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P (X|Y )
<latexit sha1_base64="qKHNLtzyuTrSkwZgoyWNmdfDT48=">AAAB7HicdVBNT8JAEJ3iF+IX6tHLRmKCl6ZFULgRvXjERAQDhGyXLWzY3Ta7WxPS8Be8eNDEePUHefPf2AIhavQlk7y8N5OZeV7ImTaO82llVlbX1jeym7mt7Z3dvfz+wZ0OIkVokwQ8UG0Pa8qZpE3DDKftUFEsPE5b3vgq9VsPVGkWyFszCWlP4KFkPiPYpFKjeH/azxccu1Y5d2ol5NrODMixS7WzaqW6VAqwQKOf/+gOAhIJKg3hWOuO64SmF2NlGOF0mutGmoaYjPGQdhIqsaC6F89unaKTRBkgP1BJSYNm6veJGAutJ8JLOgU2I/3bS8W/vE5k/GovZjKMDJVkvsiPODIBSh9HA6YoMXySEEwUS25FZIQVJiaJJ5eEsPz9f9Iq2W7Zdt2bcqF+ucgjC0dwDEVw4QLqcA0NaAKBETzCM7xYwnqyXq23eWvGWswcwg9Y718TbY4Y</latexit>

P (Y )

<latexit sha1_base64="owYXqz1up165EkrAHEsoAkrwLCM=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBDiZdmNiSa3oBePEcxDkiXMTibJmNmdZWZWCGv+wYsHBfHq93jzb5w8CCpa0FBUddPd5UecKe04n9bS8srq2npqI725tb2zm9nbrysRS0JrRHAhmz5WlLOQ1jTTnDYjSXHgc9rwh5cTv3FPpWIivNGjiHoB7oesxwjWRqpXc7cPzZNOJuvY5eKZU84j13amQI6dL5+WiqWFkoU5qp3MR7srSBzQUBOOlWq5TqS9BEvNCKfjdDtWNMJkiPu0ZWiIA6q8ZHrtGB0bpYt6QpoKNZqq3ycSHCg1CnzTGWA9UL+9ifiX14p1r+QlLIxiTUMyW9SLOdICTV5HXSYp0XxkCCaSmVsRGWCJiTYBpU0Ii9//J4287RZs170uZCsX8zxScAhHkAMXzqECV1CFGhC4g0d4hhdLWE/Wq/U2a12y5jMH8APW+xeiao8A</latexit>

P (Y |X)
<latexit sha1_base64="VU8nqKe1TyLKXiUIFwC+tJEfOtI=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSLUS0hqq+2t6MVjBWsLbSib7aZdursJuxuhhP4FLx4UxKs/yJv/xqQtRUUfDDzem2Fmnh9xpo3jfForq2vrG5u5rfz2zu7efuHg8F6HsSK0RUIeqo6PNeVM0pZhhtNOpCgWPqdtf3yd+e0HqjQL5Z2ZRNQTeChZwAg2mdQsdc76haJj16sXTr2MXNuZATl2uX5eq9aWShEWaPYLH71BSGJBpSEca911nch4CVaGEU6n+V6saYTJGA9pN6USC6q9ZHbrFJ2mygAFoUpLGjRTv08kWGg9EX7aKbAZ6d9eJv7ldWMT1LyEySg2VJL5oiDmyIQoexwNmKLE8ElKMFEsvRWREVaYmDSefBrC8vf/SbtsuxXbdW8rxcbVIo8cHMMJlMCFS2jADTShBQRG8AjP8GIJ68l6td7mrSvWYuYIfsB6/wIR544X</latexit>

P (X)
<latexit sha1_base64="1kdYk1DKiCWQ4srl4vvaCf6xlk0=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqq+1BKHrx2IK1hTaUzXbTrt1swu5GKKG/wIsHBfHqP/Lmv3H7QVHRBwOP92aYmefHnCntOJ9WZmV1bX0ju5nb2t7Z3cvvH9ypKJGENknEI9n2saKcCdrUTHPajiXFoc9pyx9dT/3WA5WKReJWj2PqhXggWMAI1kZqXPbyBceuls+dahG5tjMDcuxi9axSriyVAixQ7+U/uv2IJCEVmnCsVMd1Yu2lWGpGOJ3kuomiMSYjPKAdQwUOqfLS2aETdGKUPgoiaUpoNFO/T6Q4VGoc+qYzxHqofntT8S+vk+ig4qVMxImmgswXBQlHOkLTr1GfSUo0HxuCiWTmVkSGWGKiTTY5E8Ly9/9Jq2i7Jdt1G6VC7WqRRxaO4BhOwYULqMEN1KEJBCg8wjO8WPfWk/Vqvc1bM9Zi5hB+wHr/AoPQjT0=</latexit>=

<latexit sha1_base64="0n8PUfL6Sc4Jbn7sBJyxvwJ3VCQ=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqq+2t6MVjC9ZW2lA22027drMJuxuhhP4CLx4UxKv/yJv/xu0HRUUfDDzem2Fmnh9zprTjfFqZldW19Y3sZm5re2d3L79/cKuiRBLaJBGPZNvHinImaFMzzWk7lhSHPqctf3Q19VsPVCoWiRs9jqkX4oFgASNYG6lx18sXHLtaPneqReTazgzIsYvVs0q5slQKsEC9l//o9iOShFRowrFSHdeJtZdiqRnhdJLrJorGmIzwgHYMFTikyktnh07QiVH6KIikKaHRTP0+keJQqXHom84Q66H67U3Fv7xOooOKlzIRJ5oKMl8UJBzpCE2/Rn0mKdF8bAgmkplbERliiYk22eRMCMvf/yetou2WbNdtlAq1y0UeWTiCYzgFFy6gBtdQhyYQoPAIz/Bi3VtP1qv1Nm/NWIuZQ/gB6/0LrlyNWQ==</latexit>

Y : Experimental data

parameter value

Experimental 
data

Pr
ob

ab
il
it
y

parameter value

Pr
ob

ab
il
it
y

<latexit sha1_base64="yE/DjgLAp8oRTO5Om9KKjEeUr3k=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadmNiSa3oBePCRgTSJYwO+kko7MPZmaFsOQLvHhQEK/+kTf/xsmDoKIFDUVVN91dfiy40o7zaWVWVtfWN7Kbua3tnd29/P7BrYoSybDJIhHJtk8VCh5iU3MtsB1LpIEvsOXfX0391gNKxaPwRo9j9AI6DPmAM6qN1Gj38gXHrpbPnWqRuLYzA3HsYvWsUq4slQIsUO/lP7r9iCUBhpoJqlTHdWLtpVRqzgROct1EYUzZPR1ix9CQBqi8dHbohJwYpU8GkTQVajJTv0+kNFBqHPimM6B6pH57U/Evr5PoQcVLeRgnGkM2XzRIBNERmX5N+lwi02JsCGWSm1sJG1FJmTbZ5EwIy9//J62i7ZZs122UCrXLRR5ZOIJjOAUXLqAG11CHJjBAeIRneLHurCfr1Xqbt2asxcwh/ID1/gWs141Y</latexit>

X : Parameter value (  )
<latexit sha1_base64="4CW7+McQEOY2JPu5gVralNVwUjU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4Gmba6cNd0Y3LCvYB7VAymUwbm0mGJCOUof/gxoWCuPV73Pk3pg9BRQ9cOJxzL/feEySMKu04H1ZubX1jcyu/XdjZ3ds/KB4edZRIJSZtLJiQvQApwignbU01I71EEhQHjHSDydXc794Tqajgt3qaED9GI04jipE2UmcQEqbRsFhy7AvPq1Q9aEijWq4vSKVWK9egazsLlMAKrWHxfRAKnMaEa8yQUn3XSbSfIakpZmRWGKSKJAhP0Ij0DeUoJsrPFtfO4JlRQhgJaYpruFC/T2QoVmoaB6YzRnqsfntz8S+vn+qo4WeUJ6kmHC8XRSmDWsD56zCkkmDNpoYgLKm5FeIxkghrE1DBhPD1KfyfdMu269mue+OVmperPPLgBJyCc+CCOmiCa9ACbYDBHXgAT+DZEtaj9WK9Lltz1mrmGPyA9fYJtPiPtQ==</latexit>

�

<latexit sha1_base64="nGf+T8Ie95ZlWnB0inJGbo+W1HY="></latexit>

P (�)P (data|�)
P (data)

= P (�|data)
Prior  

probability
Posterior 
probability

Likelihood



Bayesian Inference
<latexit sha1_base64="orusuVcWhkVPlQ5xmUizU9WhZfc=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBDiZdmNiSa3oBePEcxDkiXMTibJmNmdZWZWCGv+wYsHBfHq93jzb5w8CCpa0FBUddPd5UecKe04n9bS8srq2npqI725tb2zm9nbrysRS0JrRHAhmz5WlLOQ1jTTnDYjSXHgc9rwh5cTv3FPpWIivNGjiHoB7oesxwjWRqpXc82H25NOJuvY5eKZU84j13amQI6dL5+WiqWFkoU5qp3MR7srSBzQUBOOlWq5TqS9BEvNCKfjdDtWNMJkiPu0ZWiIA6q8ZHrtGB0bpYt6QpoKNZqq3ycSHCg1CnzTGWA9UL+9ifiX14p1r+QlLIxiTUMyW9SLOdICTV5HXSYp0XxkCCaSmVsRGWCJiTYBpU0Ii9//J4287RZs170uZCsX8zxScAhHkAMXzqECV1CFGhC4g0d4hhdLWE/Wq/U2a12y5jMH8APW+xeiaI8A</latexit>

