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This is a function of theta



1. Statistical Modeling Language 

▸ purpose: specify data, parameters, log joint probability distribution 

2. Inference algorithms 
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1. Statistical Modeling Language 

▸ purpose: specify data, parameters, log joint probability distribution 

2. Inference algorithms 

▸ Bayesian (NUTS, HMC), approximate Bayes (ADVI), optimization (L-BFGS, BFGS, Newton)  
 
 
 

3. Interfaces 

What is Stan?

✓, x, log p(✓, x)
<latexit sha1_base64="42hWQn9N5vP15tPhUJvaZErLGuE=">AAACCnicbVDLSsNAFJ34rPUVdelmaBEqSElF8LEquHElFYwtNKFMppN26OTBzI20hO7d+CtuXKi49Qvc+TdO0wjaeuBeDufcy8w9Xiy4Asv6MhYWl5ZXVgtrxfWNza1tc2f3TkWJpMymkYhkyyOKCR4yGzgI1oolI4EnWNMbXE785j2TikfhLYxi5gakF3KfUwJa6pglB/oMyBF2LvAw646Iejiu/OjDw45ZtqpWBjxPajkpoxyNjvnpdCOaBCwEKohS7ZoVg5sSCZwKNi46iWIxoQPSY21NQxIw5abZLWN8oJUu9iOpKwScqb83UhIoNQo8PRkQ6KtZbyL+57UT8M/clIdxAiyk04f8RGCI8CQY3OWSURAjTQiVXP8V0z6RhIKOr6hDqM2ePE/s4+p51bo5Kdev8zQKaB+VUAXV0CmqoyvUQDai6AE9oRf0ajwaz8ab8T4dXTDynT30B8bHN6jwmIE=</latexit><latexit sha1_base64="42hWQn9N5vP15tPhUJvaZErLGuE=">AAACCnicbVDLSsNAFJ34rPUVdelmaBEqSElF8LEquHElFYwtNKFMppN26OTBzI20hO7d+CtuXKi49Qvc+TdO0wjaeuBeDufcy8w9Xiy4Asv6MhYWl5ZXVgtrxfWNza1tc2f3TkWJpMymkYhkyyOKCR4yGzgI1oolI4EnWNMbXE785j2TikfhLYxi5gakF3KfUwJa6pglB/oMyBF2LvAw646Iejiu/OjDw45ZtqpWBjxPajkpoxyNjvnpdCOaBCwEKohS7ZoVg5sSCZwKNi46iWIxoQPSY21NQxIw5abZLWN8oJUu9iOpKwScqb83UhIoNQo8PRkQ6KtZbyL+57UT8M/clIdxAiyk04f8RGCI8CQY3OWSURAjTQiVXP8V0z6RhIKOr6hDqM2ePE/s4+p51bo5Kdev8zQKaB+VUAXV0CmqoyvUQDai6AE9oRf0ajwaz8ab8T4dXTDynT30B8bHN6jwmIE=</latexit><latexit sha1_base64="42hWQn9N5vP15tPhUJvaZErLGuE=">AAACCnicbVDLSsNAFJ34rPUVdelmaBEqSElF8LEquHElFYwtNKFMppN26OTBzI20hO7d+CtuXKi49Qvc+TdO0wjaeuBeDufcy8w9Xiy4Asv6MhYWl5ZXVgtrxfWNza1tc2f3TkWJpMymkYhkyyOKCR4yGzgI1oolI4EnWNMbXE785j2TikfhLYxi5gakF3KfUwJa6pglB/oMyBF2LvAw646Iejiu/OjDw45ZtqpWBjxPajkpoxyNjvnpdCOaBCwEKohS7ZoVg5sSCZwKNi46iWIxoQPSY21NQxIw5abZLWN8oJUu9iOpKwScqb83UhIoNQo8PRkQ6KtZbyL+57UT8M/clIdxAiyk04f8RGCI8CQY3OWSURAjTQiVXP8V0z6RhIKOr6hDqM2ePE/s4+p51bo5Kdev8zQKaB+VUAXV0CmqoyvUQDai6AE9oRf0ajwaz8ab8T4dXTDynT30B8bHN6jwmIE=</latexit>

p̂(✓ |x) ⇡ q(�̂)

�̂ = argmin
�

DKL (q(✓ |�) || p(✓ |x))
where
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✓̂ = argmax
✓

p(✓, x)
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p̂(✓ |x) ⇡ q(�̂)

�̂ = argmin
�

DKL (q(✓ |�) || p(✓ |x))

✓̂ = argmax
✓

p(✓, x)
where

p(✓ |x)
<latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="lOZKCasjm+7fQygiujXXBs/79SQ=">AAAB8XicbZDNSgMxFIXv+Ftr1VHcuQkWoYKUqRt1J7hxWcGxhc5QMmmmDc38kNwR61h8FTcuVHwZd76NmbYLbT2Q8HFOQm5OkEqh0XG+raXlldW19dJGebOytb1j71budJIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4LhVZG37rnSIolvcZRyP6L9WISCUTRW195Pax4OOFLinZCnYns4Jl276tSdicgiNGZQhZmaXfvL6yUsi3iMTFKtOw0nRT+nCgWTfFz2Ms1Tyoa0zzsGYxpx7eeT6cfkyDg9EibKrBjJxP19I6eR1qMoMCcjigM9nxXmf1knw/Dcz0WcZshjNn0ozCTBhBRVkJ5QnKEcGaBMCTMrYQOqKENTWNmU0Jj/8iK4p/WLunPjQAkO4BBq0IAzuIRraIILDB7hBd7g3Xq2Xq2PaVtL1qy2Pfgj6/MHk9ORtg==</latexit><latexit sha1_base64="lOZKCasjm+7fQygiujXXBs/79SQ=">AAAB8XicbZDNSgMxFIXv+Ftr1VHcuQkWoYKUqRt1J7hxWcGxhc5QMmmmDc38kNwR61h8FTcuVHwZd76NmbYLbT2Q8HFOQm5OkEqh0XG+raXlldW19dJGebOytb1j71budJIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4LhVZG37rnSIolvcZRyP6L9WISCUTRW195Pax4OOFLinZCnYns4Jl276tSdicgiNGZQhZmaXfvL6yUsi3iMTFKtOw0nRT+nCgWTfFz2Ms1Tyoa0zzsGYxpx7eeT6cfkyDg9EibKrBjJxP19I6eR1qMoMCcjigM9nxXmf1knw/Dcz0WcZshjNn0ozCTBhBRVkJ5QnKEcGaBMCTMrYQOqKENTWNmU0Jj/8iK4p/WLunPjQAkO4BBq0IAzuIRraIILDB7hBd7g3Xq2Xq2PaVtL1qy2Pfgj6/MHk9ORtg==</latexit><latexit sha1_base64="Dv9R3/+lC5kdcTROqd0Nhgqi840=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJG3VXcONKKhhbaEKZTCft0MmDmRuxxuKvuHGh4tYPceffOGmz0NYD93I4517mzvETwRVY1rdRWlhcWl4pr1bW1jc2t8ztnVsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3iR+607JhWPoxsYJcwLST/iAacEtNQ195KaCwMGBLvH+DFv90e4a1atujUBnid2QaqoQLNrfrm9mKYhi4AKolTHthLwMiKBU8HGFTdVLCF0SPqso2lEQqa8bHL9GB9qpYeDWOqKAE/U3xsZCZUahb6eDAkM1KyXi/95nRSCMy/jUZICi+j0oSAVGGKcR4F7XDIKYqQJoZLrWzEdEEko6MAqOgR79svzxDmpn9eta6vauCrSKKN9dIBqyEanqIEuURM5iKIH9Ixe0ZvxZLwY78bHdLRkFDu76A+Mzx/qcpMl</latexit><latexit sha1_base64="suyHCRjvM4tucJ9qQOoL4radhzY=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOqu4MaVVDC20IQymU7aoZMHMzdijcVfceNCxa0f4s6/cdJmodUD93I4517mzvETwRVY1pdRmptfWFwqL1dWVtfWN8zNrRsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3ie+61bJhWPo2sYJcwLST/iAacEtNQ1d5KaCwMGBLuH+CFvdwe4a1atujUB/kvsglRRgWbX/HR7MU1DFgEVRKmObSXgZUQCp4KNK26qWELokPRZR9OIhEx52eT6Md7XSg8HsdQVAZ6oPzcyEio1Cn09GRIYqFkvF//zOikEp17GoyQFFtHpQ0EqMMQ4jwL3uGQUxEgTQiXXt2I6IJJQ0IFVdAj27Jf/Eueofla3ro6rjcsijTLaRXuohmx0ghroAjWRgyi6R0/oBb0aj8az8Wa8T0dLRrGzjX7B+PgG67KTKQ==</latexit><latexit sha1_base64="suyHCRjvM4tucJ9qQOoL4radhzY=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOqu4MaVVDC20IQymU7aoZMHMzdijcVfceNCxa0f4s6/cdJmodUD93I4517mzvETwRVY1pdRmptfWFwqL1dWVtfWN8zNrRsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3ie+61bJhWPo2sYJcwLST/iAacEtNQ1d5KaCwMGBLuH+CFvdwe4a1atujUB/kvsglRRgWbX/HR7MU1DFgEVRKmObSXgZUQCp4KNK26qWELokPRZR9OIhEx52eT6Md7XSg8HsdQVAZ6oPzcyEio1Cn09GRIYqFkvF//zOikEp17GoyQFFtHpQ0EqMMQ4jwL3uGQUxEgTQiXXt2I6IJJQ0IFVdAj27Jf/Eueofla3ro6rjcsijTLaRXuohmx0ghroAjWRgyi6R0/oBb0aj8az8Wa8T0dLRrGzjX7B+PgG67KTKQ==</latexit><latexit sha1_base64="suyHCRjvM4tucJ9qQOoL4radhzY=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOqu4MaVVDC20IQymU7aoZMHMzdijcVfceNCxa0f4s6/cdJmodUD93I4517mzvETwRVY1pdRmptfWFwqL1dWVtfWN8zNrRsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3ie+61bJhWPo2sYJcwLST/iAacEtNQ1d5KaCwMGBLuH+CFvdwe4a1atujUB/kvsglRRgWbX/HR7MU1DFgEVRKmObSXgZUQCp4KNK26qWELokPRZR9OIhEx52eT6Md7XSg8HsdQVAZ6oPzcyEio1Cn09GRIYqFkvF//zOikEp17GoyQFFtHpQ0EqMMQ4jwL3uGQUxEgTQiXXt2I6IJJQ0IFVdAj27Jf/Eueofla3ro6rjcsijTLaRXuohmx0ghroAjWRgyi6R0/oBb0aj8az8Wa8T0dLRrGzjX7B+PgG67KTKQ==</latexit><latexit sha1_base64="suyHCRjvM4tucJ9qQOoL4radhzY=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOqu4MaVVDC20IQymU7aoZMHMzdijcVfceNCxa0f4s6/cdJmodUD93I4517mzvETwRVY1pdRmptfWFwqL1dWVtfWN8zNrRsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3ie+61bJhWPo2sYJcwLST/iAacEtNQ1d5KaCwMGBLuH+CFvdwe4a1atujUB/kvsglRRgWbX/HR7MU1DFgEVRKmObSXgZUQCp4KNK26qWELokPRZR9OIhEx52eT6Md7XSg8HsdQVAZ6oPzcyEio1Cn09GRIYqFkvF//zOikEp17GoyQFFtHpQ0EqMMQ4jwL3uGQUxEgTQiXXt2I6IJJQ0IFVdAj27Jf/Eueofla3ro6rjcsijTLaRXuohmx0ghroAjWRgyi6R0/oBb0aj8az8Wa8T0dLRrGzjX7B+PgG67KTKQ==</latexit><latexit sha1_base64="suyHCRjvM4tucJ9qQOoL4radhzY=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOqu4MaVVDC20IQymU7aoZMHMzdijcVfceNCxa0f4s6/cdJmodUD93I4517mzvETwRVY1pdRmptfWFwqL1dWVtfWN8zNrRsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3ie+61bJhWPo2sYJcwLST/iAacEtNQ1d5KaCwMGBLuH+CFvdwe4a1atujUB/kvsglRRgWbX/HR7MU1DFgEVRKmObSXgZUQCp4KNK26qWELokPRZR9OIhEx52eT6Md7XSg8HsdQVAZ6oPzcyEio1Cn09GRIYqFkvF//zOikEp17GoyQFFtHpQ0EqMMQ4jwL3uGQUxEgTQiXXt2I6IJJQ0IFVdAj27Jf/Eueofla3ro6rjcsijTLaRXuohmx0ghroAjWRgyi6R0/oBb0aj8az8Wa8T0dLRrGzjX7B+PgG67KTKQ==</latexit>

