/8cqXvQ==</latexit>

Pn

<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>"
<latexit sha1_base64="GUD9jfdS/NnObjoPykcSdja/fbk=">AAACIHicbVDNS8MwHE39nPNr6tFLcAjzMloZTgRh6MXjBPcBay1plm1haVqSdFBK/xQv/itePCiiN/1rTLcKuvkg8Hjv/ZJfnhcyKpVpfhpLyyura+uFjeLm1vbObmlvvy2DSGDSwgELRNdDkjDKSUtRxUg3FAT5HiMdb3yd+Z0JEZIG/E7FIXF8NOR0QDFSWnJLddtHauR58MpN7AkSJJSUBTy9x5XEnl6f4Bjx9CfWdHl6Ai8u3VLZrJpTwEVi5aQMcjTd0ofdD3DkE64wQ1L2LDNUToKEopiRtGhHkoQIj9GQ9DTlyCfSSaYbpPBYK304CIQ+XMGp+nsiQb6Use/pZLannPcy8T+vF6nBuZNQHkaKcDx7aBAxqAKYtQX7VBCsWKwJwoLqXSEeIYGw0p0WdQnW/JcXSfu0ap1Va7e1cqOW11EAh+AIVIAF6qABbkATtAAGD+AJvIBX49F4Nt6M91l0ychnDsAfGF/fd8mjtA==</latexit>

Bc
"(Pn) :=

<latexit sha1_base64="j+GoXDcncB2rRFn7R42mCXd9rFE=">AAACIXicbVDLSgMxFM34rPU16tJNsAh1U2akaJdFNy4r2Ad06pBJM21oJhmSTKEM8ytu/BU3LhTpTvwZ02kFbT0QOJxzL+fmBDGjSjvOp7W2vrG5tV3YKe7u7R8c2kfHLSUSiUkTCyZkJ0CKMMpJU1PNSCeWBEUBI+1gdDvz22MiFRX8QU9i0ovQgNOQYqSN5Nu10PdKXoT0MAjgjZ96YyRJrCgTPHvE5dTLI1I8QTz7GWv4PLvw7ZJTcXLAVeIuSAks0PDtqdcXOIkI15ghpbquE+teiqSmmJGs6CWKxAiP0IB0DeUoIqqX5vEZPDdKH4ZCmsc1zNXfGymKlJpEgZmcHamWvZn4n9dNdFjrpZTHiSYcz4PChEEt4Kwu2KeSYM0mhiAsqbkV4iGSCGtTatGU4C5/eZW0LivuVaV6Xy3Vq4s6CuAUnIEycME1qIM70ABNgMETeAFv4N16tl6tD2s6H12zFjsn4A+sr2+qKqRr</latexit>

f#Bc
"(Pn)

<latexit sha1_base64="DWUYnMd3ecJU3bhhZjYOsArTp3g=">AAACBXicbVDNS8MwHE39nPOr6lEPwSHMy2hlqMeBF48T3AespaRZuoWlaUlSoZRevPivePGgiFf/B2/+N6ZdD7r5IPB47/eV58eMSmVZ38bK6tr6xmZtq769s7u3bx4c9mWUCEx6OGKRGPpIEkY56SmqGBnGgqDQZ2Tgz24Kf/BAhKQRv1dpTNwQTTgNKEZKS555EjQzpxyT4RTx3AmRmvo+7Ho8P/fMhtWySsBlYlekASp0PfPLGUc4CQlXmCEpR7YVKzdDQlHMSF53EklihGdoQkaachQS6Wbl+hyeaWUMg0joxxUs1d8dGQqlTENfVxZHykWvEP/zRokKrt2M8jhRhOP5oiBhUEWwiASOqSBYsVQThAXVt0I8RQJhpYOr6xDsxS8vk/5Fy75ste/ajU67iqMGjsEpaAIbXIEOuAVd0AMYPIJn8ArejCfjxXg3PualK0bVcwT+wPj8AY/SmJI=</latexit>

f(Pn)

<latexit sha1_base64="9dVNL0wEdrlm5eP+Act+ZB+nFrY=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUmZKUZcFN7qrYB/QlpJJ77ShmcyQ3FFK6Ue48VfcuFDErQt3/o3pY6GtB0IO59xLck6QSGHQ876dpeWV1bX1zEZ2c2t7Z9fd26+aONUcKjyWsa4HzIAUCiooUEI90cCiQEIt6F+N/do9aCNidYeDBFoR6yoRCs7QSm33tGnCkEVCDuhNSFWMZ5QzRR/AXgmmGqhAiqLbQzlouzkv701AF4k/IzkyQ7ntfjU7MU8jUMglM6bhewm2hkyj4BJG2WZqIGG8z7rQsFSxCExrOAk1osdW6dAw1vYopBP198aQRcYMosBORgx7Zt4bi/95jRTDy9ZQqCRFUHz6UJhKijEdN0Q7QgO3cS1hXAv7V8p7TDOOtsesLcGfj7xIqoW8f54v3hZypeKsjgw5JEfkhPjkgpTINSmTCuHkkTyTV/LmPDkvzrvzMR1dcmY7B+QPnM8fu8ad+Q==</latexit>

If not, can we capture it tightly
<latexit sha1_base64="PTE5ybiHcmaFobRg5/0PCJ2XthM=">AAACEXicbVC7SgNBFJ2NrxhfUUubwSCkCrshqJ0BGzsj5AVJCLOTu8mQ2dll5q4SQn7Bxl+xsVDE1s7Ov3HyKDTxwIXDOffO3Hv8WAqDrvvtpNbWNza30tuZnd29/YPs4VHdRInmUOORjHTTZwakUFBDgRKasQYW+hIa/vB66jfuQRsRqSqOYuiErK9EIDhDK3Wz+bYJAhYKOaIPAgeUqQgHoOltldpHRD8ROKIG8KqbzbkFdwa6SrwFyZEFKt3sV7sX8SQEhVwyY1qeG2NnzDQKLmGSaScGYsaHrA8tSxULwXTGs4sm9MwqPRpE2pZCOlN/T4xZaMwo9G1nyHBglr2p+J/XSjC47IyFihMExecfBYmkGNFpPLQnNHC0afQE41rYXSkfMM042hAzNgRv+eRVUi8WvPNC6a6YK5cWcaTJCTkleeKRC1ImN6RCaoSTR/JMXsmb8+S8OO/Ox7w15SxmjskfOJ8/LzedMQ==</latexit>

with another OT ambiguity set?

<latexit sha1_base64="5Hu0I4bDpU5j1ARUBUO821O8xxE=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxVWZKUXcW3OjKCn1BW0omzbShSWZI7gil9A/c+CtuXCji1q07/8a0nYW2HrhwOOfe5N4TxIIb8LxvJ7Oyura+kd3MbW3v7O65+wd1EyWashqNRKSbATFMcMVqwEGwZqwZkYFgjWB4PfUbD0wbHqkqjGLWkaSveMgpASt13dO2CUMiuRjhW4NhwA0mCt9VsX2C9xMOI2wYXHXdvFfwZsDLxE9JHqWodN2vdi+iiWQKqCDGtHwvhs6YaOBUsEmunRgWEzokfdayVBHJTGc8u2eCT6zSw2GkbSnAM/X3xJhIY0YysJ2SwMAselPxP6+VQHjZGXMVJ8AUnX8UJgJDhKfh4B7XjILNoscJ1dzuiumAaELBRpizIfiLJy+TerHgnxdK98V8uZTGkUVH6BidIR9doDK6QRVUQxQ9omf0it6cJ+fFeXc+5q0ZJ505RH/gfP4Axqeb0w==</latexit>

Is this an OT ambiguity set?

<latexit sha1_base64="gzBBd/K4jjBYVFimyExo36VKlsI="></latexit>

Pn =
1

n

nX

i=1

�zi

<latexit sha1_base64="swE2QqOkcbjnYykzdSPwqYs1FkI="></latexit>

f#Pn =
1

n

nX

i=1

�f(zi)
<latexit sha1_base64="mfesxccVPkCafw+3WOejL7GtLKM="></latexit>

Pushforward operation: Z ⇠ P f(Z) ⇠ f#P
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<latexit sha1_base64="RbpwAWnlRlKzN0bhuN7LCT3y/DE=">AAACC3icbVDLSgMxFM3UV62vqks3oUWomzJTirosiOCygn1AW0omc6cNTTJDkhFL6d6Nv+LGhSJu/QF3/o1pOwttPRA4nHMfucePOdPGdb+dzNr6xuZWdju3s7u3f5A/PGrqKFEUGjTikWr7RANnEhqGGQ7tWAERPoeWP7qa+a17UJpF8s6MY+gJMpAsZJQYK/Xzha4OQyIYH+PrByJiDrgUgAElmLTbGT0r9/NFt+zOgVeJl5IiSlHv57+6QUQTAdJQTrTueG5sehOi7DgO01w30RATOiID6FgqiQDdm8xvmeJTqwQ4jJR90uC5+rtjQoTWY+HbSkHMUC97M/E/r5OY8LI3YTJODEi6WBQmHJsIz4LBAVNAjc0hYIQqZv+K6ZAoQm0YOmdD8JZPXiXNStk7L1dvK8VaNY0ji05QAZWQhy5QDd2gOmogih7RM3pFb86T8+K8Ox+L0oyT9hyjP3A+fwCJKJqu</latexit>

Example (deterministic).
<latexit sha1_base64="ooshO5wvzCj+W8mCwRnm5f5cVz0="></latexit>

Bc
"(z0) := {z 2 Rd : c(z � z0)  "}

<latexit sha1_base64="rIs8EByG696cY73fF1dvYxW85rk=">AAACIHicbVDLSsNAFJ34rPUVdelmsBVcSElKseKq4MZlFfuAJpbJZNKOnUnCzKRQQj/Fjb/ixoUiutOvcdJ2UVsPDJw5917uPceLGZXKsr6NldW19Y3N3FZ+e2d3b988OGzKKBGYNHDEItH2kCSMhqShqGKkHQuCuMdIyxtcZ/XWkAhJo/BejWLictQLaUAxUlrqmlVHBgHilI1gMYBX0OFI9T0P3j340FHR/L/onEOPPhKs6JB0zYJVsiaAy8SekQKYod41vxw/wgknocIMSdmxrVi5KRKKYkbGeSeRJEZ4gHqko2mIOJFuOjE4hqda8WEQCf1CBSfq/ESKuJQj7unO7F65WMvE/2qdRAWXbkrDOFEkxNNFQcKgdp6lBX0qtF8djk8RFlTfCnEfCYSVzjSvQ7AXLS+TZrlkX5Qqt+VCrTKLIweOwQk4Azaoghq4AXXQABg8gRfwBt6NZ+PV+DA+p60rxmzmCPyB8fMLB5ChoQ==</latexit>

f : Rd ! Rd bijective

<latexit sha1_base64="J3r+J0HAvI2EqMt1jC26nsdjyo0="></latexit>

f(Bc
"(z0)) = {f(z) 2 Rd : c(z � z0)  "}] or

<latexit sha1_base64="VGj9o+zmHQnONUnR0anfRijtTV4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9R3++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt5ltXZXq9RreRxFOIFTOAcPrqAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEL8I2c</latexit>z0

<latexit sha1_base64="3RoHHu675qYqLgNkuwEbW/QbGPA="></latexit>

)

<latexit sha1_base64="9NooNlx4ru8c8x9IHlW+K8rEjA0="></latexit>

f(Bc
"(z0)) =

�
z̃ 2 Rd : c(f�1(z̃)� f�1(f(z0)))  "

 
= Bc�f�1

" (f(z0))

or

<latexit sha1_base64="9NooNlx4ru8c8x9IHlW+K8rEjA0="></latexit>

f(Bc
"(z0)) =

�
z̃ 2 Rd : c(f�1(z̃)� f�1(f(z0)))  "

 
= Bc�f�1

" (f(z0))



Pushforward of OT Ambiguity Sets

<latexit sha1_base64="IxrbsmMSaxGWOCxYuHQbUdD7Ju8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyFoJYBG8sI+YIkhL3NXLJk9+7YnRPDkcLGv2JjoYitP8LOf+Pmo9DEBwOP92aYmefHUhh03W8ns7G5tb2T3c3t7R8cHuWPT5omSjSHBo9kpNs+MyBFCA0UKKEda2DKl9Dyxzczv3UP2ogorOMkhp5iw1AEgjO0Uj9f6JogYErICe0iPKAfpPURRBpUadrPF92SOwddJ96SFMkStX7+qzuIeKIgRC6ZMR3PjbGXMo2CS5jmuomBmPExG0LH0pApML10/sSUnltlQINI2wqRztXfEylTxkyUbzsVw5FZ9Wbif14nweC6l4owThBCvlgUJJJiRGeJ0IHQwNEGMBCMa2FvpXzENONoc8vZELzVl9dJs1zyLkuVu3KxWlnGkSUFckYuiEeuSJXckhppEE4eyTN5JW/Ok/PivDsfi9aMs5w5JX/gfP4AN/yYbA==</latexit>

Theorem.

<latexit sha1_base64="RwpP441Urz70KBxr6ENnGKKWbcs="></latexit>

f#Bc
"(P) = Bc�f�1

" (f#P)

<latexit sha1_base64="pI7xg9MFWzplSwLNCQCV3ObE/KU=">AAACEXicbVC7SgNBFJ2NrxhfUUubwURIIctuCCrYBGy0i2AekF3C7ORuMmb2wcxsICz5BRt/xcZCEVs7O//GSbKFRg8MHM45lzv3eDFnUlnWl5FbWV1b38hvFra2d3b3ivsHLRklgkKTRjwSHY9I4CyEpmKKQycWQAKPQ9sbXc389hiEZFF4pyYxuAEZhMxnlCgt9YoVR/o+CRifYNt0LvGNj8t+GTOJPXYPVLExnGI1BB0tWaY1B/5L7IyUUIZGr/jp9COaBBAqyomUXduKlZsSoRjlMC04iYSY0BEZQFfTkAQg3XR+0RSfaKWP/UjoFyo8V39OpCSQchJ4OhkQNZTL3kz8z+smyr9wUxbGiYKQLhb5CccqwrN6cJ8JfbVuo88IFUz/FdMhEYQqXWJBl2Avn/yXtKqmfWbWbqulei2rI4+O0DGqIBudozq6Rg3URBQ9oCf0gl6NR+PZeDPeF9Gckc0col8wPr4BU0Kbag==</latexit>

1. If f is bijective, then

9

<latexit sha1_base64="z34ehPfepVh2DMe2TMc+FasI/bw=">AAACDnicbVDLTgIxFO3gC/GFunTTCCS4ITOEqEsSNy4xkUfCTMidUqCh05m0HZPJhC9w46+4caExbl27828sAwsFT9Lk5Jx729PjR5wpbdvfVm5jc2t7J79b2Ns/ODwqHp90VBhLQtsk5KHs+aAoZ4K2NdOc9iJJIfA57frTm7nffaBSsVDc6ySiXgBjwUaMgDbSoFipllM3uyYlCYiZG4Ce+D5uzcoYpM+0BJlcDIolu2ZnwOvEWZISWqI1KH65w5DEARWacFCq79iR9lKQmhFOZwU3VjQCMoUx7RsqIKDKS7McM1wxyhCPQmmO0DhTf2+kECiVBL6ZnKdVq95c/M/rx3p07aVMRLGmgiweGsUc6xDPu8FDJinRPDEEiGQmKyYTkEC0abBgSnBWv7xOOvWac1lr3NVLzcayjjw6Q+eoihx0hZroFrVQGxH0iJ7RK3qznqwX6936WIzmrOXOKfoD6/MH1mmb7w==</latexit>

(P arbitrary)

<latexit sha1_base64="XK98Ks0MwQv2wQNL+lUFzXSE9fU="></latexit>

f#Bc
"(P) ✓ Bc�f�1

" (f#P)

<latexit sha1_base64="QI4/ilt3jUVCIvPAd2x4Liqnzqc="></latexit>

2. If f is injective/surjective, then

<latexit sha1_base64="ElaIVyLanfUbjio1BWp5qeOs+no="></latexit>

A#Bc
"(P) ✓ Bc�A†

" (A#P)