P (X|Y )
<latexit sha1_base64="qKHNLtzyuTrSkwZgoyWNmdfDT48=">AAAB7HicdVBNT8JAEJ3iF+IX6tHLRmKCl6ZFULgRvXjERAQDhGyXLWzY3Ta7WxPS8Be8eNDEePUHefPf2AIhavQlk7y8N5OZeV7ImTaO82llVlbX1jeym7mt7Z3dvfz+wZ0OIkVokwQ8UG0Pa8qZpE3DDKftUFEsPE5b3vgq9VsPVGkWyFszCWlP4KFkPiPYpFKjeH/azxccu1Y5d2ol5NrODMixS7WzaqW6VAqwQKOf/+gOAhIJKg3hWOuO64SmF2NlGOF0mutGmoaYjPGQdhIqsaC6F89unaKTRBkgP1BJSYNm6veJGAutJ8JLOgU2I/3bS8W/vE5k/GovZjKMDJVkvsiPODIBSh9HA6YoMXySEEwUS25FZIQVJiaJJ5eEsPz9f9Iq2W7Zdt2bcqF+ucgjC0dwDEVw4QLqcA0NaAKBETzCM7xYwnqyXq23eWvGWswcwg9Y718TbY4Y</latexit>

P (Y )

<latexit sha1_base64="owYXqz1up165EkrAHEsoAkrwLCM=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBDiZdmNiSa3oBePEcxDkiXMTibJmNmdZWZWCGv+wYsHBfHq93jzb5w8CCpa0FBUddPd5UecKe04n9bS8srq2npqI725tb2zm9nbrysRS0JrRHAhmz5WlLOQ1jTTnDYjSXHgc9rwh5cTv3FPpWIivNGjiHoB7oesxwjWRqpXc7cPzZNOJuvY5eKZU84j13amQI6dL5+WiqWFkoU5qp3MR7srSBzQUBOOlWq5TqS9BEvNCKfjdDtWNMJkiPu0ZWiIA6q8ZHrtGB0bpYt6QpoKNZqq3ycSHCg1CnzTGWA9UL+9ifiX14p1r+QlLIxiTUMyW9SLOdICTV5HXSYp0XxkCCaSmVsRGWCJiTYBpU0Ii9//J4287RZs170uZCsX8zxScAhHkAMXzqECV1CFGhC4g0d4hhdLWE/Wq/U2a12y5jMH8APW+xeiao8A</latexit>

P (Y |X)
<latexit sha1_base64="VU8nqKe1TyLKXiUIFwC+tJEfOtI=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSLUS0hqq+2t6MVjBWsLbSib7aZdursJuxuhhP4FLx4UxKs/yJv/xqQtRUUfDDzem2Fmnh9xpo3jfForq2vrG5u5rfz2zu7efuHg8F6HsSK0RUIeqo6PNeVM0pZhhtNOpCgWPqdtf3yd+e0HqjQL5Z2ZRNQTeChZwAg2mdQsdc76haJj16sXTr2MXNuZATl2uX5eq9aWShEWaPYLH71BSGJBpSEca911nch4CVaGEU6n+V6saYTJGA9pN6USC6q9ZHbrFJ2mygAFoUpLGjRTv08kWGg9EX7aKbAZ6d9eJv7ldWMT1LyEySg2VJL5oiDmyIQoexwNmKLE8ElKMFEsvRWREVaYmDSefBrC8vf/SbtsuxXbdW8rxcbVIo8cHMMJlMCFS2jADTShBQRG8AjP8GIJ68l6td7mrSvWYuYIfsB6/wIR544X</latexit>

P (X)
<latexit sha1_base64="1kdYk1DKiCWQ4srl4vvaCf6xlk0=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqq+1BKHrx2IK1hTaUzXbTrt1swu5GKKG/wIsHBfHqP/Lmv3H7QVHRBwOP92aYmefHnCntOJ9WZmV1bX0ju5nb2t7Z3cvvH9ypKJGENknEI9n2saKcCdrUTHPajiXFoc9pyx9dT/3WA5WKReJWj2PqhXggWMAI1kZqXPbyBceuls+dahG5tjMDcuxi9axSriyVAixQ7+U/uv2IJCEVmnCsVMd1Yu2lWGpGOJ3kuomiMSYjPKAdQwUOqfLS2aETdGKUPgoiaUpoNFO/T6Q4VGoc+qYzxHqofntT8S+vk+ig4qVMxImmgswXBQlHOkLTr1GfSUo0HxuCiWTmVkSGWGKiTTY5E8Ly9/9Jq2i7Jdt1G6VC7WqRRxaO4BhOwYULqMEN1KEJBCg8wjO8WPfWk/Vqvc1bM9Zi5hB+wHr/AoPQjT0=</latexit>=

<latexit sha1_base64="nGf+T8Ie95ZlWnB0inJGbo+W1HY="></latexit>

P (�)P (data|�)
P (data)

= P (�|data)
Prior  

probability

Posterior 
probability

Likelihood

What about               ? 
<latexit sha1_base64="jm1eyKxUeMxpACQdddJa8CDpQU8=">AAACGnicdVDNS8MwHE39nPOr6tFLcAgTZLRjY9tt6MXjBOcGXRlpmm5h6QdJKozSf8OL/4oXDwriTbz435h1Lajog8DjvfdLfnlOxKiQhvGprayurW9slrbK2zu7e/v6weGtCGOOSR+HLORDBwnCaED6kkpGhhEnyHcYGTizy4U/uCNc0DC4kfOI2D6aBNSjGEkljXUjGWWXWHzi2IlRM1pGvdk6VySDIp1O22jW017VRRKdpWO9UqRgkYJFCpq5UgE5emP9feSGOPZJIDFDQlimEUk7QVxSzEhaHsWCRAjP0IRYigbIJ8JOsqVSeKoUF3ohVyeQMFO/TyTIF2LuOyrpIzkVv72F+JdnxdJr2wkNoliSAC8f8mIGZQgXNUGXcoIlmyuCMKdqV4iniCMsVZllVULxU/g/GdRrZqNmmteNSvci76MEjsEJqAITtEAXXIEe6AMM7sEjeAYv2oP2pL1qb8voipbPHIEf0D6+AGsXnJs=</latexit>

P (data)

How do I choose the prior?

What am I supposed to do with the posterior?

Can you give examples of the likelihood?

Okay, but how do apply this with my laptop?



What about               ? 
<latexit sha1_base64="jm1eyKxUeMxpACQdddJa8CDpQU8=">AAACGnicdVDNS8MwHE39nPOr6tFLcAgTZLRjY9tt6MXjBOcGXRlpmm5h6QdJKozSf8OL/4oXDwriTbz435h1Lajog8DjvfdLfnlOxKiQhvGprayurW9slrbK2zu7e/v6weGtCGOOSR+HLORDBwnCaED6kkpGhhEnyHcYGTizy4U/uCNc0DC4kfOI2D6aBNSjGEkljXUjGWWXWHzi2IlRM1pGvdk6VySDIp1O22jW017VRRKdpWO9UqRgkYJFCpq5UgE5emP9feSGOPZJIDFDQlimEUk7QVxSzEhaHsWCRAjP0IRYigbIJ8JOsqVSeKoUF3ohVyeQMFO/TyTIF2LuOyrpIzkVv72F+JdnxdJr2wkNoliSAC8f8mIGZQgXNUGXcoIlmyuCMKdqV4iniCMsVZllVULxU/g/GdRrZqNmmteNSvci76MEjsEJqAITtEAXXIEe6AMM7sEjeAYv2oP2pL1qb8voipbPHIEf0D6+AGsXnJs=</latexit>

P (data)

<latexit sha1_base64="nGf+T8Ie95ZlWnB0inJGbo+W1HY="></latexit>

P (�)P (data|�)
P (data)

= P (�|data)

<latexit sha1_base64="rzUuWcaufPuucKOd5vimeq3ddP8="></latexit>

=

Z
P (data|�)P (�)d�

<latexit sha1_base64="q+bXUA56L8Oni+3m/BiJTOS0sXA="></latexit>

P (data) =

Z
P (data, �)d�

Marginal likelihood

<latexit sha1_base64="31gqkQl90BjtuBwZoSMGmPHwdfg="></latexit>

P (� = �1|data)
P (� = �2|data)

Let’s compare the posterior probabilities of two values : 
<latexit sha1_base64="q7+iEWS+ZQBhR6c6ybxfRYjWuoQ="></latexit>

P (�1)P (data|�1)
P (data)

<latexit sha1_base64="q/R6M6vyW32Hzb6oRg4/SOLCyvY="></latexit>

P (�2)P (data|�2)
P (data)