with
✓(1), ✓(2), . . . , ✓(N)

<latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="5+U/3DBEJ5JfefIv1le5kPks+uo=">AAACDXicbVBNS0JBFL3PvsysrG2bIQkUQt5zU+2CNq3CoJeCmswb5+ngvA9m7gvk4d9o019p06Kibbv+TeNTwrQDF849515m7vFiKTTa9reVW1vf2NzKbxd2irt7+6WD4r2OEsW4yyIZqZZHNZci5C4KlLwVK04DT/KmN7qa+s1HrrSIwjscx7wb0EEofMEoGqlXsjs45Egf0opTnZyS366edbIfoV5Qb6qTXqls1+wMZJU4c1KGORq90lenH7Ek4CEySbVuO3aM3ZQqFEzySaGTaB5TNqID3jY0pAHX3TS7bEJOjNInfqRMhUgydXEjpYHW48AzkwHFoV72puJ/XjtB/7ybijBOkIds9pCfSIIRmcZE+kJxhnJsCGVKmL8SNqSKMjRhFkwIzvLJq8St1y5q9q0NeTiCY6iAA2dwCdfQABcYPMELvMG79Wy9Wh+ztHLWPLZD+APr8wdiNJ09</latexit><latexit sha1_base64="5+U/3DBEJ5JfefIv1le5kPks+uo=">AAACDXicbVBNS0JBFL3PvsysrG2bIQkUQt5zU+2CNq3CoJeCmswb5+ngvA9m7gvk4d9o019p06Kibbv+TeNTwrQDF849515m7vFiKTTa9reVW1vf2NzKbxd2irt7+6WD4r2OEsW4yyIZqZZHNZci5C4KlLwVK04DT/KmN7qa+s1HrrSIwjscx7wb0EEofMEoGqlXsjs45Egf0opTnZyS366edbIfoV5Qb6qTXqls1+wMZJU4c1KGORq90lenH7Ek4CEySbVuO3aM3ZQqFEzySaGTaB5TNqID3jY0pAHX3TS7bEJOjNInfqRMhUgydXEjpYHW48AzkwHFoV72puJ/XjtB/7ybijBOkIds9pCfSIIRmcZE+kJxhnJsCGVKmL8SNqSKMjRhFkwIzvLJq8St1y5q9q0NeTiCY6iAA2dwCdfQABcYPMELvMG79Wy9Wh+ztHLWPLZD+APr8wdiNJ09</latexit><latexit sha1_base64="bOV0vkT9f1CDEhVJMSvrvXaB4Io=">AAACGHicbVDLSgMxFM3UV62vqks3wSK0ICXTjboruHFVKlhbaMeSyaRtaOZBckcow/yGG3/FjQsVt935N6btINp6IHDuOfdyc48bSaGBkC8rt7a+sbmV3y7s7O7tHxQPj+51GCvGWyyUoeq4VHMpAt4CAZJ3IsWp70redsfXM7/9yJUWYXAHk4g7Ph0GYiAYBSP1i6QHIw70ISnblfQc/1S1eSW9EPQvtVFJ+8USqZI58CqxM1JCGZr94rTnhSz2eQBMUq27NonASagCwSRPC71Y84iyMR3yrqEB9bl2kvllKT4ziocHoTIvADxXf08k1Nd64rum06cw0sveTPzP68YwuHQSEUQx8IAtFg1iiSHEs5iwJxRnICeGUKaE+StmI6ooAxNmwYRgL5+8Slq16lWV3JJSvZGlkUcn6BSVkY0uUB3doCZqIYae0At6Q+/Ws/VqfVifi9aclc0coz+wpt8z257I</latexit><latexit sha1_base64="1lgY3BNgMj/zsY4+0ilv81iRGSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQcpMEdRdwY2rUsHaQltLJpNpQzOZIbkjlKG/4cZfceNCxW13/o3pA6mtBwLnnnMvN/d4seAaHOfbyqytb2xuZbdzO7t7+wf24dGDjhJFWZ1GIlJNj2gmuGR14CBYM1aMhJ5gDW9wM/EbT0xpHsl7GMasE5Ke5AGnBIzUtZ029BmQx7TgFkfn+LcqTyvhR6AX1Gpx1LXzTsmZAq8Sd07yaI5a1x63/YgmIZNABdG65ToxdFKigFPBRrl2ollM6ID0WMtQSUKmO+n0shE+M4qPg0iZJwFP1cWJlIRaD0PPdIYE+nrZm4j/ea0EgqtOymWcAJN0tihIBIYIT2LCPleMghgaQqji5q+Y9okiFEyYOROCu3zyKqmXS9cl5+4iX6nO08iiE3SKCshFl6iCblEN1RFFz+gVvaMP68V6sz6tr1lrxprPHKM/sMY/NRuezA==</latexit><latexit sha1_base64="1lgY3BNgMj/zsY4+0ilv81iRGSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQcpMEdRdwY2rUsHaQltLJpNpQzOZIbkjlKG/4cZfceNCxW13/o3pA6mtBwLnnnMvN/d4seAaHOfbyqytb2xuZbdzO7t7+wf24dGDjhJFWZ1GIlJNj2gmuGR14CBYM1aMhJ5gDW9wM/EbT0xpHsl7GMasE5Ke5AGnBIzUtZ029BmQx7TgFkfn+LcqTyvhR6AX1Gpx1LXzTsmZAq8Sd07yaI5a1x63/YgmIZNABdG65ToxdFKigFPBRrl2ollM6ID0WMtQSUKmO+n0shE+M4qPg0iZJwFP1cWJlIRaD0PPdIYE+nrZm4j/ea0EgqtOymWcAJN0tihIBIYIT2LCPleMghgaQqji5q+Y9okiFEyYOROCu3zyKqmXS9cl5+4iX6nO08iiE3SKCshFl6iCblEN1RFFz+gVvaMP68V6sz6tr1lrxprPHKM/sMY/NRuezA==</latexit><latexit sha1_base64="1lgY3BNgMj/zsY4+0ilv81iRGSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQcpMEdRdwY2rUsHaQltLJpNpQzOZIbkjlKG/4cZfceNCxW13/o3pA6mtBwLnnnMvN/d4seAaHOfbyqytb2xuZbdzO7t7+wf24dGDjhJFWZ1GIlJNj2gmuGR14CBYM1aMhJ5gDW9wM/EbT0xpHsl7GMasE5Ke5AGnBIzUtZ029BmQx7TgFkfn+LcqTyvhR6AX1Gpx1LXzTsmZAq8Sd07yaI5a1x63/YgmIZNABdG65ToxdFKigFPBRrl2ollM6ID0WMtQSUKmO+n0shE+M4qPg0iZJwFP1cWJlIRaD0PPdIYE+nrZm4j/ea0EgqtOymWcAJN0tihIBIYIT2LCPleMghgaQqji5q+Y9okiFEyYOROCu3zyKqmXS9cl5+4iX6nO08iiE3SKCshFl6iCblEN1RFFz+gVvaMP68V6sz6tr1lrxprPHKM/sMY/NRuezA==</latexit><latexit sha1_base64="1lgY3BNgMj/zsY4+0ilv81iRGSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQcpMEdRdwY2rUsHaQltLJpNpQzOZIbkjlKG/4cZfceNCxW13/o3pA6mtBwLnnnMvN/d4seAaHOfbyqytb2xuZbdzO7t7+wf24dGDjhJFWZ1GIlJNj2gmuGR14CBYM1aMhJ5gDW9wM/EbT0xpHsl7GMasE5Ke5AGnBIzUtZ029BmQx7TgFkfn+LcqTyvhR6AX1Gpx1LXzTsmZAq8Sd07yaI5a1x63/YgmIZNABdG65ToxdFKigFPBRrl2ollM6ID0WMtQSUKmO+n0shE+M4qPg0iZJwFP1cWJlIRaD0PPdIYE+nrZm4j/ea0EgqtOymWcAJN0tihIBIYIT2LCPleMghgaQqji5q+Y9okiFEyYOROCu3zyKqmXS9cl5+4iX6nO08iiE3SKCshFl6iCblEN1RFFz+gVvaMP68V6sz6tr1lrxprPHKM/sMY/NRuezA==</latexit><latexit sha1_base64="1lgY3BNgMj/zsY4+0ilv81iRGSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQcpMEdRdwY2rUsHaQltLJpNpQzOZIbkjlKG/4cZfceNCxW13/o3pA6mtBwLnnnMvN/d4seAaHOfbyqytb2xuZbdzO7t7+wf24dGDjhJFWZ1GIlJNj2gmuGR14CBYM1aMhJ5gDW9wM/EbT0xpHsl7GMasE5Ke5AGnBIzUtZ029BmQx7TgFkfn+LcqTyvhR6AX1Gpx1LXzTsmZAq8Sd07yaI5a1x63/YgmIZNABdG65ToxdFKigFPBRrl2ollM6ID0WMtQSUKmO+n0shE+M4qPg0iZJwFP1cWJlIRaD0PPdIYE+nrZm4j/ea0EgqtOymWcAJN0tihIBIYIT2LCPleMghgaQqji5q+Y9okiFEyYOROCu3zyKqmXS9cl5+4iX6nO08iiE3SKCshFl6iCblEN1RFFz+gVvaMP68V6sz6tr1lrxprPHKM/sMY/NRuezA==</latexit>