<latexit sha1_base64="P3EmlpEkwSbmmQU4aoSnzP24cag="></latexit>

3. If f(z) = Az with a general matrix A, then

<latexit sha1_base64="tLJqkzGnpyD7buS5ynHR89GuWY0="></latexit>

with equality ⌘ if A is full row-rank

<latexit sha1_base64="11qSHs/RiI0ehFHlhP+stUC5GsY=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpRV0W3LisYFuhHUomvdOGJpMhyQjD0A9w46+4caGIWz/AnX9j2s5CWw8EDufce3PvCWLOtHHdb6ewtr6xuVXcLu3s7u0flA+POlomikKbSi7VfUA0cBZB2zDD4T5WQETAoRtMrmd+9wGUZjK6M2kMviCjiIWMEmOlQbnS12FIBOMprrIIEzxkYQgKIoNHIAUYlZ7bKrfmzoFXiZeTCsrRGpS/+kNJE2GnUE607nlubPyMKMMoh2mpn2iICZ2QEfQsjYgA7WfzY6b4zCpDHEpln91irv7uyIjQOhWBrRTEjPWyNxP/83qJCa/8jEVxYiCii4/ChGMj8SwZe7kCamwQQ0aoYnZXTMdEEWpsfiUbgrd88irp1GveRa1xW680G3kcRXSCTlEVeegSNdENaqE2ougRPaNX9OY8OS/Ou/OxKC04ec8x+gPn8wf16Jrl</latexit>

(in a di↵erent geometry)

<latexit sha1_base64="/qCZW2bqqU1GCODuHYQC5cKD1dk=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZDUMuAjWUE84AkhLuTu8mQmd1lZlZYQgobf8XGQhFbP8LOv3HyKDTxwMDhnHu5c06QCK6N5307uY3Nre2d/G5hb//g8Mg9PmnqOFUMGywWsWoHoFHwCBuGG4HtRCHIQGArGN/M/NYDKs3j6N5kCfYkDCMecgbGSn232NVhCJKLjCLojJqYJipOYAgG+27JK3tz0HXiL0mJLFHvu1/dQcxSiZFhArTu+F5iehNQhjOB00I31ZgAG8MQO5ZGIFH3JvMQU3pulQENY2VfZOhc/b0xAal1JgM7KcGM9Ko3E//zOqkJr3sTHiWpwYgtDoWpmEWdNUIHXCEztoABB6a4/StlI1DAjO2tYEvwVyOvk2al7F+Wq3eVUq26rCNPiuSMXBCfXJEauSV10iCMPJJn8krenCfnxXl3PhajOWe5c0r+wPn8AcHZmCE=</latexit>

easy to propagate
<latexit sha1_base64="BFPuY7kYqpHlr3hbCsPYBWBbCmA=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0GITdgNQS0DNpYRTCIkIczO3k2GzMwuM7NCCPkFG3/FxkIRWzs7/8bJZgtNPHDhcO6Lc4KEM20879sprK1vbG4Vt0s7u3v7B+7hUVvHqaLQojGP1X1ANHAmoWWY4XCfKCAi4NAJxtfzfucBlGaxvDOTBPqCDCWLGCXGSgO30tNRRATjE1whGjOJzQhwCAaUYNL+ZxRTe/984Ja9qpcBrxI/J2WUozlwv3phTFMB0lBOtO76XmL6U6LsSQ6zUi/VkBA6JkPoWiqJAN2fZo5m+MwqIY5iZUsanKm/N6ZEaD0RgZ0UxIz0cm8u/tfrpia66k+ZTFIDki4eRSnHJsbzeHDIFFBj0wgZoYpl9kdEEWoD0SUbgr9seZW0a1X/olq/rZUb9TyOIjpBp6iCfHSJGugGNVELUfSIntErenOenBfn3flYjBacfOcY/YHz+QOd7JzY</latexit>

(as in the deterministic case)

closure: is an OT  
ambiguity set !

<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>"

<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>"

<latexit sha1_base64="qZLECDfqk/Xe4H8vb+99VR+0LTI="></latexit>

f#Bc
"(P) =

Bc�f�1

" (f#P)

<latexit sha1_base64="oxwIwTMBhjjfrVxoFxp/ld0q1TY="></latexit>P

<latexit sha1_base64="grLMZw/pMTk4T1azH7U2vgJPe6U="></latexit>

f#P

<latexit sha1_base64="RujgIW5hbCfPt+p+9te8vTBouXo="></latexit>

Bc
"(P)



This Propagation Result Enables ...

<latexit sha1_base64="Wq8NwA30p7/Dsv6SP+WfBDe+37c=">AAAB+3icbVBNSwMxEM3Wr1q/aj16CRbBU9ktRT0WPOixgv2Adimz2WwbmmSXJCuWpX/FiwdFvPpHvPlvTNs9aOuDgcd7M8zMCxLOtHHdb6ewsbm1vVPcLe3tHxwelY8rHR2nitA2iXmsegFoypmkbcMMp71EURABp91gcjP3u49UaRbLBzNNqC9gJFnECBgrDcuVgY4iEIxP8S2kWjOwYtWtuQvgdeLlpIpytIblr0EYk1RQaQgHrfuemxg/A2UY4XRWGqSaJkAmMKJ9SyUIqv1scfsMn1slxFGsbEmDF+rviQyE1lMR2E4BZqxXvbn4n9dPTXTtZ0wmqaGSLBdFKccmxvMgcMgUJcb+HTIgitlbMRmDAmJsXCUbgrf68jrp1GveZa1xX682G3kcRXSKztAF8tAVaqI71EJtRNATekav6M2ZOS/Ou/OxbC04+cwJ+gPn8wcOiJRq</latexit>

Gaussian

<latexit sha1_base64="ILk6Z3NK7/I/eUrqChJ40x5DlGI=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJpKjLghuXFewD2lIm00k7dDIJMxMhhGz8FTcuFHHrZ7jzb5ykWWjrgYHDOfc1x4s4U9pxvq3K2vrG5lZ1u7azu7d/YB8edVUYS0I7JOSh7HtYUc4E7WimOe1HkuLA47TnzW9zv/dIpWKheNBJREcBngrmM4K1kcb2SToshqQkwSIbBljPPA+1s7FddxpOAbRK3JLUoUR7bH8NJyGJAyo04VipgetEepRiqRnhNKsNY0UjTOZ4SgeGChxQNUqL3Rk6N8oE+aE0T2hUqL87UhwolQSeqcwvVMteLv7nDWLt34xSJqJYU0EWi/yYIx2iPA00YZISzRNDMJHM3IrIDEtMtMmsZkJwl7+8SrqXDfeq0bxv1lvNMo4qnMIZXIAL19CCO2hDBwhk8Ayv8GY9WS/Wu/WxKK1YZc8x/IH1+QNd1Zbc</latexit>

P <latexit sha1_base64="64oVxapDKj95dh6Itzq7v0mOvEw=">AAACAHicbVBLSwMxGMz6rPW16sGDl2AreCq7pajHghePFewD2qVks9k2NI8lyQpl6cW/4sWDIl79Gd78N2bbPWjrQGCY+b4kM2HCqDae9+2srW9sbm2Xdsq7e/sHh+7RcUfLVGHSxpJJ1QuRJowK0jbUMNJLFEE8ZKQbTm5zv/tIlKZSPJhpQgKORoLGFCNjpaF7OtBxjDhlU1iNq1BIkd+E1NCteDVvDrhK/IJUQIHW0P0aRBKnnAiDGdK673uJCTKkDMWMzMqDVJME4Qkakb6lAnGig2weYAYvrBLBWCp7hIFz9fdGhrjWUx7aSY7MWC97ufif109NfBNkVCSpIQIvHopTBo2EeRswoopgY8NHFGFF7V8hHiOFsLGdlW0J/nLkVdKp1/yrWuO+Xmk2ijpK4Aycg0vgg2vQBHegBdoAgxl4Bq/gzXlyXpx352MxuuYUOyfgD5zPH/OOlfU=</latexit>

f nonlinear

<latexit sha1_base64="dQLOByCvMscQuI6eqvYWIDnIKww=">AAACInicbVDLSgNBEJz1bXxFPXoZDIKnsCviAy8BLx6NGBWyIfROenVwdnaZ6RXDkm/x4q948aCoJ8GPcfJAfBUMFFVd9HRFmZKWfP/dGxufmJyanpktzc0vLC6Vl1fObJobgQ2RqtRcRGBRSY0NkqTwIjMISaTwPLo+7PvnN2isTPUpdTNsJXCpZSwFkJPa5f3QxjEkUnV5UA0PeEh4S1FcnKRRbok3tEBDIDV1eT0HTV/RXrtc8av+APwvCUakwkY4bpdfw04q8gQ1CQXWNgM/o1YBhqRQ2CuFucUMxDVcYtNRDQnaVjE4scc3nNLhcWrc08QH6vdEAYm13SRykwnQlf3t9cX/vGZO8V6rkDrLCbUYLopzxSnl/b54RxoU5OrpSBBGur9ycQUGBLlWS66E4PfJf8nZVjXYqW7Xtyq17VEdM2yNrbNNFrBdVmNH7Jg1mGB37IE9sWfv3nv0Xry34eiYN8qssh/wPj4BRoKkwA==</latexit>

1. Robust Uncertainty Quantification

<latexit sha1_base64="ofv4g/TGME3tmT2ZVE8f7HOdahw=">AAACCnicbVDNS8MwHE3n15xfVY9eokXwIKOVoV7EgRePE9wHrGWkWbqFpWlJUmGUnr34r3jxoIhX/wJv/jemXQ+6+SDweO/3S16eHzMqlW1/G5Wl5ZXVtep6bWNza3vH3N3ryCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNef3OR+94EISSN+r6Yx8UI04jSgGCktDczDYOBaMHWLm1I8RTxzQ6TGvg9bGbxyT68HpmXX7QJwkTglsUCJ1sD8cocRTkLCFWZIyr5jx8pLkVAUM5LV3ESSGOEJGpG+phyFRHppESCDx1oZwiAS+nAFC/X3RopCKaehryfzmHLey8X/vH6igksvpTxOFOF49lCQMKgimPcCh1QQrNhUE4QF1VkhHiOBsNLt1XQJzvyXF0nnrO6c1xt3DavZKOuoggNwBE6AAy5AE9yCFmgDDB7BM3gFb8aT8WK8Gx+z0YpR7uyDPzA+fwADqpnI</latexit>

f#P =?

<latexit sha1_base64="ILk6Z3NK7/I/eUrqChJ40x5DlGI=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJpKjLghuXFewD2lIm00k7dDIJMxMhhGz8FTcuFHHrZ7jzb5ykWWjrgYHDOfc1x4s4U9pxvq3K2vrG5lZ1u7azu7d/YB8edVUYS0I7JOSh7HtYUc4E7WimOe1HkuLA47TnzW9zv/dIpWKheNBJREcBngrmM4K1kcb2SToshqQkwSIbBljPPA+1s7FddxpOAbRK3JLUoUR7bH8NJyGJAyo04VipgetEepRiqRnhNKsNY0UjTOZ4SgeGChxQNUqL3Rk6N8oE+aE0T2hUqL87UhwolQSeqcwvVMteLv7nDWLt34xSJqJYU0EWi/yYIx2iPA00YZISzRNDMJHM3IrIDEtMtMmsZkJwl7+8SrqXDfeq0bxv1lvNMo4qnMIZXIAL19CCO2hDBwhk8Ayv8GY9WS/Wu/WxKK1YZc8x/IH1+QNd1Zbc</latexit>

P <latexit sha1_base64="TUEj9o/dKa4f5hpLeAXVgSvG+TY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWwFVyUpRV0W3LisYB/QhnIznbRDZ5IwMxFqKP6KGxeKuPU/3Pk3TtostPXAwOGce+/ce/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUVtFiSS0RSIeya4PinIW0pZmmtNuLCkIn9OOP7nJ/M4DlYpF4b2extQTMApZwAhoIw3sk74KAhCMT3ElqOBsDMiBXXaqzhx4lbg5KaMczYH91R9GJBE01ISDUj3XibWXgtSMcDor9RNFYyATGNGeoSEIqrx0vv0MnxtliINImhdqPFd/d6QglJoK31QK0GO17GXif14v0cG1l7IwTjQNyeKjIOFYRziLAg+ZpESby4cMiGRmV0zGIIFoE1jJhOAun7xK2rWqe1mt39XKjXoeRxGdojN0gVx0hRroFjVRCxH0iJ7RK3qznqwX6936WJQWrLznGP2B9fkDd0eUjA==</latexit>

f linear
<latexit sha1_base64="ofv4g/TGME3tmT2ZVE8f7HOdahw=">AAACCnicbVDNS8MwHE3n15xfVY9eokXwIKOVoV7EgRePE9wHrGWkWbqFpWlJUmGUnr34r3jxoIhX/wJv/jemXQ+6+SDweO/3S16eHzMqlW1/G5Wl5ZXVtep6bWNza3vH3N3ryCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNef3OR+94EISSN+r6Yx8UI04jSgGCktDczDYOBaMHWLm1I8RTxzQ6TGvg9bGbxyT68HpmXX7QJwkTglsUCJ1sD8cocRTkLCFWZIyr5jx8pLkVAUM5LV3ESSGOEJGpG+phyFRHppESCDx1oZwiAS+nAFC/X3RopCKaehryfzmHLey8X/vH6igksvpTxOFOF49lCQMKgimPcCh1QQrNhUE4QF1VkhHiOBsNLt1XQJzvyXF0nnrO6c1xt3DavZKOuoggNwBE6AAy5AE9yCFmgDDB7BM3gFb8aT8WK8Gx+z0YpR7uyDPzA+fwADqpnI</latexit>

f#P =?

<latexit sha1_base64="fUZiRlDrWa6RV2r5n5WWt7efkck=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KUoh4LXjxWsK3QhjLZbNqlu5uwuxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzwpQzbTzv2yltbG5t75R3K3v7B4dH7nG1q5NMEdohCU/UQwiaciZpxzDD6UOqKIiQ0144uZn7vUeqNEvkvZmmNBAwkixmBIyVhm51oOMYBONTrEHYjXI0dGte3VsArxO/IDVUoD10vwZRQjJBpSEctO77XmqCHJRhhNNZZZBpmgKZwIj2LZUgqA7yxe0zfG6VCMeJsiUNXqi/J3IQWk9FaDsFmLFe9ebif14/M/F1kDOZZoZKslwUZxybBM+DwBFTlBj7d8SAKGZvxWQMCoixcVVsCP7qy+uk26j7l/XmXaPWahZxlNEpOkMXyEdXqIVuURt1EEFP6Bm9ojdn5rw4787HsrXkFDMn6A+czx9AAJSK</latexit>

sampling

<latexit sha1_base64="sjlPuQ12qw6GUmCDlxYS0CfJcIU=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokUdVlw47KCfUAbwmQ6bYdOJmFmIsQQf8WNC0Xc+iHu/BunaRbaeuDC4Zx75849QcyZ0o7zba2tb2xubVd2qrt7+weH9tFxV0WJJLRDIh7JfoAV5UzQjmaa034sKQ4DTnvB7Gbu9x6oVCwS9zqNqRfiiWBjRrA2km/XsmxYvJKRFIv80Xfz3LfrTsMpgFaJW5I6lGj79tdwFJEkpEITjpUauE6svQxLzQineXWYKBpjMsMTOjBU4JAqLyvW5ujMKCM0jqQpoVGh/p7IcKhUGgamM8R6qpa9ufifN0j0+NrLmIgTTQVZLBonHOkIzZNAIyYp0Tw1BBPJzF8RmWKJiTZ5VU0I7vLJq6R70XAvG827Zr3VLOOowAmcwjm4cAUtuIU2dIBACs/wCm/Wk/VivVsfi9Y1q5ypwR9Ynz/PZJV8</latexit>z1
<latexit sha1_base64="r1rPK4D6ooSH9Lkti/dEyALfk9o=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiSlqMuCG5cV7APaECbTSTt0MgkzEyGG+CtuXCji1g9x5984TbPQ1gMXDufcO3fu8WNGpbLtb6Oysbm1vVPdre3tHxwemccnfRklApMejlgkhj6ShFFOeooqRoaxICj0GRn485uFP3ggQtKI36s0Jm6IppwGFCOlJc+sZ9m4eCXDKeL5o9fKc89s2E27gLVOnJI0oETXM7/GkwgnIeEKMyTlyLFj5WZIKIoZyWvjRJIY4TmakpGmHIVEulmxNrfOtTKxgkjo4soq1N8TGQqlTENfd4ZIzeSqtxD/80aJCq7djPI4UYTj5aIgYZaKrEUS1oQKghVLNUFYUP1XC8+QQFjpvGo6BGf15HXSbzWdy2b7rt3otMs4qnAKZ3ABDlxBB26hCz3AkMIzvMKb8WS8GO/Gx7K1YpQzdfgD4/MH0OqVfQ==</latexit>z2

<latexit sha1_base64="Xpi8enVimMC1uI6NqNsyZodaZlQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokUdVlw47KCfUAbwmQ6bYdOJmFmIsQQf8WNC0Xc+iHu/BunaRbaeuDC4Zx75849QcyZ0o7zba2tb2xubVd2qrt7+weH9tFxV0WJJLRDIh7JfoAV5UzQjmaa034sKQ4DTnvB7Gbu9x6oVCwS9zqNqRfiiWBjRrA2km/XsmxYvJKRFIv80Rd57tt1p+EUQKvELUkdSrR9+2s4ikgSUqEJx0oNXCfWXoalZoTTvDpMFI0xmeEJHRgqcEiVlxVrc3RmlBEaR9KU0KhQf09kOFQqDQPTGWI9VcveXPzPGyR6fO1lTMSJpoIsFo0TjnSE5kmgEZOUaJ4agolk5q+ITLHERJu8qiYEd/nkVdK9aLiXjeZds95qlnFU4ARO4RxcuIIW3EIbOkAghWd4hTfryXqx3q2PReuaVc7U4A+szx8sYZW5</latexit>zn<latexit sha1_base64="NfoFS7DONpjJanJg0jaIkAri2R4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JIUZcFNy4r2Ac0oUwmk3boZCbMTIQQs/BX3LhQxK2/4c6/cZpmoa0HLhzOuXfu3BMkjCrtON/Wyura+sZmbau+vbO7t28fHPaUSCUmXSyYkIMAKcIoJ11NNSODRBIUB4z0g+nNzO8/EKmo4Pc6S4gfozGnEcVIG2lkH+e5V76S4wzxwmOh0KooRnbDaTol4DJxK9IAFToj+8sLBU5jwjVmSKmh6yTaz5HUFDNS1L1UkQThKRqToaEcxUT5ebm5gGdGCWEkpCmuYan+nshRrFQWB6YzRnqiFr2Z+J83THV07eeUJ6kmHM8XRSmDWsBZGDCkkmDNMkMQltT8FeIJkghrE1ndhOAunrxMehdN97LZums12q0qjho4AafgHLjgCrTBLeiALsDgETyDV/BmPVkv1rv1MW9dsaqZI/AH1ucPkr+XEg==</latexit>. . .