<latexit sha1_base64="+OHNsNzl6UdBiELG+mOKI9X3PaE=">AAAB6XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqatuDUPTisQVrC20om+2mXbv5YHcjlNBf4MWDgnj1H3nz37hpK6jog4HHezPMzPNizqSyrA8jt7K6tr6R3yxsbe/s7hX3D25llAhC2yTikeh6WFLOQtpWTHHajQXFgcdpx5tcZX7nngrJovBGTWPqBngUMp8RrLTUuhgUS5ZZr9crzhnSpGaV605Gzp1ytYJs05qjBEs0B8X3/jAiSUBDRTiWsmdbsXJTLBQjnM4K/UTSGJMJHtGepiEOqHTT+aEzdKKVIfIjoStUaK5+n0hxIOU08HRngNVY/vYy8S+vlyi/5qYsjBNFQ7JY5CccqQhlX6MhE5QoPtUEE8H0rYiMscBE6WwKOoSvT9H/pFM2bce07ZZTalwu88jDERzDKdhQhQZcQxPaQIDCAzzBs3FnPBovxuuiNWcsZw7hB4y3T7oAjWI=</latexit>=



What about               ? 
<latexit sha1_base64="jm1eyKxUeMxpACQdddJa8CDpQU8=">AAACGnicdVDNS8MwHE39nPOr6tFLcAgTZLRjY9tt6MXjBOcGXRlpmm5h6QdJKozSf8OL/4oXDwriTbz435h1Lajog8DjvfdLfnlOxKiQhvGprayurW9slrbK2zu7e/v6weGtCGOOSR+HLORDBwnCaED6kkpGhhEnyHcYGTizy4U/uCNc0DC4kfOI2D6aBNSjGEkljXUjGWWXWHzi2IlRM1pGvdk6VySDIp1O22jW017VRRKdpWO9UqRgkYJFCpq5UgE5emP9feSGOPZJIDFDQlimEUk7QVxSzEhaHsWCRAjP0IRYigbIJ8JOsqVSeKoUF3ohVyeQMFO/TyTIF2LuOyrpIzkVv72F+JdnxdJr2wkNoliSAC8f8mIGZQgXNUGXcoIlmyuCMKdqV4iniCMsVZllVULxU/g/GdRrZqNmmteNSvci76MEjsEJqAITtEAXXIEe6AMM7sEjeAYv2oP2pL1qb8voipbPHIEf0D6+AGsXnJs=</latexit>

P (data)

<latexit sha1_base64="nGf+T8Ie95ZlWnB0inJGbo+W1HY="></latexit>

P (�)P (data|�)
P (data)

= P (�|data)

In practice is not necessary 

- Noninformative priors

- Previous studies

- Previous Bayesian analysis

<latexit sha1_base64="MlBd4XC50jTfPE80CEaIQEV8QZ0=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBahXkJSU9vcil48VrC20oay2WzapZtN2N0IJfRXePGgIF79N978N27aCir6YODx3gwz8/yEUaks68MorKyurW8UN0tb2zu7e+X9g1sZpwKTDo5ZLHo+koRRTjqKKkZ6iSAo8hnp+pPL3O/eEyFpzG/UNCFehEachhQjpaW7dnUQEKbQ6bBcsUzXdevOGdSkadVcJyfnTq1Rh7ZpzVEBS7SH5fdBEOM0IlxhhqTs21aivAwJRTEjs9IglSRBeIJGpK8pRxGRXjY/eAZPtBLAMBa6uIJz9ftEhiIpp5GvOyOkxvK3l4t/ef1UhU0vozxJFeF4sShMGVQxzL+HARUEKzbVBGFB9a0Qj5FAWOmMSjqEr0/h/6RbM23HtO1rp9K6WOZRBEfgGFSBDRqgBa5AG3QABhF4AE/g2RDGo/FivC5aC8Zy5hD8gPH2CSqBkHw=</latexit>

P (�)

<latexit sha1_base64="ZfMNLTtOIpQo63I/T2Gk/fY6mp4=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0hqaptb0YvHCrYV2lA2m227drMbdjdCCf0PXjwoiFd/jzf/jZu2goo+GHi8N8PMvDBhVGnH+bAKK6tr6xvFzdLW9s7uXnn/oKNEKjFpY8GEvA2RIoxy0tZUM3KbSILikJFuOLnM/e49kYoKfqOnCQliNOJ0SDHSRur0I8I0GpQrju37fs07g4Y0nKrv5eTcq9Zr0LWdOSpgidag/N6PBE5jwjVmSKme6yQ6yJDUFDMyK/VTRRKEJ2hEeoZyFBMVZPNrZ/DEKBEcCmmKazhXv09kKFZqGoemM0Z6rH57ufiX10v1sBFklCepJhwvFg1TBrWA+eswopJgzaaGICypuRXiMZIIaxNQyYTw9Sn8n3SrtuvZrnvtVZoXyzyK4Agcg1PggjpogivQAm2AwR14AE/g2RLWo/VivS5aC9Zy5hD8gPX2CcDtj70=</latexit>

�

How do I choose the prior?

Reflecting your prior knowledge



What about               ? 
<latexit sha1_base64="jm1eyKxUeMxpACQdddJa8CDpQU8=">AAACGnicdVDNS8MwHE39nPOr6tFLcAgTZLRjY9tt6MXjBOcGXRlpmm5h6QdJKozSf8OL/4oXDwriTbz435h1Lajog8DjvfdLfnlOxKiQhvGprayurW9slrbK2zu7e/v6weGtCGOOSR+HLORDBwnCaED6kkpGhhEnyHcYGTizy4U/uCNc0DC4kfOI2D6aBNSjGEkljXUjGWWXWHzi2IlRM1pGvdk6VySDIp1O22jW017VRRKdpWO9UqRgkYJFCpq5UgE5emP9feSGOPZJIDFDQlimEUk7QVxSzEhaHsWCRAjP0IRYigbIJ8JOsqVSeKoUF3ohVyeQMFO/TyTIF2LuOyrpIzkVv72F+JdnxdJr2wkNoliSAC8f8mIGZQgXNUGXcoIlmyuCMKdqV4iniCMsVZllVULxU/g/GdRrZqNmmteNSvci76MEjsEJqAITtEAXXIEe6AMM7sEjeAYv2oP2pL1qb8voipbPHIEf0D6+AGsXnJs=</latexit>

P (data)

<latexit sha1_base64="nGf+T8Ie95ZlWnB0inJGbo+W1HY="></latexit>

P (�)P (data|�)
P (data)

= P (�|data)

In practice is not necessary 

- Noninformative priors

- Previous studies

- Previous Bayesian analysis

<latexit sha1_base64="MlBd4XC50jTfPE80CEaIQEV8QZ0=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBahXkJSU9vcil48VrC20oay2WzapZtN2N0IJfRXePGgIF79N978N27aCir6YODx3gwz8/yEUaks68MorKyurW8UN0tb2zu7e+X9g1sZpwKTDo5ZLHo+koRRTjqKKkZ6iSAo8hnp+pPL3O/eEyFpzG/UNCFehEachhQjpaW7dnUQEKbQ6bBcsUzXdevOGdSkadVcJyfnTq1Rh7ZpzVEBS7SH5fdBEOM0IlxhhqTs21aivAwJRTEjs9IglSRBeIJGpK8pRxGRXjY/eAZPtBLAMBa6uIJz9ftEhiIpp5GvOyOkxvK3l4t/ef1UhU0vozxJFeF4sShMGVQxzL+HARUEKzbVBGFB9a0Qj5FAWOmMSjqEr0/h/6RbM23HtO1rp9K6WOZRBEfgGFSBDRqgBa5AG3QABhF4AE/g2RDGo/FivC5aC8Zy5hD8gPH2CSqBkHw=</latexit>

P (�)

<latexit sha1_base64="ZfMNLTtOIpQo63I/T2Gk/fY6mp4=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0hqaptb0YvHCrYV2lA2m227drMbdjdCCf0PXjwoiFd/jzf/jZu2goo+GHi8N8PMvDBhVGnH+bAKK6tr6xvFzdLW9s7uXnn/oKNEKjFpY8GEvA2RIoxy0tZUM3KbSILikJFuOLnM/e49kYoKfqOnCQliNOJ0SDHSRur0I8I0GpQrju37fs07g4Y0nKrv5eTcq9Zr0LWdOSpgidag/N6PBE5jwjVmSKme6yQ6yJDUFDMyK/VTRRKEJ2hEeoZyFBMVZPNrZ/DEKBEcCmmKazhXv09kKFZqGoemM0Z6rH57ufiX10v1sBFklCepJhwvFg1TBrWA+eswopJgzaaGICypuRXiMZIIaxNQyYTw9Sn8n3SrtuvZrnvtVZoXyzyK4Agcg1PggjpogivQAm2AwR14AE/g2RLWo/VivS5aC9Zy5hD8gPX2CcDtj70=</latexit>

�

How do I choose the prior?

Reflecting your prior knowledge

- Two different studies 

report that the mean 

diameter of the trunk of 

oaks in a particular 

forest 

 
D = 0.7 ± 0.4 m  

D = 1.0 ± 0.1 m 

 
How would you encode this 

in a prior distribution? 

