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Time Series Prediction … at Amazon
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Time Series Prediction … at Amazon

• Predict demand for each product available at Amazon 
• Problem 

• How many items to order 
• Where to order 
• When to mark down (ugly sweaters after Christmas)



Forecasting

Estimate future observations (univariate case) 

Make optimal decisions 
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But in reality …



Two old ideas

• Model each time series 
locally and individually 

• Easy to add more 
• Simple models 
• Doesn’t work so well
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• Model all time series 
jointly and globally 
• Works better 
• Impossible to add more 
• Complex model



… make a good one

• Local model 
• Reads from global model 
• Updates local state 

• Theorem (deFinetti for time series) 
For an exchangeable distribution over time series the 
joint distribution can be written as a local/global model. 

• Corresponding result for trees, too (via Tree-deFinetti)

• Global model 
• Nonlinear backbone 
• Nonparametric
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• Global model 
• Nonlinear backbone 
• Nonparametric 

• Local model 
• Reads from global model 
• Updates local state 

• Works well in practice
gt

<latexit sha1_base64="kGxemds1i3jHw+SVyvcT13w6W7o=">AAAB/XicbVBNS8NAEJ34WetX1aOXYBE8lUQE9Vb04rGCsYU2lM122y7d3YTdiVBCwd/gVc+exKu/xaP/xE2bg219MPB4b4aZeVEiuEHP+3ZWVtfWNzZLW+Xtnd29/crB4aOJU01ZQGMR61ZEDBNcsQA5CtZKNCMyEqwZjW5zv/nEtOGxesBxwkJJBor3OSVopVYnktmgi5NuperVvCncZeIXpAoFGt3KT6cX01QyhVQQY9q+l2CYEY2cCjYpd1LDEkJHZMDalioimQmz6b0T99QqPbcfa1sK3an6dyIj0pixjGynJDg0i14u/ue1U+xfhRlXSYpM0dmifipcjN38ebfHNaMoxpYQqrm91aVDoglFG9HclkjmmfiLCSyT4Lx2XfPvL6r1myKcEhzDCZyBD5dQhztoQAAUBLzAK7w5z8678+F8zlpXnGLmCObgfP0CjVWWkQ==</latexit><latexit sha1_base64="kGxemds1i3jHw+SVyvcT13w6W7o=">AAAB/XicbVBNS8NAEJ34WetX1aOXYBE8lUQE9Vb04rGCsYU2lM122y7d3YTdiVBCwd/gVc+exKu/xaP/xE2bg219MPB4b4aZeVEiuEHP+3ZWVtfWNzZLW+Xtnd29/crB4aOJU01ZQGMR61ZEDBNcsQA5CtZKNCMyEqwZjW5zv/nEtOGxesBxwkJJBor3OSVopVYnktmgi5NuperVvCncZeIXpAoFGt3KT6cX01QyhVQQY9q+l2CYEY2cCjYpd1LDEkJHZMDalioimQmz6b0T99QqPbcfa1sK3an6dyIj0pixjGynJDg0i14u/ue1U+xfhRlXSYpM0dmifipcjN38ebfHNaMoxpYQqrm91aVDoglFG9HclkjmmfiLCSyT4Lx2XfPvL6r1myKcEhzDCZyBD5dQhztoQAAUBLzAK7w5z8678+F8zlpXnGLmCObgfP0CjVWWkQ==</latexit><latexit sha1_base64="kGxemds1i3jHw+SVyvcT13w6W7o=">AAAB/XicbVBNS8NAEJ34WetX1aOXYBE8lUQE9Vb04rGCsYU2lM122y7d3YTdiVBCwd/gVc+exKu/xaP/xE2bg219MPB4b4aZeVEiuEHP+3ZWVtfWNzZLW+Xtnd29/crB4aOJU01ZQGMR61ZEDBNcsQA5CtZKNCMyEqwZjW5zv/nEtOGxesBxwkJJBor3OSVopVYnktmgi5NuperVvCncZeIXpAoFGt3KT6cX01QyhVQQY9q+l2CYEY2cCjYpd1LDEkJHZMDalioimQmz6b0T99QqPbcfa1sK3an6dyIj0pixjGynJDg0i14u/ue1U+xfhRlXSYpM0dmifipcjN38ebfHNaMoxpYQqrm91aVDoglFG9HclkjmmfiLCSyT4Lx2XfPvL6r1myKcEhzDCZyBD5dQhztoQAAUBLzAK7w5z8678+F8zlpXnGLmCObgfP0CjVWWkQ==</latexit><latexit sha1_base64="kGxemds1i3jHw+SVyvcT13w6W7o=">AAAB/XicbVBNS8NAEJ34WetX1aOXYBE8lUQE9Vb04rGCsYU2lM122y7d3YTdiVBCwd/gVc+exKu/xaP/xE2bg219MPB4b4aZeVEiuEHP+3ZWVtfWNzZLW+Xtnd29/crB4aOJU01ZQGMR61ZEDBNcsQA5CtZKNCMyEqwZjW5zv/nEtOGxesBxwkJJBor3OSVopVYnktmgi5NuperVvCncZeIXpAoFGt3KT6cX01QyhVQQY9q+l2CYEY2cCjYpd1LDEkJHZMDalioimQmz6b0T99QqPbcfa1sK3an6dyIj0pixjGynJDg0i14u/ue1U+xfhRlXSYpM0dmifipcjN38ebfHNaMoxpYQqrm91aVDoglFG9HclkjmmfiLCSyT4Lx2XfPvL6r1myKcEhzDCZyBD5dQhztoQAAUBLzAK7w5z8678+F8zlpXnGLmCObgfP0CjVWWkQ==</latexit>

xi,t
<latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="uZlOqMRjWdM02TC2139GVFSV464=">AAAB53icbZDNSgMxFIXv1L9aq9a1m2ARXJUZN+pOcOOygmML7VAymTttaJIZkkylDH0Bt65diQ/l0jcx/VnY1gOBwzkJ9+aLc8GN9f1vr7Kzu7d/UD2sHdVrxyenjfqLyQrNMGSZyHQ3pgYFVxhabgV2c41UxgI78fhh3ncmqA3P1LOd5hhJOlQ85YxaF7UHjabf8hci2yZYmSasNGj89JOMFRKVZYIa0wv83EYl1ZYzgbNavzCYUzamQ+w5q6hEE5WLNWfk0iUJSTPtjrJkkf59UVJpzFTG7qakdmQ2u3n4X9crbHoblVzlhUXFloPSQhCbkfmfScI1MiumzlCmuduVsBHVlFlHZm1KLGcOSbAJYNuE1627VvDkQxXO4QKuIIAbuIdHaEMIDBJ4g3fv1fvwPpfkKt4K4Rmsyfv6Beg9kJQ=</latexit><latexit sha1_base64="GEPuo4mN3dMcBGUHv9/gyy8szxQ=">AAAB9nicbZDNSsNAFIVv/K21anXrZrAILqQkbtSd4MZlBWMLbSiT6aQdOpOEmRuxhOx8Bre6diW+jUvfxEnbhW09cOFwzgz38oWpFAZd99tZW9/Y3Nqu7FR3a3v7B/XD2qNJMs24zxKZ6E5IDZci5j4KlLyTak5VKHk7HN+WffuJayOS+AEnKQ8UHcYiEoyijXq9UOXP/VycY1H06w236U5FVo03Nw2Yq9Wv//QGCcsUj5FJakzXc1MMcqpRMMmLai8zPKVsTIe8a21MFTdBPr25IKc2GZAo0XZiJNP074+cKmMmKrQvFcWRWe7K8L+um2F0FeQiTjPkMZstijJJMCElADIQmjOUE2so08LeStiIasrQYlrYEqqSibdMYNX4F83rpnfvQgWO4QTOwINLuIE7aIEPDFJ4hTd4d16cD+dzBm/NmVM8ggU5X78sWpbr</latexit><latexit sha1_base64="GEPuo4mN3dMcBGUHv9/gyy8szxQ=">AAAB9nicbZDNSsNAFIVv/K21anXrZrAILqQkbtSd4MZlBWMLbSiT6aQdOpOEmRuxhOx8Bre6diW+jUvfxEnbhW09cOFwzgz38oWpFAZd99tZW9/Y3Nqu7FR3a3v7B/XD2qNJMs24zxKZ6E5IDZci5j4KlLyTak5VKHk7HN+WffuJayOS+AEnKQ8UHcYiEoyijXq9UOXP/VycY1H06w236U5FVo03Nw2Yq9Wv//QGCcsUj5FJakzXc1MMcqpRMMmLai8zPKVsTIe8a21MFTdBPr25IKc2GZAo0XZiJNP074+cKmMmKrQvFcWRWe7K8L+um2F0FeQiTjPkMZstijJJMCElADIQmjOUE2so08LeStiIasrQYlrYEqqSibdMYNX4F83rpnfvQgWO4QTOwINLuIE7aIEPDFJ4hTd4d16cD+dzBm/NmVM8ggU5X78sWpbr</latexit><latexit sha1_base64="Fxdf0xqV2Ur+2BnCN54DyOz9qis=">AAACAXicbVBNS8NAFHypX7V+VT16CRbBg5TEi3orevFYwdhCE8pmu2mX7m7C7kYsITd/g1c9exKv/hKP/hM3bQ62deDBMPMe85gwYVRpx/m2Kiura+sb1c3a1vbO7l59/+BBxanExMMxi2U3RIowKoinqWakm0iCeMhIJxzfFH7nkUhFY3GvJwkJOBoKGlGMtJF8P+TZUz+jZzrP+/WG03SmsJeJW5IGlGj36z/+IMYpJ0JjhpTquU6igwxJTTEjec1PFUkQHqMh6RkqECcqyKY/5/aJUQZ2FEszQttT9e9FhrhSEx6aTY70SC16hfif10t1dBlkVCSpJgLPgqKU2Tq2iwLsAZUEazYxBGFJza82HiGJsDY1zaWEvOjEXWxgmXjnzaume+c0WtdlOVU4gmM4BRcuoAW30AYPMCTwAq/wZj1b79aH9TlbrVjlzSHMwfr6BboRmFM=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit>