<latexit sha1_base64="/UcMD1bLY4/0gdda2XrivnOUZ+4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KUoh4LXjxWsK3QhjLZbNqlm82yuxFCqX/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMCyVn2njet1Pa2Nza3invVvb2Dw6P3OOTrk4zRWiHpDxVDyFoypmgHcMMpw9SUUhCTnvh5Gbu9x6p0iwV9yaXNEhgJFjMCBgrDd3qQMcxJIznWKpUwggMHbo1r+4tgNeJX5AaKtAeul+DKCVZQoUhHLTu+540wRSUYYTTWWWQaSqBTGBE+5YKSKgOpovjZ/jcKhGOU2VLGLxQf09MIdE6T0LbmYAZ61VvLv7n9TMTXwdTJmRmqCDLRXHGsUnxPAkcMUWJsY9HDIhi9lZMxqCAGJtXxYbgr768TrqNun9Zb941aq1mEUcZnaIzdIF8dIVa6Ba1UQcRlKNn9IrenCfnxXl3PpatJaeYqaI/cD5/AAoylPw=</latexit>

propagate
<latexit sha1_base64="f/RjB7jlXL64Z3/Fi329RxzkPgY=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2W3FPVY8OKxgv2AdinZbLYNTbJLklVK7U/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwpQzbTzv2ylsbG5t7xR3S3v7B4dHbvm4rZNMEdoiCU9UN8SaciZpyzDDaTdVFIuQ0044vpn7nQeqNEvkvZmkNBB4KFnMCDZWGrjlvo5jLBifII1FyqkeuBWv6i2A1omfkwrkaA7cr36UkExQaQjHWvd8LzXBFCvDCKezUj/TNMVkjIe0Z6nEgupgujh9hs6tEqE4UbakQQv198QUC60nIrSdApuRXvXm4n9eLzPxdTBlMs0MlWS5KM44Mgma54Aipigx9u2IYaKYvRWREVaYGJtWyYbgr768Ttq1qn9Zrd/VKo16HkcRTuEMLsCHK2jALTShBQQe4Rle4c15cl6cd+dj2Vpw8pkT+APn8wd5Z5Qa</latexit>

samples
<latexit sha1_base64="NfoFS7DONpjJanJg0jaIkAri2R4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JIUZcFNy4r2Ac0oUwmk3boZCbMTIQQs/BX3LhQxK2/4c6/cZpmoa0HLhzOuXfu3BMkjCrtON/Wyura+sZmbau+vbO7t28fHPaUSCUmXSyYkIMAKcIoJ11NNSODRBIUB4z0g+nNzO8/EKmo4Pc6S4gfozGnEcVIG2lkH+e5V76S4wzxwmOh0KooRnbDaTol4DJxK9IAFToj+8sLBU5jwjVmSKmh6yTaz5HUFDNS1L1UkQThKRqToaEcxUT5ebm5gGdGCWEkpCmuYan+nshRrFQWB6YzRnqiFr2Z+J83THV07eeUJ6kmHM8XRSmDWsBZGDCkkmDNMkMQltT8FeIJkghrE1ndhOAunrxMehdN97LZums12q0qjho4AafgHLjgCrTBLeiALsDgETyDV/BmPVkv1rv1MW9dsaqZI/AH1ucPkr+XEg==</latexit>. . .

<latexit sha1_base64="NXtSR7ZStVrXUmwwGIob+IUxyBg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZREirosuHFZwT6gDWEynbRDJ5MwMxHSUPwVNy4Ucet/uPNvnKZZaOuBC4dz7p079/gxo1LZ9rdRWlvf2Nwqb1d2dvf2D8zDo46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/cnt3O8+EiFpxB9UGhM3RCNOA4qR0pJnngS1bJA/k+EU8dnUc2YXnlm163YOa5U4BalCgZZnfg2GEU5CwhVmSMq+Y8fKzZBQFDMyqwwSSWKEJ2hE+ppyFBLpZvnamXWulaEVREIXV1au/p7IUChlGvq6M0RqLJe9ufif109UcONmlMeJIhwvFgUJs1RkzaOwhlQQrFiqCcKC6r9aeIwEwkoHVtEhOMsnr5LOZd25qjfuG9Vmo4ijDKdwBjVw4BqacActaAOGKTzDK7wZT8aL8W58LFpLRjFzDH9gfP4Ak8OVRQ==</latexit>

f(z1)
<latexit sha1_base64="ZsQtWDSZk+wcG0V001QrySa7U3w=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KUoi4LblxWsA9oQ5hMJ+3QySTMTIQ0FH/FjQtF3Pof7vwbp2kW2nrgwuGce+fOPX7MqFS2/W2srW9sbm2Xdsq7e/sHh+bRcUdGicCkjSMWiZ6PJGGUk7aiipFeLAgKfUa6/uR27ncfiZA04g8qjYkbohGnAcVIackzT4NqNsifyXCK+Gzq1WeXnlmxa3YOa5U4BalAgZZnfg2GEU5CwhVmSMq+Y8fKzZBQFDMyKw8SSWKEJ2hE+ppyFBLpZvnamXWhlaEVREIXV1au/p7IUChlGvq6M0RqLJe9ufif109UcONmlMeJIhwvFgUJs1RkzaOwhlQQrFiqCcKC6r9aeIwEwkoHVtYhOMsnr5JOveZc1Rr3jUqzUcRRgjM4hyo4cA1NuIMWtAHDFJ7hFd6MJ+PFeDc+Fq1rRjFzAn9gfP4AlUmVRg==</latexit>

f(z2)
<latexit sha1_base64="PfWkEnZr2CcTZtR76NMq5k45ysA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZREirosuHFZwT6gDWEynbRDJ5MwMxHSUPwVNy4Ucet/uPNvnKZZaOuBC4dz7p079/gxo1LZ9rdRWlvf2Nwqb1d2dvf2D8zDo46MEoFJG0csEj0fScIoJ21FFSO9WBAU+ox0/cnt3O8+EiFpxB9UGhM3RCNOA4qR0pJnngS1bJA/k+EU8dnU47MLz6zadTuHtUqcglShQMszvwbDCCch4QozJGXfsWPlZkgoihmZVQaJJDHCEzQifU05Col0s3ztzDrXytAKIqGLKytXf09kKJQyDX3dGSI1lsveXPzP6ycquHEzyuNEEY4Xi4KEWSqy5lFYQyoIVizVBGFB9V8tPEYCYaUDq+gQnOWTV0nnsu5c1Rv3jWqzUcRRhlM4gxo4cA1NuIMWtAHDFJ7hFd6MJ+PFeDc+Fq0lo5g5hj8wPn8A8LGVgg==</latexit>

f(zn)

<latexit sha1_base64="0yahE/JVHvGXRHlKvxmT9u4OUWc=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkFHVZcOOygn1AG8pkMmmHziPMTIQQu/BX3LhQxK2/4c6/cdpmoa0HLhzOuZd77wkTRrXxvG+ntLa+sblV3q7s7O7tH7iHRx0tU4VJG0smVS9EmjAqSNtQw0gvUQTxkJFuOLmZ+d0HojSV4t5kCQk4GgkaU4yMlYbuyUDHMeKUZVDJMNWGxhkVo6Fb9WreHHCV+AWpggKtofs1iCROOREGM6R13/cSE+RIGYoZmVYGqSYJwhM0In1LBeJEB/n8/ik8t0oEY6lsCQPn6u+JHHGtMx7aTo7MWC97M/E/r5+a+DrIqUhSQwReLIpTBo2EszBgRBXBxv4eUYQVtbdCPEYKYWMjq9gQ/OWXV0mnXvMva427erXZKOIog1NwBi6AD65AE9yCFmgDDB7BM3gFb86T8+K8Ox+L1pJTzByDP3A+fwCrBJZ8</latexit>robustifying <latexit sha1_base64="LlHqRyKTpQIIfWimFHozG8+QVvE="></latexit>

Bc
"

 
1

n

nX

i=1

� zi

!
<latexit sha1_base64="/UcMD1bLY4/0gdda2XrivnOUZ+4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KUoh4LXjxWsK3QhjLZbNqlm82yuxFCqX/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMCyVn2njet1Pa2Nza3invVvb2Dw6P3OOTrk4zRWiHpDxVDyFoypmgHcMMpw9SUUhCTnvh5Gbu9x6p0iwV9yaXNEhgJFjMCBgrDd3qQMcxJIznWKpUwggMHbo1r+4tgNeJX5AaKtAeul+DKCVZQoUhHLTu+540wRSUYYTTWWWQaSqBTGBE+5YKSKgOpovjZ/jcKhGOU2VLGLxQf09MIdE6T0LbmYAZ61VvLv7n9TMTXwdTJmRmqCDLRXHGsUnxPAkcMUWJsY9HDIhi9lZMxqCAGJtXxYbgr768TrqNun9Zb941aq1mEUcZnaIzdIF8dIVa6Ba1UQcRlKNn9IrenCfnxXl3PpatJaeYqaI/cD5/AAoylPw=</latexit>

propagate
<latexit sha1_base64="btrbTeUsNJxkdUBTHvyfwMfkEAM=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZTAInsJuCOox4MVjBPOAZAmzs7PJkJnZZWZWiCH4K148KOLV//Dm3zhJ9qCJBQ1FVTfdXWHKmTae9+0U1tY3NreK26Wd3b39A/fwqKWTTBHaJAlPVCfEmnImadMww2knVRSLkNN2OLqZ+e0HqjRL5L0ZpzQQeCBZzAg2Vuq7Jz0dx1gwPkYqCTNtJNW675a9ijcHWiV+TsqQo9F3v3pRQjJBpSEca931vdQEE6wMI5xOS71M0xSTER7QrqUSC6qDyfz6KTq3SoTiRNmSBs3V3xMTLLQei9B2CmyGetmbif953czE18GEyTQzVJLFojjjyCRoFgWKmKLE2M8jholi9lZEhlhhYmxgJRuCv/zyKmlVK/5lpXZXLddreRxFOIUzuAAfrqAOt9CAJhB4hGd4hTfnyXlx3p2PRWvByWeO4Q+czx8ZOJWb</latexit>

robustness

<latexit sha1_base64="ILk6Z3NK7/I/eUrqChJ40x5DlGI=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJpKjLghuXFewD2lIm00k7dDIJMxMhhGz8FTcuFHHrZ7jzb5ykWWjrgYHDOfc1x4s4U9pxvq3K2vrG5lZ1u7azu7d/YB8edVUYS0I7JOSh7HtYUc4E7WimOe1HkuLA47TnzW9zv/dIpWKheNBJREcBngrmM4K1kcb2SToshqQkwSIbBljPPA+1s7FddxpOAbRK3JLUoUR7bH8NJyGJAyo04VipgetEepRiqRnhNKsNY0UjTOZ4SgeGChxQNUqL3Rk6N8oE+aE0T2hUqL87UhwolQSeqcwvVMteLv7nDWLt34xSJqJYU0EWi/yYIx2iPA00YZISzRNDMJHM3IrIDEtMtMmsZkJwl7+8SrqXDfeq0bxv1lvNMo4qnMIZXIAL19CCO2hDBwhk8Ayv8GY9WS/Wu/WxKK1YZc8x/IH1+QNd1Zbc</latexit>

P

<latexit sha1_base64="uFraGWyBysa7cS4l5xCBG6MeIP8="></latexit>

Bc�f�1

"

 
1

n

nX

i=1

� f(zi)

!

<latexit sha1_base64="mPIxxLu67+WdTn407OsMQN1owo4=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIIghF0J6jGgBy+CijGBJITeSa8Ozs4sM71CCPkOL/6KFw+KeBMv/o2TmIOvgoGiqpqerjhT0lEYfgQTk1PTM7Nz84WFxaXlleLq2qUzuRVYE0YZ24jBoZIaayRJYSOzCGmssB7fHA79+i1aJ42+oF6G7RSutEykAPJSpxi1XJJAKlWPnxhNyA/BKsN3+JHfbWWcD2Og+LmJc0canesUS2E5HIH/JdGYlNgYp53iW6trRJ6iJqHAuWYUZtTugyUpFA4KrdxhBuIGrrDpqYYUXbs/Om3At7zS5Ymx/mniI/X7RB9S53pp7JMp0LX77Q3F/7xmTslBuy91lhNq8bUoyRUnw4c98a60KMjX0pUgrPR/5eIaLAjybRZ8CdHvk/+Sy91ytFeunO2WqpVxHXNsg22ybRaxfVZlx+yU1Zhgd+yBPbHn4D54DF6C16/oRDCeWWc/ELx/AlPPoQk=</latexit>

Monte Carlo + Distributional Robustness
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Q: connection to …  
     particle filter ?



<latexit sha1_base64="bbVgCtAW6+3v6Z8vrMxoO3cnweg="></latexit>

Bc�D†
k

"

 
1

n

nX

i=1

�Ak+1x0+Dk bw(i)

!
Propagation:

<latexit sha1_base64="02MLkzBvNby7OyXw169UXxPt2qk="></latexit>

The distributional uncertainty of the state xk+1 is exactly captured by

<latexit sha1_base64="b2kFvOBc1zYi+3kpF8EGyui27Mk="></latexit>

1

n

nX

i=1

� bw(i)

<latexit sha1_base64="np4ZQa4VWCf63LQypQ8+wpQohXU="></latexit>

Bc
"

 
1

n

nX

i=1

� bw(i)

!
<latexit sha1_base64="UxarZ4IbRL4P9Dx5+tiSMwEFljs="></latexit>

bw(i) :=
nh

bw(i)
0 , . . . , bw(i)

k

ion

i=1

<latexit sha1_base64="i1zMCpKWVtMiKqNNZLj50wlnW0A=">AAACCXicbVDLSgMxFM3UV62vUZdugq3gqsyUoi4LblxWsA9oh5JJ77SxmWRIMkIp3brxV9y4UMStf+DOvzFtZ6GtBwKHc+7l5pww4Uwbz/t2cmvrG5tb+e3Czu7e/oF7eNTUMlUUGlRyqdoh0cCZgIZhhkM7UUDikEMrHF3P/NYDKM2kuDPjBIKYDASLGCXGSj0Xd3UUkZjxMS6JEhaSacBGkXugRioGuucWvbI3B14lfkaKKEO95351+5KmMQhDOdG643uJCSZEGUY5TAvdVENC6IgMoGOpIDHoYDJPMsVnVunjSCr7hMFz9ffGhMRaj+PQTsbEDPWyNxP/8zqpia6CCRNJakDQxaEo5dhIPKsF95myiW0LfUaoYvavmA6JItTY8gq2BH858ippVsr+Rbl6WynWqlkdeXSCTtE58tElqqEbVEcNRNEjekav6M15cl6cd+djMZpzsp1j9AfO5w//6Jne</latexit>

n noise trajectories

Capture uncertainty:

11

<latexit sha1_base64="Pt6UxiggGuAQ8oUD9vTGl2Acqt4="></latexit>

xk+1 = Axk + wk

<latexit sha1_base64="hIIxfXgM/4D58y8oaFXFz6CuKyk="></latexit>x0
<latexit sha1_base64="FySDpZPbIISG0ZLRJLGzd+PtCFA="></latexit>wk

<latexit sha1_base64="KES6+a8TUKTsVceUMLRdtmbM08Y="></latexit>xk+1

<latexit sha1_base64="7ZvfjPQnDJE2l8oncKY9wz2Gcq8="></latexit>

xk+1 = Axk + wk = Ak+1x0 +
⇥
Ak . . . A I

⇤
| {z }
Dk (full row-rank)

2

4
w0

. . .
wk

3

5

<latexit sha1_base64="omwh5aOAO0gItjf/aImXdF85BgY="></latexit>

xk+1 = Axk + wk = Ak+1x0 +
⇥
Ak . . . A I

⇤
2

4
w0

. . .
wk

3

5

This Propagation Result Enables ...