What if the studies report: 

 
     D =  0.7 ± 0.1 m  

     D = 1.0 ± 0.1 m 

 
 

Question:



What am I supposed to do with the posterior?

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>

�1

<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>

�2

First, we need to check that the results make sense

c(time)

time

Correct priors? 
Correct likelihood/model?

Posterior predictive checks



What am I supposed to do with the posterior?

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>

�1

<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>

�2

First, we need to check that the results make sense

c(time)

time

Correct priors? 
Correct likelihood/model?

Posterior predictive checks



What am I supposed to do with the posterior?

<latexit sha1_base64="dHeqjW+g6S9yGbIEIiJyeuDo0iM=">AAAB+nicdVDLSgNBEJz1bXytevQyGAS9LLtxo8lN9OIxgjGBJITe2VkdnH0w0yuENX/ixYOCePVLvPk3Th6CihY0FFXddHcFmRQaXffDmpmdm19YXFourayurW/Ym1tXOs0V402WylS1A9BcioQ3UaDk7UxxiAPJW8Ht2chv3XGlRZpc4iDjvRiuExEJBmikvm039rshlwj0noaAcNC3y65Tr9er/iE1pOZW6v6IHPmV4yr1HHeMMpmi0bffu2HK8pgnyCRo3fHcDHsFKBRM8mGpm2ueAbuFa94xNIGY614xvnxI94wS0ihVphKkY/X7RAGx1oM4MJ0x4I3+7Y3Ev7xOjlGtV4gky5EnbLIoyiXFlI5ioKFQnKEcGAJMCXMrZTeggKEJq2RC+PqU/k9aFcfzHc+78Msnp9M8lsgO2SX7xCPH5ISckwZpEkbuyAN5Is9WYT1aL9brpHXGms5skx+w3j4BTsCTSQ==</latexit>

P (�|data)

<latexit sha1_base64="ZfMNLTtOIpQo63I/T2Gk/fY6mp4=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0hqaptb0YvHCrYV2lA2m227drMbdjdCCf0PXjwoiFd/jzf/jZu2goo+GHi8N8PMvDBhVGnH+bAKK6tr6xvFzdLW9s7uXnn/oKNEKjFpY8GEvA2RIoxy0tZUM3KbSILikJFuOLnM/e49kYoKfqOnCQliNOJ0SDHSRur0I8I0GpQrju37fs07g4Y0nKrv5eTcq9Zr0LWdOSpgidag/N6PBE5jwjVmSKme6yQ6yJDUFDMyK/VTRRKEJ2hEeoZyFBMVZPNrZ/DEKBEcCmmKazhXv09kKFZqGoemM0Z6rH57ufiX10v1sBFklCepJhwvFg1TBrWA+eswopJgzaaGICypuRXiMZIIaxNQyYTw9Sn8n3SrtuvZrnvtVZoXyzyK4Agcg1PggjpogivQAm2AwR14AE/g2RLWo/VivS5aC9Zy5hD8gPX2CcDtj70=</latexit>

�

threshold 
probability 90%

<latexit sha1_base64="DZJmDxQd6+KG4O6OKIaDJxXF6s4=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBiyFpI7W3ohePFawttKFsNpN26WYTdzdCKf0TXjwoiFd/jjf/jdsPioo+GHi8N8PMvCDlTGnH+bRyK6tr6xv5zcLW9s7uXnH/4E4lmaTQpAlPZDsgCjgT0NRMc2inEkgccGgFw6up33oAqVgibvUoBT8mfcEiRok2UrsbAtekd9Yrlhy7VvPK5x52bWcG7NhOtVKpVZZKCS3Q6BU/umFCsxiEppwo1XGdVPtjIjWjHCaFbqYgJXRI+tAxVJAYlD+e3TvBJ0YJcZRIU0Ljmfp9YkxipUZxYDpjogfqtzcV//I6mY4u/DETaaZB0PmiKONYJ3j6PA6ZBKr5yBBCJTO3YjogklBtIiqYEJa//09aZdv1bNe98Ur1y0UeeXSEjtEpclEV1dE1aqAmooijR/SMXqx768l6td7mrTlrMXOIfsB6/wKjaZAw</latexit>

��
<latexit sha1_base64="a2Y+2ewVz/u5LKWTUXc9NKG3s+A=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBZBEELSRmpvRS8eK1hbaEPZbCbt0s0m7m6EUvonvHhQEK/+HG/+G7cfFBV9MPB4b4aZeUHKmdKO82nlVlbX1jfym4Wt7Z3dveL+wZ1KMkmhSROeyHZAFHAmoKmZ5tBOJZA44NAKhldTv/UAUrFE3OpRCn5M+oJFjBJtpHY3BK5J76xXLDl2reaVzz3s2s4M2LGdaqVSqyyVElqg0St+dMOEZjEITTlRquM6qfbHRGpGOUwK3UxBSuiQ9KFjqCAxKH88u3eCT4wS4iiRpoTGM/X7xJjESo3iwHTGRA/Ub28q/uV1Mh1d+GMm0kyDoPNFUcaxTvD0eRwyCVTzkSGESmZuxXRAJKHaRFQwISx//5+0yrbr2a5745Xql4s88ugIHaNT5KIqqqNr1EBNRBFHj+gZvVj31pP1ar3NW3PWYuYQ/YD1/gWgX5Au</latexit>

�+

High Density Region 
HDR = (   ,   )

<latexit sha1_base64="DZJmDxQd6+KG4O6OKIaDJxXF6s4=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBiyFpI7W3ohePFawttKFsNpN26WYTdzdCKf0TXjwoiFd/jjf/jdsPioo+GHi8N8PMvCDlTGnH+bRyK6tr6xv5zcLW9s7uXnH/4E4lmaTQpAlPZDsgCjgT0NRMc2inEkgccGgFw6up33oAqVgibvUoBT8mfcEiRok2UrsbAtekd9Yrlhy7VvPK5x52bWcG7NhOtVKpVZZKCS3Q6BU/umFCsxiEppwo1XGdVPtjIjWjHCaFbqYgJXRI+tAxVJAYlD+e3TvBJ0YJcZRIU0Ljmfp9YkxipUZxYDpjogfqtzcV//I6mY4u/DETaaZB0PmiKONYJ3j6PA6ZBKr5yBBCJTO3YjogklBtIiqYEJa//09aZdv1bNe98Ur1y0UeeXSEjtEpclEV1dE1aqAmooijR/SMXqx768l6td7mrTlrMXOIfsB6/wKjaZAw</latexit>

��
<latexit sha1_base64="a2Y+2ewVz/u5LKWTUXc9NKG3s+A=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBZBEELSRmpvRS8eK1hbaEPZbCbt0s0m7m6EUvonvHhQEK/+HG/+G7cfFBV9MPB4b4aZeUHKmdKO82nlVlbX1jfym4Wt7Z3dveL+wZ1KMkmhSROeyHZAFHAmoKmZ5tBOJZA44NAKhldTv/UAUrFE3OpRCn5M+oJFjBJtpHY3BK5J76xXLDl2reaVzz3s2s4M2LGdaqVSqyyVElqg0St+dMOEZjEITTlRquM6qfbHRGpGOUwK3UxBSuiQ9KFjqCAxKH88u3eCT4wS4iiRpoTGM/X7xJjESo3iwHTGRA/Ub28q/uV1Mh1d+GMm0kyDoPNFUcaxTvD0eRwyCVTzkSGESmZuxXRAJKHaRFQwISx//5+0yrbr2a5745Xql4s88ugIHaNT5KIqqqNr1EBNRBFHj+gZvVj31pP1ar3NW3PWYuYQ/YD1/gWgX5Au</latexit>

�+

5%
5%

Confidence Interval 
(p-values)

maximum a posteriori (MAP)

<latexit sha1_base64="XKrEswKQNi5w75eeOj4iTBpB3P8=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBZBPITElmpvRS8eK9gPaGPZbDft0s0m7m6EEvonvHhQxKt/x5v/xk1bQUUfDDzem2Fmnh9zprTjfFi5peWV1bX8emFjc2t7p7i711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77M/PY9lYpF4kZPYuqFeChYwAjWRur0BpRrfHvSL5Ycu5ahiuakXDPEqbhOuYxc25mhBAs0+sX33iAiSUiFJhwr1XWdWHsplpoRTqeFXqJojMkYD2nXUIFDqrx0du8UHRllgIJImhIazdTvEykOlZqEvukMsR6p314m/uV1Ex2ceykTcaKpIPNFQcKRjlD2PBowSYnmE0MwkczcisgIS0y0iahgQvj6FP1PWqe2W7Ur15VS/WIRRx4O4BCOwYUzqMMVNKAJBDg8wBM8W3fWo/Vivc5bc9ZiZh9+wHr7BFJmkC8=</latexit>