ri,t
<latexit sha1_base64="wUtthi1D0lvcMlAdPUtcjikmpQ0=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCBymJCOqt6MVjBWMLTSib7aZdupuE3Y1QQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBwpnStv1tVVZW19Y3qpu1re2d3b36/sGjilNJqEtiHstugBXlLKKuZprTbiIpFgGnnWB8W/idJyoVi6MHPUmoL/AwYiEjWBvJ8wKRybyfsTOd9+sNu2lPgZaJU5IGlGj36z/eICapoJEmHCvVc+xE+xmWmhFO85qXKppgMsZD2jM0woIqP5v+nKMTowxQGEszkUZT9e9FhoVSExGYTYH1SC16hfif10t1eOVnLEpSTSMyCwpTjnSMigLQgElKNJ8Ygolk5ldERlhiok1NcymBKDpxFhtYJu5587rp3F80WjdlOVU4gmM4BQcuoQV30AYXCCTwAq/wZj1b79aH9TlbrVjlzSHMwfr6BbJJmFE=</latexit><latexit sha1_base64="wUtthi1D0lvcMlAdPUtcjikmpQ0=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCBymJCOqt6MVjBWMLTSib7aZdupuE3Y1QQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBwpnStv1tVVZW19Y3qpu1re2d3b36/sGjilNJqEtiHstugBXlLKKuZprTbiIpFgGnnWB8W/idJyoVi6MHPUmoL/AwYiEjWBvJ8wKRybyfsTOd9+sNu2lPgZaJU5IGlGj36z/eICapoJEmHCvVc+xE+xmWmhFO85qXKppgMsZD2jM0woIqP5v+nKMTowxQGEszkUZT9e9FhoVSExGYTYH1SC16hfif10t1eOVnLEpSTSMyCwpTjnSMigLQgElKNJ8Ygolk5ldERlhiok1NcymBKDpxFhtYJu5587rp3F80WjdlOVU4gmM4BQcuoQV30AYXCCTwAq/wZj1b79aH9TlbrVjlzSHMwfr6BbJJmFE=</latexit><latexit sha1_base64="wUtthi1D0lvcMlAdPUtcjikmpQ0=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCBymJCOqt6MVjBWMLTSib7aZdupuE3Y1QQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBwpnStv1tVVZW19Y3qpu1re2d3b36/sGjilNJqEtiHstugBXlLKKuZprTbiIpFgGnnWB8W/idJyoVi6MHPUmoL/AwYiEjWBvJ8wKRybyfsTOd9+sNu2lPgZaJU5IGlGj36z/eICapoJEmHCvVc+xE+xmWmhFO85qXKppgMsZD2jM0woIqP5v+nKMTowxQGEszkUZT9e9FhoVSExGYTYH1SC16hfif10t1eOVnLEpSTSMyCwpTjnSMigLQgElKNJ8Ygolk5ldERlhiok1NcymBKDpxFhtYJu5587rp3F80WjdlOVU4gmM4BQcuoQV30AYXCCTwAq/wZj1b79aH9TlbrVjlzSHMwfr6BbJJmFE=</latexit><latexit sha1_base64="wUtthi1D0lvcMlAdPUtcjikmpQ0=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCBymJCOqt6MVjBWMLTSib7aZdupuE3Y1QQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBwpnStv1tVVZW19Y3qpu1re2d3b36/sGjilNJqEtiHstugBXlLKKuZprTbiIpFgGnnWB8W/idJyoVi6MHPUmoL/AwYiEjWBvJ8wKRybyfsTOd9+sNu2lPgZaJU5IGlGj36z/eICapoJEmHCvVc+xE+xmWmhFO85qXKppgMsZD2jM0woIqP5v+nKMTowxQGEszkUZT9e9FhoVSExGYTYH1SC16hfif10t1eOVnLEpSTSMyCwpTjnSMigLQgElKNJ8Ygolk5ldERlhiok1NcymBKDpxFhtYJu5587rp3F80WjdlOVU4gmM4BQcuoQV30AYXCCTwAq/wZj1b79aH9TlbrVjlzSHMwfr6BbJJmFE=</latexit>

ui,t
<latexit sha1_base64="LAOmWBk4eBeNjZz6iPmmi6suudo=">AAACAXicbVBNS8NAFNzUr1q/qh69LBbBg5REBPVW9OKxgrGFJpTNdtMu3U3C7otQQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBIrgG2/62Kiura+sb1c3a1vbO7l59/+BRx6mizKWxiFU3IJoJHjEXOAjWTRQjMhCsE4xvC7/zxJTmcfQAk4T5kgwjHnJKwEieF8gszfsZP4O8X2/YTXsKvEyckjRQiXa//uMNYppKFgEVROueYyfgZ0QBp4LlNS/VLCF0TIasZ2hEJNN+Nv05xydGGeAwVmYiwFP170VGpNYTGZhNSWCkF71C/M/rpRBe+RmPkhRYRGdBYSowxLgoAA+4YhTExBBCFTe/YjoiilAwNc2lBLLoxFlsYJm4583rpnN/0WjdlOVU0RE6RqfIQZeohe5QG7mIogS9oFf0Zj1b79aH9TlbrVjlzSGag/X1C7cUmFQ=</latexit><latexit sha1_base64="LAOmWBk4eBeNjZz6iPmmi6suudo=">AAACAXicbVBNS8NAFNzUr1q/qh69LBbBg5REBPVW9OKxgrGFJpTNdtMu3U3C7otQQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBIrgG2/62Kiura+sb1c3a1vbO7l59/+BRx6mizKWxiFU3IJoJHjEXOAjWTRQjMhCsE4xvC7/zxJTmcfQAk4T5kgwjHnJKwEieF8gszfsZP4O8X2/YTXsKvEyckjRQiXa//uMNYppKFgEVROueYyfgZ0QBp4LlNS/VLCF0TIasZ2hEJNN+Nv05xydGGeAwVmYiwFP170VGpNYTGZhNSWCkF71C/M/rpRBe+RmPkhRYRGdBYSowxLgoAA+4YhTExBBCFTe/YjoiilAwNc2lBLLoxFlsYJm4583rpnN/0WjdlOVU0RE6RqfIQZeohe5QG7mIogS9oFf0Zj1b79aH9TlbrVjlzSGag/X1C7cUmFQ=</latexit><latexit sha1_base64="LAOmWBk4eBeNjZz6iPmmi6suudo=">AAACAXicbVBNS8NAFNzUr1q/qh69LBbBg5REBPVW9OKxgrGFJpTNdtMu3U3C7otQQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBIrgG2/62Kiura+sb1c3a1vbO7l59/+BRx6mizKWxiFU3IJoJHjEXOAjWTRQjMhCsE4xvC7/zxJTmcfQAk4T5kgwjHnJKwEieF8gszfsZP4O8X2/YTXsKvEyckjRQiXa//uMNYppKFgEVROueYyfgZ0QBp4LlNS/VLCF0TIasZ2hEJNN+Nv05xydGGeAwVmYiwFP170VGpNYTGZhNSWCkF71C/M/rpRBe+RmPkhRYRGdBYSowxLgoAA+4YhTExBBCFTe/YjoiilAwNc2lBLLoxFlsYJm4583rpnN/0WjdlOVU0RE6RqfIQZeohe5QG7mIogS9oFf0Zj1b79aH9TlbrVjlzSGag/X1C7cUmFQ=</latexit><latexit sha1_base64="LAOmWBk4eBeNjZz6iPmmi6suudo=">AAACAXicbVBNS8NAFNzUr1q/qh69LBbBg5REBPVW9OKxgrGFJpTNdtMu3U3C7otQQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBIrgG2/62Kiura+sb1c3a1vbO7l59/+BRx6mizKWxiFU3IJoJHjEXOAjWTRQjMhCsE4xvC7/zxJTmcfQAk4T5kgwjHnJKwEieF8gszfsZP4O8X2/YTXsKvEyckjRQiXa//uMNYppKFgEVROueYyfgZ0QBp4LlNS/VLCF0TIasZ2hEJNN+Nv05xydGGeAwVmYiwFP170VGpNYTGZhNSWCkF71C/M/rpRBe+RmPkhRYRGdBYSowxLgoAA+4YhTExBBCFTe/YjoiilAwNc2lBLLoxFlsYJm4583rpnN/0WjdlOVU0RE6RqfIQZeohe5QG7mIogS9oFf0Zj1b79aH9TlbrVjlzSGag/X1C7cUmFQ=</latexit>

zi,t
<latexit sha1_base64="9Aqx4gEGeWNA+voputUpYr/6XtI=">AAAB/HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbQhrLZbtqlu5uwuxFqKP4Gr3r2JF79Lx79J27aHGzrg4HHezPMzAsTzrRx3W9naXlldW29tFHe3Nre2a3s7T/oOFWE+iTmsWqFWFPOJPUNM5y2EkWxCDlthsOb3G8+UqVZLO/NKKGBwH3JIkawsVLzqZuxUzPuVqpuzZ0ALRKvIFUo0OhWfjq9mKSCSkM41rrtuYkJMqwMI5yOy51U0wSTIe7TtqUSC6qDbHLuGB1bpYeiWNmSBk3UvxMZFlqPRGg7BTYDPe/l4n9eOzXRZZAxmaSGSjJdFKUcmRjlv6MeU5QYPrIEE8XsrYgMsMLE2IRmtoQiz8SbT2CR+Ge1q5p3d16tXxfhlOAQjuAEPLiAOtxCA3wgMIQXeIU359l5dz6cz2nrklPMHMAMnK9fl/iWBA==</latexit><latexit sha1_base64="9Aqx4gEGeWNA+voputUpYr/6XtI=">AAAB/HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbQhrLZbtqlu5uwuxFqKP4Gr3r2JF79Lx79J27aHGzrg4HHezPMzAsTzrRx3W9naXlldW29tFHe3Nre2a3s7T/oOFWE+iTmsWqFWFPOJPUNM5y2EkWxCDlthsOb3G8+UqVZLO/NKKGBwH3JIkawsVLzqZuxUzPuVqpuzZ0ALRKvIFUo0OhWfjq9mKSCSkM41rrtuYkJMqwMI5yOy51U0wSTIe7TtqUSC6qDbHLuGB1bpYeiWNmSBk3UvxMZFlqPRGg7BTYDPe/l4n9eOzXRZZAxmaSGSjJdFKUcmRjlv6MeU5QYPrIEE8XsrYgMsMLE2IRmtoQiz8SbT2CR+Ge1q5p3d16tXxfhlOAQjuAEPLiAOtxCA3wgMIQXeIU359l5dz6cz2nrklPMHMAMnK9fl/iWBA==</latexit><latexit sha1_base64="9Aqx4gEGeWNA+voputUpYr/6XtI=">AAAB/HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbQhrLZbtqlu5uwuxFqKP4Gr3r2JF79Lx79J27aHGzrg4HHezPMzAsTzrRx3W9naXlldW29tFHe3Nre2a3s7T/oOFWE+iTmsWqFWFPOJPUNM5y2EkWxCDlthsOb3G8+UqVZLO/NKKGBwH3JIkawsVLzqZuxUzPuVqpuzZ0ALRKvIFUo0OhWfjq9mKSCSkM41rrtuYkJMqwMI5yOy51U0wSTIe7TtqUSC6qDbHLuGB1bpYeiWNmSBk3UvxMZFlqPRGg7BTYDPe/l4n9eOzXRZZAxmaSGSjJdFKUcmRjlv6MeU5QYPrIEE8XsrYgMsMLE2IRmtoQiz8SbT2CR+Ge1q5p3d16tXxfhlOAQjuAEPLiAOtxCA3wgMIQXeIU359l5dz6cz2nrklPMHMAMnK9fl/iWBA==</latexit><latexit sha1_base64="9Aqx4gEGeWNA+voputUpYr/6XtI=">AAAB/HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbQhrLZbtqlu5uwuxFqKP4Gr3r2JF79Lx79J27aHGzrg4HHezPMzAsTzrRx3W9naXlldW29tFHe3Nre2a3s7T/oOFWE+iTmsWqFWFPOJPUNM5y2EkWxCDlthsOb3G8+UqVZLO/NKKGBwH3JIkawsVLzqZuxUzPuVqpuzZ0ALRKvIFUo0OhWfjq9mKSCSkM41rrtuYkJMqwMI5yOy51U0wSTIe7TtqUSC6qDbHLuGB1bpYeiWNmSBk3UvxMZFlqPRGg7BTYDPe/l4n9eOzXRZZAxmaSGSjJdFKUcmRjlv6MeU5QYPrIEE8XsrYgMsMLE2IRmtoQiz8SbT2CR+Ge1q5p3d16tXxfhlOAQjuAEPLiAOtxCA3wgMIQXeIU359l5dz6cz2nrklPMHMAMnK9fl/iWBA==</latexit>