2.    Distributionally Robust System Theory



<latexit sha1_base64="NTs81QWMntz8PzuMxJ8eqrkLvpw=">AAACBXicbVDLSsNAFJ34rPUVdamLwSIIQkmkqMuCG5cV7APaECaTm3bo5MHMRKghGzf+ihsXirj1H9z5N07TLLT1wIXDOffOnXu8hDOpLOvbWFpeWV1br2xUN7e2d3bNvf2OjFNBoU1jHoueRyRwFkFbMcWhlwggoceh642vp373HoRkcXSnJgk4IRlGLGCUKC255tHAB66Imw2KtzKPp5A/uNn4zM5z16xZdasAXiR2SWqoRMs1vwZ+TNMQIkU5kbJvW4lyMiIUoxzy6iCVkBA6JkPoaxqREKSTFZtzfKIVHwex0BUpXKi/JzISSjkJPd0ZEjWS895U/M/rpyq4cjIWJamCiM4WBSnHKsbTSLDPBFDFJ5oQKpj+K6YjIghVOriqDsGeP3mRdM7r9kW9cduoNRtlHBV0iI7RKbLRJWqiG9RCbUTRI3pGr+jNeDJejHfjY9a6ZJQzB+gPjM8fgVqZLg==</latexit>

�zk+1

<latexit sha1_base64="LTO2KvHs6v7QW747eENU4GWbPCQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRS1GXBjcsK9gFNCJPJbTt0MgkzE6GGgBt/xY0LRdz6E+78G6dpFtp64MLhnHvnzj1BwqhUtv1tVFZW19Y3qpu1re2d3T1z/6Ar41QQ6JCYxaIfYAmMcugoqhj0EwE4Chj0gsn1zO/dg5A05ndqmoAX4RGnQ0qw0pJvHrkhMIX9zC3eygKWQv7gZ5M898263bALWMvEKUkdlWj75pcbxiSNgCvCsJQDx06Ul2GhKGGQ19xUQoLJBI9goCnHEUgvK/bm1qlWQmsYC11cWYX6eyLDkZTTKNCdEVZjuejNxP+8QaqGV15GeZIq4GS+aJgyS8XWLBArpAKIYlNNMBFU/9UiYywwUTq2mg7BWTx5mXTPG85Fo3nbrLeaZRxVdIxO0Bly0CVqoRvURh1E0CN6Rq/ozXgyXox342PeWjHKmUP0B8bnD5ZYmL4=</latexit>

�zk

<latexit sha1_base64="XVziT2hJ1zoQnfQSS8m7R6agyZc=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4sSRS1GXBjcsK9gFtCJPJTTt08mBmItSQjRt/xY0LRdz6D+78G6dpFtp64MLhnHvnzj1ewplUlvVtLC2vrK6tVzaqm1vbO7vm3n5Hxqmg0KYxj0XPIxI4i6CtmOLQSwSQ0OPQ9cbXU797D0KyOLpTkwSckAwjFjBKlJZc82jgA1fEzQbFW5nHU8gf3Gx8Zue5a9asulUALxK7JDVUouWaXwM/pmkIkaKcSNm3rUQ5GRGKUQ55dZBKSAgdkyH0NY1ICNLJis05PtGKj4NY6IoULtTfExkJpZyEnu4MiRrJeW8q/uf1UxVcORmLklRBRGeLgpRjFeNpJNhnAqjiE00IFUz/FdMREYQqHVxVh2DPn7xIOud1+6LeuG3Umo0yjgo6RMfoFNnoEjXRDWqhNqLoET2jV/RmPBkvxrvxMWtdMsqZA/QHxucPhGiZMA==</latexit>

�zk�1

<latexit sha1_base64="UkycVXA30mQJf6VQNB3eE1NKQDU="></latexit>

Bc�D†
k�2

"

 
1

n

nX

i=1

� be(i)k�1

!

<latexit sha1_base64="q/IhJOpIWAi3U6KAgLuJT2XnhXM="></latexit>

Bc�D†
k�1

"

 
1

n

nX

i=1

� be(i)k

!
<latexit sha1_base64="xLlJDwZXaBurwMn4iNP+I3bVzMs="></latexit>

Bc�D†
k

"

 
1

n

nX

i=1

� be(i)k+1

!

<latexit sha1_base64="xq0ID4IB6qYVdextWQznJzIrNVo=">AAACE3icbVBNSwMxEM36bf2qevQSrIIolN1S1KPgxWMFq0Jbymw6W0OT7JJkhWXpf/DiX/HiQRGvXrz5b0zbPWj1wcDjvZlM5oWJ4Mb6/pc3Mzs3v7C4tFxaWV1b3yhvbl2bONUMmywWsb4NwaDgCpuWW4G3iUaQocCbcHA+8m/uURseqyubJdiR0Fc84gysk7rlw7aJIpBcZNSATAQaGkd0rz1+OWcZqCF288FRMNzrlit+1R+D/iVBQSqkQKNb/mz3YpZKVJYJMKYV+Int5KAtZwKHpXZqMAE2gD62HFUg0XTy8eYh3XdKj0axdqUsHas/J3KQxmQydJ0S7J2Z9kbif14rtdFpJ+cqSS0qNlkUpYLamI4Coj2ukVmXR48D09z9lbI70MCsi7HkQgimT/5LrmvV4Lhav6xVzupFHEtkh+ySAxKQE3JGLkiDNAkjD+SJvJBX79F79t6890nrjFfMbJNf8D6+AdIFnhI=</latexit>

samples of ek+1

12

<latexit sha1_base64="2gNVHEsPbLQhErTs9RmehnfCTys=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCIJREirosuHFZwT6gDWEyvW2HTiZhZiLUIeCvuHGhiFu/w51/4zTNQlsPXDicc+/cuSdMGJXKdb+t0srq2vpGebOytb2zu2fvH7RlnAoCLRKzWHRDLIFRDi1FFYNuIgBHIYNOOLmZ+Z0HEJLG/F5NE/AjPOJ0SAlWRgrsI93PH9EhSyF7DPTk3MuywK66NTeHs0y8glRRgWZgf/UHMUkj4IowLGXPcxPlaywUJQyySj+VkGAywSPoGcpxBNLX+ebMOTXKwBnGwhRXTq7+ntA4knIahaYzwmosF72Z+J/XS9Xw2teUJ6kCTuaLhilzVOzMsnAGVABRbGoIJoKavzpkjAUmyiRWMSF4iycvk/ZFzbus1e/q1Ua9iKOMjtEJOkMeukINdIuaqIUI0ugZvaI368l6sd6tj3lrySpmDtEfWJ8/B76WIw==</latexit>zk+1

<latexit sha1_base64="SKxR0s2QFbc06BjBN2/w5g64Wy8=">AAACG3icbVBNSwMxEM36bf2qevQSrIIilN0i6lHw4lHBqtCtZTY7a0Oz2SXJKiXs//DiX/HiQRFPggf/jWntwa8HA4/3ZpKZF+WCa+P7H97Y+MTk1PTMbGVufmFxqbq8cq6zQjFsskxk6jICjYJLbBpuBF7mCiGNBF5EvaOBf3GDSvNMnpl+ju0UriVPOAPjpE61EeokgZSLPt2w4fA9y/ogy/CWx9gFY7Hs2N5OUF7ZLb5dlhu0U635dX8I+pcEI1IjI5x0qm9hnLEiRWmYAK1bgZ+btgVlOBNYVsJCYw6sB9fYclRCirpth7uUdNMpMU0y5UoaOlS/T1hIte6nketMwXT1b28g/ue1CpMctC2XeWFQsq+PkkJQk9FBUDTmCplxucQcmOJuV8q6oIAZF2fFhRD8PvkvOW/Ug7367mmjdrg7imOGrJF1skUCsk8OyTE5IU3CyB15IE/k2bv3Hr0X7/WrdcwbzaySH/DePwGpu6G6</latexit>

be(i)k+1

<latexit sha1_base64="3RoHHu675qYqLgNkuwEbW/QbGPA="></latexit>

)

<latexit sha1_base64="3RoHHu675qYqLgNkuwEbW/QbGPA="></latexit>

)
Geometry: Decomposition of Dynamics: Nominal      +  Error<latexit sha1_base64="uK5fLAx/2d86jkqVBXUrLPTy2TY="></latexit>zk+1

<latexit sha1_base64="0g7ljIyA8P3SyJRFybDY9amtWGw="></latexit>ek+1

<latexit sha1_base64="yXAyZJr/YBS8V9KSzlbXrHvNRj8="></latexit>

ek+1 = Dk

2

664

w0

. . .
wk�1

wk

3

775

<latexit sha1_base64="C4JNizZPAMsMgi45ryPbC5RW70c="></latexit>

zk+1 = Azk
<latexit sha1_base64="bbVgCtAW6+3v6Z8vrMxoO3cnweg="></latexit>

Bc�D†
k

"

 
1

n

nX

i=1

�Ak+1x0+Dk bw(i)

!
<latexit sha1_base64="8wt8NpVLR5dTsC+ViYNbp0s1DQc="></latexit>

OT ambiguity set of xk+1 = zk+1 + ek+1 :

nominal:

error:

Q:  distributional stability 
      or contraction of  
      ambiguity sets ?



This Propagation Result Enables ...

<latexit sha1_base64="8DXt01n/whoFzvIazw4yAviL88I=">AAACIHicbVDLSgMxFM34rPVVdekmWARXZaYUK7gp1IXLKvYBnVIyaaYNzSRDckcsQz/Fjb/ixoUiutOvMX0stPVA4HDOvdycE8SCG3DdL2dldW19YzOzld3e2d3bzx0cNoxKNGV1qoTSrYAYJrhkdeAgWCvWjESBYM1gWJ34zXumDVfyDkYx60SkL3nIKQErdXNl34QhibgY4WLBv8Q+sAcIwvTKntY8SCZTRFj3VgWJAVxVErQS424u7xbcKfAy8eYkj+aodXOffk/RJGISqCDGtD03hk5KNHAq2DjrJ4bFhA5Jn7UtlSRippNOA47xqVV6OFTaPgl4qv7eSElkzCgK7GREYGAWvYn4n9dOILzopFzGCTBJZ4fCRGBQeNIW7nHNKNj4PU6o5vavmA6IJhRsp1lbgrcYeZk0igXvvFC6KeYrpXkdGXSMTtAZ8lAZVdA1qqE6ougRPaNX9OY8OS/Ou/MxG11x5jtH6A+c7x+yBKPr</latexit>

2. Distributionally Robust Control<latexit sha1_base64="SV2brZnCPHD0E9kkAFl79+nn8/k="></latexit>

xk+1 = Axk +B uk + wk = (A+BK)k+1 x0 + Ck

2

664

v0
. . .
vk�1

vk

3

775+Dk

2

664

w0

. . .
wk�1

wk

3

775

<latexit sha1_base64="i1zMCpKWVtMiKqNNZLj50wlnW0A=">AAACCXicbVDLSgMxFM3UV62vUZdugq3gqsyUoi4LblxWsA9oh5JJ77SxmWRIMkIp3brxV9y4UMStf+DOvzFtZ6GtBwKHc+7l5pww4Uwbz/t2cmvrG5tb+e3Czu7e/oF7eNTUMlUUGlRyqdoh0cCZgIZhhkM7UUDikEMrHF3P/NYDKM2kuDPjBIKYDASLGCXGSj0Xd3UUkZjxMS6JEhaSacBGkXugRioGuucWvbI3B14lfkaKKEO95351+5KmMQhDOdG643uJCSZEGUY5TAvdVENC6IgMoGOpIDHoYDJPMsVnVunjSCr7hMFz9ffGhMRaj+PQTsbEDPWyNxP/8zqpia6CCRNJakDQxaEo5dhIPKsF95myiW0LfUaoYvavmA6JItTY8gq2BH858ippVsr+Rbl6WynWqlkdeXSCTtE58tElqqEbVEcNRNEjekav6M15cl6cd+djMZpzsp1j9AfO5w//6Jne</latexit>

n noise trajectories
<latexit sha1_base64="B46wAeItZdjYXXkh5g+KMhic/zg="></latexit>

bw(i)
[0:k] :=

nh
bw(i)
0 , . . . , bw(i)

k

ion

i=1

<latexit sha1_base64="E1Th03Q9Zzrf7Qhu0Z8TVqk3euw="></latexit>

1

n

nX

i=1

� bw(i)
[0:k]

<latexit sha1_base64="J5OWlpC+M+/HSD6ySWyNys6Q1kM="></latexit>

Bc
"

 
1

n

nX

i=1

� bw(i)
[0:k]

!
<latexit sha1_base64="3hoekb2rYgH8st/qBdRqc6PFJCg=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMlKIuC924rGAf0A4lk7nThiaZIckIpXTjr7hxoYhbP8Odf2PazkJbDwQO59zLzTlhypk2nvftFDY2t7Z3irulvf2DwyP3+KStk0xRaNGEJ6obEg2cSWgZZjh0UwVEhBw64bgx9zuPoDRL5IOZpBAIMpQsZpQYKw3cs76OYyIYn+AGSU2mAMuEaRi4Za/iLYDXiZ+TMsrRHLhf/SihmQBpKCda93wvNcGUKMMoh1mpn2lICR2TIfQslUSADqaLADN8aZUIx4myTxq8UH9vTInQeiJCOymIGelVby7+5/UyE98GUybTzICky0NxxrFJ8LwNHDEF1NjwESNUMftXTEdEEWpsZyVbgr8aeZ20qxX/ulK7r5brtbyOIjpHF+gK+egG1dEdaqIWomiGntErenOenBfn3flYjhacfOcU/YHz+QO4ipZz</latexit>

Capture noise
<latexit sha1_base64="d1/x9BXeKVV3B47JfmQ9BZTKshA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KUoh4LXjxWsB/QhrLZbtqlu5uwOxFCKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvDAR3IDnfTtr6xubW9ulnfLu3v7BoXt03DZxqilr0VjEuhsSwwRXrAUcBOsmmhEZCtYJJ7czv/PItOGxeoAsYYEkI8UjTglYaeCe9k0UEclFhlNFmQbCFWQDt+JVvTnwKvELUkEFmgP3qz+MaSqZAiqIMT3fSyDIiQZOBZuW+6lhCaETMmI9SxWRzAT5/PwpvrDKEEextqUAz9XfEzmRxmQytJ2SwNgsezPxP6+XQnQT5FwlKTBFF4uiVGCI8SwLPOSaUbCvDzmhmttbMR0TTSjYxMo2BH/55VXSrlX9q2r9vlZp1Is4SugMnaNL5KNr1EB3qIlaiKIcPaNX9OY8OS/Ou/OxaF1zipkT9AfO5w/UfpYD</latexit>

uncertainty

13

<latexit sha1_base64="ygWPfeC313R/lqfoj8nEntsjvbk=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIBaHMSFGXBTeCmwr2Am0ZMpnTNjSTGZJMsQzzCm58FTcuFHHrzp1vYzotoq0HAj/ff05O8nsRZ0rb9peVW1ldW9/Ibxa2tnd294r7B00VxpJCg4Y8lG2PKOBMQEMzzaEdSSCBx6Hlja6mfmsMUrFQ3OlJBL2ADATrM0q0QW6xfIOTbnZN4vEYUnzvjlJ8+gMl+CkeG+YWS3bFzgovC2cuSmhedbf42fVDGgcgNOVEqY5jR7qXEKkZ5ZAWurGCiNARGUDHSEECUL0k25riE0N83A+lOULjjP6eSEig1CTwTGdA9FAtelP4n9eJdf+ylzARxRoEnS3qxxzrEE/jwT6TQDWfGEGoZOatmA6JJFSbEAsmBGfxy8uieVZxzivV22qpVp3HkUdH6BiVkYMuUA1dozpqIIoe0BN6Qa/Wo/VsvVnvs9acNZ85RH/K+vgGrKedhw==</latexit>

Kxk + vk
<latexit sha1_base64="ZNrOCfts1FKKbes5pf3Fc9E5dow=">AAACBnicbVBPS8MwHE3nvzn/VT2KEByCp9HKUPE08OJxgpuDtpQ0S7ewNC1JOhilJy9+FS8eFPHqZ/DmtzHtetDNB4HHe79f8vKChFGpLOvbqK2srq1v1DcbW9s7u3vm/kFfxqnApIdjFotBgCRhlJOeooqRQSIIigJGHoLJTeE/TImQNOb3apYQL0IjTkOKkdKSbx675R2ZIMPcjZAaB2E2zf3Msa4nXu6bTatllYDLxK5IE1To+uaXO4xxGhGuMENSOraVKC9DQlHMSN5wU0kShCdoRBxNOYqI9LIyQg5PtTKEYSz04QqW6u+NDEVSzqJATxZJ5aJXiP95TqrCKy+jPEkV4Xj+UJgyqGJYdAKHVBCs2EwThAXVWSEeI4Gw0s01dAn24peXSf+8ZV+02nftZqdd1VEHR+AEnAEbXIIOuAVd0AMYPIJn8ArejCfjxXg3PuajNaPaOQR/YHz+AELgmZY=</latexit>v[0:k]

<latexit sha1_base64="3RoHHu675qYqLgNkuwEbW/QbGPA="></latexit>

)

<latexit sha1_base64="SV2brZnCPHD0E9kkAFl79+nn8/k="></latexit>

xk+1 = Axk +B uk + wk = (A+BK)k+1 x0 + Ck

2

664

v0
. . .
vk�1

vk

3

775+Dk

2

664

w0

. . .
wk�1

wk

3

775

3.