�⇤

<latexit sha1_base64="XKrEswKQNi5w75eeOj4iTBpB3P8=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBZBPITElmpvRS8eK9gPaGPZbDft0s0m7m6EEvonvHhQxKt/x5v/xk1bQUUfDDzem2Fmnh9zprTjfFi5peWV1bX8emFjc2t7p7i711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77M/PY9lYpF4kZPYuqFeChYwAjWRur0BpRrfHvSL5Ycu5ahiuakXDPEqbhOuYxc25mhBAs0+sX33iAiSUiFJhwr1XWdWHsplpoRTqeFXqJojMkYD2nXUIFDqrx0du8UHRllgIJImhIazdTvEykOlZqEvukMsR6p314m/uV1Ex2ceykTcaKpIPNFQcKRjlD2PBowSYnmE0MwkczcisgIS0y0iahgQvj6FP1PWqe2W7Ur15VS/WIRRx4O4BCOwYUzqMMVNKAJBDg8wBM8W3fWo/Vivc5bc9ZiZh9+wHr7BFJmkC8=</latexit>

�⇤

data probability 
according 
to null hypothesis

data



<latexit sha1_base64="dHeqjW+g6S9yGbIEIiJyeuDo0iM=">AAAB+nicdVDLSgNBEJz1bXytevQyGAS9LLtxo8lN9OIxgjGBJITe2VkdnH0w0yuENX/ixYOCePVLvPk3Th6CihY0FFXddHcFmRQaXffDmpmdm19YXFourayurW/Ym1tXOs0V402WylS1A9BcioQ3UaDk7UxxiAPJW8Ht2chv3XGlRZpc4iDjvRiuExEJBmikvm039rshlwj0noaAcNC3y65Tr9er/iE1pOZW6v6IHPmV4yr1HHeMMpmi0bffu2HK8pgnyCRo3fHcDHsFKBRM8mGpm2ueAbuFa94xNIGY614xvnxI94wS0ihVphKkY/X7RAGx1oM4MJ0x4I3+7Y3Ev7xOjlGtV4gky5EnbLIoyiXFlI5ioKFQnKEcGAJMCXMrZTeggKEJq2RC+PqU/k9aFcfzHc+78Msnp9M8lsgO2SX7xCPH5ISckwZpEkbuyAN5Is9WYT1aL9brpHXGms5skx+w3j4BTsCTSQ==</latexit>

P (�|data)

What am I supposed to do with the posterior?

<latexit sha1_base64="dHeqjW+g6S9yGbIEIiJyeuDo0iM=">AAAB+nicdVDLSgNBEJz1bXytevQyGAS9LLtxo8lN9OIxgjGBJITe2VkdnH0w0yuENX/ixYOCePVLvPk3Th6CihY0FFXddHcFmRQaXffDmpmdm19YXFourayurW/Ym1tXOs0V402WylS1A9BcioQ3UaDk7UxxiAPJW8Ht2chv3XGlRZpc4iDjvRiuExEJBmikvm039rshlwj0noaAcNC3y65Tr9er/iE1pOZW6v6IHPmV4yr1HHeMMpmi0bffu2HK8pgnyCRo3fHcDHsFKBRM8mGpm2ueAbuFa94xNIGY614xvnxI94wS0ihVphKkY/X7RAGx1oM4MJ0x4I3+7Y3Ev7xOjlGtV4gky5EnbLIoyiXFlI5ioKFQnKEcGAJMCXMrZTeggKEJq2RC+PqU/k9aFcfzHc+78Msnp9M8lsgO2SX7xCPH5ISckwZpEkbuyAN5Is9WYT1aL9brpHXGms5skx+w3j4BTsCTSQ==</latexit>

P (�|data)

<latexit sha1_base64="ZfMNLTtOIpQo63I/T2Gk/fY6mp4=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0hqaptb0YvHCrYV2lA2m227drMbdjdCCf0PXjwoiFd/jzf/jZu2goo+GHi8N8PMvDBhVGnH+bAKK6tr6xvFzdLW9s7uXnn/oKNEKjFpY8GEvA2RIoxy0tZUM3KbSILikJFuOLnM/e49kYoKfqOnCQliNOJ0SDHSRur0I8I0GpQrju37fs07g4Y0nKrv5eTcq9Zr0LWdOSpgidag/N6PBE5jwjVmSKme6yQ6yJDUFDMyK/VTRRKEJ2hEeoZyFBMVZPNrZ/DEKBEcCmmKazhXv09kKFZqGoemM0Z6rH57ufiX10v1sBFklCepJhwvFg1TBrWA+eswopJgzaaGICypuRXiMZIIaxNQyYTw9Sn8n3SrtuvZrnvtVZoXyzyK4Agcg1PggjpogivQAm2AwR14AE/g2RLWo/VivS5aC9Zy5hD8gPX2CcDtj70=</latexit>

�

threshold 
probability 90%

<latexit sha1_base64="DZJmDxQd6+KG4O6OKIaDJxXF6s4=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBiyFpI7W3ohePFawttKFsNpN26WYTdzdCKf0TXjwoiFd/jjf/jdsPioo+GHi8N8PMvCDlTGnH+bRyK6tr6xv5zcLW9s7uXnH/4E4lmaTQpAlPZDsgCjgT0NRMc2inEkgccGgFw6up33oAqVgibvUoBT8mfcEiRok2UrsbAtekd9Yrlhy7VvPK5x52bWcG7NhOtVKpVZZKCS3Q6BU/umFCsxiEppwo1XGdVPtjIjWjHCaFbqYgJXRI+tAxVJAYlD+e3TvBJ0YJcZRIU0Ljmfp9YkxipUZxYDpjogfqtzcV//I6mY4u/DETaaZB0PmiKONYJ3j6PA6ZBKr5yBBCJTO3YjogklBtIiqYEJa//09aZdv1bNe98Ur1y0UeeXSEjtEpclEV1dE1aqAmooijR/SMXqx768l6td7mrTlrMXOIfsB6/wKjaZAw</latexit>

��
<latexit sha1_base64="a2Y+2ewVz/u5LKWTUXc9NKG3s+A=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBZBEELSRmpvRS8eK1hbaEPZbCbt0s0m7m6EUvonvHhQEK/+HG/+G7cfFBV9MPB4b4aZeUHKmdKO82nlVlbX1jfym4Wt7Z3dveL+wZ1KMkmhSROeyHZAFHAmoKmZ5tBOJZA44NAKhldTv/UAUrFE3OpRCn5M+oJFjBJtpHY3BK5J76xXLDl2reaVzz3s2s4M2LGdaqVSqyyVElqg0St+dMOEZjEITTlRquM6qfbHRGpGOUwK3UxBSuiQ9KFjqCAxKH88u3eCT4wS4iiRpoTGM/X7xJjESo3iwHTGRA/Ub28q/uV1Mh1d+GMm0kyDoPNFUcaxTvD0eRwyCVTzkSGESmZuxXRAJKHaRFQwISx//5+0yrbr2a5745Xql4s88ugIHaNT5KIqqqNr1EBNRBFHj+gZvVj31pP1ar3NW3PWYuYQ/YD1/gWgX5Au</latexit>

�+

High Density Region 
HDR = (   ,   )

<latexit sha1_base64="DZJmDxQd6+KG4O6OKIaDJxXF6s4=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBiyFpI7W3ohePFawttKFsNpN26WYTdzdCKf0TXjwoiFd/jjf/jdsPioo+GHi8N8PMvCDlTGnH+bRyK6tr6xv5zcLW9s7uXnH/4E4lmaTQpAlPZDsgCjgT0NRMc2inEkgccGgFw6up33oAqVgibvUoBT8mfcEiRok2UrsbAtekd9Yrlhy7VvPK5x52bWcG7NhOtVKpVZZKCS3Q6BU/umFCsxiEppwo1XGdVPtjIjWjHCaFbqYgJXRI+tAxVJAYlD+e3TvBJ0YJcZRIU0Ljmfp9YkxipUZxYDpjogfqtzcV//I6mY4u/DETaaZB0PmiKONYJ3j6PA6ZBKr5yBBCJTO3YjogklBtIiqYEJa//09aZdv1bNe98Ur1y0UeeXSEjtEpclEV1dE1aqAmooijR/SMXqx768l6td7mrTlrMXOIfsB6/wKjaZAw</latexit>

��
<latexit sha1_base64="a2Y+2ewVz/u5LKWTUXc9NKG3s+A=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBZBEELSRmpvRS8eK1hbaEPZbCbt0s0m7m6EUvonvHhQEK/+HG/+G7cfFBV9MPB4b4aZeUHKmdKO82nlVlbX1jfym4Wt7Z3dveL+wZ1KMkmhSROeyHZAFHAmoKmZ5tBOJZA44NAKhldTv/UAUrFE3OpRCn5M+oJFjBJtpHY3BK5J76xXLDl2reaVzz3s2s4M2LGdaqVSqyyVElqg0St+dMOEZjEITTlRquM6qfbHRGpGOUwK3UxBSuiQ9KFjqCAxKH88u3eCT4wS4iiRpoTGM/X7xJjESo3iwHTGRA/Ub28q/uV1Mh1d+GMm0kyDoPNFUcaxTvD0eRwyCVTzkSGESmZuxXRAJKHaRFQwISx//5+0yrbr2a5745Xql4s88ugIHaNT5KIqqqNr1EBNRBFHj+gZvVj31pP1ar3NW3PWYuYQ/YD1/gWgX5Au</latexit>