N
<latexit sha1_base64="Sj4hUdJdduOkBPXJLgqr0zSoxQ4=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL56kBWMLbSib7aZdursJuxshhP4Cr3r2JF79Ox79J27bHGzrg4HHezPMzAsTzrRx3W+ntLa+sblV3q7s7O7tH1QPj550nCpCfRLzWHVCrClnkvqGGU47iaJYhJy2w/Hd1G8/U6VZLB9NltBA4KFkESPYWKn10K/W3Lo7A1olXkFqUKDZr/70BjFJBZWGcKx113MTE+RYGUY4nVR6qaYJJmM8pF1LJRZUB/ns0Ak6s8oARbGyJQ2aqX8nciy0zkRoOwU2I73sTcX/vG5qousgZzJJDZVkvihKOTIxmn6NBkxRYnhmCSaK2VsRGWGFibHZLGwJxcRm4i0nsEr8i/pN3Wtd1hq3RThlOIFTOAcPrqAB99AEHwhQeIFXeHMy5935cD7nrSWnmDmGBThfv7Fhkzw=</latexit><latexit sha1_base64="Sj4hUdJdduOkBPXJLgqr0zSoxQ4=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL56kBWMLbSib7aZdursJuxshhP4Cr3r2JF79Ox79J27bHGzrg4HHezPMzAsTzrRx3W+ntLa+sblV3q7s7O7tH1QPj550nCpCfRLzWHVCrClnkvqGGU47iaJYhJy2w/Hd1G8/U6VZLB9NltBA4KFkESPYWKn10K/W3Lo7A1olXkFqUKDZr/70BjFJBZWGcKx113MTE+RYGUY4nVR6qaYJJmM8pF1LJRZUB/ns0Ak6s8oARbGyJQ2aqX8nciy0zkRoOwU2I73sTcX/vG5qousgZzJJDZVkvihKOTIxmn6NBkxRYnhmCSaK2VsRGWGFibHZLGwJxcRm4i0nsEr8i/pN3Wtd1hq3RThlOIFTOAcPrqAB99AEHwhQeIFXeHMy5935cD7nrSWnmDmGBThfv7Fhkzw=</latexit><latexit sha1_base64="Sj4hUdJdduOkBPXJLgqr0zSoxQ4=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL56kBWMLbSib7aZdursJuxshhP4Cr3r2JF79Ox79J27bHGzrg4HHezPMzAsTzrRx3W+ntLa+sblV3q7s7O7tH1QPj550nCpCfRLzWHVCrClnkvqGGU47iaJYhJy2w/Hd1G8/U6VZLB9NltBA4KFkESPYWKn10K/W3Lo7A1olXkFqUKDZr/70BjFJBZWGcKx113MTE+RYGUY4nVR6qaYJJmM8pF1LJRZUB/ns0Ak6s8oARbGyJQ2aqX8nciy0zkRoOwU2I73sTcX/vG5qousgZzJJDZVkvihKOTIxmn6NBkxRYnhmCSaK2VsRGWGFibHZLGwJxcRm4i0nsEr8i/pN3Wtd1hq3RThlOIFTOAcPrqAB99AEHwhQeIFXeHMy5935cD7nrSWnmDmGBThfv7Fhkzw=</latexit><latexit sha1_base64="Sj4hUdJdduOkBPXJLgqr0zSoxQ4=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL56kBWMLbSib7aZdursJuxshhP4Cr3r2JF79Ox79J27bHGzrg4HHezPMzAsTzrRx3W+ntLa+sblV3q7s7O7tH1QPj550nCpCfRLzWHVCrClnkvqGGU47iaJYhJy2w/Hd1G8/U6VZLB9NltBA4KFkESPYWKn10K/W3Lo7A1olXkFqUKDZr/70BjFJBZWGcKx113MTE+RYGUY4nVR6qaYJJmM8pF1LJRZUB/ns0Ak6s8oARbGyJQ2aqX8nciy0zkRoOwU2I73sTcX/vG5qousgZzJJDZVkvihKOTIxmn6NBkxRYnhmCSaK2VsRGWGFibHZLGwJxcRm4i0nsEr8i/pN3Wtd1hq3RThlOIFTOAcPrqAB99AEHwhQeIFXeHMy5935cD7nrSWnmDmGBThfv7Fhkzw=</latexit>

ri,t�1
<latexit sha1_base64="TKqQBxfLSwDZxApXWRMULtSkgzs=">AAACA3icbVBNS8NAFNzUr1q/qh69LBbBg5ZEBPVW9OKxgrGFNpbNdtMu3U3C7otQQq7+Bq969iRe/SEe/Sdu2hxs68CDYeY95jF+LLgG2/62SkvLK6tr5fXKxubW9k51d+9BR4mizKWRiFTbJ5oJHjIXOAjWjhUj0hes5Y9ucr/1xJTmUXgP45h5kgxCHnBKwEiPXV+mKuul/AROnaxXrdl1ewK8SJyC1FCBZq/60+1HNJEsBCqI1h3HjsFLiQJOBcsq3USzmNARGbCOoSGRTHvp5OsMHxmlj4NImQkBT9S/FymRWo+lbzYlgaGe93LxP6+TQHDppTyME2AhnQYFicAQ4bwC3OeKURBjQwhV3PyK6ZAoQsEUNZPiy7wTZ76BReKe1a/qzt15rXFdlFNGB+gQHSMHXaAGukVN5CKKFHpBr+jNerberQ/rc7pasoqbfTQD6+sXmYGYww==</latexit><latexit sha1_base64="TKqQBxfLSwDZxApXWRMULtSkgzs=">AAACA3icbVBNS8NAFNzUr1q/qh69LBbBg5ZEBPVW9OKxgrGFNpbNdtMu3U3C7otQQq7+Bq969iRe/SEe/Sdu2hxs68CDYeY95jF+LLgG2/62SkvLK6tr5fXKxubW9k51d+9BR4mizKWRiFTbJ5oJHjIXOAjWjhUj0hes5Y9ucr/1xJTmUXgP45h5kgxCHnBKwEiPXV+mKuul/AROnaxXrdl1ewK8SJyC1FCBZq/60+1HNJEsBCqI1h3HjsFLiQJOBcsq3USzmNARGbCOoSGRTHvp5OsMHxmlj4NImQkBT9S/FymRWo+lbzYlgaGe93LxP6+TQHDppTyME2AhnQYFicAQ4bwC3OeKURBjQwhV3PyK6ZAoQsEUNZPiy7wTZ76BReKe1a/qzt15rXFdlFNGB+gQHSMHXaAGukVN5CKKFHpBr+jNerberQ/rc7pasoqbfTQD6+sXmYGYww==</latexit><latexit sha1_base64="TKqQBxfLSwDZxApXWRMULtSkgzs=">AAACA3icbVBNS8NAFNzUr1q/qh69LBbBg5ZEBPVW9OKxgrGFNpbNdtMu3U3C7otQQq7+Bq969iRe/SEe/Sdu2hxs68CDYeY95jF+LLgG2/62SkvLK6tr5fXKxubW9k51d+9BR4mizKWRiFTbJ5oJHjIXOAjWjhUj0hes5Y9ucr/1xJTmUXgP45h5kgxCHnBKwEiPXV+mKuul/AROnaxXrdl1ewK8SJyC1FCBZq/60+1HNJEsBCqI1h3HjsFLiQJOBcsq3USzmNARGbCOoSGRTHvp5OsMHxmlj4NImQkBT9S/FymRWo+lbzYlgaGe93LxP6+TQHDppTyME2AhnQYFicAQ4bwC3OeKURBjQwhV3PyK6ZAoQsEUNZPiy7wTZ76BReKe1a/qzt15rXFdlFNGB+gQHSMHXaAGukVN5CKKFHpBr+jNerberQ/rc7pasoqbfTQD6+sXmYGYww==</latexit><latexit sha1_base64="TKqQBxfLSwDZxApXWRMULtSkgzs=">AAACA3icbVBNS8NAFNzUr1q/qh69LBbBg5ZEBPVW9OKxgrGFNpbNdtMu3U3C7otQQq7+Bq969iRe/SEe/Sdu2hxs68CDYeY95jF+LLgG2/62SkvLK6tr5fXKxubW9k51d+9BR4mizKWRiFTbJ5oJHjIXOAjWjhUj0hes5Y9ucr/1xJTmUXgP45h5kgxCHnBKwEiPXV+mKuul/AROnaxXrdl1ewK8SJyC1FCBZq/60+1HNJEsBCqI1h3HjsFLiQJOBcsq3USzmNARGbCOoSGRTHvp5OsMHxmlj4NImQkBT9S/FymRWo+lbzYlgaGe93LxP6+TQHDppTyME2AhnQYFicAQ4bwC3OeKURBjQwhV3PyK6ZAoQsEUNZPiy7wTZ76BReKe1a/qzt15rXFdlFNGB+gQHSMHXaAGukVN5CKKFHpBr+jNerberQ/rc7pasoqbfTQD6+sXmYGYww==</latexit>

ri,t+1
<latexit sha1_base64="FA76202m+cJ+fxs96BL140Z+Dis=">AAACA3icbVBNS8NAFNzUr1q/qh69LBZBUEoignorevFYwdhCG8tmu2mX7iZh90UoIVd/g1c9exKv/hCP/hM3bQ62deDBMPMe8xg/FlyDbX9bpaXlldW18nplY3Nre6e6u/ego0RR5tJIRKrtE80ED5kLHARrx4oR6QvW8kc3ud96YkrzKLyHccw8SQYhDzglYKTHri9TlfVSfgonTtar1uy6PQFeJE5BaqhAs1f96fYjmkgWAhVE645jx+ClRAGngmWVbqJZTOiIDFjH0JBIpr108nWGj4zSx0GkzISAJ+rfi5RIrcfSN5uSwFDPe7n4n9dJILj0Uh7GCbCQToOCRGCIcF4B7nPFKIixIYQqbn7FdEgUoWCKmknxZd6JM9/AInHP6ld15+681rguyimjA3SIjpGDLlAD3aImchFFCr2gV/RmPVvv1of1OV0tWcXNPpqB9fULllmYwQ==</latexit><latexit sha1_base64="FA76202m+cJ+fxs96BL140Z+Dis=">AAACA3icbVBNS8NAFNzUr1q/qh69LBZBUEoignorevFYwdhCG8tmu2mX7iZh90UoIVd/g1c9exKv/hCP/hM3bQ62deDBMPMe8xg/FlyDbX9bpaXlldW18nplY3Nre6e6u/ego0RR5tJIRKrtE80ED5kLHARrx4oR6QvW8kc3ud96YkrzKLyHccw8SQYhDzglYKTHri9TlfVSfgonTtar1uy6PQFeJE5BaqhAs1f96fYjmkgWAhVE645jx+ClRAGngmWVbqJZTOiIDFjH0JBIpr108nWGj4zSx0GkzISAJ+rfi5RIrcfSN5uSwFDPe7n4n9dJILj0Uh7GCbCQToOCRGCIcF4B7nPFKIixIYQqbn7FdEgUoWCKmknxZd6JM9/AInHP6ld15+681rguyimjA3SIjpGDLlAD3aImchFFCr2gV/RmPVvv1of1OV0tWcXNPpqB9fULllmYwQ==</latexit><latexit sha1_base64="FA76202m+cJ+fxs96BL140Z+Dis=">AAACA3icbVBNS8NAFNzUr1q/qh69LBZBUEoignorevFYwdhCG8tmu2mX7iZh90UoIVd/g1c9exKv/hCP/hM3bQ62deDBMPMe8xg/FlyDbX9bpaXlldW18nplY3Nre6e6u/ego0RR5tJIRKrtE80ED5kLHARrx4oR6QvW8kc3ud96YkrzKLyHccw8SQYhDzglYKTHri9TlfVSfgonTtar1uy6PQFeJE5BaqhAs1f96fYjmkgWAhVE645jx+ClRAGngmWVbqJZTOiIDFjH0JBIpr108nWGj4zSx0GkzISAJ+rfi5RIrcfSN5uSwFDPe7n4n9dJILj0Uh7GCbCQToOCRGCIcF4B7nPFKIixIYQqbn7FdEgUoWCKmknxZd6JM9/AInHP6ld15+681rguyimjA3SIjpGDLlAD3aImchFFCr2gV/RmPVvv1of1OV0tWcXNPpqB9fULllmYwQ==</latexit><latexit sha1_base64="FA76202m+cJ+fxs96BL140Z+Dis=">AAACA3icbVBNS8NAFNzUr1q/qh69LBZBUEoignorevFYwdhCG8tmu2mX7iZh90UoIVd/g1c9exKv/hCP/hM3bQ62deDBMPMe8xg/FlyDbX9bpaXlldW18nplY3Nre6e6u/ego0RR5tJIRKrtE80ED5kLHARrx4oR6QvW8kc3ud96YkrzKLyHccw8SQYhDzglYKTHri9TlfVSfgonTtar1uy6PQFeJE5BaqhAs1f96fYjmkgWAhVE645jx+ClRAGngmWVbqJZTOiIDFjH0JBIpr108nWGj4zSx0GkzISAJ+rfi5RIrcfSN5uSwFDPe7n4n9dJILj0Uh7GCbCQToOCRGCIcF4B7nPFKIixIYQqbn7FdEgUoWCKmknxZd6JM9/AInHP6ld15+681rguyimjA3SIjpGDLlAD3aImchFFCr2gV/RmPVvv1of1OV0tWcXNPpqB9fULllmYwQ==</latexit>