1. Statistical Modeling Language 

▸ purpose: specify data, parameters, log joint probability distribution 

2. Inference algorithms 

▸ Bayesian (NUTS, HMC), approximate Bayes (ADVI), optimization (L-BFGS, BFGS, Newton)  
 
 
 

3. Interfaces 

▸ CmdStan, RStan, PyStan;            stan.jl, StataStan, MathematicaStan, MatlabStan, …

What is Stan?

✓, x, log p(✓, x)
<latexit sha1_base64="42hWQn9N5vP15tPhUJvaZErLGuE=">AAACCnicbVDLSsNAFJ34rPUVdelmaBEqSElF8LEquHElFYwtNKFMppN26OTBzI20hO7d+CtuXKi49Qvc+TdO0wjaeuBeDufcy8w9Xiy4Asv6MhYWl5ZXVgtrxfWNza1tc2f3TkWJpMymkYhkyyOKCR4yGzgI1oolI4EnWNMbXE785j2TikfhLYxi5gakF3KfUwJa6pglB/oMyBF2LvAw646Iejiu/OjDw45ZtqpWBjxPajkpoxyNjvnpdCOaBCwEKohS7ZoVg5sSCZwKNi46iWIxoQPSY21NQxIw5abZLWN8oJUu9iOpKwScqb83UhIoNQo8PRkQ6KtZbyL+57UT8M/clIdxAiyk04f8RGCI8CQY3OWSURAjTQiVXP8V0z6RhIKOr6hDqM2ePE/s4+p51bo5Kdev8zQKaB+VUAXV0CmqoyvUQDai6AE9oRf0ajwaz8ab8T4dXTDynT30B8bHN6jwmIE=</latexit><latexit sha1_base64="42hWQn9N5vP15tPhUJvaZErLGuE=">AAACCnicbVDLSsNAFJ34rPUVdelmaBEqSElF8LEquHElFYwtNKFMppN26OTBzI20hO7d+CtuXKi49Qvc+TdO0wjaeuBeDufcy8w9Xiy4Asv6MhYWl5ZXVgtrxfWNza1tc2f3TkWJpMymkYhkyyOKCR4yGzgI1oolI4EnWNMbXE785j2TikfhLYxi5gakF3KfUwJa6pglB/oMyBF2LvAw646Iejiu/OjDw45ZtqpWBjxPajkpoxyNjvnpdCOaBCwEKohS7ZoVg5sSCZwKNi46iWIxoQPSY21NQxIw5abZLWN8oJUu9iOpKwScqb83UhIoNQo8PRkQ6KtZbyL+57UT8M/clIdxAiyk04f8RGCI8CQY3OWSURAjTQiVXP8V0z6RhIKOr6hDqM2ePE/s4+p51bo5Kdev8zQKaB+VUAXV0CmqoyvUQDai6AE9oRf0ajwaz8ab8T4dXTDynT30B8bHN6jwmIE=</latexit><latexit sha1_base64="42hWQn9N5vP15tPhUJvaZErLGuE=">AAACCnicbVDLSsNAFJ34rPUVdelmaBEqSElF8LEquHElFYwtNKFMppN26OTBzI20hO7d+CtuXKi49Qvc+TdO0wjaeuBeDufcy8w9Xiy4Asv6MhYWl5ZXVgtrxfWNza1tc2f3TkWJpMymkYhkyyOKCR4yGzgI1oolI4EnWNMbXE785j2TikfhLYxi5gakF3KfUwJa6pglB/oMyBF2LvAw646Iejiu/OjDw45ZtqpWBjxPajkpoxyNjvnpdCOaBCwEKohS7ZoVg5sSCZwKNi46iWIxoQPSY21NQxIw5abZLWN8oJUu9iOpKwScqb83UhIoNQo8PRkQ6KtZbyL+57UT8M/clIdxAiyk04f8RGCI8CQY3OWSURAjTQiVXP8V0z6RhIKOr6hDqM2ePE/s4+p51bo5Kdev8zQKaB+VUAXV0CmqoyvUQDai6AE9oRf0ajwaz8ab8T4dXTDynT30B8bHN6jwmIE=</latexit>

p̂(✓ |x) ⇡ q(�̂)

�̂ = argmin
�

DKL (q(✓ |�) || p(✓ |x))