Q: optimal  
     or robust 
     control ?

<latexit sha1_base64="LZS5moBnVwgHbp+wTZFmQ3RNViQ="></latexit>

Dk :=
⇥
(A+BK)k . . . (A+BK) I

⇤

<latexit sha1_base64="j8iTuArfMPC5peQUO27pyd8hmLI="></latexit>

Ck :=
⇥
(A+BK)kB . . . (A+BK)B B

⇤

full rank

<latexit sha1_base64="JuNX0bWMkmbFd0AJOZ/KAA8D2YQ=">AAACCHicbVC7SgNBFJ31GeMramnhYBCslt0Q1DJgYxnBPCAJYXZ2Nhkys7PM3BXDktLGX7GxUMTWT7Dzb5xNUmjigQuHc+7lck6QCG7A876dldW19Y3NwlZxe2d3b790cNg0KtWUNagSSrcDYpjgMWsAB8HaiWZEBoK1gtF17rfumTZcxXcwTlhPkkHMI04JWKlfOumaKCKSizHuAnuAIMrqWiXK8Nx3J/1S2XO9KfAy8eekjOao90tf3VDRVLIYqCDGdHwvgV5GNHAq2KTYTQ1LCB2RAetYGhPJTC+bBpngM6uEOFLaTgx4qv6+yIg0ZiwDuykJDM2il4v/eZ0UoqtexuMkBRbT2aMoFRgUzlvBIdeMgi0h5IRqm51iOiSaULDdFW0J/mLkZdKsuP6FW72tlGvVeR0FdIxO0Tny0SWqoRtURw1E0SN6Rq/ozXlyXpx352O2uuLMb47QHzifP76DmmY=</latexit>

Proposition.

<latexit sha1_base64="xbV+9pO3eQmtPm6HhKr83s7h9Mg="></latexit>

Bc�D†
k

"

 
1

n

nX

i=1

�
(A+BK)k+1x0+Ckv[0:k]+Dk bw(i)

[0:k]

!
<latexit sha1_base64="kBz8mEPNMEaIua+bkT/5zFdj6zw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiRUUQCm5cVrQPaEOYTCft0MmDmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx4s5k8qyvo3Syura+kZ5s7K1vbO7Z+5XOzJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTW5yv/tIhWRR+KCmMXUCPAqZzwhWWnLN6iDAaux56N5NJ6d2hq6uXbNm1a0Z0DKxC1KDAi3X/BoMI5IENFSEYyn7thUrJ8VCMcJpVhkkksaYTPCI9jUNcUClk86yZ+hYK0PkR0K/UKGZ+nsjxYGU08DTk3lSuejl4n9eP1H+pZOyME4UDcn8kJ9wpCKUF4GGTFCi+FQTTATTWREZY4GJ0nVVdAn24peXSeesbp/XG3eNWrNR1FGGQziCE7DhAppwCy1oA4EneIZXeDMy48V4Nz7moyWj2DmAPzA+fwBWapNM</latexit>

Sk+1 :=

<latexit sha1_base64="02MLkzBvNby7OyXw169UXxPt2qk="></latexit>

The distributional uncertainty of the state xk+1 is exactly captured by



Computation
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Example: Distributionally Robust CVaR Constraints

<latexit sha1_base64="pdgg3NHyUCvfJFb1+Sh4umKNm6w=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiRS1GXBjcsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e4829M2iy09cDA4Zx7mXNPEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7pWJ0YxttMS216AbVcCsXbKFDyXmw4jQLJu8H0Lve7T9xYodUjzmLuR3SsRCgYxUzqDyKKE0Yl6VWG1Zpbdxcg68QrSA0KtIbVr8FIsyTiCpmk1vY9N0Y/pQYFk3xeGSSWx5RN6Zj3M6poxK2fLiLPyUWmjEioTfYUkoX6eyOlkbWzKMgm84h21cvF/7x+guGtnwoVJ8gVW34UJpKgJvn9ZCQMZyhnGaHMiCwrYRNqKMOspbwEb/XkddK5qnvX9cZDo9ZsFHWU4QzO4RI8uIEm3EML2sBAwzO8wpuDzovz7nwsR0tOsXMKf+B8/gBY/JCb</latexit>

X

<latexit sha1_base64="A5pZlYmjSnVjlOB4Omh9R3qJKnY="></latexit>

:=

⇢
x 2 Rd : max

j
a>j x+ bj  0

�

<latexit sha1_base64="nMmnaNQ7kDN0DXvaTdpTDz/kBQU=">AAACJHicbVDLSgNBEJz1bXxFPXoZjIKnsCuighfBi0cFo0ISQu+kV4fMzi4zPWJY8jFe/BUvHnzgwYvf4mTNwVfBQFHVTfVUnCtpKQzfg7Hxicmp6ZnZytz8wuJSdXnl3GbOCGyITGXmMgaLSmpskCSFl7lBSGOFF3HvaOhf3KCxMtNn1M+xncKVlokUQF7qVA9aNkkglarPuz7NyNgNDVDcaYGGQGrq8yzhG0WrTCti5XBw2+kNNjrVWlgPS/C/JBqRGhvhpFN9aXUz4VLUJBRY24zCnNoFGJJC4aDSchZzED24wqanGlK07aKMHfBNr3R5khn/NPFS/b5RQGptP439ZAp0bX97Q/E/r+ko2W8XUueOUIuvoMQpThkfNuZ7MSioLAiEkf5WLq7BgCDfa8WXEP3+8l9yvl2Pdus7p9u1w51RHTNsja2zLRaxPXbIjtkJazDB7tgDe2LPwX3wGLwGb1+jY8FoZ5X9QPDxCQxEpj4=</latexit>

distributional uncertainty of xk

<latexit sha1_base64="tFqHXNZW2i1Om3eJQ0S+ECVfBg8=">AAACHnicbVDJSgNBFOxxjXGLevTSmAiewkyIyzHgxZsRs0FmCD2dN0mTnoXuN0II+RIv/ooXD4oInvRv7CwHTSxoKKpe0e+Vn0ih0ba/rZXVtfWNzcxWdntnd28/d3DY0HGqONR5LGPV8pkGKSKoo0AJrUQBC30JTX9wPfGbD6C0iKMaDhPwQtaLRCA4QyN1cueuDgIWCjmktzVqcqKXChxSDUgLbsiw7/v0vjMoUM4STBVoin3o5PJ20Z6CLhNnTvJkjmon9+l2Y56GECGXTOu2YyfojZhCwSWMs26qIWF8wHrQNjRiIWhvND1vTE+N0qVBrMyLkE7V34kRC7Uehr6ZnCysF72J+J/XTjG48kYiSlKEiM8+ClJJMaaTrmhXKOBoqukKxpUwu1LeZ4pxNI1mTQnO4snLpFEqOhfF8l0pXynP68iQY3JCzohDLkmF3JAqqRNOHskzeSVv1pP1Yr1bH7PRFWueOSJ/YH39ADOVod4=</latexit>

OT ambiguity set Sk captures the

<latexit sha1_base64="8TdWYF2RuuoMfFKpl40wOUXoglE="></latexit>

CVaRQ �
maxj a>j xk + bj

�
is of the form:

<latexit sha1_base64="stkysKKWiYvwSPaCKniEM3RHjUU="></latexit>

inf
✓2⇥

Ez⇠Q [`(✓, z)]

<latexit sha1_base64="0aQLLm2OeAIYT3ifkUmEunkA0VI="></latexit>

with `(✓, z) = max of a�ne functions

<latexit sha1_base64="4H3bNdlB/cm8GVulqUMb7U42Eo0="></latexit>

�

<latexit sha1_base64="/c3QrfpBW7593Ira4NUVgOPws/U=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwVJJSVDwVevFYwX5AG8pms2mXbjZhdyKW0JsX/4oXD4p49S9489+4bXPQ1gcDj/dmmJnnJ4JrcJxva2V1bX1js7BV3N7Z3du3Dw5bOk4VZU0ai1h1fKKZ4JI1gYNgnUQxEvmCtf1Rfeq375nSPJZ3ME6YF5GB5CGnBIzUt096OgxJxMUY94A9gB9m9VhqUIRLmFz37ZJTdmbAy8TNSQnlaPTtr14Q0zRiEqggWnddJwEvIwo4FWxS7KWaJYSOyIB1DZUkYtrLZn9M8JlRAhzGypQEPFN/T2Qk0noc+aYzIjDUi95U/M/rphBeeRmXSQpM0vmiMBUYYjwNBQdcMQomg4ATqri5FdMhUYSCia5oQnAXX14mrUrZvShXbyulWjWPo4CO0Sk6Ry66RDV0gxqoiSh6RM/oFb1ZT9aL9W59zFtXrHzmCP2B9fkD2yeZ5w==</latexit>

Constraint:

<latexit sha1_base64="7b7W7y8OeJYhQxyUDZpPhiKsw7g="></latexit>

sup
Q2Sk

CVaRQ
✓
max

j
a>j xk + bj

◆
 0<latexit sha1_base64="4H3bNdlB/cm8GVulqUMb7U42Eo0="></latexit>

�

<latexit sha1_base64="7qHQVTC5D9BdtoK1l3/8cyCfxkg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRoh4LXjxWsB/QhrLZbNqlm03cnQil9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZZJMM95kiUx0J6CGS6F4EwVK3kk1p3EgeTsY3c789hPXRiTqAccp92M6UCISjKKVOt5FL+QSab9ccavuHGSVeDmpQI5Gv/zVCxOWxVwhk9SYruem6E+oRsEkn5Z6meEpZSM64F1LFY258Sfze6fkzCohiRJtSyGZq78nJjQ2ZhwHtjOmODTL3kz8z+tmGN34E6HSDLlii0VRJgkmZPY8CYXmDOXYEsq0sLcSNqSaMrQRlWwI3vLLq6R1WfWuqrX7WqVey+Mowgmcwjl4cA11uIMGNIGBhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx9rDo+J</latexit>

1� �

<latexit sha1_base64="RfWWe8dJok1B+tsUylLZo3xBHq4=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KrulqMdCLx6r2A9o15LNZtvQJLskWaUs/R9ePCji1f/izX9j2u5BWx8MPN6bYWZekHCmjet+O2vrG5tb24Wd4u7e/sFh6ei4reNUEdoiMY9VN8CaciZpyzDDaTdRFIuA004wbsz8ziNVmsXy3kwS6gs8lCxiBBsrPfR1FGHB+AQ12vhuUCq7FXcOtEq8nJQhR3NQ+uqHMUkFlYZwrHXPcxPjZ1gZRjidFvuppgkmYzykPUslFlT72fzqKTq3SoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGaRYBCpigx9ueQYaKYvRWREVaYGBtU0YbgLb+8StrVindZqd1Wy/VaHkcBTuEMLsCDK6jDDTShBQQUPMMrvDlPzovz7nwsWtecfOYE/sD5/AH7jZIi</latexit>

CVaR
<latexit sha1_base64="Sx7nk9Mr803qftLk/29oeQCCbZA=">AAACFXicbZDJSgNBEIZ7XGPcoh69NCaCgoaZENRjwIvHCEYDSQg1PTWmsWehu0YMIS/hxVfx4kERr4I338bOcnAraPj5/yqq6/NTJQ257qczMzs3v7CYW8ovr6yurRc2Ni9NkmmBDZGoRDd9MKhkjA2SpLCZaoTIV3jl35yO8qtb1EYm8QX1U+xEcB3LUAoga3ULB20ThhBJ1ed7eJeioHHAk5BTD3mpHaAiKB0SSLXfLRTdsjsu/ld4U1Fk06p3Cx/tIBFZhDEJBca0PDelzgA0SaFwmG9nBlMQN3CNLStjiNB0BuOrhnzXOgEPE21fTHzsfp8YQGRMP/JtZwTUM7+zkflf1sooPOkMZJxmhLGYLAozxSnhI0Q8kNpysEQCCUJL+1cueqBBkAWZtxC83yf/FZeVsndUrp5XirXqFEeObbMdtsc8dsxq7IzVWYMJds8e2TN7cR6cJ+fVeZu0zjjTmS32o5z3Ly70niM=</latexit>

(expectation of the �-tail) <latexit sha1_base64="4H3bNdlB/cm8GVulqUMb7U42Eo0="></latexit>

�

<latexit sha1_base64="oeGIjxy1z9e68fF/gMLwuDjXqs0="></latexit>

Pr (xk 2 X ) � 1� � &  benign tail risk
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Distributionally Robust Optimization (DRO)

<latexit sha1_base64="kPWmKAe8K9cV7HHZu+W2wpiw7iA=">AAACE3icbVDLSgMxFM3UV62vqks3wSKIizJTirosuHFZ0T6gLSWTybShSWZI7ohl6D+48VfcuFDErRt3/o2ZtgttPRA4nHMuN/f4seAGXPfbya2srq1v5DcLW9s7u3vF/YOmiRJNWYNGItJtnxgmuGIN4CBYO9aMSF+wlj+6yvzWPdOGR+oOxjHrSTJQPOSUgJX6xbOuCUMiuRjjLrAH8MP0FnSkBjhIiMBhpGUiptlJv1hyy+4UeJl4c1JCc9T7xa9uENFEMgVUEGM6nhtDLyUaOBVsUugmhsWEjsiAdSxVRDLTS6c3TfCJVYJsv30K8FT9PZESacxY+jYpCQzNopeJ/3mdBMLLXspVnABTdLYoTASGCGcF4YBrRsH2EXBCNbd/xXRINKFgayzYErzFk5dJs1L2zsvVm0qpVp3XkUdH6BidIg9doBq6RnXUQBQ9omf0it6cJ+fFeXc+ZtGcM585RH/gfP4AYm2fEw==</latexit>

Strong dual formulation
<latexit sha1_base64="EdKdOfdX/GKSLmgEYttkobxUfUs="></latexit>

inf
��0

�"+
1

n

nX

i=1

sup
⇣2Rd

`(✓, ⇣)� �c(⇣ � zi)
<latexit sha1_base64="wBLe3qMsS+4Wbtk/w2m/G+WIa6M=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCG8tMKeqy4MZlBfuAdiiZzJ02NJMZkkyxDHXjr7hxoYhb/8Kdf2PazkJbD4QczrmX5Bw/4Uxpx/m2VlbX1jc2C1vF7Z3dvX374LCp4lRSaNCYx7LtEwWcCWhopjm0Ewkk8jm0/OHN1G+NQCoWi3s9TsCLSF+wkFGijdSzj7sqDEnE+BjTWIzg4cJclIygZ5ecsjMDXiZuTkooR71nf3WDmKYRCE05UarjOon2MiI1oxwmxW6qICF0SPrQMVSQCJSXzRJM8JlRAhzG0hyh8Uz9vZGRSKlx5JvJiOiBWvSm4n9eJ9XhtZcxkaQaBJ0/FKYc6xhP68ABk0C1SR8wQiUzf8V0QCSh2pRWNCW4i5GXSbNSdi/L1btKqVbN6yigE3SKzpGLrlAN3aI6aiCKHtEzekVv1pP1Yr1bH/PRFSvfOUJ/YH3+AL4xlwo=</latexit>convex-concave