gt�1
<latexit sha1_base64="E3pgIAUJsxoJRk9z/vJ2oRPLTKw=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCF0signorevFYwdhCE8pmu2mX7iZhdyOUkJu/wauePYlXf4lH/4mbNgfbOvBgmHmPeUyQcKa0bX9blZXVtfWN6mZta3tnd6++f/Co4lQS6pKYx7IbYEU5i6irmea0m0iKRcBpJxjfFn7niUrF4uhBTxLqCzyMWMgI1kbyvEBkw7yf6TMn79cbdtOeAi0TpyQNKNHu13+8QUxSQSNNOFaq59iJ9jMsNSOc5jUvVTTBZIyHtGdohAVVfjb9OUcnRhmgMJZmIo2m6t+LDAulJiIwmwLrkVr0CvE/r5fq8MrPWJSkmkZkFhSmHOkYFQWgAZOUaD4xBBPJzK+IjLDERJua5lICUXTiLDawTNzz5nXTub9otG7KcqpwBMdwCg5cQgvuoA0uEEjgBV7hzXq23q0P63O2WrHKm0OYg/X1C0o4mA8=</latexit><latexit sha1_base64="E3pgIAUJsxoJRk9z/vJ2oRPLTKw=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCF0signorevFYwdhCE8pmu2mX7iZhdyOUkJu/wauePYlXf4lH/4mbNgfbOvBgmHmPeUyQcKa0bX9blZXVtfWN6mZta3tnd6++f/Co4lQS6pKYx7IbYEU5i6irmea0m0iKRcBpJxjfFn7niUrF4uhBTxLqCzyMWMgI1kbyvEBkw7yf6TMn79cbdtOeAi0TpyQNKNHu13+8QUxSQSNNOFaq59iJ9jMsNSOc5jUvVTTBZIyHtGdohAVVfjb9OUcnRhmgMJZmIo2m6t+LDAulJiIwmwLrkVr0CvE/r5fq8MrPWJSkmkZkFhSmHOkYFQWgAZOUaD4xBBPJzK+IjLDERJua5lICUXTiLDawTNzz5nXTub9otG7KcqpwBMdwCg5cQgvuoA0uEEjgBV7hzXq23q0P63O2WrHKm0OYg/X1C0o4mA8=</latexit><latexit sha1_base64="E3pgIAUJsxoJRk9z/vJ2oRPLTKw=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCF0signorevFYwdhCE8pmu2mX7iZhdyOUkJu/wauePYlXf4lH/4mbNgfbOvBgmHmPeUyQcKa0bX9blZXVtfWN6mZta3tnd6++f/Co4lQS6pKYx7IbYEU5i6irmea0m0iKRcBpJxjfFn7niUrF4uhBTxLqCzyMWMgI1kbyvEBkw7yf6TMn79cbdtOeAi0TpyQNKNHu13+8QUxSQSNNOFaq59iJ9jMsNSOc5jUvVTTBZIyHtGdohAVVfjb9OUcnRhmgMJZmIo2m6t+LDAulJiIwmwLrkVr0CvE/r5fq8MrPWJSkmkZkFhSmHOkYFQWgAZOUaD4xBBPJzK+IjLDERJua5lICUXTiLDawTNzz5nXTub9otG7KcqpwBMdwCg5cQgvuoA0uEEjgBV7hzXq23q0P63O2WrHKm0OYg/X1C0o4mA8=</latexit><latexit sha1_base64="E3pgIAUJsxoJRk9z/vJ2oRPLTKw=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCF0signorevFYwdhCE8pmu2mX7iZhdyOUkJu/wauePYlXf4lH/4mbNgfbOvBgmHmPeUyQcKa0bX9blZXVtfWN6mZta3tnd6++f/Co4lQS6pKYx7IbYEU5i6irmea0m0iKRcBpJxjfFn7niUrF4uhBTxLqCzyMWMgI1kbyvEBkw7yf6TMn79cbdtOeAi0TpyQNKNHu13+8QUxSQSNNOFaq59iJ9jMsNSOc5jUvVTTBZIyHtGdohAVVfjb9OUcnRhmgMJZmIo2m6t+LDAulJiIwmwLrkVr0CvE/r5fq8MrPWJSkmkZkFhSmHOkYFQWgAZOUaD4xBBPJzK+IjLDERJua5lICUXTiLDawTNzz5nXTub9otG7KcqpwBMdwCg5cQgvuoA0uEEjgBV7hzXq23q0P63O2WrHKm0OYg/X1C0o4mA8=</latexit>

gt+1
<latexit sha1_base64="/VMZzRb4IYaWO4b3NXhdn7R6Z00=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCIJREBPVW9OKxgrGFJpTNdtMu3U3C7kYoITd/g1c9exKv/hKP/hM3bQ62deDBMPMe85gg4Uxp2/62Kiura+sb1c3a1vbO7l59/+BRxakk1CUxj2U3wIpyFlFXM81pN5EUi4DTTjC+LfzOE5WKxdGDniTUF3gYsZARrI3keYHIhnk/02dO3q837KY9BVomTkkaUKLdr/94g5ikgkaacKxUz7ET7WdYakY4zWteqmiCyRgPac/QCAuq/Gz6c45OjDJAYSzNRBpN1b8XGRZKTURgNgXWI7XoFeJ/Xi/V4ZWfsShJNY3ILChMOdIxKgpAAyYp0XxiCCaSmV8RGWGJiTY1zaUEoujEWWxgmbjnzeumc3/RaN2U5VThCI7hFBy4hBbcQRtcIJDAC7zCm/VsvVsf1udstWKVN4cwB+vrF0cQmA0=</latexit><latexit sha1_base64="/VMZzRb4IYaWO4b3NXhdn7R6Z00=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCIJREBPVW9OKxgrGFJpTNdtMu3U3C7kYoITd/g1c9exKv/hKP/hM3bQ62deDBMPMe85gg4Uxp2/62Kiura+sb1c3a1vbO7l59/+BRxakk1CUxj2U3wIpyFlFXM81pN5EUi4DTTjC+LfzOE5WKxdGDniTUF3gYsZARrI3keYHIhnk/02dO3q837KY9BVomTkkaUKLdr/94g5ikgkaacKxUz7ET7WdYakY4zWteqmiCyRgPac/QCAuq/Gz6c45OjDJAYSzNRBpN1b8XGRZKTURgNgXWI7XoFeJ/Xi/V4ZWfsShJNY3ILChMOdIxKgpAAyYp0XxiCCaSmV8RGWGJiTY1zaUEoujEWWxgmbjnzeumc3/RaN2U5VThCI7hFBy4hBbcQRtcIJDAC7zCm/VsvVsf1udstWKVN4cwB+vrF0cQmA0=</latexit><latexit sha1_base64="/VMZzRb4IYaWO4b3NXhdn7R6Z00=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCIJREBPVW9OKxgrGFJpTNdtMu3U3C7kYoITd/g1c9exKv/hKP/hM3bQ62deDBMPMe85gg4Uxp2/62Kiura+sb1c3a1vbO7l59/+BRxakk1CUxj2U3wIpyFlFXM81pN5EUi4DTTjC+LfzOE5WKxdGDniTUF3gYsZARrI3keYHIhnk/02dO3q837KY9BVomTkkaUKLdr/94g5ikgkaacKxUz7ET7WdYakY4zWteqmiCyRgPac/QCAuq/Gz6c45OjDJAYSzNRBpN1b8XGRZKTURgNgXWI7XoFeJ/Xi/V4ZWfsShJNY3ILChMOdIxKgpAAyYp0XxiCCaSmV8RGWGJiTY1zaUEoujEWWxgmbjnzeumc3/RaN2U5VThCI7hFBy4hBbcQRtcIJDAC7zCm/VsvVsf1udstWKVN4cwB+vrF0cQmA0=</latexit><latexit sha1_base64="/VMZzRb4IYaWO4b3NXhdn7R6Z00=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCIJREBPVW9OKxgrGFJpTNdtMu3U3C7kYoITd/g1c9exKv/hKP/hM3bQ62deDBMPMe85gg4Uxp2/62Kiura+sb1c3a1vbO7l59/+BRxakk1CUxj2U3wIpyFlFXM81pN5EUi4DTTjC+LfzOE5WKxdGDniTUF3gYsZARrI3keYHIhnk/02dO3q837KY9BVomTkkaUKLdr/94g5ikgkaacKxUz7ET7WdYakY4zWteqmiCyRgPac/QCAuq/Gz6c45OjDJAYSzNRBpN1b8XGRZKTURgNgXWI7XoFeJ/Xi/V4ZWfsShJNY3ILChMOdIxKgpAAyYp0XxiCCaSmV8RGWGJiTY1zaUEoujEWWxgmbjnzeumc3/RaN2U5VThCI7hFBy4hBbcQRtcIJDAC7zCm/VsvVsf1udstWKVN4cwB+vrF0cQmA0=</latexit>