✓̂ = argmax
✓

p(✓, x)
where

p(✓ |x)
<latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="lOZKCasjm+7fQygiujXXBs/79SQ=">AAAB8XicbZDNSgMxFIXv+Ftr1VHcuQkWoYKUqRt1J7hxWcGxhc5QMmmmDc38kNwR61h8FTcuVHwZd76NmbYLbT2Q8HFOQm5OkEqh0XG+raXlldW19dJGebOytb1j71budJIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4LhVZG37rnSIolvcZRyP6L9WISCUTRW195Pax4OOFLinZCnYns4Jl276tSdicgiNGZQhZmaXfvL6yUsi3iMTFKtOw0nRT+nCgWTfFz2Ms1Tyoa0zzsGYxpx7eeT6cfkyDg9EibKrBjJxP19I6eR1qMoMCcjigM9nxXmf1knw/Dcz0WcZshjNn0ozCTBhBRVkJ5QnKEcGaBMCTMrYQOqKENTWNmU0Jj/8iK4p/WLunPjQAkO4BBq0IAzuIRraIILDB7hBd7g3Xq2Xq2PaVtL1qy2Pfgj6/MHk9ORtg==</latexit><latexit sha1_base64="lOZKCasjm+7fQygiujXXBs/79SQ=">AAAB8XicbZDNSgMxFIXv+Ftr1VHcuQkWoYKUqRt1J7hxWcGxhc5QMmmmDc38kNwR61h8FTcuVHwZd76NmbYLbT2Q8HFOQm5OkEqh0XG+raXlldW19dJGebOytb1j71budJIpxl2WyES1A6q5FDF3UaDk7VRxGgWSt4LhVZG37rnSIolvcZRyP6L9WISCUTRW195Pax4OOFLinZCnYns4Jl276tSdicgiNGZQhZmaXfvL6yUsi3iMTFKtOw0nRT+nCgWTfFz2Ms1Tyoa0zzsGYxpx7eeT6cfkyDg9EibKrBjJxP19I6eR1qMoMCcjigM9nxXmf1knw/Dcz0WcZshjNn0ozCTBhBRVkJ5QnKEcGaBMCTMrYQOqKENTWNmU0Jj/8iK4p/WLunPjQAkO4BBq0IAzuIRraIILDB7hBd7g3Xq2Xq2PaVtL1qy2Pfgj6/MHk9ORtg==</latexit><latexit sha1_base64="Dv9R3/+lC5kdcTROqd0Nhgqi840=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJG3VXcONKKhhbaEKZTCft0MmDmRuxxuKvuHGh4tYPceffOGmz0NYD93I4517mzvETwRVY1rdRWlhcWl4pr1bW1jc2t8ztnVsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3iR+607JhWPoxsYJcwLST/iAacEtNQ195KaCwMGBLvH+DFv90e4a1atujUBnid2QaqoQLNrfrm9mKYhi4AKolTHthLwMiKBU8HGFTdVLCF0SPqso2lEQqa8bHL9GB9qpYeDWOqKAE/U3xsZCZUahb6eDAkM1KyXi/95nRSCMy/jUZICi+j0oSAVGGKcR4F7XDIKYqQJoZLrWzEdEEko6MAqOgR79svzxDmpn9eta6vauCrSKKN9dIBqyEanqIEuURM5iKIH9Ixe0ZvxZLwY78bHdLRkFDu76A+Mzx/qcpMl</latexit><latexit sha1_base64="suyHCRjvM4tucJ9qQOoL4radhzY=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOqu4MaVVDC20IQymU7aoZMHMzdijcVfceNCxa0f4s6/cdJmodUD93I4517mzvETwRVY1pdRmptfWFwqL1dWVtfWN8zNrRsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3ie+61bJhWPo2sYJcwLST/iAacEtNQ1d5KaCwMGBLuH+CFvdwe4a1atujUB/kvsglRRgWbX/HR7MU1DFgEVRKmObSXgZUQCp4KNK26qWELokPRZR9OIhEx52eT6Md7XSg8HsdQVAZ6oPzcyEio1Cn09GRIYqFkvF//zOikEp17GoyQFFtHpQ0EqMMQ4jwL3uGQUxEgTQiXXt2I6IJJQ0IFVdAj27Jf/Eueofla3ro6rjcsijTLaRXuohmx0ghroAjWRgyi6R0/oBb0aj8az8Wa8T0dLRrGzjX7B+PgG67KTKQ==</latexit><latexit sha1_base64="suyHCRjvM4tucJ9qQOoL4radhzY=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOqu4MaVVDC20IQymU7aoZMHMzdijcVfceNCxa0f4s6/cdJmodUD93I4517mzvETwRVY1pdRmptfWFwqL1dWVtfWN8zNrRsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3ie+61bJhWPo2sYJcwLST/iAacEtNQ1d5KaCwMGBLuH+CFvdwe4a1atujUB/kvsglRRgWbX/HR7MU1DFgEVRKmObSXgZUQCp4KNK26qWELokPRZR9OIhEx52eT6Md7XSg8HsdQVAZ6oPzcyEio1Cn09GRIYqFkvF//zOikEp17GoyQFFtHpQ0EqMMQ4jwL3uGQUxEgTQiXXt2I6IJJQ0IFVdAj27Jf/Eueofla3ro6rjcsijTLaRXuohmx0ghroAjWRgyi6R0/oBb0aj8az8Wa8T0dLRrGzjX7B+PgG67KTKQ==</latexit><latexit sha1_base64="suyHCRjvM4tucJ9qQOoL4radhzY=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOqu4MaVVDC20IQymU7aoZMHMzdijcVfceNCxa0f4s6/cdJmodUD93I4517mzvETwRVY1pdRmptfWFwqL1dWVtfWN8zNrRsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3ie+61bJhWPo2sYJcwLST/iAacEtNQ1d5KaCwMGBLuH+CFvdwe4a1atujUB/kvsglRRgWbX/HR7MU1DFgEVRKmObSXgZUQCp4KNK26qWELokPRZR9OIhEx52eT6Md7XSg8HsdQVAZ6oPzcyEio1Cn09GRIYqFkvF//zOikEp17GoyQFFtHpQ0EqMMQ4jwL3uGQUxEgTQiXXt2I6IJJQ0IFVdAj27Jf/Eueofla3ro6rjcsijTLaRXuohmx0ghroAjWRgyi6R0/oBb0aj8az8Wa8T0dLRrGzjX7B+PgG67KTKQ==</latexit><latexit sha1_base64="suyHCRjvM4tucJ9qQOoL4radhzY=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOqu4MaVVDC20IQymU7aoZMHMzdijcVfceNCxa0f4s6/cdJmodUD93I4517mzvETwRVY1pdRmptfWFwqL1dWVtfWN8zNrRsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3ie+61bJhWPo2sYJcwLST/iAacEtNQ1d5KaCwMGBLuH+CFvdwe4a1atujUB/kvsglRRgWbX/HR7MU1DFgEVRKmObSXgZUQCp4KNK26qWELokPRZR9OIhEx52eT6Md7XSg8HsdQVAZ6oPzcyEio1Cn09GRIYqFkvF//zOikEp17GoyQFFtHpQ0EqMMQ4jwL3uGQUxEgTQiXXt2I6IJJQ0IFVdAj27Jf/Eueofla3ro6rjcsijTLaRXuohmx0ghroAjWRgyi6R0/oBb0aj8az8Wa8T0dLRrGzjX7B+PgG67KTKQ==</latexit><latexit sha1_base64="suyHCRjvM4tucJ9qQOoL4radhzY=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCOqu4MaVVDC20IQymU7aoZMHMzdijcVfceNCxa0f4s6/cdJmodUD93I4517mzvETwRVY1pdRmptfWFwqL1dWVtfWN8zNrRsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3ie+61bJhWPo2sYJcwLST/iAacEtNQ1d5KaCwMGBLuH+CFvdwe4a1atujUB/kvsglRRgWbX/HR7MU1DFgEVRKmObSXgZUQCp4KNK26qWELokPRZR9OIhEx52eT6Md7XSg8HsdQVAZ6oPzcyEio1Cn09GRIYqFkvF//zOikEp17GoyQFFtHpQ0EqMMQ4jwL3uGQUxEgTQiXXt2I6IJJQ0IFVdAj27Jf/Eueofla3ro6rjcsijTLaRXuohmx0ghroAjWRgyi6R0/oBb0aj8az8Wa8T0dLRrGzjX7B+PgG67KTKQ==</latexit>

with
✓(1), ✓(2), . . . , ✓(N)

<latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="5+U/3DBEJ5JfefIv1le5kPks+uo=">AAACDXicbVBNS0JBFL3PvsysrG2bIQkUQt5zU+2CNq3CoJeCmswb5+ngvA9m7gvk4d9o019p06Kibbv+TeNTwrQDF849515m7vFiKTTa9reVW1vf2NzKbxd2irt7+6WD4r2OEsW4yyIZqZZHNZci5C4KlLwVK04DT/KmN7qa+s1HrrSIwjscx7wb0EEofMEoGqlXsjs45Egf0opTnZyS366edbIfoV5Qb6qTXqls1+wMZJU4c1KGORq90lenH7Ek4CEySbVuO3aM3ZQqFEzySaGTaB5TNqID3jY0pAHX3TS7bEJOjNInfqRMhUgydXEjpYHW48AzkwHFoV72puJ/XjtB/7ybijBOkIds9pCfSIIRmcZE+kJxhnJsCGVKmL8SNqSKMjRhFkwIzvLJq8St1y5q9q0NeTiCY6iAA2dwCdfQABcYPMELvMG79Wy9Wh+ztHLWPLZD+APr8wdiNJ09</latexit><latexit sha1_base64="5+U/3DBEJ5JfefIv1le5kPks+uo=">AAACDXicbVBNS0JBFL3PvsysrG2bIQkUQt5zU+2CNq3CoJeCmswb5+ngvA9m7gvk4d9o019p06Kibbv+TeNTwrQDF849515m7vFiKTTa9reVW1vf2NzKbxd2irt7+6WD4r2OEsW4yyIZqZZHNZci5C4KlLwVK04DT/KmN7qa+s1HrrSIwjscx7wb0EEofMEoGqlXsjs45Egf0opTnZyS366edbIfoV5Qb6qTXqls1+wMZJU4c1KGORq90lenH7Ek4CEySbVuO3aM3ZQqFEzySaGTaB5TNqID3jY0pAHX3TS7bEJOjNInfqRMhUgydXEjpYHW48AzkwHFoV72puJ/XjtB/7ybijBOkIds9pCfSIIRmcZE+kJxhnJsCGVKmL8SNqSKMjRhFkwIzvLJq8St1y5q9q0NeTiCY6iAA2dwCdfQABcYPMELvMG79Wy9Wh+ztHLWPLZD+APr8wdiNJ09</latexit><latexit sha1_base64="bOV0vkT9f1CDEhVJMSvrvXaB4Io=">AAACGHicbVDLSgMxFM3UV62vqks3wSK0ICXTjboruHFVKlhbaMeSyaRtaOZBckcow/yGG3/FjQsVt935N6btINp6IHDuOfdyc48bSaGBkC8rt7a+sbmV3y7s7O7tHxQPj+51GCvGWyyUoeq4VHMpAt4CAZJ3IsWp70redsfXM7/9yJUWYXAHk4g7Ph0GYiAYBSP1i6QHIw70ISnblfQc/1S1eSW9EPQvtVFJ+8USqZI58CqxM1JCGZr94rTnhSz2eQBMUq27NonASagCwSRPC71Y84iyMR3yrqEB9bl2kvllKT4ziocHoTIvADxXf08k1Nd64rum06cw0sveTPzP68YwuHQSEUQx8IAtFg1iiSHEs5iwJxRnICeGUKaE+StmI6ooAxNmwYRgL5+8Slq16lWV3JJSvZGlkUcn6BSVkY0uUB3doCZqIYae0At6Q+/Ws/VqfVifi9aclc0coz+wpt8z257I</latexit><latexit sha1_base64="1lgY3BNgMj/zsY4+0ilv81iRGSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQcpMEdRdwY2rUsHaQltLJpNpQzOZIbkjlKG/4cZfceNCxW13/o3pA6mtBwLnnnMvN/d4seAaHOfbyqytb2xuZbdzO7t7+wf24dGDjhJFWZ1GIlJNj2gmuGR14CBYM1aMhJ5gDW9wM/EbT0xpHsl7GMasE5Ke5AGnBIzUtZ029BmQx7TgFkfn+LcqTyvhR6AX1Gpx1LXzTsmZAq8Sd07yaI5a1x63/YgmIZNABdG65ToxdFKigFPBRrl2ollM6ID0WMtQSUKmO+n0shE+M4qPg0iZJwFP1cWJlIRaD0PPdIYE+nrZm4j/ea0EgqtOymWcAJN0tihIBIYIT2LCPleMghgaQqji5q+Y9okiFEyYOROCu3zyKqmXS9cl5+4iX6nO08iiE3SKCshFl6iCblEN1RFFz+gVvaMP68V6sz6tr1lrxprPHKM/sMY/NRuezA==</latexit><latexit sha1_base64="1lgY3BNgMj/zsY4+0ilv81iRGSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQcpMEdRdwY2rUsHaQltLJpNpQzOZIbkjlKG/4cZfceNCxW13/o3pA6mtBwLnnnMvN/d4seAaHOfbyqytb2xuZbdzO7t7+wf24dGDjhJFWZ1GIlJNj2gmuGR14CBYM1aMhJ5gDW9wM/EbT0xpHsl7GMasE5Ke5AGnBIzUtZ029BmQx7TgFkfn+LcqTyvhR6AX1Gpx1LXzTsmZAq8Sd07yaI5a1x63/YgmIZNABdG65ToxdFKigFPBRrl2ollM6ID0WMtQSUKmO+n0shE+M4qPg0iZJwFP1cWJlIRaD0PPdIYE+nrZm4j/ea0EgqtOymWcAJN0tihIBIYIT2LCPleMghgaQqji5q+Y9okiFEyYOROCu3zyKqmXS9cl5+4iX6nO08iiE3SKCshFl6iCblEN1RFFz+gVvaMP68V6sz6tr1lrxprPHKM/sMY/NRuezA==</latexit><latexit sha1_base64="1lgY3BNgMj/zsY4+0ilv81iRGSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQcpMEdRdwY2rUsHaQltLJpNpQzOZIbkjlKG/4cZfceNCxW13/o3pA6mtBwLnnnMvN/d4seAaHOfbyqytb2xuZbdzO7t7+wf24dGDjhJFWZ1GIlJNj2gmuGR14CBYM1aMhJ5gDW9wM/EbT0xpHsl7GMasE5Ke5AGnBIzUtZ029BmQx7TgFkfn+LcqTyvhR6AX1Gpx1LXzTsmZAq8Sd07yaI5a1x63/YgmIZNABdG65ToxdFKigFPBRrl2ollM6ID0WMtQSUKmO+n0shE+M4qPg0iZJwFP1cWJlIRaD0PPdIYE+nrZm4j/ea0EgqtOymWcAJN0tihIBIYIT2LCPleMghgaQqji5q+Y9okiFEyYOROCu3zyKqmXS9cl5+4iX6nO08iiE3SKCshFl6iCblEN1RFFz+gVvaMP68V6sz6tr1lrxprPHKM/sMY/NRuezA==</latexit><latexit sha1_base64="1lgY3BNgMj/zsY4+0ilv81iRGSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQcpMEdRdwY2rUsHaQltLJpNpQzOZIbkjlKG/4cZfceNCxW13/o3pA6mtBwLnnnMvN/d4seAaHOfbyqytb2xuZbdzO7t7+wf24dGDjhJFWZ1GIlJNj2gmuGR14CBYM1aMhJ5gDW9wM/EbT0xpHsl7GMasE5Ke5AGnBIzUtZ029BmQx7TgFkfn+LcqTyvhR6AX1Gpx1LXzTsmZAq8Sd07yaI5a1x63/YgmIZNABdG65ToxdFKigFPBRrl2ollM6ID0WMtQSUKmO+n0shE+M4qPg0iZJwFP1cWJlIRaD0PPdIYE+nrZm4j/ea0EgqtOymWcAJN0tihIBIYIT2LCPleMghgaQqji5q+Y9okiFEyYOROCu3zyKqmXS9cl5+4iX6nO08iiE3SKCshFl6iCblEN1RFFz+gVvaMP68V6sz6tr1lrxprPHKM/sMY/NRuezA==</latexit><latexit sha1_base64="1lgY3BNgMj/zsY4+0ilv81iRGSQ=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQcpMEdRdwY2rUsHaQltLJpNpQzOZIbkjlKG/4cZfceNCxW13/o3pA6mtBwLnnnMvN/d4seAaHOfbyqytb2xuZbdzO7t7+wf24dGDjhJFWZ1GIlJNj2gmuGR14CBYM1aMhJ5gDW9wM/EbT0xpHsl7GMasE5Ke5AGnBIzUtZ029BmQx7TgFkfn+LcqTyvhR6AX1Gpx1LXzTsmZAq8Sd07yaI5a1x63/YgmIZNABdG65ToxdFKigFPBRrl2ollM6ID0WMtQSUKmO+n0shE+M4qPg0iZJwFP1cWJlIRaD0PPdIYE+nrZm4j/ea0EgqtOymWcAJN0tihIBIYIT2LCPleMghgaQqji5q+Y9okiFEyYOROCu3zyKqmXS9cl5+4iX6nO08iiE3SKCshFl6iCblEN1RFFz+gVvaMP68V6sz6tr1lrxprPHKM/sMY/NRuezA==</latexit>



▸ Reported at every iteration

What is lp__



▸ It's not just 

▸ Evaluation of the model on the unconstrained scale 

▸ what's "constrained" and "unconstrained"? 