�+



What am I supposed to do with the posterior?
<latexit sha1_base64="NcKc6Oi7ZZcwMxeEU0fzUZmvBx4=">AAACA3icdZBNS0JBFIbn2pfZl9Uq2gxJYBByryjqTmrT0iBTUJFz5446OPeDmXMDMWnTX2nToiDa9ifa9W8aP4KKemHg4T3ncOa8biSFRtv+sBJLyyura8n11Mbm1vZOenfvWoexYrzOQhmqpguaSxHwOgqUvBkpDr4recMdnk/rjRuutAiDKxxFvONDPxA9wQCN1U0f1LJtj0uErnO6gPytBwgn3XTGzlVK5UoxTw1UiqVSYQr5ijGpk7NnypCFat30e9sLWezzAJkErVuOHWFnDAoFk3ySaseaR8CG0OctgwH4XHfGsxMm9Ng4Hu2FyrwA6cz9PjEGX+uR75pOH3Cgf9em5l+1Voy9cmcsgihGHrD5ol4sKYZ0mgf1hOIM5cgAMCXMXykbgAKGJrWUCeHrUvo/NPI5p5BznMtCpnq2yCNJDskRyRKHlEiVXJAaqRNG7sgDeSLP1r31aL1Yr/PWhLWY2Sc/ZL19AjlIlys=</latexit>

P (�1, �2|data)Inference of 2 parameters 

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>

�1

<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>

�2

HDR
90%
80%

95%



What am I supposed to do with the posterior?
<latexit sha1_base64="NcKc6Oi7ZZcwMxeEU0fzUZmvBx4=">AAACA3icdZBNS0JBFIbn2pfZl9Uq2gxJYBByryjqTmrT0iBTUJFz5446OPeDmXMDMWnTX2nToiDa9ifa9W8aP4KKemHg4T3ncOa8biSFRtv+sBJLyyura8n11Mbm1vZOenfvWoexYrzOQhmqpguaSxHwOgqUvBkpDr4recMdnk/rjRuutAiDKxxFvONDPxA9wQCN1U0f1LJtj0uErnO6gPytBwgn3XTGzlVK5UoxTw1UiqVSYQr5ijGpk7NnypCFat30e9sLWezzAJkErVuOHWFnDAoFk3ySaseaR8CG0OctgwH4XHfGsxMm9Ng4Hu2FyrwA6cz9PjEGX+uR75pOH3Cgf9em5l+1Voy9cmcsgihGHrD5ol4sKYZ0mgf1hOIM5cgAMCXMXykbgAKGJrWUCeHrUvo/NPI5p5BznMtCpnq2yCNJDskRyRKHlEiVXJAaqRNG7sgDeSLP1r31aL1Yr/PWhLWY2Sc/ZL19AjlIlys=</latexit>

P (�1, �2|data)Inference of 2 parameters 

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>

�1

<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>

�2

Question:

Hypothesis testing: How 

would you analyze the 

probabilities of the 

following hypotheses? 

<latexit sha1_base64="JhXrcKkIkj1huBXeoCvHqomMW94=">AAACB3icdVBNS8NAEN3Ur1q/oh5FWCyCBylJKJhepNWLxyrWFppQNtttu3SzCbsboYSevPhXvHhQEK/+BW/+GzdtBBV9MPB4b4aZeUHMqFSW9WEUFhaXlleKq6W19Y3NLXN750ZGicCkhSMWiU6AJGGUk5aiipFOLAgKA0bawfg889u3REga8Ws1iYkfoiGnA4qR0lLP3Pf6hCnUc+ApbBzDhkc59EKkRkGQXk17ZtmqOI5juy60KtYMmtRqrq2JnStlkKPZM9+9foSTkHCFGZKya1ux8lMkFMWMTEteIkmM8BgNSVdTjkIi/XT2xhQeaqUPB5HQxRWcqd8nUhRKOQkD3ZldKH97mfiX103UwPVTyuNEEY7niwYJgyqCWSawTwXBik00QVhQfSvEIyQQVjq5kg7h61P4P2k7Fbtase3Larl+ludRBHvgABwBG5yAOrgATdACGNyBB/AEno1749F4MV7nrQUjn9kFP2C8fQLFIpfi</latexit>

�2 > A,A 2 R
<latexit sha1_base64="FP8rAbFCvoBtAYApWqH22bFixhE=">AAAB/XicdZDLSsNAFIYnXmu9Rbt0M1gEVyETCqYbKbpxWcHaQhvCZDJph04uzEyEEOqruHGhIG59D3e+jdM2gor+MPDxn3M4Z/4g40wq2/4wVlbX1jc2a1v17Z3dvX3z4PBWprkgtEdSnopBgCXlLKE9xRSng0xQHAec9oPp5bzev6NCsjS5UUVGvRiPExYxgpW2fLMxCilX2HfgOawQ+WbTthzHQa4LbcteSEO77SINqHKaoFLXN99HYUrymCaKcCzlENmZ8kosFCOczuqjXNIMkyke06HGBMdUeuXi+Bk80U4Io1Tolyi4cL9PlDiWsogD3RljNZG/a3Pzr9owV5HrlSzJckUTslwU5RyqFM6TgCETlCheaMBEMH0rJBMsMFE6r7oO4eun8H/oOxZqWQhdt5qdiyqPGjgCx+AUIHAGOuAKdEEPEFCAB/AEno1749F4MV6XrStGNdMAP2S8fQIcgZQ/</latexit>

�2 > �1
<latexit sha1_base64="AphSDgOL5dQVda9F3qXGXnRgSVY=">AAAB/XicdZDLSsNAFIYnXmu9Rbt0M1gEVyETCqYLoejGZQVrC20Ik8mkHTq5MDMRQqiv4saFgrj1Pdz5Nk7bCCr6w8DHf87hnPmDjDOpbPvDWFldW9/YrG3Vt3d29/bNg8NbmeaC0B5JeSoGAZaUs4T2FFOcDjJBcRxw2g+ml/N6/44KydLkRhUZ9WI8TljECFba8s3GKKRcYd+B57BC5JtN23IcB7kutC17IQ3ttos0oMppgkpd33wfhSnJY5oowrGUQ2RnyiuxUIxwOquPckkzTKZ4TIcaExxT6ZWL42fwRDshjFKhX6Lgwv0+UeJYyiIOdGeM1UT+rs3Nv2rDXEWuV7IkyxVNyHJRlHOoUjhPAoZMUKJ4oQETwfStkEywwETpvOo6hK+fwv+h71ioZSF03Wp2Lqo8auAIHINTgMAZ6IAr0AU9QEABHsATeDbujUfjxXhdtq4Y1UwD/JDx9gka85Q+</latexit>

�2 = �1



How the algorithms behind them work?

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>

�1

<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>

�2

<latexit sha1_base64="nGf+T8Ie95ZlWnB0inJGbo+W1HY="></latexit>

P (�)P (data|�)
P (data)

= P (�|data)

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>

�1

<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>

�2

Random sampling !

Markov Chain Monte Carlo (MCMC)



How the algorithms behind them work?

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>

�1

<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>

�2

<latexit sha1_base64="nGf+T8Ie95ZlWnB0inJGbo+W1HY="></latexit>

P (�)P (data|�)
P (data)

= P (�|data)

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>

�1
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<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>
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<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>
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<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>
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<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>
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c(time)

time

Markov Chain Monte Carlo (MCMC)

MCMC diagnosis
Trace plot : plot of Markov chain progression



How the algorithms behind them work?

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>
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<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>
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<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>
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<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>
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Markov Chain Monte Carlo (MCMC)

Case 1: “Burn-in”

Problem: Initial part of trace not 

        representative of  

Solution: Remove an initial fraction of    
points from the MCMC 

MCMC diagnosis

Objective measure: Variance should be 
constant along the chain



How the algorithms behind them work?

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>
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<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>
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<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>
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<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>
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Markov Chain Monte Carlo (MCMC)

Case 2: Poor mixing

Problem: Points are correlated, limiting  
             the information of the chain 

Solution: Increase size of proposal 
                 step kernel

MCMC diagnosis

Objective measure: 
                 Effective sampling size



How the algorithms behind them work?

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>
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<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>
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<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>
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<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>
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Markov Chain Monte Carlo (MCMC)

Case 3: Slow convergence

Problem:  Most points proposals are rejected

Solution: Decrease size of proposal 
                 step kernel

MCMC diagnosis

Objective measure: 
                Rate of acceptance <10%



How the algorithms behind them work?