Latent variable autoregressive deep



• Global model 
• Nonlinear backbone 
• Nonparametric (e.g. LSTM) to handle 

complex dependence 
• Local model 

• Reads from global model 
• Use LDS / Gaussian Process for 

speed and uncertainty characterization 
• Inference 

• Exact for Gaussian 
• VAE for other likelihoods gt

<latexit sha1_base64="kGxemds1i3jHw+SVyvcT13w6W7o=">AAAB/XicbVBNS8NAEJ34WetX1aOXYBE8lUQE9Vb04rGCsYU2lM122y7d3YTdiVBCwd/gVc+exKu/xaP/xE2bg219MPB4b4aZeVEiuEHP+3ZWVtfWNzZLW+Xtnd29/crB4aOJU01ZQGMR61ZEDBNcsQA5CtZKNCMyEqwZjW5zv/nEtOGxesBxwkJJBor3OSVopVYnktmgi5NuperVvCncZeIXpAoFGt3KT6cX01QyhVQQY9q+l2CYEY2cCjYpd1LDEkJHZMDalioimQmz6b0T99QqPbcfa1sK3an6dyIj0pixjGynJDg0i14u/ue1U+xfhRlXSYpM0dmifipcjN38ebfHNaMoxpYQqrm91aVDoglFG9HclkjmmfiLCSyT4Lx2XfPvL6r1myKcEhzDCZyBD5dQhztoQAAUBLzAK7w5z8678+F8zlpXnGLmCObgfP0CjVWWkQ==</latexit><latexit sha1_base64="kGxemds1i3jHw+SVyvcT13w6W7o=">AAAB/XicbVBNS8NAEJ34WetX1aOXYBE8lUQE9Vb04rGCsYU2lM122y7d3YTdiVBCwd/gVc+exKu/xaP/xE2bg219MPB4b4aZeVEiuEHP+3ZWVtfWNzZLW+Xtnd29/crB4aOJU01ZQGMR61ZEDBNcsQA5CtZKNCMyEqwZjW5zv/nEtOGxesBxwkJJBor3OSVopVYnktmgi5NuperVvCncZeIXpAoFGt3KT6cX01QyhVQQY9q+l2CYEY2cCjYpd1LDEkJHZMDalioimQmz6b0T99QqPbcfa1sK3an6dyIj0pixjGynJDg0i14u/ue1U+xfhRlXSYpM0dmifipcjN38ebfHNaMoxpYQqrm91aVDoglFG9HclkjmmfiLCSyT4Lx2XfPvL6r1myKcEhzDCZyBD5dQhztoQAAUBLzAK7w5z8678+F8zlpXnGLmCObgfP0CjVWWkQ==</latexit><latexit sha1_base64="kGxemds1i3jHw+SVyvcT13w6W7o=">AAAB/XicbVBNS8NAEJ34WetX1aOXYBE8lUQE9Vb04rGCsYU2lM122y7d3YTdiVBCwd/gVc+exKu/xaP/xE2bg219MPB4b4aZeVEiuEHP+3ZWVtfWNzZLW+Xtnd29/crB4aOJU01ZQGMR61ZEDBNcsQA5CtZKNCMyEqwZjW5zv/nEtOGxesBxwkJJBor3OSVopVYnktmgi5NuperVvCncZeIXpAoFGt3KT6cX01QyhVQQY9q+l2CYEY2cCjYpd1LDEkJHZMDalioimQmz6b0T99QqPbcfa1sK3an6dyIj0pixjGynJDg0i14u/ue1U+xfhRlXSYpM0dmifipcjN38ebfHNaMoxpYQqrm91aVDoglFG9HclkjmmfiLCSyT4Lx2XfPvL6r1myKcEhzDCZyBD5dQhztoQAAUBLzAK7w5z8678+F8zlpXnGLmCObgfP0CjVWWkQ==</latexit><latexit sha1_base64="kGxemds1i3jHw+SVyvcT13w6W7o=">AAAB/XicbVBNS8NAEJ34WetX1aOXYBE8lUQE9Vb04rGCsYU2lM122y7d3YTdiVBCwd/gVc+exKu/xaP/xE2bg219MPB4b4aZeVEiuEHP+3ZWVtfWNzZLW+Xtnd29/crB4aOJU01ZQGMR61ZEDBNcsQA5CtZKNCMyEqwZjW5zv/nEtOGxesBxwkJJBor3OSVopVYnktmgi5NuperVvCncZeIXpAoFGt3KT6cX01QyhVQQY9q+l2CYEY2cCjYpd1LDEkJHZMDalioimQmz6b0T99QqPbcfa1sK3an6dyIj0pixjGynJDg0i14u/ue1U+xfhRlXSYpM0dmifipcjN38ebfHNaMoxpYQqrm91aVDoglFG9HclkjmmfiLCSyT4Lx2XfPvL6r1myKcEhzDCZyBD5dQhztoQAAUBLzAK7w5z8678+F8zlpXnGLmCObgfP0CjVWWkQ==</latexit>

xi,t
<latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="uZlOqMRjWdM02TC2139GVFSV464=">AAAB53icbZDNSgMxFIXv1L9aq9a1m2ARXJUZN+pOcOOygmML7VAymTttaJIZkkylDH0Bt65diQ/l0jcx/VnY1gOBwzkJ9+aLc8GN9f1vr7Kzu7d/UD2sHdVrxyenjfqLyQrNMGSZyHQ3pgYFVxhabgV2c41UxgI78fhh3ncmqA3P1LOd5hhJOlQ85YxaF7UHjabf8hci2yZYmSasNGj89JOMFRKVZYIa0wv83EYl1ZYzgbNavzCYUzamQ+w5q6hEE5WLNWfk0iUJSTPtjrJkkf59UVJpzFTG7qakdmQ2u3n4X9crbHoblVzlhUXFloPSQhCbkfmfScI1MiumzlCmuduVsBHVlFlHZm1KLGcOSbAJYNuE1627VvDkQxXO4QKuIIAbuIdHaEMIDBJ4g3fv1fvwPpfkKt4K4Rmsyfv6Beg9kJQ=</latexit><latexit sha1_base64="GEPuo4mN3dMcBGUHv9/gyy8szxQ=">AAAB9nicbZDNSsNAFIVv/K21anXrZrAILqQkbtSd4MZlBWMLbSiT6aQdOpOEmRuxhOx8Bre6diW+jUvfxEnbhW09cOFwzgz38oWpFAZd99tZW9/Y3Nqu7FR3a3v7B/XD2qNJMs24zxKZ6E5IDZci5j4KlLyTak5VKHk7HN+WffuJayOS+AEnKQ8UHcYiEoyijXq9UOXP/VycY1H06w236U5FVo03Nw2Yq9Wv//QGCcsUj5FJakzXc1MMcqpRMMmLai8zPKVsTIe8a21MFTdBPr25IKc2GZAo0XZiJNP074+cKmMmKrQvFcWRWe7K8L+um2F0FeQiTjPkMZstijJJMCElADIQmjOUE2so08LeStiIasrQYlrYEqqSibdMYNX4F83rpnfvQgWO4QTOwINLuIE7aIEPDFJ4hTd4d16cD+dzBm/NmVM8ggU5X78sWpbr</latexit><latexit sha1_base64="GEPuo4mN3dMcBGUHv9/gyy8szxQ=">AAAB9nicbZDNSsNAFIVv/K21anXrZrAILqQkbtSd4MZlBWMLbSiT6aQdOpOEmRuxhOx8Bre6diW+jUvfxEnbhW09cOFwzgz38oWpFAZd99tZW9/Y3Nqu7FR3a3v7B/XD2qNJMs24zxKZ6E5IDZci5j4KlLyTak5VKHk7HN+WffuJayOS+AEnKQ8UHcYiEoyijXq9UOXP/VycY1H06w236U5FVo03Nw2Yq9Wv//QGCcsUj5FJakzXc1MMcqpRMMmLai8zPKVsTIe8a21MFTdBPr25IKc2GZAo0XZiJNP074+cKmMmKrQvFcWRWe7K8L+um2F0FeQiTjPkMZstijJJMCElADIQmjOUE2so08LeStiIasrQYlrYEqqSibdMYNX4F83rpnfvQgWO4QTOwINLuIE7aIEPDFJ4hTd4d16cD+dzBm/NmVM8ggU5X78sWpbr</latexit><latexit sha1_base64="Fxdf0xqV2Ur+2BnCN54DyOz9qis=">AAACAXicbVBNS8NAFHypX7V+VT16CRbBg5TEi3orevFYwdhCE8pmu2mX7m7C7kYsITd/g1c9exKv/hKP/hM3bQ62deDBMPMe85gwYVRpx/m2Kiura+sb1c3a1vbO7l59/+BBxanExMMxi2U3RIowKoinqWakm0iCeMhIJxzfFH7nkUhFY3GvJwkJOBoKGlGMtJF8P+TZUz+jZzrP+/WG03SmsJeJW5IGlGj36z/+IMYpJ0JjhpTquU6igwxJTTEjec1PFUkQHqMh6RkqECcqyKY/5/aJUQZ2FEszQttT9e9FhrhSEx6aTY70SC16hfif10t1dBlkVCSpJgLPgqKU2Tq2iwLsAZUEazYxBGFJza82HiGJsDY1zaWEvOjEXWxgmXjnzaume+c0WtdlOVU4gmM4BRcuoAW30AYPMCTwAq/wZj1b79aH9TlbrVjlzSHMwfr6BboRmFM=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit><latexit sha1_base64="IkO22+94+gZs0Pwpuiao3tJqE8M=">AAACAXicbVBNS8NAFNz4WetX1aOXxSJ4kJKIoN6KXjxWMLbQhLLZbtqlu0nYfRFLyM3f4FXPnsSrv8Sj/8RNm4NtHXgwzLzHPCZIBNdg29/W0vLK6tp6ZaO6ubW9s1vb23/Qcaooc2ksYtUJiGaCR8wFDoJ1EsWIDARrB6Obwm8/MqV5HN3DOGG+JIOIh5wSMJLnBTJ76mX8FPK8V6vbDXsCvEicktRRiVav9uP1Y5pKFgEVROuuYyfgZ0QBp4LlVS/VLCF0RAasa2hEJNN+Nvk5x8dG6eMwVmYiwBP170VGpNZjGZhNSWCo571C/M/rphBe+hmPkhRYRKdBYSowxLgoAPe5YhTE2BBCFTe/YjokilAwNc2kBLLoxJlvYJG4Z42rhnN3Xm9el+VU0CE6QifIQReoiW5RC7mIogS9oFf0Zj1b79aH9TldXbLKmwM0A+vrF7tRmFc=</latexit>