▸ Full details are in the manual

log p(✓, x)
<latexit sha1_base64="kd3a5ydu59Sdn9+Maw8gBIuoDCc=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCD5WBTeupIKxhSaUyXTSDp1kwsyNWEPxV9y4UHHrh7jzb5w+Flo9cOFwzr3ce0+YCq7Bcb6swtz8wuJScbm0srq2vmFvbt1qmSnKPCqFVM2QaCZ4wjzgIFgzVYzEoWCNsH8x8ht3TGkukxsYpCyISTfhEacEjNS2d3whu9g/x2nFhx4DcojvD9p22ak6Y+C/xJ2SMpqi3rY//Y6kWcwSoIJo3XKdFIKcKOBUsGHJzzRLCe2TLmsZmpCY6SAfXz/E+0bp4EgqUwngsfpzIiex1oM4NJ0xgZ6e9Ubif14rg+g0yHmSZsASOlkUZQKDxKMocIcrRkEMDCFUcXMrpj2iCAUTWMmE4M6+/Jd4R9WzqnN9XK5dTdMool20hyrIRSeohi5RHXmIogf0hF7Qq/VoPVtv1vuktWBNZ7bRL1gf38xhk70=</latexit><latexit sha1_base64="kd3a5ydu59Sdn9+Maw8gBIuoDCc=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCD5WBTeupIKxhSaUyXTSDp1kwsyNWEPxV9y4UHHrh7jzb5w+Flo9cOFwzr3ce0+YCq7Bcb6swtz8wuJScbm0srq2vmFvbt1qmSnKPCqFVM2QaCZ4wjzgIFgzVYzEoWCNsH8x8ht3TGkukxsYpCyISTfhEacEjNS2d3whu9g/x2nFhx4DcojvD9p22ak6Y+C/xJ2SMpqi3rY//Y6kWcwSoIJo3XKdFIKcKOBUsGHJzzRLCe2TLmsZmpCY6SAfXz/E+0bp4EgqUwngsfpzIiex1oM4NJ0xgZ6e9Ubif14rg+g0yHmSZsASOlkUZQKDxKMocIcrRkEMDCFUcXMrpj2iCAUTWMmE4M6+/Jd4R9WzqnN9XK5dTdMool20hyrIRSeohi5RHXmIogf0hF7Qq/VoPVtv1vuktWBNZ7bRL1gf38xhk70=</latexit><latexit sha1_base64="kd3a5ydu59Sdn9+Maw8gBIuoDCc=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCD5WBTeupIKxhSaUyXTSDp1kwsyNWEPxV9y4UHHrh7jzb5w+Flo9cOFwzr3ce0+YCq7Bcb6swtz8wuJScbm0srq2vmFvbt1qmSnKPCqFVM2QaCZ4wjzgIFgzVYzEoWCNsH8x8ht3TGkukxsYpCyISTfhEacEjNS2d3whu9g/x2nFhx4DcojvD9p22ak6Y+C/xJ2SMpqi3rY//Y6kWcwSoIJo3XKdFIKcKOBUsGHJzzRLCe2TLmsZmpCY6SAfXz/E+0bp4EgqUwngsfpzIiex1oM4NJ0xgZ6e9Ubif14rg+g0yHmSZsASOlkUZQKDxKMocIcrRkEMDCFUcXMrpj2iCAUTWMmE4M6+/Jd4R9WzqnN9XK5dTdMool20hyrIRSeohi5RHXmIogf0hF7Qq/VoPVtv1vuktWBNZ7bRL1gf38xhk70=</latexit>

What is lp__



▸ Bayes rule:

Important math

p(✓ |x) = p(✓, x)

p(x)
<latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit><latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit><latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit>



▸ Bayes rule:

Important math

p(✓ |x) = p(✓, x)

p(x)
<latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit><latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit><latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit>

p(✓ |x) / p(✓, x)
<latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit><latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit><latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit>



▸ Bayes rule:

Important math

p(✓ |x) = p(✓, x)

p(x)
<latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit><latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit><latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit>

p(✓ |x) / p(✓, x)
<latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit><latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit><latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit>

What does this mean???



▸ Bayes rule: 

▸ This means:

Important math

p(✓ |x) = p(✓, x)

p(x)
<latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit><latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit><latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit>

p(✓ |x) / p(✓, x)
<latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit><latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit><latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit>

p(✓ |x) = p(✓, x)⇥ g(x)

log p(✓ |x) = log p(✓, x) + log g(x)
<latexit sha1_base64="+EsI1cZmG63I9vD2OfiU1Rh3/7I="></latexit><latexit sha1_base64="+EsI1cZmG63I9vD2OfiU1Rh3/7I="></latexit><latexit sha1_base64="+EsI1cZmG63I9vD2OfiU1Rh3/7I="></latexit>



▸ Bayes rule: 

▸ This means: 

▸ NUTS, HMC, or MH needs:

Important math

p(✓ |x) = p(✓, x)

p(x)
<latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit><latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit><latexit sha1_base64="wc892vKX4lkT02vDFVJS4aedU+0=">AAACGHicbVDLSgMxFM3UV62vUZdugkWpIGVGBHUhFNy4kgqOLXRKyaSZNjTzILkjlrG/4cZfceNCxW13/o2ZdgStHsjl5Jx7Se7xYsEVWNanUZibX1hcKi6XVlbX1jfMza1bFSWSModGIpJNjygmeMgc4CBYM5aMBJ5gDW9wkfmNOyYVj8IbGMasHZBeyH1OCWipY1pxxYU+A+Ie4gesy/0B3j/Hri8JTb+9TB3pm664Y5atqjUB/kvsnJRRjnrHHLvdiCYBC4EKolTLtmJop0QCp4KNSm6iWEzogPRYS9OQBEy108lmI7ynlS72I6lPCHii/pxISaDUMPB0Z0Cgr2a9TPzPayXgn7ZTHsYJsJBOH/ITgSHCWUy4yyWjIIaaECq5/iumfaJDAR1mSYdgz678lzhH1bOqdX1crl3laRTRDtpFFWSjE1RDl6iOHETRI3pGr+jNeDJejHfjY9paMPKZbfQLxvgLrgid3A==</latexit>

p(✓ |x) / p(✓, x)
<latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit><latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit><latexit sha1_base64="wWcEf6SN+EF+lNVyIU3RtoXFt+Y=">AAACD3icbVDLSgMxFM3UV62vqks3wSJWkDIjgroruHElFawtdIaSSTNtaGYSkjtiqf0EN/6KGxcqbt26829MH4K2Hkg4nHMvyTmhEtyA6345mbn5hcWl7HJuZXVtfSO/uXVjZKopq1IppK6HxDDBE1YFDoLVlWYkDgWrhd3zoV+7ZdpwmVxDT7EgJu2ER5wSsFIzv6+KPnQYEP8Q32N73R1gX2mpQOIfayg28wW35I6AZ4k3IQU0QaWZ//RbkqYxS4AKYkzDcxUEfaKBU8EGOT81TBHaJW3WsDQhMTNBfxRogPes0sKR1PYkgEfq740+iY3pxaGdjAl0zLQ3FP/zGilEp0GfJyoFltDxQ1EqsE07bAe3uGYURM8SQjW3f8W0QzShYDvM2RK86cizpHpUOiu5V8eF8uWkjSzaQbuoiDx0gsroAlVQFVH0gJ7QC3p1Hp1n5815H49mnMnONvoD5+Mb7dCa3g==</latexit>

p(✓ |x) = p(✓, x)⇥ g(x)

log p(✓ |x) = log p(✓, x) + log g(x)
<latexit sha1_base64="+EsI1cZmG63I9vD2OfiU1Rh3/7I="></latexit><latexit sha1_base64="+EsI1cZmG63I9vD2OfiU1Rh3/7I="></latexit><latexit sha1_base64="+EsI1cZmG63I9vD2OfiU1Rh3/7I="></latexit>

f(✓) = log p(✓, x) + C
<latexit sha1_base64="GO/agTkkqyeWLnIqwwzyYvHitLM=">AAACDHicbVDLSgNBEJyNrxhfqx69DEYhQQm7IvgAIZCLJ4ngmkA2hNnJbDJk9sFMrxiW/IAXf8WLBxWvfoA3/8ZJsgeNFjQUVd10d3mx4Aos68vIzc0vLC7llwsrq2vrG+bm1q2KEkmZQyMRyaZHFBM8ZA5wEKwZS0YCT7CGN6iN/cYdk4pH4Q0MY9YOSC/kPqcEtNQx9/ySC30GpIwvsCuiHnbPcZxph/i+jA9wrWMWrYo1Af5L7IwUUYZ6x/x0uxFNAhYCFUSplm3F0E6JBE4FGxXcRLGY0AHpsZamIQmYaqeTb0Z4Xytd7EdSVwh4ov6cSEmg1DDwdGdAoK9mvbH4n9dKwD9tpzyME2AhnS7yE4EhwuNocJdLRkEMNSFUcn0rpn0iCQUdYEGHYM++/Jc4R5WzinV9XKxeZWnk0Q7aRSVkoxNURZeojhxE0QN6Qi/o1Xg0no03433amjOymW30C8bHNzQ5mLE=</latexit><latexit sha1_base64="GO/agTkkqyeWLnIqwwzyYvHitLM=">AAACDHicbVDLSgNBEJyNrxhfqx69DEYhQQm7IvgAIZCLJ4ngmkA2hNnJbDJk9sFMrxiW/IAXf8WLBxWvfoA3/8ZJsgeNFjQUVd10d3mx4Aos68vIzc0vLC7llwsrq2vrG+bm1q2KEkmZQyMRyaZHFBM8ZA5wEKwZS0YCT7CGN6iN/cYdk4pH4Q0MY9YOSC/kPqcEtNQx9/ySC30GpIwvsCuiHnbPcZxph/i+jA9wrWMWrYo1Af5L7IwUUYZ6x/x0uxFNAhYCFUSplm3F0E6JBE4FGxXcRLGY0AHpsZamIQmYaqeTb0Z4Xytd7EdSVwh4ov6cSEmg1DDwdGdAoK9mvbH4n9dKwD9tpzyME2AhnS7yE4EhwuNocJdLRkEMNSFUcn0rpn0iCQUdYEGHYM++/Jc4R5WzinV9XKxeZWnk0Q7aRSVkoxNURZeojhxE0QN6Qi/o1Xg0no03433amjOymW30C8bHNzQ5mLE=</latexit><latexit sha1_base64="GO/agTkkqyeWLnIqwwzyYvHitLM=">AAACDHicbVDLSgNBEJyNrxhfqx69DEYhQQm7IvgAIZCLJ4ngmkA2hNnJbDJk9sFMrxiW/IAXf8WLBxWvfoA3/8ZJsgeNFjQUVd10d3mx4Aos68vIzc0vLC7llwsrq2vrG+bm1q2KEkmZQyMRyaZHFBM8ZA5wEKwZS0YCT7CGN6iN/cYdk4pH4Q0MY9YOSC/kPqcEtNQx9/ySC30GpIwvsCuiHnbPcZxph/i+jA9wrWMWrYo1Af5L7IwUUYZ6x/x0uxFNAhYCFUSplm3F0E6JBE4FGxXcRLGY0AHpsZamIQmYaqeTb0Z4Xytd7EdSVwh4ov6cSEmg1DDwdGdAoK9mvbH4n9dKwD9tpzyME2AhnS7yE4EhwuNocJdLRkEMNSFUcn0rpn0iCQUdYEGHYM++/Jc4R5WzinV9XKxeZWnk0Q7aRSVkoxNURZeojhxE0QN6Qi/o1Xg0no03433amjOymW30C8bHNzQ5mLE=</latexit>