<latexit sha1_base64="egOVeh9V/6PXfWhkAQEQ6KiUsjc=">AAACB3icbVBPS8MwHP11/pvzX9WjIMEheHG0Y6jHgRePE9wcbGWkabqFpWlJUmGU3bz4Vbx4UMSrX8Gb38Z060E3HwQe7/1ekt/zE86Udpxvq7Syura+Ud6sbG3v7O7Z+wcdFaeS0DaJeSy7PlaUM0HbmmlOu4mkOPI5vffH17l//0ClYrG405OEehEeChYygrWRBvZxX4UhjhifICZCJpim5wGLqMgTmA/sqlNzZkDLxC1IFQq0BvZXP4hJai7QhGOleq6TaC/DUjPC6bTSTxVNMBnjIe0ZKnBElZfN9piiU6MEKIylOUKjmfo7keFIqUnkm8kI65Fa9HLxP6+X6vDKy5hIUk0FmT8UphzpGOWloIBJSrTpIGCYSGb+isgIS0y0qa5iSnAXV14mnXrNvag1buvVZqOoowxHcAJn4MIlNOEGWtAGAo/wDK/wZj1ZL9a79TEfLVlF5hD+wPr8AZjYmb0=</latexit>

infinite-dimensional

<latexit sha1_base64="cQQ7eVeD9gEokkp+4/Tx6jrHiXM=">AAACLXicdVDLSgMxFM34rPVVdekmWIQKUmakqCCCoAuXClYLnTJk0lsbm3mQ3BHr0B9y46+I4EIRt/6GmbELbfVA4HDOubnJ8WMpNNr2qzUxOTU9M1uYK84vLC4tl1ZWL3WUKA51HslINXymQYoQ6ihQQiNWwAJfwpXfO878q1tQWkThBfZjaAXsOhQdwRkaySuduCBlJXXzm1IF7YGLXUA22L7foofUDdidd+Me0Czm3fwT9Eplu2rnoOPEGZIyGeLMKz277YgnAYTIJdO66dgxtlKmUHAJg6KbaIgZ77FraBoasgB0K81XD+imUdq0EylzQqS5+nMiZYHW/cA3yYBhV496mfiX10yws99KRRgnCCH/XtRJJMWIZtXRtlDAUfYNYVwJ81bKu0wxjqbgoinBGf3yOLncqTq71dp5rXxUG9ZRIOtkg1SIQ/bIETklZ6ROOHkgT+SVvFmP1ov1bn18Ryes4cwa+QXr8wvDJqkG</latexit>

`(✓, z) = max
j

`j(✓, z)

<latexit sha1_base64="IxrbsmMSaxGWOCxYuHQbUdD7Ju8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyFoJYBG8sI+YIkhL3NXLJk9+7YnRPDkcLGv2JjoYitP8LOf+Pmo9DEBwOP92aYmefHUhh03W8ns7G5tb2T3c3t7R8cHuWPT5omSjSHBo9kpNs+MyBFCA0UKKEda2DKl9Dyxzczv3UP2ogorOMkhp5iw1AEgjO0Uj9f6JogYErICe0iPKAfpPURRBpUadrPF92SOwddJ96SFMkStX7+qzuIeKIgRC6ZMR3PjbGXMo2CS5jmuomBmPExG0LH0pApML10/sSUnltlQINI2wqRztXfEylTxkyUbzsVw5FZ9Wbif14nweC6l4owThBCvlgUJJJiRGeJ0IHQwNEGMBCMa2FvpXzENONoc8vZELzVl9dJs1zyLkuVu3KxWlnGkSUFckYuiEeuSJXckhppEE4eyTN5JW/Ok/PivDsfi9aMs5w5JX/gfP4AN/yYbA==</latexit>

Theorem.

<latexit sha1_base64="jfW0eVrl9r5LTIShoh5BINiwJZA="></latexit>

inf �"+ 1
n

Pn
i=1 si

s.t. ✓ 2 ⇥, � 2 R+, si 2 R, ⇣ij 2 Rd, 8i, j
(�`j)⇤2(✓,�⇣ij) + ⇣>ijzi + �c⇤(⇣ij/�)  si, 8i, j

<latexit sha1_base64="g+usfzd0ocI9alI/2svwz7/GNu4="></latexit>

Let c be convex. Then the DRO problem has the same infimum as
efficiently 
computable 
s.t. reasonable 
assumptions 
(very active area)

16

<latexit sha1_base64="S3oGoOEcUv+j5A+LXPalmgdJCXI="></latexit>

inf
✓2⇥

sup
Q2 B"(Pn)

Ez⇠Q [`(✓, z)]
<latexit sha1_base64="wuQZYDBV+n/mFTvr1xg5vcjrcD4="></latexit>c

<latexit sha1_base64="3RoHHu675qYqLgNkuwEbW/QbGPA="></latexit>

)



Control

17



Decomposition of Dynamics

<latexit sha1_base64="ygWPfeC313R/lqfoj8nEntsjvbk=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIBaHMSFGXBTeCmwr2Am0ZMpnTNjSTGZJMsQzzCm58FTcuFHHrzp1vYzotoq0HAj/ff05O8nsRZ0rb9peVW1ldW9/Ibxa2tnd294r7B00VxpJCg4Y8lG2PKOBMQEMzzaEdSSCBx6Hlja6mfmsMUrFQ3OlJBL2ADATrM0q0QW6xfIOTbnZN4vEYUnzvjlJ8+gMl+CkeG+YWS3bFzgovC2cuSmhedbf42fVDGgcgNOVEqY5jR7qXEKkZ5ZAWurGCiNARGUDHSEECUL0k25riE0N83A+lOULjjP6eSEig1CTwTGdA9FAtelP4n9eJdf+ylzARxRoEnS3qxxzrEE/jwT6TQDWfGEGoZOatmA6JJFSbEAsmBGfxy8uieVZxzivV22qpVp3HkUdH6BiVkYMuUA1dozpqIIoe0BN6Qa/Wo/VsvVnvs9acNZ85RH/K+vgGrKedhw==</latexit>

Kxk + vk

<latexit sha1_base64="SV2brZnCPHD0E9kkAFl79+nn8/k="></latexit>

xk+1 = Axk +B uk + wk = (A+BK)k+1 x0 + Ck

2

664

v0
. . .
vk�1

vk

3

775+Dk

2

664

w0

. . .
wk�1

wk

3

775

<latexit sha1_base64="gZL4+CmLOMlHtE97yVPLwHW8SOM=">AAACAHicbVBNSwMxFMzWr1q/Vj148BIsghfLbinqseDFYwVbC+1S3mazbWg2WZKsUkov/hUvHhTx6s/w5r8xbfegrQOBYeY9XmbClDNtPO/bKaysrq1vFDdLW9s7u3vu/kFLy0wR2iSSS9UOQVPOBG0aZjhtp4pCEnJ6Hw6vp/79A1WaSXFnRikNEugLFjMCxko996ir4xgSxkc4zjjHSj6eKxDDnlv2Kt4MeJn4OSmjHI2e+9WNJMkSKgzhoHXH91ITjEEZRjidlLqZpimQIfRpx1IBCdXBeBZggk+tEuFYKvuEwTP198YYEq1HSWgnEzADvehNxf+8Tmbiq2DMRJoZKsj8kM2JjcTTNnDEFCXGho8YEMXsXzEZgAJibGclW4K/GHmZtKoV/6JSu62W67W8jiI6RifoDPnoEtXRDWqgJiJogp7RK3pznpwX5935mI8WnHznEP2B8/kDo5mWZQ==</latexit>

full row-rank

<latexit sha1_base64="ATC7kB0Sz5EmpyvoU28l+fdlICc=">AAACCXicbZDLSgMxFIYzXmu9VV26CRbBVZkpRcVVwY2Ci0qv0A4lk8m0oUlmSM4IpXTrxldx40IRt76BO9/G9LLQ1h8CP/+5hPMFieAGXPfbWVldW9/YzGxlt3d29/ZzB4cNE6easjqNRaxbATFMcMXqwEGwVqIZkYFgzWBwPak3H5g2PFY1GCbMl6SneMQpARt1c7hjoohILob4rnaLqxDTPjHAKa4ODTB51c3l3YI7FV423tzk0VyVbu6rE8Y0lUwBFcSYtucm4I+ItksFG2c7qWEJoQPSY21rFZHM+KPpJWN8apMQR7G2TwGepr8nRkQaM5SB7ZQE+maxNgn/q7VTiC79EVdJCkzR2UdRKjDEeIIFh1wzCpZCyAnVfALAgtCEgoWXtRC8xZOXTaNY8M4Lpftivlya48igY3SCzpCHLlAZ3aAKqiOKHtEzekVvzpPz4rw7H7PWFWc+c4T+yPn8AcmGmbg=</latexit>

LTI Stochastic System:

<latexit sha1_base64="4z74kWij8i6toGp/RrE5MZQqre0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiSlqLgquHFZoS9oQ5lMJu3QmSTMQyihCzf+ihsXirj1I9z5N07SLLT1wIXDOfdy7z1+wqhUjvNtlTY2t7Z3yruVvf2DwyP7+KQnYy0w6eKYxWLgI0kYjUhXUcXIIBEEcZ+Rvj+7zfz+AxGSxlFHzRPicTSJaEgxUkYa29WRDEPEKZvDjvYJDGPBNcvNm7Fdc+pODrhO3ILUQIH22P4aBTHWnEQKMyTl0HUS5aVIKIoZWVRGWpIE4RmakKGhEeJEemn+xAKeGyXI9puKFMzV3xMp4lLOuW86OVJTuepl4n/eUKvw2ktplGhFIrxcFGoGVQyzRGBABcHKBBBQhAU1t0I8RQJhZXKrmBDc1ZfXSa9Rdy/rzftGrdUs4iiDKjgDF8AFV6AF7kAbdAEGj+AZvII368l6sd6tj2VrySpmTsEfWJ8/xVuYIw==</latexit>

Tube formulation:
<latexit sha1_base64="AfHKvJobHciQD5ZBrH8IPlnp7LY=">AAACInicbZDLSgMxFIYzXmu9VV26CRZBEMqMFC8LoeDGZQV7gbaUTHrahmYyQ5IRx2GexY2v4saFoq4EH8bMtIhtPRD4+f5zcpLfDThT2ra/rIXFpeWV1dxafn1jc2u7sLNbV34oKdSoz33ZdIkCzgTUNNMcmoEE4rkcGu7oKvUbdyAV88WtjgLoeGQgWJ9Rog3qFi7idnZJ7PIQkvvuKMGXeIo9pOz4l9GIiAQM6xaKdsnOCs8LZyKKaFLVbuGj3fNp6IHQlBOlWo4d6E5MpGaUQ5JvhwoCQkdkAC0jBfFAdeJsa4IPDenhvi/NERpn9O9ETDylIs81nR7RQzXrpfA/rxXq/nknZiIINQg6XtQPOdY+TvPCPSaBah4ZQahk5q2YDokkVJtU8yYEZ/bL86J+UnJOS+WbcrFSnsSRQ/voAB0hB52hCrpGVVRDFD2iZ/SK3qwn68V6tz7HrQvWZGYPTZX1/QPtT6W5</latexit>

xk = zk + ek
<latexit sha1_base64="9hzio5lAbKObgIrt09H1emOt4ak="></latexit>

zk = nominal state, ek = error state

<latexit sha1_base64="P4g1NbVxObGaiRXTfyTdL9+FPo0=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswm4IKlYBLawkgnlAsoTZ2dlkyDyWmVlhCSls/BUbC0Vs/Qg7/8ZJsoUmHrhwOOde7r0nTBjVxvO+nZXVtfWNzcJWcXtnd2/fPThsaZkqTJpYMqk6IdKEUUGahhpGOokiiIeMtMPR1dRvPxClqRT3JktIwNFA0JhiZKzUd0s9HceIU5bBW8mpQAxeZ8IKWF/23bJX8WaAy8TPSRnkaPTdr14kccqJMJghrbu+l5hgjJShmJFJsZdqkiA8QgPStdSuIToYz56YwBOrRDCWypYwcKb+nhgjrnXGQ9vJkRnqRW8q/ud1UxNfBGMqktQQgeeL4pRBI+E0ERhRRbCxAUQUYUXtrRAPkULY2NyKNgR/8eVl0qpW/LNK7a5artfyOAqgBI7BKfDBOaiDG9AATYDBI3gGr+DNeXJenHfnY9664uQzR+APnM8fbKmX6Q==</latexit>

Nominal Dynamics:
<latexit sha1_base64="5zWECVxxAgRQ094V3Zvo64guhxM=">AAACM3icbZDLSgMxFIYz9VbrbdSlm2ARKoUyI0XdCFU3opsK9gJtKZn0tA3NXEgyhTrMO7nxRVwI4kIRt76D6bSIth4I/Hz/OTnJ7wScSWVZL0ZqYXFpeSW9mllb39jcMrd3qtIPBYUK9bkv6g6RwJkHFcUUh3oggLgOh5ozuBz7tSEIyXzvTo0CaLmk57Euo0Rp1Davo2ZySeTwEOL7djTI23GMz3DuPI8vbg7xnK9d7fxwAZ14mOC2mbUKVlJ4XthTkUXTKrfNp2bHp6ELnqKcSNmwrUC1IiIUoxziTDOUEBA6ID1oaOkRF2QrStbG+ECTDu76Qh9P4YT+noiIK+XIdXSnS1Rfznpj+J/XCFX3tBUxLwgVeHSyqBtyrHw8DhB3mACq+EgLQgXTb8W0TwShSsec0SHYs1+eF9Wjgn1cKN4Ws6XiNI402kP7KIdsdIJK6AqVUQVR9ICe0Rt6Nx6NV+PD+Jy0pozpzC76U8bXNxiBqzY=</latexit>

zk+1 = (A+BK)zk +Bvk
<latexit sha1_base64="vD1Khc06JGFABMJRR4soUu4lSZw=">AAACEnicbZDLSsNAFIZPvNZ6i7p0M1gE3ZREiroRCm5cVrAXaEOYTCft0MmFmYlYQ57Bja/ixoUibl25822cplnY1gMDP99/zpyZ34s5k8qyfoyl5ZXVtfXSRnlza3tn19zbb8koEYQ2ScQj0fGwpJyFtKmY4rQTC4oDj9O2N7qe+O17KiSLwjs1jqkT4EHIfEaw0sg1T9Nefknq8YRmj25qZRm6QjP0IaeuWbGqVl5oUdiFqEBRDdf87vUjkgQ0VIRjKbu2FSsnxUIxwmlW7iWSxpiM8IB2tQxxQKWT5nszdKxJH/mR0CdUKKd/J1IcSDkOPN0ZYDWU894E/ud1E+VfOikL40TRkEwX+QlHKkKTfFCfCUoUH2uBiWD6rYgMscBE6RTLOgR7/suLonVWtc+rtdtapV4r4ijBIRzBCdhwAXW4gQY0gcATvMAbvBvPxqvxYXxOW5eMYuYAZsr4+gX5ip7j</latexit>z0 = x0

<latexit sha1_base64="lropPlX/q8CN26bSOco3bh+u19c=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJWkFBVPBRU8VrCt0Iay2WzapZtN2N0IoRQv/hUvHhTx6q/w5r9x2+agrXN6894MM+/5CWdKO863VVhaXlldK66XNja3tnfs3b2WilNJaJPEPJb3PlaUM0GbmmlO7xNJceRz2vaHlxO9/UClYrG401lCvQj3BQsZwdpQPfugq8IQR4xn6FrKWKKrTJiWqIueXXYqzrTQInBzUIa8Gj37qxvEJI2o0IRjpTquk2hvhKVmhNNxqZsqmmAyxH3aMdCcocobTS2M0bFhAhSaB8JYaDRlf2+McKRUFvlmMsJ6oOa1Cfmf1kl1eO6NmEhSTQWZHQpTjnSMJnmggElKtLEfMEwkM78iMsASE21SK5kQ3HnLi6BVrbinldpttVyv5XEU4RCO4ARcOIM63EADmkDgEZ7hFd6sJ+vFerc+ZqMFK9/Zhz9lff4A5U+XEQ==</latexit>

Error Dynamics:

<latexit sha1_base64="yXAyZJr/YBS8V9KSzlbXrHvNRj8="></latexit>

ek+1 = Dk

2

664

w0

. . .
wk�1

wk

3

775
<latexit sha1_base64="tlcCl1vLx+vNDhOa2EO0oL3Mfyo=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEiroRCm5cVrAPaEOYTG/boZNJmJkIIWTjr7hxoYhbP8Odf+M0zUJbD1w4nHPv3LkniDlT2nG+rZXVtfWNzcpWdXtnd2/fPjjsqCiRFNo04pHsBUQBZwLammkOvVgCCQMO3WB6O/O7jyAVi8SDTmPwQjIWbMQo0Uby7eNsUDyS0ZSIHPzMyXN8gx3frjl1pwBeJm5JaqhEy7e/BsOIJiEITTlRqu86sfYyIjWjHPLqIFEQEzolY+gbKkgIysuK3Tk+M8oQjyJpSmhcqL8nMhIqlYaB6QyJnqhFbyb+5/UTPbr2MibiRIOg80WjhGMd4VkaeMgkUM1TQwiVzPwV0wmRhGqTWdWE4C6evEw6F3X3st64b9SajTKOCjpBp+gcuegKNdEdaqE2oihHz+gVvVlP1ov1bn3MW1escuYI/YH1+QNo2pY7</latexit>

e0 = 0
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Evolution of Decomposed of Dynamics: Nominal      +  Error
<latexit sha1_base64="xbV+9pO3eQmtPm6HhKr83s7h9Mg="></latexit>