ri,t
<latexit sha1_base64="wUtthi1D0lvcMlAdPUtcjikmpQ0=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCBymJCOqt6MVjBWMLTSib7aZdupuE3Y1QQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBwpnStv1tVVZW19Y3qpu1re2d3b36/sGjilNJqEtiHstugBXlLKKuZprTbiIpFgGnnWB8W/idJyoVi6MHPUmoL/AwYiEjWBvJ8wKRybyfsTOd9+sNu2lPgZaJU5IGlGj36z/eICapoJEmHCvVc+xE+xmWmhFO85qXKppgMsZD2jM0woIqP5v+nKMTowxQGEszkUZT9e9FhoVSExGYTYH1SC16hfif10t1eOVnLEpSTSMyCwpTjnSMigLQgElKNJ8Ygolk5ldERlhiok1NcymBKDpxFhtYJu5587rp3F80WjdlOVU4gmM4BQcuoQV30AYXCCTwAq/wZj1b79aH9TlbrVjlzSHMwfr6BbJJmFE=</latexit><latexit sha1_base64="wUtthi1D0lvcMlAdPUtcjikmpQ0=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCBymJCOqt6MVjBWMLTSib7aZdupuE3Y1QQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBwpnStv1tVVZW19Y3qpu1re2d3b36/sGjilNJqEtiHstugBXlLKKuZprTbiIpFgGnnWB8W/idJyoVi6MHPUmoL/AwYiEjWBvJ8wKRybyfsTOd9+sNu2lPgZaJU5IGlGj36z/eICapoJEmHCvVc+xE+xmWmhFO85qXKppgMsZD2jM0woIqP5v+nKMTowxQGEszkUZT9e9FhoVSExGYTYH1SC16hfif10t1eOVnLEpSTSMyCwpTjnSMigLQgElKNJ8Ygolk5ldERlhiok1NcymBKDpxFhtYJu5587rp3F80WjdlOVU4gmM4BQcuoQV30AYXCCTwAq/wZj1b79aH9TlbrVjlzSHMwfr6BbJJmFE=</latexit><latexit sha1_base64="wUtthi1D0lvcMlAdPUtcjikmpQ0=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCBymJCOqt6MVjBWMLTSib7aZdupuE3Y1QQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBwpnStv1tVVZW19Y3qpu1re2d3b36/sGjilNJqEtiHstugBXlLKKuZprTbiIpFgGnnWB8W/idJyoVi6MHPUmoL/AwYiEjWBvJ8wKRybyfsTOd9+sNu2lPgZaJU5IGlGj36z/eICapoJEmHCvVc+xE+xmWmhFO85qXKppgMsZD2jM0woIqP5v+nKMTowxQGEszkUZT9e9FhoVSExGYTYH1SC16hfif10t1eOVnLEpSTSMyCwpTjnSMigLQgElKNJ8Ygolk5ldERlhiok1NcymBKDpxFhtYJu5587rp3F80WjdlOVU4gmM4BQcuoQV30AYXCCTwAq/wZj1b79aH9TlbrVjlzSHMwfr6BbJJmFE=</latexit><latexit sha1_base64="wUtthi1D0lvcMlAdPUtcjikmpQ0=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCBymJCOqt6MVjBWMLTSib7aZdupuE3Y1QQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBwpnStv1tVVZW19Y3qpu1re2d3b36/sGjilNJqEtiHstugBXlLKKuZprTbiIpFgGnnWB8W/idJyoVi6MHPUmoL/AwYiEjWBvJ8wKRybyfsTOd9+sNu2lPgZaJU5IGlGj36z/eICapoJEmHCvVc+xE+xmWmhFO85qXKppgMsZD2jM0woIqP5v+nKMTowxQGEszkUZT9e9FhoVSExGYTYH1SC16hfif10t1eOVnLEpSTSMyCwpTjnSMigLQgElKNJ8Ygolk5ldERlhiok1NcymBKDpxFhtYJu5587rp3F80WjdlOVU4gmM4BQcuoQV30AYXCCTwAq/wZj1b79aH9TlbrVjlzSHMwfr6BbJJmFE=</latexit>

ui,t
<latexit sha1_base64="LAOmWBk4eBeNjZz6iPmmi6suudo=">AAACAXicbVBNS8NAFNzUr1q/qh69LBbBg5REBPVW9OKxgrGFJpTNdtMu3U3C7otQQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBIrgG2/62Kiura+sb1c3a1vbO7l59/+BRx6mizKWxiFU3IJoJHjEXOAjWTRQjMhCsE4xvC7/zxJTmcfQAk4T5kgwjHnJKwEieF8gszfsZP4O8X2/YTXsKvEyckjRQiXa//uMNYppKFgEVROueYyfgZ0QBp4LlNS/VLCF0TIasZ2hEJNN+Nv05xydGGeAwVmYiwFP170VGpNYTGZhNSWCkF71C/M/rpRBe+RmPkhRYRGdBYSowxLgoAA+4YhTExBBCFTe/YjoiilAwNc2lBLLoxFlsYJm4583rpnN/0WjdlOVU0RE6RqfIQZeohe5QG7mIogS9oFf0Zj1b79aH9TlbrVjlzSGag/X1C7cUmFQ=</latexit><latexit sha1_base64="LAOmWBk4eBeNjZz6iPmmi6suudo=">AAACAXicbVBNS8NAFNzUr1q/qh69LBbBg5REBPVW9OKxgrGFJpTNdtMu3U3C7otQQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBIrgG2/62Kiura+sb1c3a1vbO7l59/+BRx6mizKWxiFU3IJoJHjEXOAjWTRQjMhCsE4xvC7/zxJTmcfQAk4T5kgwjHnJKwEieF8gszfsZP4O8X2/YTXsKvEyckjRQiXa//uMNYppKFgEVROueYyfgZ0QBp4LlNS/VLCF0TIasZ2hEJNN+Nv05xydGGeAwVmYiwFP170VGpNYTGZhNSWCkF71C/M/rpRBe+RmPkhRYRGdBYSowxLgoAA+4YhTExBBCFTe/YjoiilAwNc2lBLLoxFlsYJm4583rpnN/0WjdlOVU0RE6RqfIQZeohe5QG7mIogS9oFf0Zj1b79aH9TlbrVjlzSGag/X1C7cUmFQ=</latexit><latexit sha1_base64="LAOmWBk4eBeNjZz6iPmmi6suudo=">AAACAXicbVBNS8NAFNzUr1q/qh69LBbBg5REBPVW9OKxgrGFJpTNdtMu3U3C7otQQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBIrgG2/62Kiura+sb1c3a1vbO7l59/+BRx6mizKWxiFU3IJoJHjEXOAjWTRQjMhCsE4xvC7/zxJTmcfQAk4T5kgwjHnJKwEieF8gszfsZP4O8X2/YTXsKvEyckjRQiXa//uMNYppKFgEVROueYyfgZ0QBp4LlNS/VLCF0TIasZ2hEJNN+Nv05xydGGeAwVmYiwFP170VGpNYTGZhNSWCkF71C/M/rpRBe+RmPkhRYRGdBYSowxLgoAA+4YhTExBBCFTe/YjoiilAwNc2lBLLoxFlsYJm4583rpnN/0WjdlOVU0RE6RqfIQZeohe5QG7mIogS9oFf0Zj1b79aH9TlbrVjlzSGag/X1C7cUmFQ=</latexit><latexit sha1_base64="LAOmWBk4eBeNjZz6iPmmi6suudo=">AAACAXicbVBNS8NAFNzUr1q/qh69LBbBg5REBPVW9OKxgrGFJpTNdtMu3U3C7otQQm7+Bq969iRe/SUe/Sdu2hxs68CDYeY95jFBIrgG2/62Kiura+sb1c3a1vbO7l59/+BRx6mizKWxiFU3IJoJHjEXOAjWTRQjMhCsE4xvC7/zxJTmcfQAk4T5kgwjHnJKwEieF8gszfsZP4O8X2/YTXsKvEyckjRQiXa//uMNYppKFgEVROueYyfgZ0QBp4LlNS/VLCF0TIasZ2hEJNN+Nv05xydGGeAwVmYiwFP170VGpNYTGZhNSWCkF71C/M/rpRBe+RmPkhRYRGdBYSowxLgoAA+4YhTExBBCFTe/YjoiilAwNc2lBLLoxFlsYJm4583rpnN/0WjdlOVU0RE6RqfIQZeohe5QG7mIogS9oFf0Zj1b79aH9TlbrVjlzSGag/X1C7cUmFQ=</latexit>

zi,t
<latexit sha1_base64="9Aqx4gEGeWNA+voputUpYr/6XtI=">AAAB/HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbQhrLZbtqlu5uwuxFqKP4Gr3r2JF79Lx79J27aHGzrg4HHezPMzAsTzrRx3W9naXlldW29tFHe3Nre2a3s7T/oOFWE+iTmsWqFWFPOJPUNM5y2EkWxCDlthsOb3G8+UqVZLO/NKKGBwH3JIkawsVLzqZuxUzPuVqpuzZ0ALRKvIFUo0OhWfjq9mKSCSkM41rrtuYkJMqwMI5yOy51U0wSTIe7TtqUSC6qDbHLuGB1bpYeiWNmSBk3UvxMZFlqPRGg7BTYDPe/l4n9eOzXRZZAxmaSGSjJdFKUcmRjlv6MeU5QYPrIEE8XsrYgMsMLE2IRmtoQiz8SbT2CR+Ge1q5p3d16tXxfhlOAQjuAEPLiAOtxCA3wgMIQXeIU359l5dz6cz2nrklPMHMAMnK9fl/iWBA==</latexit><latexit sha1_base64="9Aqx4gEGeWNA+voputUpYr/6XtI=">AAAB/HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbQhrLZbtqlu5uwuxFqKP4Gr3r2JF79Lx79J27aHGzrg4HHezPMzAsTzrRx3W9naXlldW29tFHe3Nre2a3s7T/oOFWE+iTmsWqFWFPOJPUNM5y2EkWxCDlthsOb3G8+UqVZLO/NKKGBwH3JIkawsVLzqZuxUzPuVqpuzZ0ALRKvIFUo0OhWfjq9mKSCSkM41rrtuYkJMqwMI5yOy51U0wSTIe7TtqUSC6qDbHLuGB1bpYeiWNmSBk3UvxMZFlqPRGg7BTYDPe/l4n9eOzXRZZAxmaSGSjJdFKUcmRjlv6MeU5QYPrIEE8XsrYgMsMLE2IRmtoQiz8SbT2CR+Ge1q5p3d16tXxfhlOAQjuAEPLiAOtxCA3wgMIQXeIU359l5dz6cz2nrklPMHMAMnK9fl/iWBA==</latexit><latexit sha1_base64="9Aqx4gEGeWNA+voputUpYr/6XtI=">AAAB/HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbQhrLZbtqlu5uwuxFqKP4Gr3r2JF79Lx79J27aHGzrg4HHezPMzAsTzrRx3W9naXlldW29tFHe3Nre2a3s7T/oOFWE+iTmsWqFWFPOJPUNM5y2EkWxCDlthsOb3G8+UqVZLO/NKKGBwH3JIkawsVLzqZuxUzPuVqpuzZ0ALRKvIFUo0OhWfjq9mKSCSkM41rrtuYkJMqwMI5yOy51U0wSTIe7TtqUSC6qDbHLuGB1bpYeiWNmSBk3UvxMZFlqPRGg7BTYDPe/l4n9eOzXRZZAxmaSGSjJdFKUcmRjlv6MeU5QYPrIEE8XsrYgMsMLE2IRmtoQiz8SbT2CR+Ge1q5p3d16tXxfhlOAQjuAEPLiAOtxCA3wgMIQXeIU359l5dz6cz2nrklPMHMAMnK9fl/iWBA==</latexit><latexit sha1_base64="9Aqx4gEGeWNA+voputUpYr/6XtI=">AAAB/HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbQhrLZbtqlu5uwuxFqKP4Gr3r2JF79Lx79J27aHGzrg4HHezPMzAsTzrRx3W9naXlldW29tFHe3Nre2a3s7T/oOFWE+iTmsWqFWFPOJPUNM5y2EkWxCDlthsOb3G8+UqVZLO/NKKGBwH3JIkawsVLzqZuxUzPuVqpuzZ0ALRKvIFUo0OhWfjq9mKSCSkM41rrtuYkJMqwMI5yOy51U0wSTIe7TtqUSC6qDbHLuGB1bpYeiWNmSBk3UvxMZFlqPRGg7BTYDPe/l4n9eOzXRZZAxmaSGSjJdFKUcmRjlv6MeU5QYPrIEE8XsrYgMsMLE2IRmtoQiz8SbT2CR+Ge1q5p3d16tXxfhlOAQjuAEPLiAOtxCA3wgMIQXeIU359l5dz6cz2nrklPMHMAMnK9fl/iWBA==</latexit>