Example: constrained = unconstrained

transformed data { 
  vector[7] y = [-3, -2, -1, 0, 1, 2, 3]'; 
} 
parameters { 
  real mu; 
} 
model { 
  target += normal_lpdf(y | mu, 1); 
} 

example-1.stan

normal lpdf(y |µ,�) = log(1)� log
⇣p
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<latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="PH2WliNmi0629MYdKhe1eo0Kb2Y="></latexit><latexit sha1_base64="PH2WliNmi0629MYdKhe1eo0Kb2Y="></latexit><latexit sha1_base64="lHM+4GRRK8AWTDnykUwMVYfikc4="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit>



▸ What's the value of lp__ for mu = 0? 

▸ What's the value of lp__ for mu = 1?

Example: constrained = unconstrained

normal lpdf(y |µ,�) = log(1)� log
⇣p

(2⇡)�
⌘
� 1

2

✓
y � µ
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◆2

<latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="PH2WliNmi0629MYdKhe1eo0Kb2Y="></latexit><latexit sha1_base64="PH2WliNmi0629MYdKhe1eo0Kb2Y="></latexit><latexit sha1_base64="lHM+4GRRK8AWTDnykUwMVYfikc4="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit>



▸ What's the value of lp__ for mu = 0? 

▸ What's the value of lp__ for mu = 1? 

▸ R Code: 

▸ lp__ with mu = 0: -20.43257 

▸ lp__ with mu = 1: -23.93257

Example: constrained = unconstrained

dnorm(-3:3, 0, 1) 
prod(dnorm(-3:3, 0, 1)) 
log(prod(dnorm(-3:3, 0, 1))) 
sum(dnorm(-3:3, 0, 1, log = TRUE))

EXTRA CREDIT: calc diff between two evals



▸ Run the model! 

▸ ./example-1 sample output file=output-1.csv 

lp__,accept_stat__,stepsize__,treedepth__,n_leapfrog__,divergent__,energy__,mu 
-20.4658,1,1.07003,2,3,0,20.5726,-0.0974355 
-20.4326,0.70331,1.07003,2,3,0,22.69,-0.00199139 

▸ Look at histogram of mu! 

▸ Make sense?

Example: constrained = unconstrained



Example: drop constants

transformed data { 
  vector[7] y = [-3, -2, -1, 0, 1, 2, 3]'; 
} 
parameters { 
  real mu; 
} 
model { 
  y ~ normal(mu, 1); 
}

example-2.stan

What constants can be dropped?

normal lpdf(y |µ,�) = log(1)� log
⇣p
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<latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="PH2WliNmi0629MYdKhe1eo0Kb2Y="></latexit><latexit sha1_base64="PH2WliNmi0629MYdKhe1eo0Kb2Y="></latexit><latexit sha1_base64="lHM+4GRRK8AWTDnykUwMVYfikc4="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit><latexit sha1_base64="OWcy0Adu+bUND5QTqICoVn1zEUU="></latexit>



Example: drop constants
example-2.stan

since sigma is constant

normal lpdf(y |µ,�) = log(1)� log
⇣p
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<latexit sha1_base64="lVHTLkD+oDjA7j8U+S5GZ7VZI0U="></latexit><latexit sha1_base64="lVHTLkD+oDjA7j8U+S5GZ7VZI0U="></latexit><latexit sha1_base64="lVHTLkD+oDjA7j8U+S5GZ7VZI0U="></latexit>

transformed data { 
  vector[7] y = [-3, -2, -1, 0, 1, 2, 3]'; 
} 
parameters { 
  real mu; 
} 
model { 
  y ~ normal(mu, 1); 
}



▸ What's the value of lp__ for mu = 0? 

▸ What's the value of lp__ for mu = 1?

Example: drop constants

normal lpdf(y |µ,�) = log(1)� log
⇣p

(2⇡)�
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<latexit sha1_base64="lVHTLkD+oDjA7j8U+S5GZ7VZI0U="></latexit><latexit sha1_base64="lVHTLkD+oDjA7j8U+S5GZ7VZI0U="></latexit><latexit sha1_base64="lVHTLkD+oDjA7j8U+S5GZ7VZI0U="></latexit>



▸ What's the value of lp__ for mu = 0? 

▸ What's the value of lp__ for mu = 1? 

▸ In R: 

▸ lp__ with mu = 0: -14 

▸ lp__ with mu = 1: -17.5

Example: drop constants

f <- function(y, mu) { 
  return(-0.5 * (y - mu)^2) 
} 
sum(f(-3:3, 0)) 
sum(f(-3:3, 1))

EXTRA CREDIT: calc diff between two evals



▸ Run the model! 

▸ ./example-2 sample output file=output-2.csv 

lp__,accept_stat__,stepsize__,treedepth__,n_leapfrog__,divergent__,energy__,mu 
-14.0074,0.876665,1.14317,2,3,0,14.6728,0.045892 
-14.0503,0.984525,1.14317,1,1,0,14.0507,0.119911 
-14.1077,0.825536,1.14317,2,3,0,14.6893,0.175427 

▸ Look at histogram of mu! 

▸ Make sense?

Example: drop constants



Example: constants don't matter!!!!

transformed data { 
  vector[7] y = [-3, -2, -1, 0, 1, 2, 3]'; 
} 
parameters { 
  real mu; 
} 
model { 
  y ~ normal(mu, 1); 
  target += 12345; 
  target += mean(exp(y)); 
}

example-3.stan



▸ Run the model! 

▸ ./example-3 sample output file=output-3.csv 

lp__,accept_stat__,stepsize__,treedepth__,n_leapfrog__,divergent__,energy__,mu 
-20.4658,1,1.07003,2,3,0,20.5726,-0.0974355 
-20.4326,0.70331,1.07003,2,3,0,22.69,-0.00199139 

▸ Look at histogram of mu! 

▸ Make sense?

Example: constants don't matter!!!



▸ Transform: 

▸ one-to-one function 

▸ takes constraints on variables (lower = 0, simplex, covariance matrix) 
and makes it unconstrained (range: -inf to inf) 

▸ Univariate:

Transformations: see ch 35 for more info



▸ Transform: 

▸ one-to-one function 

▸ takes constraints on variables (lower = 0, simplex, covariance matrix) 
and makes it unconstrained (range: -inf to inf) 

▸ Univariate:

Transformations: see ch 35 for more info

abs derivative of inverse transform 



▸ In general, multivariate

Transformations: see ch 35 for more info

abs determinant of Jacobian



Example: automatic transform

parameters { 
  real<lower = 0, upper = 1> theta; 
} 
model { 
} 

example-4.stan

Why is lp__ not exactly 0?