Bc�D†
k

"

 
1

n

nX

i=1

�
(A+BK)k+1x0+Ckv[0:k]+Dk bw(i)

[0:k]

!
<latexit sha1_base64="kBz8mEPNMEaIua+bkT/5zFdj6zw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiRUUQCm5cVrQPaEOYTCft0MmDmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx4s5k8qyvo3Syura+kZ5s7K1vbO7Z+5XOzJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTW5yv/tIhWRR+KCmMXUCPAqZzwhWWnLN6iDAaux56N5NJ6d2hq6uXbNm1a0Z0DKxC1KDAi3X/BoMI5IENFSEYyn7thUrJ8VCMcJpVhkkksaYTPCI9jUNcUClk86yZ+hYK0PkR0K/UKGZ+nsjxYGU08DTk3lSuejl4n9eP1H+pZOyME4UDcn8kJ9wpCKUF4GGTFCi+FQTTATTWREZY4GJ0nVVdAn24peXSeesbp/XG3eNWrNR1FGGQziCE7DhAppwCy1oA4EneIZXeDMy48V4Nz7moyWj2DmAPzA+fwBWapNM</latexit>

Sk+1 :=

<latexit sha1_base64="NTs81QWMntz8PzuMxJ8eqrkLvpw=">AAACBXicbVDLSsNAFJ34rPUVdamLwSIIQkmkqMuCG5cV7APaECaTm3bo5MHMRKghGzf+ihsXirj1H9z5N07TLLT1wIXDOffOnXu8hDOpLOvbWFpeWV1br2xUN7e2d3bNvf2OjFNBoU1jHoueRyRwFkFbMcWhlwggoceh642vp373HoRkcXSnJgk4IRlGLGCUKC255tHAB66Imw2KtzKPp5A/uNn4zM5z16xZdasAXiR2SWqoRMs1vwZ+TNMQIkU5kbJvW4lyMiIUoxzy6iCVkBA6JkPoaxqREKSTFZtzfKIVHwex0BUpXKi/JzISSjkJPd0ZEjWS895U/M/rpyq4cjIWJamCiM4WBSnHKsbTSLDPBFDFJ5oQKpj+K6YjIghVOriqDsGeP3mRdM7r9kW9cduoNRtlHBV0iI7RKbLRJWqiG9RCbUTRI3pGr+jNeDJejHfjY9a6ZJQzB+gPjM8fgVqZLg==</latexit>

�zk+1

<latexit sha1_base64="LTO2KvHs6v7QW747eENU4GWbPCQ=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRS1GXBjcsK9gFNCJPJbTt0MgkzE6GGgBt/xY0LRdz6E+78G6dpFtp64MLhnHvnzj1BwqhUtv1tVFZW19Y3qpu1re2d3T1z/6Ar41QQ6JCYxaIfYAmMcugoqhj0EwE4Chj0gsn1zO/dg5A05ndqmoAX4RGnQ0qw0pJvHrkhMIX9zC3eygKWQv7gZ5M898263bALWMvEKUkdlWj75pcbxiSNgCvCsJQDx06Ul2GhKGGQ19xUQoLJBI9goCnHEUgvK/bm1qlWQmsYC11cWYX6eyLDkZTTKNCdEVZjuejNxP+8QaqGV15GeZIq4GS+aJgyS8XWLBArpAKIYlNNMBFU/9UiYywwUTq2mg7BWTx5mXTPG85Fo3nbrLeaZRxVdIxO0Bly0CVqoRvURh1E0CN6Rq/ozXgyXox342PeWjHKmUP0B8bnD5ZYmL4=</latexit>

�zk

<latexit sha1_base64="XVziT2hJ1zoQnfQSS8m7R6agyZc=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4sSRS1GXBjcsK9gFtCJPJTTt08mBmItSQjRt/xY0LRdz6D+78G6dpFtp64MLhnHvnzj1ewplUlvVtLC2vrK6tVzaqm1vbO7vm3n5Hxqmg0KYxj0XPIxI4i6CtmOLQSwSQ0OPQ9cbXU797D0KyOLpTkwSckAwjFjBKlJZc82jgA1fEzQbFW5nHU8gf3Gx8Zue5a9asulUALxK7JDVUouWaXwM/pmkIkaKcSNm3rUQ5GRGKUQ55dZBKSAgdkyH0NY1ICNLJis05PtGKj4NY6IoULtTfExkJpZyEnu4MiRrJeW8q/uf1UxVcORmLklRBRGeLgpRjFeNpJNhnAqjiE00IFUz/FdMREYQqHVxVh2DPn7xIOud1+6LeuG3Umo0yjgo6RMfoFNnoEjXRDWqhNqLoET2jV/RmPBkvxrvxMWtdMsqZA/QHxucPhGiZMA==</latexit>

�zk�1

<latexit sha1_base64="UkycVXA30mQJf6VQNB3eE1NKQDU="></latexit>

Bc�D†
k�2

"

 
1

n

nX

i=1

� be(i)k�1

!

<latexit sha1_base64="q/IhJOpIWAi3U6KAgLuJT2XnhXM="></latexit>

Bc�D†
k�1

"

 
1

n

nX

i=1

� be(i)k

!

<latexit sha1_base64="xLlJDwZXaBurwMn4iNP+I3bVzMs="></latexit>

Bc�D†
k

"

 
1

n

nX

i=1

� be(i)k+1

!

<latexit sha1_base64="zfS8EbbvEUlUfyZcdCrSiGPalok=">AAACIXicbVDLSsNAFJ34rPVVdelmsAqCUJJStMuCG3cqtCo0pUymN3Xo5MHMjVhCfsWNv+LGhSLuxJ9xmmahrQcGDufew7lzvFgKjbb9ZS0sLi2vrJbWyusbm1vblZ3dGx0likOHRzJSdx7TIEUIHRQo4S5WwAJPwq03Op/Mbx9AaRGFbRzH0AvYMBS+4AyN1K80Xe37LBByTC/b1PjEMBE4phqQRj49TN08I/VkAtljPx2dOFl2SIXuV6p2zc5B54lTkCopcNWvfLqDiCcBhMgl07rr2DH2UqZQcAlZ2U00xIyP2BC6hoYsAN1L8/SMHhllQP1ImRcizdXfjpQFWo8Dz2wGDO/17Gwi/jfrJug3e6kI4wQh5NMgP5EUIzqpiw6EAo6mnYFgXAlzK+X3TDGOptSyKcGZ/fI8uanXnNNa47pebTWKOkpknxyQY+KQM9IiF+SKdAgnT+SFvJF369l6tT6sz+nqglV49sgfWN8/dBOjpw==</latexit>

OT ambiguity set of xk+1 is

<latexit sha1_base64="xq0ID4IB6qYVdextWQznJzIrNVo=">AAACE3icbVBNSwMxEM36bf2qevQSrIIolN1S1KPgxWMFq0Jbymw6W0OT7JJkhWXpf/DiX/HiQRGvXrz5b0zbPWj1wcDjvZlM5oWJ4Mb6/pc3Mzs3v7C4tFxaWV1b3yhvbl2bONUMmywWsb4NwaDgCpuWW4G3iUaQocCbcHA+8m/uURseqyubJdiR0Fc84gysk7rlw7aJIpBcZNSATAQaGkd0rz1+OWcZqCF288FRMNzrlit+1R+D/iVBQSqkQKNb/mz3YpZKVJYJMKYV+Int5KAtZwKHpXZqMAE2gD62HFUg0XTy8eYh3XdKj0axdqUsHas/J3KQxmQydJ0S7J2Z9kbif14rtdFpJ+cqSS0qNlkUpYLamI4Coj2ukVmXR48D09z9lbI70MCsi7HkQgimT/5LrmvV4Lhav6xVzupFHEtkh+ySAxKQE3JGLkiDNAkjD+SJvJBX79F79t6890nrjFfMbJNf8D6+AdIFnhI=</latexit>

samples of ek+1

<latexit sha1_base64="XBJeVXh74MNo2oQZrAlb8mpsDDU=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjOlqMuCG1dSwT6gHUomk2lD8xiSjDAMBTf+ihsXirj1J9z5N6btLLT1QOBwzr3cnBMmjGrjed/Oyura+sZmaau8vbO7t+8eHLa1TBUmLSyZVN0QacKoIC1DDSPdRBHEQ0Y64fh66nceiNJUinuTJSTgaChoTDEyVhq4x30dx4hTlsFbyalADEaZsALWA7fiVb0Z4DLxC1IBBZoD96sfSZxyIgxmSOue7yUmyJEyFDMyKfdTTRKEx2hIepbaK0QH+SzDBJ5ZJYKxVPYJA2fq740cca0zHtpJjsxIL3pT8T+vl5r4KsipSFJDBJ4filMGjYTTQmBEFcHG5o8oworav0I8QgphY2sr2xL8xcjLpF2r+hfV+l2t0qgXdZTACTgF58AHl6ABbkATtAAGj+AZvII358l5cd6dj/noilPsHIE/cD5/ABbvl8U=</latexit>

Nominal dynamics
<latexit sha1_base64="hag3XYe/uNNnX6Q+hKf9w1yAGMQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIQpkpRV0W3LisYB8wHUomk2lDk8yQ3BHK0M9w40IRt36NO//GtJ2Fth4IHM65l9xzwlRwA6777ZQ2Nre2d8q7lb39g8Oj6vFJ1ySZpqxDE5HofkgME1yxDnAQrJ9qRmQoWC+c3M393hPThifqEaYpCyQZKR5zSsBK/sDEMZFcTPHVsFpz6+4CeJ14BamhAu1h9WsQJTSTTAEVxBjfc1MIcqKBU8FmlUFmWErohIyYb6kikpkgX5w8wxdWiXCcaPsU4IX6eyMn0pipDO2kJDA2q95c/M/zM4hvg5yrNAOm6PKjOBMYEjzPjyOuGQUbOOKEam5vxXRMNKFgW6rYErzVyOuk26h71/XmQ6PWahZ1lNEZOkeXyEM3qIXuURt1EEUJekav6M0B58V5dz6WoyWn2DlFf+B8/gDJIpDj</latexit>

+
<latexit sha1_base64="mB6exER8nKgUgTRKK+dNqM98Jj4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZJS1GVBBHdW6AvaUCaTSTt0JgkzN0Io3brxV9y4UMStf+DOv3HaZqGtZ3U45x7uvcdPBNfgON9WYW19Y3OruF3a2d3bP7APj9o6ThVlLRqLWHV9opngEWsBB8G6iWJE+oJ1/PH1zO88MKV5HDUhS5gnyTDiIacEjDSwcV+HIZFcZPhGqVjhuyY2aT5MOWRYMxjYZafizIFXiZuTMsrRGNhf/SCmqWQRUEG07rlOAt6EKOBUsGmpn2qWEDomQ9YzNCKSaW8y/2SKz4wS4NDcEcYR4Ln6OzEhUutM+mZSEhjpZW8m/uf1UgivvAmPkhRYRBeLwlRgiPGsFhxwxSiYFgJOqOLmVkxHRBEKprySKcFdfnmVtKsV96JSu6+W67W8jiI6QafoHLnoEtXRLWqgFqLoET2jV/RmPVkv1rv1sRgtWHnmGP2B9fkDBpyZ3w==</latexit>

Error OT ambiguity set

19

<latexit sha1_base64="uK5fLAx/2d86jkqVBXUrLPTy2TY="></latexit>zk+1
<latexit sha1_base64="0g7ljIyA8P3SyJRFybDY9amtWGw="></latexit>ek+1

<latexit sha1_base64="2gNVHEsPbLQhErTs9RmehnfCTys=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyyCIJREirosuHFZwT6gDWEyvW2HTiZhZiLUIeCvuHGhiFu/w51/4zTNQlsPXDicc+/cuSdMGJXKdb+t0srq2vpGebOytb2zu2fvH7RlnAoCLRKzWHRDLIFRDi1FFYNuIgBHIYNOOLmZ+Z0HEJLG/F5NE/AjPOJ0SAlWRgrsI93PH9EhSyF7DPTk3MuywK66NTeHs0y8glRRgWZgf/UHMUkj4IowLGXPcxPlaywUJQyySj+VkGAywSPoGcpxBNLX+ebMOTXKwBnGwhRXTq7+ntA4knIahaYzwmosF72Z+J/XS9Xw2teUJ6kCTuaLhilzVOzMsnAGVABRbGoIJoKavzpkjAUmyiRWMSF4iycvk/ZFzbus1e/q1Ua9iKOMjtEJOkMeukINdIuaqIUI0ugZvaI368l6sd6tj3lrySpmDtEfWJ8/B76WIw==</latexit>zk+1

<latexit sha1_base64="SKxR0s2QFbc06BjBN2/w5g64Wy8=">AAACG3icbVBNSwMxEM36bf2qevQSrIIilN0i6lHw4lHBqtCtZTY7a0Oz2SXJKiXs//DiX/HiQRFPggf/jWntwa8HA4/3ZpKZF+WCa+P7H97Y+MTk1PTMbGVufmFxqbq8cq6zQjFsskxk6jICjYJLbBpuBF7mCiGNBF5EvaOBf3GDSvNMnpl+ju0UriVPOAPjpE61EeokgZSLPt2w4fA9y/ogy/CWx9gFY7Hs2N5OUF7ZLb5dlhu0U635dX8I+pcEI1IjI5x0qm9hnLEiRWmYAK1bgZ+btgVlOBNYVsJCYw6sB9fYclRCirpth7uUdNMpMU0y5UoaOlS/T1hIte6nketMwXT1b28g/ue1CpMctC2XeWFQsq+PkkJQk9FBUDTmCplxucQcmOJuV8q6oIAZF2fFhRD8PvkvOW/Ug7367mmjdrg7imOGrJF1skUCsk8OyTE5IU3CyB15IE/k2bv3Hr0X7/WrdcwbzaySH/DePwGpu6G6</latexit>

be(i)k+1
<latexit sha1_base64="3RoHHu675qYqLgNkuwEbW/QbGPA="></latexit>

)
<latexit sha1_base64="3RoHHu675qYqLgNkuwEbW/QbGPA="></latexit>

)



Wasserstein Tube MPC

<latexit sha1_base64="Vij8UI0HFzmD+1C8H7FFhW2fdWI="></latexit>

min
PN�1

t=0

�
kzk|tk2Q + kvk|tk2R

�

s.t. vk|t, zk|t

zk+1|t = (A+BK)zk|t +Bvk|t

Kzk|t + vk|t 2 U  KEk

supQ2Sk CVaR
Q �

maxj a>j xk|t + bj
�
 0

zN |t 2 Zf

z0|t = xt

<latexit sha1_base64="JXpVC6/bjxnLl8ip04V0VSyDqDw=">AAACA3icbVC7SgNBFJ2Nrxhfq3baDAbBxrAbgopVII2NECEvyC5hdjKbDJl9MHNXDEvAxl+xsVDE1p+w82+cJFto4oGBwzn3cuccLxZcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2NalO/fc+k4lHYgHHM3IAMQu5zSkBLPfPIUb5PAi7G2AH2AJ6fthvnt/Xa9aRnFq2SNQNeJnZGiihDvWd+Of2IJgELgQqiVNe2YnBTIoFTwSYFJ1EsJnREBqyraUgCptx0lmGCT7XSx34k9QsBz9TfGykJlBoHnp4MCAzVojcV//O6CfhXbsrDOAEW0vkhPxEYIjwtBPe5ZBR0/j4nVHL9V0yHRBIKuraCLsFejLxMWuWSfVGq3JWL1UpWRx4doxN0hmx0iaroBtVRE1H0iJ7RK3oznowX4934mI/mjGznEP2B8fkDaUyXUg==</latexit>

WT-MPC:

<latexit sha1_base64="iwxdigCnHss2VSRVSrZFmScqqac=">AAACD3icbVDLSgMxFM34rPVVdekmWBRXZaYUdVlw47KifUBbSiZzpw3NY0gyxVL6B278FTcuFHHr1p1/Y/pYaOuBwOGce5OcEyacGev7397K6tr6xmZmK7u9s7u3nzs4rBmVagpVqrjSjZAY4ExC1TLLoZFoICLkUA/71xO/PgBtmJL3dphAW5CuZDGjxDqpkztrmTgmgvEhvgOLVYypkgN4wBFY0IJJ9wVGcSeX9wv+FHiZBHOSR3NUOrmvVqRoKkBayokxzcBPbHtEtLuNwzjbSg0khPZJF5qOSiLAtEfTPGN86pQIx0q7Iy2eqr83RkQYMxShmxTE9syiNxH/85qpja/aIyaT1IKks4filGOr8KQcHDEN1LouIkaoZpPktEc0oa4Lk3UlBIuRl0mtWAguCqXbYr5cmteRQcfoBJ2jAF2iMrpBFVRFFD2iZ/SK3rwn78V79z5moyvefOcI/YH3+QPVvpx/</latexit>