N
<latexit sha1_base64="Sj4hUdJdduOkBPXJLgqr0zSoxQ4=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL56kBWMLbSib7aZdursJuxshhP4Cr3r2JF79Ox79J27bHGzrg4HHezPMzAsTzrRx3W+ntLa+sblV3q7s7O7tH1QPj550nCpCfRLzWHVCrClnkvqGGU47iaJYhJy2w/Hd1G8/U6VZLB9NltBA4KFkESPYWKn10K/W3Lo7A1olXkFqUKDZr/70BjFJBZWGcKx113MTE+RYGUY4nVR6qaYJJmM8pF1LJRZUB/ns0Ak6s8oARbGyJQ2aqX8nciy0zkRoOwU2I73sTcX/vG5qousgZzJJDZVkvihKOTIxmn6NBkxRYnhmCSaK2VsRGWGFibHZLGwJxcRm4i0nsEr8i/pN3Wtd1hq3RThlOIFTOAcPrqAB99AEHwhQeIFXeHMy5935cD7nrSWnmDmGBThfv7Fhkzw=</latexit><latexit sha1_base64="Sj4hUdJdduOkBPXJLgqr0zSoxQ4=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL56kBWMLbSib7aZdursJuxshhP4Cr3r2JF79Ox79J27bHGzrg4HHezPMzAsTzrRx3W+ntLa+sblV3q7s7O7tH1QPj550nCpCfRLzWHVCrClnkvqGGU47iaJYhJy2w/Hd1G8/U6VZLB9NltBA4KFkESPYWKn10K/W3Lo7A1olXkFqUKDZr/70BjFJBZWGcKx113MTE+RYGUY4nVR6qaYJJmM8pF1LJRZUB/ns0Ak6s8oARbGyJQ2aqX8nciy0zkRoOwU2I73sTcX/vG5qousgZzJJDZVkvihKOTIxmn6NBkxRYnhmCSaK2VsRGWGFibHZLGwJxcRm4i0nsEr8i/pN3Wtd1hq3RThlOIFTOAcPrqAB99AEHwhQeIFXeHMy5935cD7nrSWnmDmGBThfv7Fhkzw=</latexit><latexit sha1_base64="Sj4hUdJdduOkBPXJLgqr0zSoxQ4=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL56kBWMLbSib7aZdursJuxshhP4Cr3r2JF79Ox79J27bHGzrg4HHezPMzAsTzrRx3W+ntLa+sblV3q7s7O7tH1QPj550nCpCfRLzWHVCrClnkvqGGU47iaJYhJy2w/Hd1G8/U6VZLB9NltBA4KFkESPYWKn10K/W3Lo7A1olXkFqUKDZr/70BjFJBZWGcKx113MTE+RYGUY4nVR6qaYJJmM8pF1LJRZUB/ns0Ak6s8oARbGyJQ2aqX8nciy0zkRoOwU2I73sTcX/vG5qousgZzJJDZVkvihKOTIxmn6NBkxRYnhmCSaK2VsRGWGFibHZLGwJxcRm4i0nsEr8i/pN3Wtd1hq3RThlOIFTOAcPrqAB99AEHwhQeIFXeHMy5935cD7nrSWnmDmGBThfv7Fhkzw=</latexit><latexit sha1_base64="Sj4hUdJdduOkBPXJLgqr0zSoxQ4=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL56kBWMLbSib7aZdursJuxshhP4Cr3r2JF79Ox79J27bHGzrg4HHezPMzAsTzrRx3W+ntLa+sblV3q7s7O7tH1QPj550nCpCfRLzWHVCrClnkvqGGU47iaJYhJy2w/Hd1G8/U6VZLB9NltBA4KFkESPYWKn10K/W3Lo7A1olXkFqUKDZr/70BjFJBZWGcKx113MTE+RYGUY4nVR6qaYJJmM8pF1LJRZUB/ns0Ak6s8oARbGyJQ2aqX8nciy0zkRoOwU2I73sTcX/vG5qousgZzJJDZVkvihKOTIxmn6NBkxRYnhmCSaK2VsRGWGFibHZLGwJxcRm4i0nsEr8i/pN3Wtd1hq3RThlOIFTOAcPrqAB99AEHwhQeIFXeHMy5935cD7nrSWnmDmGBThfv7Fhkzw=</latexit>

ri,t�1
<latexit sha1_base64="TKqQBxfLSwDZxApXWRMULtSkgzs=">AAACA3icbVBNS8NAFNzUr1q/qh69LBbBg5ZEBPVW9OKxgrGFNpbNdtMu3U3C7otQQq7+Bq969iRe/SEe/Sdu2hxs68CDYeY95jF+LLgG2/62SkvLK6tr5fXKxubW9k51d+9BR4mizKWRiFTbJ5oJHjIXOAjWjhUj0hes5Y9ucr/1xJTmUXgP45h5kgxCHnBKwEiPXV+mKuul/AROnaxXrdl1ewK8SJyC1FCBZq/60+1HNJEsBCqI1h3HjsFLiQJOBcsq3USzmNARGbCOoSGRTHvp5OsMHxmlj4NImQkBT9S/FymRWo+lbzYlgaGe93LxP6+TQHDppTyME2AhnQYFicAQ4bwC3OeKURBjQwhV3PyK6ZAoQsEUNZPiy7wTZ76BReKe1a/qzt15rXFdlFNGB+gQHSMHXaAGukVN5CKKFHpBr+jNerberQ/rc7pasoqbfTQD6+sXmYGYww==</latexit><latexit sha1_base64="TKqQBxfLSwDZxApXWRMULtSkgzs=">AAACA3icbVBNS8NAFNzUr1q/qh69LBbBg5ZEBPVW9OKxgrGFNpbNdtMu3U3C7otQQq7+Bq969iRe/SEe/Sdu2hxs68CDYeY95jF+LLgG2/62SkvLK6tr5fXKxubW9k51d+9BR4mizKWRiFTbJ5oJHjIXOAjWjhUj0hes5Y9ucr/1xJTmUXgP45h5kgxCHnBKwEiPXV+mKuul/AROnaxXrdl1ewK8SJyC1FCBZq/60+1HNJEsBCqI1h3HjsFLiQJOBcsq3USzmNARGbCOoSGRTHvp5OsMHxmlj4NImQkBT9S/FymRWo+lbzYlgaGe93LxP6+TQHDppTyME2AhnQYFicAQ4bwC3OeKURBjQwhV3PyK6ZAoQsEUNZPiy7wTZ76BReKe1a/qzt15rXFdlFNGB+gQHSMHXaAGukVN5CKKFHpBr+jNerberQ/rc7pasoqbfTQD6+sXmYGYww==</latexit><latexit sha1_base64="TKqQBxfLSwDZxApXWRMULtSkgzs=">AAACA3icbVBNS8NAFNzUr1q/qh69LBbBg5ZEBPVW9OKxgrGFNpbNdtMu3U3C7otQQq7+Bq969iRe/SEe/Sdu2hxs68CDYeY95jF+LLgG2/62SkvLK6tr5fXKxubW9k51d+9BR4mizKWRiFTbJ5oJHjIXOAjWjhUj0hes5Y9ucr/1xJTmUXgP45h5kgxCHnBKwEiPXV+mKuul/AROnaxXrdl1ewK8SJyC1FCBZq/60+1HNJEsBCqI1h3HjsFLiQJOBcsq3USzmNARGbCOoSGRTHvp5OsMHxmlj4NImQkBT9S/FymRWo+lbzYlgaGe93LxP6+TQHDppTyME2AhnQYFicAQ4bwC3OeKURBjQwhV3PyK6ZAoQsEUNZPiy7wTZ76BReKe1a/qzt15rXFdlFNGB+gQHSMHXaAGukVN5CKKFHpBr+jNerberQ/rc7pasoqbfTQD6+sXmYGYww==</latexit><latexit sha1_base64="TKqQBxfLSwDZxApXWRMULtSkgzs=">AAACA3icbVBNS8NAFNzUr1q/qh69LBbBg5ZEBPVW9OKxgrGFNpbNdtMu3U3C7otQQq7+Bq969iRe/SEe/Sdu2hxs68CDYeY95jF+LLgG2/62SkvLK6tr5fXKxubW9k51d+9BR4mizKWRiFTbJ5oJHjIXOAjWjhUj0hes5Y9ucr/1xJTmUXgP45h5kgxCHnBKwEiPXV+mKuul/AROnaxXrdl1ewK8SJyC1FCBZq/60+1HNJEsBCqI1h3HjsFLiQJOBcsq3USzmNARGbCOoSGRTHvp5OsMHxmlj4NImQkBT9S/FymRWo+lbzYlgaGe93LxP6+TQHDppTyME2AhnQYFicAQ4bwC3OeKURBjQwhV3PyK6ZAoQsEUNZPiy7wTZ76BReKe1a/qzt15rXFdlFNGB+gQHSMHXaAGukVN5CKKFHpBr+jNerberQ/rc7pasoqbfTQD6+sXmYGYww==</latexit>

ri,t+1
<latexit sha1_base64="FA76202m+cJ+fxs96BL140Z+Dis=">AAACA3icbVBNS8NAFNzUr1q/qh69LBZBUEoignorevFYwdhCG8tmu2mX7iZh90UoIVd/g1c9exKv/hCP/hM3bQ62deDBMPMe8xg/FlyDbX9bpaXlldW18nplY3Nre6e6u/ego0RR5tJIRKrtE80ED5kLHARrx4oR6QvW8kc3ud96YkrzKLyHccw8SQYhDzglYKTHri9TlfVSfgonTtar1uy6PQFeJE5BaqhAs1f96fYjmkgWAhVE645jx+ClRAGngmWVbqJZTOiIDFjH0JBIpr108nWGj4zSx0GkzISAJ+rfi5RIrcfSN5uSwFDPe7n4n9dJILj0Uh7GCbCQToOCRGCIcF4B7nPFKIixIYQqbn7FdEgUoWCKmknxZd6JM9/AInHP6ld15+681rguyimjA3SIjpGDLlAD3aImchFFCr2gV/RmPVvv1of1OV0tWcXNPpqB9fULllmYwQ==</latexit><latexit sha1_base64="FA76202m+cJ+fxs96BL140Z+Dis=">AAACA3icbVBNS8NAFNzUr1q/qh69LBZBUEoignorevFYwdhCG8tmu2mX7iZh90UoIVd/g1c9exKv/hCP/hM3bQ62deDBMPMe8xg/FlyDbX9bpaXlldW18nplY3Nre6e6u/ego0RR5tJIRKrtE80ED5kLHARrx4oR6QvW8kc3ud96YkrzKLyHccw8SQYhDzglYKTHri9TlfVSfgonTtar1uy6PQFeJE5BaqhAs1f96fYjmkgWAhVE645jx+ClRAGngmWVbqJZTOiIDFjH0JBIpr108nWGj4zSx0GkzISAJ+rfi5RIrcfSN5uSwFDPe7n4n9dJILj0Uh7GCbCQToOCRGCIcF4B7nPFKIixIYQqbn7FdEgUoWCKmknxZd6JM9/AInHP6ld15+681rguyimjA3SIjpGDLlAD3aImchFFCr2gV/RmPVvv1of1OV0tWcXNPpqB9fULllmYwQ==</latexit><latexit sha1_base64="FA76202m+cJ+fxs96BL140Z+Dis=">AAACA3icbVBNS8NAFNzUr1q/qh69LBZBUEoignorevFYwdhCG8tmu2mX7iZh90UoIVd/g1c9exKv/hCP/hM3bQ62deDBMPMe8xg/FlyDbX9bpaXlldW18nplY3Nre6e6u/ego0RR5tJIRKrtE80ED5kLHARrx4oR6QvW8kc3ud96YkrzKLyHccw8SQYhDzglYKTHri9TlfVSfgonTtar1uy6PQFeJE5BaqhAs1f96fYjmkgWAhVE645jx+ClRAGngmWVbqJZTOiIDFjH0JBIpr108nWGj4zSx0GkzISAJ+rfi5RIrcfSN5uSwFDPe7n4n9dJILj0Uh7GCbCQToOCRGCIcF4B7nPFKIixIYQqbn7FdEgUoWCKmknxZd6JM9/AInHP6ld15+681rguyimjA3SIjpGDLlAD3aImchFFCr2gV/RmPVvv1of1OV0tWcXNPpqB9fULllmYwQ==</latexit><latexit sha1_base64="FA76202m+cJ+fxs96BL140Z+Dis=">AAACA3icbVBNS8NAFNzUr1q/qh69LBZBUEoignorevFYwdhCG8tmu2mX7iZh90UoIVd/g1c9exKv/hCP/hM3bQ62deDBMPMe8xg/FlyDbX9bpaXlldW18nplY3Nre6e6u/ego0RR5tJIRKrtE80ED5kLHARrx4oR6QvW8kc3ud96YkrzKLyHccw8SQYhDzglYKTHri9TlfVSfgonTtar1uy6PQFeJE5BaqhAs1f96fYjmkgWAhVE645jx+ClRAGngmWVbqJZTOiIDFjH0JBIpr108nWGj4zSx0GkzISAJ+rfi5RIrcfSN5uSwFDPe7n4n9dJILj0Uh7GCbCQToOCRGCIcF4B7nPFKIixIYQqbn7FdEgUoWCKmknxZd6JM9/AInHP6ld15+681rguyimjA3SIjpGDLlAD3aImchFFCr2gV/RmPVvv1of1OV0tWcXNPpqB9fULllmYwQ==</latexit>