▸ Constrained variable between 0 and 1 

▸ Unconstrained between -inf and inf 

▸   

▸

Example: automatic transform
real<lower = 0, upper = 1> theta;



▸ a = 0, b = 1 

▸ For our model: 

Example: automatic transform

logit�1(y) = ✓
<latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="H7qtRb9niykbClLBCKcV3kWTgi4=">AAAB/HicbZC9SgNBFIXv+htj1Ghr4WAQYmHYtVELQbCxjOCaQHYNs5NJMmT2h5m7Qli2tPFVbCxUfA4738bZJIUmHhj4OGeGufcEiRQabfvbWlpeWV1bL22UNytb2zvV3cq9jlPFuMtiGat2QDWXIuIuCpS8nShOw0DyVjC6LvLWI1daxNEdjhPuh3QQib5gFI3VrR54IcWhCjMZDwTmD9mJk9fHx+SSeDjkSLvVmt2wJyKL4MygBjM1u9UvrxezNOQRMkm17jh2gn5GFQomeV72Us0TykZ0wDsGIxpy7WeTRXJyZJwe6cfKnAjJxP39IqOh1uMwMDeLsfV8Vpj/ZZ0U++d+JqIkRR6x6Uf9VBKMSdEK6QnFGcqxAcqUMLMSNqSKMjTdlU0JzvzKi+CeNi4a9q0NJdiHQ6iDA2dwBTfQBBcYPMELvMG79Wy9Wh/TtpasWW178EfW5w/P+5er</latexit><latexit sha1_base64="H7qtRb9niykbClLBCKcV3kWTgi4=">AAAB/HicbZC9SgNBFIXv+htj1Ghr4WAQYmHYtVELQbCxjOCaQHYNs5NJMmT2h5m7Qli2tPFVbCxUfA4738bZJIUmHhj4OGeGufcEiRQabfvbWlpeWV1bL22UNytb2zvV3cq9jlPFuMtiGat2QDWXIuIuCpS8nShOw0DyVjC6LvLWI1daxNEdjhPuh3QQib5gFI3VrR54IcWhCjMZDwTmD9mJk9fHx+SSeDjkSLvVmt2wJyKL4MygBjM1u9UvrxezNOQRMkm17jh2gn5GFQomeV72Us0TykZ0wDsGIxpy7WeTRXJyZJwe6cfKnAjJxP39IqOh1uMwMDeLsfV8Vpj/ZZ0U++d+JqIkRR6x6Uf9VBKMSdEK6QnFGcqxAcqUMLMSNqSKMjTdlU0JzvzKi+CeNi4a9q0NJdiHQ6iDA2dwBTfQBBcYPMELvMG79Wy9Wh/TtpasWW178EfW5w/P+5er</latexit><latexit sha1_base64="09rI/JsencoTSfzHkM6PG+xiAgQ=">AAACB3icbVA9SwNBEN2LXzF+nVpauBiEWBjubNRCCNhYSQTPBHJn2NtskiV7H+zOCcdxpY1/xcZCxda/YOe/cS9JoYkPBh7vzTAzz48FV2BZ30ZpYXFpeaW8Wllb39jcMrd37lSUSMocGolItn2imOAhc4CDYO1YMhL4grX80WXhtx6YVDwKbyGNmReQQcj7nBLQUtfcdwMCQxlkIhpwyO+zYzuvpUf4ArswZEC6ZtWqW2PgeWJPSRVN0eyaX24voknAQqCCKNWxrRi8jEjgVLC84iaKxYSOyIB1NA1JwJSXjR/J8aFWergfSV0h4LH6eyIjgVJp4OvO4mw16xXif14ngf6Zl/EwToCFdLKonwgMES5SwT0uGQWRakKo5PpWTIdEEgo6u4oOwZ59eZ44J/XzunVjVRvX0zTKaA8doBqy0SlqoCvURA6i6BE9o1f0ZjwZL8a78TFpLRnTmV30B8bnD2avmSU=</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit>

real<lower = 0, upper = 1> theta;



▸ a = 0, b = 1 

▸ For our model:  

▸ Need to take log of the expression above 

▸ lp__ = (target) + log(1 - 0) + log(theta) + log(1 - theta)

Example: automatic transform

logit�1(y) = ✓
<latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="H7qtRb9niykbClLBCKcV3kWTgi4=">AAAB/HicbZC9SgNBFIXv+htj1Ghr4WAQYmHYtVELQbCxjOCaQHYNs5NJMmT2h5m7Qli2tPFVbCxUfA4738bZJIUmHhj4OGeGufcEiRQabfvbWlpeWV1bL22UNytb2zvV3cq9jlPFuMtiGat2QDWXIuIuCpS8nShOw0DyVjC6LvLWI1daxNEdjhPuh3QQib5gFI3VrR54IcWhCjMZDwTmD9mJk9fHx+SSeDjkSLvVmt2wJyKL4MygBjM1u9UvrxezNOQRMkm17jh2gn5GFQomeV72Us0TykZ0wDsGIxpy7WeTRXJyZJwe6cfKnAjJxP39IqOh1uMwMDeLsfV8Vpj/ZZ0U++d+JqIkRR6x6Uf9VBKMSdEK6QnFGcqxAcqUMLMSNqSKMjTdlU0JzvzKi+CeNi4a9q0NJdiHQ6iDA2dwBTfQBBcYPMELvMG79Wy9Wh/TtpasWW178EfW5w/P+5er</latexit><latexit sha1_base64="H7qtRb9niykbClLBCKcV3kWTgi4=">AAAB/HicbZC9SgNBFIXv+htj1Ghr4WAQYmHYtVELQbCxjOCaQHYNs5NJMmT2h5m7Qli2tPFVbCxUfA4738bZJIUmHhj4OGeGufcEiRQabfvbWlpeWV1bL22UNytb2zvV3cq9jlPFuMtiGat2QDWXIuIuCpS8nShOw0DyVjC6LvLWI1daxNEdjhPuh3QQib5gFI3VrR54IcWhCjMZDwTmD9mJk9fHx+SSeDjkSLvVmt2wJyKL4MygBjM1u9UvrxezNOQRMkm17jh2gn5GFQomeV72Us0TykZ0wDsGIxpy7WeTRXJyZJwe6cfKnAjJxP39IqOh1uMwMDeLsfV8Vpj/ZZ0U++d+JqIkRR6x6Uf9VBKMSdEK6QnFGcqxAcqUMLMSNqSKMjTdlU0JzvzKi+CeNi4a9q0NJdiHQ6iDA2dwBTfQBBcYPMELvMG79Wy9Wh/TtpasWW178EfW5w/P+5er</latexit><latexit sha1_base64="09rI/JsencoTSfzHkM6PG+xiAgQ=">AAACB3icbVA9SwNBEN2LXzF+nVpauBiEWBjubNRCCNhYSQTPBHJn2NtskiV7H+zOCcdxpY1/xcZCxda/YOe/cS9JoYkPBh7vzTAzz48FV2BZ30ZpYXFpeaW8Wllb39jcMrd37lSUSMocGolItn2imOAhc4CDYO1YMhL4grX80WXhtx6YVDwKbyGNmReQQcj7nBLQUtfcdwMCQxlkIhpwyO+zYzuvpUf4ArswZEC6ZtWqW2PgeWJPSRVN0eyaX24voknAQqCCKNWxrRi8jEjgVLC84iaKxYSOyIB1NA1JwJSXjR/J8aFWergfSV0h4LH6eyIjgVJp4OvO4mw16xXif14ngf6Zl/EwToCFdLKonwgMES5SwT0uGQWRakKo5PpWTIdEEgo6u4oOwZ59eZ44J/XzunVjVRvX0zTKaA8doBqy0SlqoCvURA6i6BE9o1f0ZjwZL8a78TFpLRnTmV30B8bnD2avmSU=</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit><latexit sha1_base64="AK24yWMw7OMLIifgmrLs7SFuWfk=">AAACB3icbVBNS8NAEN3Ur1q/oh49uFiEerAkIqgHoeDFk1QwttDEstlu26W7SdidCCX06MW/4sWDilf/gjf/jds2B60+GHi8N8PMvDARXIPjfFmFufmFxaXicmlldW19w97cutVxqijzaCxi1QyJZoJHzAMOgjUTxYgMBWuEg4ux37hnSvM4uoFhwgJJehHvckrASG1715cE+kpmIu5xGN1lh+6oMjzA59iHPgPStstO1ZkA/yVuTsooR71tf/qdmKaSRUAF0brlOgkEGVHAqWCjkp9qlhA6ID3WMjQikukgmzwywvtG6eBurExFgCfqz4mMSK2HMjSd47P1rDcW//NaKXRPg4xHSQosotNF3VRgiPE4FdzhilEQQ0MIVdzcimmfKELBZFcyIbizL/8l3lH1rOpcH5drV3kaRbSD9lAFuegE1dAlqiMPUfSAntALerUerWfrzXqfthasfGYb/YL18Q1n75kp</latexit>

real<lower = 0, upper = 1> theta;



▸ What's the value of lp__ for theta = 0.5? 

▸ What's the value of lp__ for theta = 0.6? 

▸ In R: 

▸ lp__ with theta = 0.5: -1.386294 

▸ lp__ with theta = 0.5: -1.427116

Example: automatic transform

log(0.5) + log(0.5) 
log(0.6) + log(0.4)



▸ Run the model! 

▸ ./example-4 sample output file=output-4.csv 

lp__,accept_stat__,stepsize__,treedepth__,n_leapfrog__,divergent__,energy__,theta 
-1.98239,1,1.03392,1,1,0,2.2833,0.164946 
-2.25774,0.948028,1.03392,1,1,0,2.3653,0.118668 
-1.45006,0.978329,1.03392,1,3,0,2.0142,0.37573 
-1.52885,0.972027,1.03392,1,1,0,1.54515,0.317747

Example: automatic transform



S               Stan resources 
▸ http://mc-stan.org 

▸ http://discourse.mc-stan.org 

▸ StanCon Helsinki 2018: Aug 29 - 31 

▸ Daniel Lee  
      daniel@generable.com 
      @djsyclik 
      https://generable.com

Thank you!

http://mc-stan.org