<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>
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<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>
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<latexit sha1_base64="zKvOTfgKjBWAOOOuUfwy/ImvNaI=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hKS5pb0YvHCtYW2lA2m027dPPh7kQooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZ56eCK7CsD6O0tr6xuVXeruzs7u0fVA+PblWSScq6NBGJ7PtEMcFj1gUOgvVTyUjkC9bzp5eF37tnUvEkvoFZyryIjGMeckpAS/1hwASQkT2q1izTdVpus441cZuO0yhI3dUitk1rgRpaoTOqvg+DhGYRi4EKotTAtlLwciKBU8HmlWGmWErolIzZQNOYREx5+eLeOT7TSoDDROqKAS/U7xM5iZSaRb7ujAhM1G+vEP/yBhmELS/ncZoBi+lyUZgJDAkunscBl4yCmGlCqOT6VkwnRBIKOqKKDuHrU/w/6dVNu2Ha9nWj1r5Y5VFGJ+gUnSMbOaiNrlAHdRFFAj2gJ/Rs3BmPxovxumwtGauZY/QDxtsnCPeQdg==</latexit>
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<latexit sha1_base64="b9YkCGRLkRPcjR2mVtVn3hrDsBU=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hCS5pb0YvHCtYW2lA2m227dPPh7kYooX/CiwcF8erP8ea/cdNWUNEHA4/3ZpiZF6ScSWVZH0ZpbX1jc6u8XdnZ3ds/qB4e3cokE4R2SMIT0QuwpJzFtKOY4rSXCoqjgNNuML0s/O49FZIl8Y2apdSP8DhmI0aw0lJvEFKu8NAZVmuW6blNr+EgTbyG69YL4nhaRLZpLVCDFdrD6vsgTEgW0VgRjqXs21aq/BwLxQin88ogkzTFZIrHtK9pjCMq/Xxx7xydaSVEo0ToihVaqN8nchxJOYsC3RlhNZG/vUL8y+tnatT0cxanmaIxWS4aZRypBBXPo5AJShSfaYKJYPpWRCZYYKJ0RBUdwten6H/SdUy7btr2db3WuljlUYYTOIVzsMGFFlxBGzpAgMMDPMGzcWc8Gi/G67K1ZKxmjuEHjLdPCnyQdw==</latexit>
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Markov Chain Monte Carlo (MCMC)

Case 4: Multimodality /  
                                 irregular posterior shape

Solution: Increase chain number or chain size

MCMC diagnosis

Problem: Different convergence across chains

Not clear steady chain convergence

Gelman-Rubin statistic (    ) 
             Compares variance within chains 
with variance between chains

Objective measure: 
             



How the algorithms behind them work?

OK, but WHY does MCMC work??

Posterior probabilityMCMC steady state probability
?

MCMC algorithm

q.e.d

           fun!!  Can you give more examples of Likelihood? 



Bayesian inference 
methods for ecology

Theory Applications

What is Bayesian inference?

Probability 101 

Bayes’ theorem in biology

Priors and likelihood

Interpretation of posteriors

Markov Chain Monte Carlo

Population dynamics in 
microscopic and 
macroscopic communities

ODE generative models: 
Morphogen patterning of 
embryonic tissues  

Phylogeny and model 
selection



<latexit sha1_base64="PnNW4VDcIH7xiAyP2vaQc1bUxg4=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgaphIUbsrunFZwTqFdiiZNNOGZjIhyQil9CPcuFAQt/6OO//G9CH4PHDhcM693HtPrAQ3NgjevcLS8srqWnG9tLG5tb1T3t27NVmuKWvSTGS6FRPDBJesabkVrKU0I2ksWBgPL6d+eMe04Zm8sSPFopT0JU84JdZJYYcINSCoW64Efi3AtVOMfhPsBzNUYIFGt/zW6WU0T5m0VBBj2jhQNhoTbTkVbFLq5IYpQoekz9qOSpIyE41n507QkVN6KMm0K2nRTP06MSapMaM0dp0psQPz05uKf3nt3Cbn0ZhLlVsm6XxRkgtkMzT9HfW4ZtSKkSOEau5uRXRANKHWJVRyIXx+iv4n4YmPqz7G19VK/WKRRxEO4BCOAcMZ1OEKGtAECkO4h0d48pT34D17L/PWgreY2Ydv8F4/AOzHj8k=</latexit>↵ <latexit sha1_base64="MgR7KgLgP7rxfD1pgay3m7CqPE0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadmVoOYW9OIxgmsCyRJmJ7PJkNnZZaZXCCHf4MWDgnj1f7z5N04egs+ChqKqm+6uKJPCoOe9O4Wl5ZXVteJ6aWNza3unvLt3a9JcMx6wVKa6FVHDpVA8QIGStzLNaRJJ3oyGl1O/ece1Eam6wVHGw4T2lYgFo2iloBNxpN1yxXNrnl879clv4rveDBVYoNEtv3V6KcsTrpBJakzb9zIMx1SjYJJPSp3c8IyyIe3ztqWKJtyE49mxE3JklR6JU21LIZmpXyfGNDFmlES2M6E4MD+9qfiX184xPg/HQmU5csXmi+JcEkzJ9HPSE5ozlCNLKNPC3krYgGrK0OZTsiF8fkr+J80T16+6vn9drdQvFnkU4QAO4Rh8OIM6XEEDAmAg4B4e4clRzoPz7LzMWwvOYmYfvsF5/QDMwI8r</latexit>

�

<latexit sha1_base64="8bPNSJN18BSkab1Z/clHy8ss7lI=">AAACCnicdVDJSgNBEO2JW4zbqEcvrUEQhGFG3HIQgl48RjALZIZQ0+lJmvQsdPcIYZizF3/FiwdFvPoF3vwbO4vg+qCox3tVdNfzE86ksu13ozAzOze/UFwsLS2vrK6Z6xsNGaeC0DqJeSxaPkjKWUTriilOW4mgEPqcNv3Bxchv3lAhWRxdq2FCvRB6EQsYAaWljrmd4DPsBgJI5gJP+pBPO97Hrk8V5B2zbFsV26kcO/g3cSx7jDKaotYx39xuTNKQRopwkLLt2InyMhCKEU7zkptKmgAZQI+2NY0gpNLLxqfkeFcrXRzEQlek8Fj9upFBKOUw9PVkCKovf3oj8S+vnarg1MtYlKSKRmTyUJByrGI8ygV3maBE8aEmQATTf8WkDzoXpdMr6RA+L8X/k8aB5RxZ9tVhuXo+jaOIttAO2kMOOkFVdIlqqI4IukX36BE9GXfGg/FsvExGC8Z0ZxN9g/H6AaSCmkM=</latexit>

p =
↵

↵+ �

probability of proliferation

<latexit sha1_base64="Tdd6Oc6I8PqKYhXkUjUEXLOxUeg=">AAACD3icdVDLSgMxFM3UV62vUZdugkURxGFGfHUhFN24rGAf0BnKnTTThmYeJhmhDP0DN/6KGxeKuHXrzr8xfQg+DyScnHMvN/f4CWdS2fa7kZuanpmdy88XFhaXllfM1bWajFNBaJXEPBYNHyTlLKJVxRSnjURQCH1O637vfOjXb6iQLI6uVD+hXgidiAWMgNJSy9y+xqfY2Uv07QYCSOb6VMEgc4EnXcC7ePxumUXbKtlO6cjBv4lj2SMU0QSVlvnmtmOShjRShIOUTcdOlJeBUIxwOii4qaQJkB50aFPTCEIqvWy0zwBvaaWNg1joEyk8Ur92ZBBK2Q99XRmC6sqf3lD8y2umKjjxMhYlqaIRGQ8KUo5VjIfh4DYTlCje1wSIYPqvmHRBx6J0hAUdwuem+H9S27ecQ8u+PCiWzyZx5NEG2kQ7yEHHqIwuUAVVEUG36B49oifjzngwno2XcWnOmPSso28wXj8A1nabVw==</latexit>

q = 1� p =
�

↵+ �

probability of apoptosis

This example applies to any experiment in which you are measuring the 
fraction of a trait with two possible outcomes 

e.g. fraction of males in a population of penguins 
     fraction of trees in a forest with a specific disease 

fraction of mating attempts that are successful

Example 1.1: Determining a proportion 

practical session



Example 1.1: Determining a proportion 
<latexit sha1_base64="PnNW4VDcIH7xiAyP2vaQc1bUxg4=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgaphIUbsrunFZwTqFdiiZNNOGZjIhyQil9CPcuFAQt/6OO//G9CH4PHDhcM693HtPrAQ3NgjevcLS8srqWnG9tLG5tb1T3t27NVmuKWvSTGS6FRPDBJesabkVrKU0I2ksWBgPL6d+eMe04Zm8sSPFopT0JU84JdZJYYcINSCoW64Efi3AtVOMfhPsBzNUYIFGt/zW6WU0T5m0VBBj2jhQNhoTbTkVbFLq5IYpQoekz9qOSpIyE41n507QkVN6KMm0K2nRTP06MSapMaM0dp0psQPz05uKf3nt3Cbn0ZhLlVsm6XxRkgtkMzT9HfW4ZtSKkSOEau5uRXRANKHWJVRyIXx+iv4n4YmPqz7G19VK/WKRRxEO4BCOAcMZ1OEKGtAECkO4h0d48pT34D17L/PWgreY2Ydv8F4/AOzHj8k=</latexit>↵ <latexit sha1_base64="MgR7KgLgP7rxfD1pgay3m7CqPE0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadmVoOYW9OIxgmsCyRJmJ7PJkNnZZaZXCCHf4MWDgnj1f7z5N04egs+ChqKqm+6uKJPCoOe9O4Wl5ZXVteJ6aWNza3unvLt3a9JcMx6wVKa6FVHDpVA8QIGStzLNaRJJ3oyGl1O/ece1Eam6wVHGw4T2lYgFo2iloBNxpN1yxXNrnl879clv4rveDBVYoNEtv3V6KcsTrpBJakzb9zIMx1SjYJJPSp3c8IyyIe3ztqWKJtyE49mxE3JklR6JU21LIZmpXyfGNDFmlES2M6E4MD+9qfiX184xPg/HQmU5csXmi+JcEkzJ9HPSE5ozlCNLKNPC3krYgGrK0OZTsiF8fkr+J80T16+6vn9drdQvFnkU4QAO4Rh8OIM6XEEDAmAg4B4e4clRzoPz7LzMWwvOYmYfvsF5/QDMwI8r</latexit>