gt�1
<latexit sha1_base64="E3pgIAUJsxoJRk9z/vJ2oRPLTKw=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCF0signorevFYwdhCE8pmu2mX7iZhdyOUkJu/wauePYlXf4lH/4mbNgfbOvBgmHmPeUyQcKa0bX9blZXVtfWN6mZta3tnd6++f/Co4lQS6pKYx7IbYEU5i6irmea0m0iKRcBpJxjfFn7niUrF4uhBTxLqCzyMWMgI1kbyvEBkw7yf6TMn79cbdtOeAi0TpyQNKNHu13+8QUxSQSNNOFaq59iJ9jMsNSOc5jUvVTTBZIyHtGdohAVVfjb9OUcnRhmgMJZmIo2m6t+LDAulJiIwmwLrkVr0CvE/r5fq8MrPWJSkmkZkFhSmHOkYFQWgAZOUaD4xBBPJzK+IjLDERJua5lICUXTiLDawTNzz5nXTub9otG7KcqpwBMdwCg5cQgvuoA0uEEjgBV7hzXq23q0P63O2WrHKm0OYg/X1C0o4mA8=</latexit><latexit sha1_base64="E3pgIAUJsxoJRk9z/vJ2oRPLTKw=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCF0signorevFYwdhCE8pmu2mX7iZhdyOUkJu/wauePYlXf4lH/4mbNgfbOvBgmHmPeUyQcKa0bX9blZXVtfWN6mZta3tnd6++f/Co4lQS6pKYx7IbYEU5i6irmea0m0iKRcBpJxjfFn7niUrF4uhBTxLqCzyMWMgI1kbyvEBkw7yf6TMn79cbdtOeAi0TpyQNKNHu13+8QUxSQSNNOFaq59iJ9jMsNSOc5jUvVTTBZIyHtGdohAVVfjb9OUcnRhmgMJZmIo2m6t+LDAulJiIwmwLrkVr0CvE/r5fq8MrPWJSkmkZkFhSmHOkYFQWgAZOUaD4xBBPJzK+IjLDERJua5lICUXTiLDawTNzz5nXTub9otG7KcqpwBMdwCg5cQgvuoA0uEEjgBV7hzXq23q0P63O2WrHKm0OYg/X1C0o4mA8=</latexit><latexit sha1_base64="E3pgIAUJsxoJRk9z/vJ2oRPLTKw=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCF0signorevFYwdhCE8pmu2mX7iZhdyOUkJu/wauePYlXf4lH/4mbNgfbOvBgmHmPeUyQcKa0bX9blZXVtfWN6mZta3tnd6++f/Co4lQS6pKYx7IbYEU5i6irmea0m0iKRcBpJxjfFn7niUrF4uhBTxLqCzyMWMgI1kbyvEBkw7yf6TMn79cbdtOeAi0TpyQNKNHu13+8QUxSQSNNOFaq59iJ9jMsNSOc5jUvVTTBZIyHtGdohAVVfjb9OUcnRhmgMJZmIo2m6t+LDAulJiIwmwLrkVr0CvE/r5fq8MrPWJSkmkZkFhSmHOkYFQWgAZOUaD4xBBPJzK+IjLDERJua5lICUXTiLDawTNzz5nXTub9otG7KcqpwBMdwCg5cQgvuoA0uEEjgBV7hzXq23q0P63O2WrHKm0OYg/X1C0o4mA8=</latexit><latexit sha1_base64="E3pgIAUJsxoJRk9z/vJ2oRPLTKw=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCF0signorevFYwdhCE8pmu2mX7iZhdyOUkJu/wauePYlXf4lH/4mbNgfbOvBgmHmPeUyQcKa0bX9blZXVtfWN6mZta3tnd6++f/Co4lQS6pKYx7IbYEU5i6irmea0m0iKRcBpJxjfFn7niUrF4uhBTxLqCzyMWMgI1kbyvEBkw7yf6TMn79cbdtOeAi0TpyQNKNHu13+8QUxSQSNNOFaq59iJ9jMsNSOc5jUvVTTBZIyHtGdohAVVfjb9OUcnRhmgMJZmIo2m6t+LDAulJiIwmwLrkVr0CvE/r5fq8MrPWJSkmkZkFhSmHOkYFQWgAZOUaD4xBBPJzK+IjLDERJua5lICUXTiLDawTNzz5nXTub9otG7KcqpwBMdwCg5cQgvuoA0uEEjgBV7hzXq23q0P63O2WrHKm0OYg/X1C0o4mA8=</latexit>

gt+1
<latexit sha1_base64="/VMZzRb4IYaWO4b3NXhdn7R6Z00=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCIJREBPVW9OKxgrGFJpTNdtMu3U3C7kYoITd/g1c9exKv/hKP/hM3bQ62deDBMPMe85gg4Uxp2/62Kiura+sb1c3a1vbO7l59/+BRxakk1CUxj2U3wIpyFlFXM81pN5EUi4DTTjC+LfzOE5WKxdGDniTUF3gYsZARrI3keYHIhnk/02dO3q837KY9BVomTkkaUKLdr/94g5ikgkaacKxUz7ET7WdYakY4zWteqmiCyRgPac/QCAuq/Gz6c45OjDJAYSzNRBpN1b8XGRZKTURgNgXWI7XoFeJ/Xi/V4ZWfsShJNY3ILChMOdIxKgpAAyYp0XxiCCaSmV8RGWGJiTY1zaUEoujEWWxgmbjnzeumc3/RaN2U5VThCI7hFBy4hBbcQRtcIJDAC7zCm/VsvVsf1udstWKVN4cwB+vrF0cQmA0=</latexit><latexit sha1_base64="/VMZzRb4IYaWO4b3NXhdn7R6Z00=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCIJREBPVW9OKxgrGFJpTNdtMu3U3C7kYoITd/g1c9exKv/hKP/hM3bQ62deDBMPMe85gg4Uxp2/62Kiura+sb1c3a1vbO7l59/+BRxakk1CUxj2U3wIpyFlFXM81pN5EUi4DTTjC+LfzOE5WKxdGDniTUF3gYsZARrI3keYHIhnk/02dO3q837KY9BVomTkkaUKLdr/94g5ikgkaacKxUz7ET7WdYakY4zWteqmiCyRgPac/QCAuq/Gz6c45OjDJAYSzNRBpN1b8XGRZKTURgNgXWI7XoFeJ/Xi/V4ZWfsShJNY3ILChMOdIxKgpAAyYp0XxiCCaSmV8RGWGJiTY1zaUEoujEWWxgmbjnzeumc3/RaN2U5VThCI7hFBy4hBbcQRtcIJDAC7zCm/VsvVsf1udstWKVN4cwB+vrF0cQmA0=</latexit><latexit sha1_base64="/VMZzRb4IYaWO4b3NXhdn7R6Z00=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCIJREBPVW9OKxgrGFJpTNdtMu3U3C7kYoITd/g1c9exKv/hKP/hM3bQ62deDBMPMe85gg4Uxp2/62Kiura+sb1c3a1vbO7l59/+BRxakk1CUxj2U3wIpyFlFXM81pN5EUi4DTTjC+LfzOE5WKxdGDniTUF3gYsZARrI3keYHIhnk/02dO3q837KY9BVomTkkaUKLdr/94g5ikgkaacKxUz7ET7WdYakY4zWteqmiCyRgPac/QCAuq/Gz6c45OjDJAYSzNRBpN1b8XGRZKTURgNgXWI7XoFeJ/Xi/V4ZWfsShJNY3ILChMOdIxKgpAAyYp0XxiCCaSmV8RGWGJiTY1zaUEoujEWWxgmbjnzeumc3/RaN2U5VThCI7hFBy4hBbcQRtcIJDAC7zCm/VsvVsf1udstWKVN4cwB+vrF0cQmA0=</latexit><latexit sha1_base64="/VMZzRb4IYaWO4b3NXhdn7R6Z00=">AAACAXicbVBNS8NAFHypX7V+VT16WSyCIJREBPVW9OKxgrGFJpTNdtMu3U3C7kYoITd/g1c9exKv/hKP/hM3bQ62deDBMPMe85gg4Uxp2/62Kiura+sb1c3a1vbO7l59/+BRxakk1CUxj2U3wIpyFlFXM81pN5EUi4DTTjC+LfzOE5WKxdGDniTUF3gYsZARrI3keYHIhnk/02dO3q837KY9BVomTkkaUKLdr/94g5ikgkaacKxUz7ET7WdYakY4zWteqmiCyRgPac/QCAuq/Gz6c45OjDJAYSzNRBpN1b8XGRZKTURgNgXWI7XoFeJ/Xi/V4ZWfsShJNY3ILChMOdIxKgpAAyYp0XxiCCaSmV8RGWGJiTY1zaUEoujEWWxgmbjnzeumc3/RaN2U5VThCI7hFBy4hBbcQRtcIJDAC7zCm/VsvVsf1udstWKVN4cwB+vrF0cQmA0=</latexit>

Latent variable autoregressive deep



We are not the first to realize this …



When compared to 
pure RNN forecaster 
• Lower uncertainty 
• Faster 
• More accurate

Faster, stronger, better (than previous work)



When compared to 
SOTA (DeepAR and 
MQ-RNN) 
• Less variance  
• More accurate

Faster, stronger, better (than previous work)



To be available in GluonTS: gluon-ts.mxnet.io
Featuring NN-based 
Forecasting models 

• DeepAR [Valentin et. al., 2017]  
• MQ-DNN [Wen et. al., 2017] 
• Deep State Space Models 

[Rangapuram et. al., 2018] 
• Spline Regression RNN 

[Gasthaus et. al., 2019] 
• GPs, KF, LDS 
• More …

Come to our talk at  
the Time Series  

Workshop on Friday!

gluon-ts.mxnet.io