Set of convex deterministic
<latexit sha1_base64="4VIZ/Xc7VtAyi6GVzxa07wmx5IE=">AAACGXicbVDLTgIxFO34RHyhLt00gokrMkOIuiRx4xITeSRASKd0oKHTTto7JjjOb7jxV9y40BiXuvJvLAMLBU9yk5Nz7u3tPX4kuAHX/XZWVtfWNzZzW/ntnd29/cLBYdOoWFPWoEoo3faJYYJL1gAOgrUjzUjoC9byx1dTv3XHtOFK3sIkYr2QDCUPOCVgpX7B7ZogICEXE0yVNKAJl2CwkriUdLPnE1/ELL3vJ+MHSNNSv1B0y24GvEy8OSmiOer9wmd3oGgcMglUEGM6nhtBLyEaOBUszXdjwyJCx2TIOpZKEjLTS7LVKT61ygAHStuSgDP190RCQmMmoW87QwIjs+hNxf+8TgzBZS/hMoqBSTpbFMQCg8LTmPCAa0bBpjLghGpu/4rpiGhCwYaZtyF4iycvk2al7J2XqzeVYq06jyOHjtEJOkMeukA1dI3qqIEoekTP6BW9OU/Oi/PufMxaV5z5zBH6A+frB1Crobc=</latexit>

constraints on zk|t

th

Theorem (informal). • the optimal control problem is efficiently solvable, 

• the receding-horizon implementation is recursively feasible 

under appropriate assumptions on      & constraint tightening,  
<latexit sha1_base64="BE+kcQivDBeDMiB8bUHPOTssb6U="></latexit>Zf

<latexit sha1_base64="4H3bNdlB/cm8GVulqUMb7U42Eo0="></latexit>

�

20

• … and closed-loop stability is still open ☺



Wasserstein Tube MPC

21

robust tube vs  

Wasserstein tube 



Summary

<latexit sha1_base64="qpI8/ISO+KqNL6uAXeH4IIoOvII="></latexit>

Aolaritei, Lanzetti, Chen, Dörfler, Uncertainty Propagation via Optimal
<latexit sha1_base64="R2BRef5byOTkmqPY0av6fxDx/ZA=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBSSLg7RC0jNpYR8wXJEfY2e8mS3b1jd04IIX/Bxr9iY6GIrZ2d/8ZNcoUmPhh4vDfDzLwwEdyA6347K6tr6xubua389s7u3n7h4LBh4lRTVqexiHUrJIYJrlgdOAjWSjQjMhSsGQ5vpn7zgWnDY1WDUcICSfqKR5wSsFK3UOqYKCKSixGuaaJMEmvA1zLk/ZTDCN8zMGfYd32/Wyi6ZXcGvEy8jBRRhmq38NXpxTSVTAEVxJi25yYQjIkGTgWb5DupYQmhQ9JnbUsVkcwE49lHE3xqlR6OYm1LAZ6pvyfGRBozkqHtlAQGZtGbiv957RSiq2DMVZICU3S+KEoFhhhP48E9rhkFm0aPE6q5vRXTAdGEgg0xb0PwFl9eJg2/7F2Uz+/8YqWUxZFDx+gElZCHLlEF3aIqqiOKHtEzekVvzpPz4rw7H/PWFSebOUJ/4Hz+ABC1nGg=</latexit>

Transport Ambiguity Sets, 2022
<latexit sha1_base64="tJOx0YRHb559M9RPYORPERkgICk="></latexit>

Aolaritei, Lanzetti, Dörfler, Capture, Propagate, and Control Distributional
<latexit sha1_base64="gu+WMtbEXi4BnExUGl8SR/6GYX8=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAYhhYS7KGoZsLGM4CWBJIS9zV6yZHfv2J0TjiOFjX/FxkIRW3+Enf/GzUehiQ8GHu/NMDMviAU34LrfTm5tfWNzK79d2Nnd2z8oHh41TZRoynwaiUi3A2KY4Ir5wEGwdqwZkYFgrWB8M/VbD0wbHql7SGPWk2SoeMgpASv1i6WuCUMiuUixryjTQLiC9AzX3Np5v1h2q+4MeJV4C1JGCzT6xa/uIKKJZAqoIMZ0PDeGXkY0cCrYpNBNDIsJHZMh61iqiGSml82emOBTqwxwGGlbCvBM/T2REWlMKgPbKQmMzLI3Ff/zOgmE172MqzgBpuh8UZgIDBGeJoIHXDMKNoABJ1RzeyumI6IJBZtbwYbgLb+8Spq1qndZvbirleuVRRx5VEInqII8dIXq6BY1kI8oekTP6BW9OU/Oi/PufMxbc85i5hj9gfP5A1RNlyY=</latexit>

Uncertainty, 2023

<latexit sha1_base64="5veQZyOQaGmdOV5P86G3pvYfop0="></latexit>

Shafieezadeh-Abadeh, Aolaritei, Dörfler, Kuhn, New Perspectives on
<latexit sha1_base64="HJAmmZ/jTeQVfGtE77PbAv01blc="></latexit>

Regularization and Computation in Optimal Transport-Based Distributionally
<latexit sha1_base64="K5XHzZVqI9x6odPxugNxoiUbeOs=">AAACBnicbVA9SwNBEN3zM8avqKUIi0FIFe6CqGXAxs4o5gOSI+zt7SVLdveO3TkhhlQ2/hUbC0Vs/Q12/hs3yRWa+GDg8d4MM/OCRHADrvvtLC2vrK6t5zbym1vbO7uFvf2GiVNNWZ3GItatgBgmuGJ14CBYK9GMyECwZjC4nPjNe6YNj9UdDBPmS9JTPOKUgJW6haOOiSIiuRji2zhIDeDrBLjkD5lfdMvuFHiReBkpogy1buGrE8Y0lUwBFcSYtucm4I+IBk4FG+c7qWEJoQPSY21LFZHM+KPpG2N8YpUQR7G2pQBP1d8TIyKNGcrAdkoCfTPvTcT/vHYK0YU/4ipJgSk6WxSlAkOMJ5ngkGtGwUYQckI1t7di2ieaULDJ5W0I3vzLi6RRKXtn5dObSrFayuLIoUN0jErIQ+eoiq5QDdURRY/oGb2iN+fJeXHenY9Z65KTzRygP3A+fwC425k3</latexit>

Robust Optimization
<latexit sha1_base64="1m2gDdCaecg1iNZX+BVQl3y5lU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahBylJFPVY8OKxgv2ANpTNZtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF6ScKe0431ZpY3Nre6e8W9nbPzg8so9P2irJJKEtkvBEdgOsKGcxbWmmOe2mkmIRcNoJxvdzvzOhUrEkftLTlPoCD2MWMYK1kQa23VdRhAXjU3SJPMe7GthVp+4sgNaJW5AqFGgO7K9+mJBM0FgTjpXquU6q/RxLzQins0o/UzTFZIyHtGdojAVVfr64fIYujBKiKJGmYo0W6u+JHAulpiIwnQLrkVr15uJ/Xi/T0Z2fszjNNI3JclGUcaQTNI8BhUxSos3XIcNEMnMrIiMsMdEmrIoJwV19eZ20vbp7U79+9KqNWhFHGc7gHGrgwi004AGa0AICE3iGV3izcuvFerc+lq0lq5g5hT+wPn8Aa8qSIg==</latexit>

, 2023

<latexit sha1_base64="mAOJgSYhbAT5F3jmzMI4zPFeg8U="></latexit>

Aolaritei, Fochesato, Lygeros, Dörfler, Wasserstein Tube MPC with Exact
<latexit sha1_base64="IGA1MKtqzsT31CNsapO/k4vc+0g=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSCmkLC7iloGbCwjmAckIdydzCZDZmeXmbtCCPkEG3/FxkIRW0s7/8bJo9DEAwOHc87lzj1BIoVB1/12Miura+sb2c3c1vbO7l5+/6Bm4lQzXmWxjHUjAMOlULyKAiVvJJpDFEheDwY3E7/+wLURsbrHYcLbEfSUCAUDtFInf9oyYQiRkENaVYxrBKFwSCs6TqA3zZxR3/XPO/mCW3KnoMvEm5MCmaPSyX+1ujFLI66QSTCm6bkJtkegUTDJx7lWangCbAA93rRUQcRNezQ9aExPrNKlYaztU0in6u+JEUTGDKPAJiPAvln0JuJ/XjPF8Lo9EipJkSs2WxSmkmJMJ+3QrtCcoS2jK4BpYf9KWR80MLQd5mwJ3uLJy6Tml7zL0sWdXygX53VkyRE5JkXikStSJrekQqqEkUfyTF7Jm/PkvDjvzscsmnHmM4fkD5zPH7TknEI=</latexit>

Uncertainty Propagation, 2023

•pitfalls of robust & stochastic uncertainty descriptions 

•OT ambiguity capturing of distributional uncertainty 

•propagation results in yet another OT ambiguity set 

• today’s application to control: Wasserstein tube MPC

22

<latexit sha1_base64="/+FRpYVTL/Q5DmLt2ZGqfvDazEI=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUmkqMuCG5cV7AOaUCbTaTt0MgkzEyGE4sZfceNCEbd+hTv/xkmahbYeGDicc19zgpgzpR3n21pZXVvf2KxsVbd3dvf27YPDjooSSWibRDySvQArypmgbc00p71YUhwGnHaD6U3udx+oVCwS9zqNqR/isWAjRrA20sA+zrxiSEZSLGZeiPUkCFBrIGYDu+bUnQJombglqUGJ1sD+8oYRSUIqNOFYqb7rxNrPsNSMcDqreomiMSZTPKZ9QwUOqfKzYvsMnRlliEaRNE9oVKi/OzIcKpWGganMb1SLXi7+5/UTPbr2MybiRFNB5otGCUc6QnkeaMgkJZqnhmAimbkVkQmWmGiTWtWE4C5+eZl0LuruZb1x16g1G2UcFTiBUzgHF66gCbfQgjYQeIRneIU368l6sd6tj3npilX2HMEfWJ8/8cqXvQ==</latexit>

Pn

<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>" <latexit sha1_base64="GUD9jfdS/NnObjoPykcSdja/fbk=">AAACIHicbVDNS8MwHE39nPNr6tFLcAjzMloZTgRh6MXjBPcBay1plm1haVqSdFBK/xQv/itePCiiN/1rTLcKuvkg8Hjv/ZJfnhcyKpVpfhpLyyura+uFjeLm1vbObmlvvy2DSGDSwgELRNdDkjDKSUtRxUg3FAT5HiMdb3yd+Z0JEZIG/E7FIXF8NOR0QDFSWnJLddtHauR58MpN7AkSJJSUBTy9x5XEnl6f4Bjx9CfWdHl6Ai8u3VLZrJpTwEVi5aQMcjTd0ofdD3DkE64wQ1L2LDNUToKEopiRtGhHkoQIj9GQ9DTlyCfSSaYbpPBYK304CIQ+XMGp+nsiQb6Use/pZLannPcy8T+vF6nBuZNQHkaKcDx7aBAxqAKYtQX7VBCsWKwJwoLqXSEeIYGw0p0WdQnW/JcXSfu0ap1Va7e1cqOW11EAh+AIVIAF6qABbkATtAAGD+AJvIBX49F4Nt6M91l0ychnDsAfGF/fd8mjtA==</latexit>

Bc
"(Pn) :=

<latexit sha1_base64="PCs2Ar7mF03MsgdPaaZz5xYetx4="></latexit>

f#Bc
"(Pn) =

Bc�f�1

" (f#Pn)

<latexit sha1_base64="k1AtdIimUWBqygfvFGKKOZEHPFk=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8lUSKeix48VjBfkAaymY7aZdudsPupFBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb9LxvZ2Nza3tnt7RX3j84PDqunJy2jco0gxZTQuluRA0ILqGFHAV0Uw00iQR0ovH93O9MQBuu5BNOUwgTOpQ85oyilYLehGpIDRdK9itVr+Yt4K4TvyBVUqDZr3z1BoplCUhkghoT+F6KYU41ciZgVu5lBlLKxnQIgaWSJmDCfHHyzL20ysCNlbYl0V2ovydymhgzTSLbmVAcmVVvLv7nBRnGd2HOZZohSLZcFGfCReXO/3cHXANDMbWEMs3trS4bUU0Z2pTKNgR/9eV10r6u+Te1+mO92qgXcZTIObkgV8Qnt6RBHkiTtAgjijyTV/LmoPPivDsfy9YNp5g5I3/gfP4AuIeRgg==</latexit>"

<latexit sha1_base64="sjlPuQ12qw6GUmCDlxYS0CfJcIU=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokUdVlw47KCfUAbwmQ6bYdOJmFmIsQQf8WNC0Xc+iHu/BunaRbaeuDC4Zx75849QcyZ0o7zba2tb2xubVd2qrt7+weH9tFxV0WJJLRDIh7JfoAV5UzQjmaa034sKQ4DTnvB7Gbu9x6oVCwS9zqNqRfiiWBjRrA2km/XsmxYvJKRFIv80Xfz3LfrTsMpgFaJW5I6lGj79tdwFJEkpEITjpUauE6svQxLzQineXWYKBpjMsMTOjBU4JAqLyvW5ujMKCM0jqQpoVGh/p7IcKhUGgamM8R6qpa9ufifN0j0+NrLmIgTTQVZLBonHOkIzZNAIyYp0Tw1BBPJzF8RmWKJiTZ5VU0I7vLJq6R70XAvG827Zr3VLOOowAmcwjm4cAUtuIU2dIBACs/wCm/Wk/VivVsfi9Y1q5ypwR9Ynz/PZJV8</latexit>z1

<latexit sha1_base64="r1rPK4D6ooSH9Lkti/dEyALfk9o=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiSlqMuCG5cV7APaECbTSTt0MgkzEyGG+CtuXCji1g9x5984TbPQ1gMXDufcO3fu8WNGpbLtb6Oysbm1vVPdre3tHxwemccnfRklApMejlgkhj6ShFFOeooqRoaxICj0GRn485uFP3ggQtKI36s0Jm6IppwGFCOlJc+sZ9m4eCXDKeL5o9fKc89s2E27gLVOnJI0oETXM7/GkwgnIeEKMyTlyLFj5WZIKIoZyWvjRJIY4TmakpGmHIVEulmxNrfOtTKxgkjo4soq1N8TGQqlTENfd4ZIzeSqtxD/80aJCq7djPI4UYTj5aIgYZaKrEUS1oQKghVLNUFYUP1XC8+QQFjpvGo6BGf15HXSbzWdy2b7rt3otMs4qnAKZ3ABDlxBB26hCz3AkMIzvMKb8WS8GO/Gx7K1YpQzdfgD4/MH0OqVfQ==</latexit>z2
<latexit sha1_base64="Xpi8enVimMC1uI6NqNsyZodaZlQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokUdVlw47KCfUAbwmQ6bYdOJmFmIsQQf8WNC0Xc+iHu/BunaRbaeuDC4Zx75849QcyZ0o7zba2tb2xubVd2qrt7+weH9tFxV0WJJLRDIh7JfoAV5UzQjmaa034sKQ4DTnvB7Gbu9x6oVCwS9zqNqRfiiWBjRrA2km/XsmxYvJKRFIv80Rd57tt1p+EUQKvELUkdSrR9+2s4ikgSUqEJx0oNXCfWXoalZoTTvDpMFI0xmeEJHRgqcEiVlxVrc3RmlBEaR9KU0KhQf09kOFQqDQPTGWI9VcveXPzPGyR6fO1lTMSJpoIsFo0TjnSE5kmgEZOUaJ4agolk5q+ITLHERJu8qiYEd/nkVdK9aLiXjeZds95qlnFU4ARO4RxcuIIW3EIbOkAghWd4hTfryXqx3q2PReuaVc7U4A+szx8sYZW5</latexit>zn

<latexit sha1_base64="kPiweoemMIy1foxf2AT3pE7hZjM="></latexit>

sample distribution Pn

<latexit sha1_base64="RI3SrSWrgNIM/oUPTZsCun1gEM0="></latexit>

true distribution P?

<latexit sha1_base64="N/vn0U4LNSeUxJfvcvfYcLYsd7o="></latexit>

ambiguity set

<latexit sha1_base64="27Z3oOrFCnQdYK+XpniGpM8NSIw="></latexit>

f#Pn

Conclusions: better uncertainty model

•parametrizable from data  

• strong statistical properties 

•efficiently computable

•expressive: space & likelihood 

•closure under propagation 

• robust to distribution shift