�
<latexit sha1_base64="8bPNSJN18BSkab1Z/clHy8ss7lI=">AAACCnicdVDJSgNBEO2JW4zbqEcvrUEQhGFG3HIQgl48RjALZIZQ0+lJmvQsdPcIYZizF3/FiwdFvPoF3vwbO4vg+qCox3tVdNfzE86ksu13ozAzOze/UFwsLS2vrK6Z6xsNGaeC0DqJeSxaPkjKWUTriilOW4mgEPqcNv3Bxchv3lAhWRxdq2FCvRB6EQsYAaWljrmd4DPsBgJI5gJP+pBPO97Hrk8V5B2zbFsV26kcO/g3cSx7jDKaotYx39xuTNKQRopwkLLt2InyMhCKEU7zkptKmgAZQI+2NY0gpNLLxqfkeFcrXRzEQlek8Fj9upFBKOUw9PVkCKovf3oj8S+vnarg1MtYlKSKRmTyUJByrGI8ygV3maBE8aEmQATTf8WkDzoXpdMr6RA+L8X/k8aB5RxZ9tVhuXo+jaOIttAO2kMOOkFVdIlqqI4IukX36BE9GXfGg/FsvExGC8Z0ZxN9g/H6AaSCmkM=</latexit>

p =
↵

↵+ �

Proliferated Died
<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N
<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

experiments

proliferations

<latexit sha1_base64="5o07TBR0bXaqMEqBQogjoS5+WcU="></latexit>

P (p|N↵) =
P (N↵|p)P (p)

P (N↵)



Example 1.1: Determining a proportion
<latexit sha1_base64="PnNW4VDcIH7xiAyP2vaQc1bUxg4=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgaphIUbsrunFZwTqFdiiZNNOGZjIhyQil9CPcuFAQt/6OO//G9CH4PHDhcM693HtPrAQ3NgjevcLS8srqWnG9tLG5tb1T3t27NVmuKWvSTGS6FRPDBJesabkVrKU0I2ksWBgPL6d+eMe04Zm8sSPFopT0JU84JdZJYYcINSCoW64Efi3AtVOMfhPsBzNUYIFGt/zW6WU0T5m0VBBj2jhQNhoTbTkVbFLq5IYpQoekz9qOSpIyE41n507QkVN6KMm0K2nRTP06MSapMaM0dp0psQPz05uKf3nt3Cbn0ZhLlVsm6XxRkgtkMzT9HfW4ZtSKkSOEau5uRXRANKHWJVRyIXx+iv4n4YmPqz7G19VK/WKRRxEO4BCOAcMZ1OEKGtAECkO4h0d48pT34D17L/PWgreY2Ydv8F4/AOzHj8k=</latexit>↵ <latexit sha1_base64="MgR7KgLgP7rxfD1pgay3m7CqPE0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadmVoOYW9OIxgmsCyRJmJ7PJkNnZZaZXCCHf4MWDgnj1f7z5N04egs+ChqKqm+6uKJPCoOe9O4Wl5ZXVteJ6aWNza3unvLt3a9JcMx6wVKa6FVHDpVA8QIGStzLNaRJJ3oyGl1O/ece1Eam6wVHGw4T2lYgFo2iloBNxpN1yxXNrnl879clv4rveDBVYoNEtv3V6KcsTrpBJakzb9zIMx1SjYJJPSp3c8IyyIe3ztqWKJtyE49mxE3JklR6JU21LIZmpXyfGNDFmlES2M6E4MD+9qfiX184xPg/HQmU5csXmi+JcEkzJ9HPSE5ozlCNLKNPC3krYgGrK0OZTsiF8fkr+J80T16+6vn9drdQvFnkU4QAO4Rh8OIM6XEEDAmAg4B4e4clRzoPz7LzMWwvOYmYfvsF5/QDMwI8r</latexit>

�
<latexit sha1_base64="8bPNSJN18BSkab1Z/clHy8ss7lI=">AAACCnicdVDJSgNBEO2JW4zbqEcvrUEQhGFG3HIQgl48RjALZIZQ0+lJmvQsdPcIYZizF3/FiwdFvPoF3vwbO4vg+qCox3tVdNfzE86ksu13ozAzOze/UFwsLS2vrK6Z6xsNGaeC0DqJeSxaPkjKWUTriilOW4mgEPqcNv3Bxchv3lAhWRxdq2FCvRB6EQsYAaWljrmd4DPsBgJI5gJP+pBPO97Hrk8V5B2zbFsV26kcO/g3cSx7jDKaotYx39xuTNKQRopwkLLt2InyMhCKEU7zkptKmgAZQI+2NY0gpNLLxqfkeFcrXRzEQlek8Fj9upFBKOUw9PVkCKovf3oj8S+vnarg1MtYlKSKRmTyUJByrGI8ygV3maBE8aEmQATTf8WkDzoXpdMr6RA+L8X/k8aB5RxZ9tVhuXo+jaOIttAO2kMOOkFVdIlqqI4IukX36BE9GXfGg/FsvExGC8Z0ZxN9g/H6AaSCmkM=</latexit>

p =
↵

↵+ �

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N
<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

experiments

proliferations

<latexit sha1_base64="5o07TBR0bXaqMEqBQogjoS5+WcU="></latexit>

P (p|N↵) =
P (N↵|p)P (p)

P (N↵)



Example 1.1: Determining a proportion
<latexit sha1_base64="PnNW4VDcIH7xiAyP2vaQc1bUxg4=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgaphIUbsrunFZwTqFdiiZNNOGZjIhyQil9CPcuFAQt/6OO//G9CH4PHDhcM693HtPrAQ3NgjevcLS8srqWnG9tLG5tb1T3t27NVmuKWvSTGS6FRPDBJesabkVrKU0I2ksWBgPL6d+eMe04Zm8sSPFopT0JU84JdZJYYcINSCoW64Efi3AtVOMfhPsBzNUYIFGt/zW6WU0T5m0VBBj2jhQNhoTbTkVbFLq5IYpQoekz9qOSpIyE41n507QkVN6KMm0K2nRTP06MSapMaM0dp0psQPz05uKf3nt3Cbn0ZhLlVsm6XxRkgtkMzT9HfW4ZtSKkSOEau5uRXRANKHWJVRyIXx+iv4n4YmPqz7G19VK/WKRRxEO4BCOAcMZ1OEKGtAECkO4h0d48pT34D17L/PWgreY2Ydv8F4/AOzHj8k=</latexit>↵ <latexit sha1_base64="MgR7KgLgP7rxfD1pgay3m7CqPE0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadmVoOYW9OIxgmsCyRJmJ7PJkNnZZaZXCCHf4MWDgnj1f7z5N04egs+ChqKqm+6uKJPCoOe9O4Wl5ZXVteJ6aWNza3unvLt3a9JcMx6wVKa6FVHDpVA8QIGStzLNaRJJ3oyGl1O/ece1Eam6wVHGw4T2lYgFo2iloBNxpN1yxXNrnl879clv4rveDBVYoNEtv3V6KcsTrpBJakzb9zIMx1SjYJJPSp3c8IyyIe3ztqWKJtyE49mxE3JklR6JU21LIZmpXyfGNDFmlES2M6E4MD+9qfiX184xPg/HQmU5csXmi+JcEkzJ9HPSE5ozlCNLKNPC3krYgGrK0OZTsiF8fkr+J80T16+6vn9drdQvFnkU4QAO4Rh8OIM6XEEDAmAg4B4e4clRzoPz7LzMWwvOYmYfvsF5/QDMwI8r</latexit>

�
<latexit sha1_base64="8bPNSJN18BSkab1Z/clHy8ss7lI=">AAACCnicdVDJSgNBEO2JW4zbqEcvrUEQhGFG3HIQgl48RjALZIZQ0+lJmvQsdPcIYZizF3/FiwdFvPoF3vwbO4vg+qCox3tVdNfzE86ksu13ozAzOze/UFwsLS2vrK6Z6xsNGaeC0DqJeSxaPkjKWUTriilOW4mgEPqcNv3Bxchv3lAhWRxdq2FCvRB6EQsYAaWljrmd4DPsBgJI5gJP+pBPO97Hrk8V5B2zbFsV26kcO/g3cSx7jDKaotYx39xuTNKQRopwkLLt2InyMhCKEU7zkptKmgAZQI+2NY0gpNLLxqfkeFcrXRzEQlek8Fj9upFBKOUw9PVkCKovf3oj8S+vnarg1MtYlKSKRmTyUJByrGI8ygV3maBE8aEmQATTf8WkDzoXpdMr6RA+L8X/k8aB5RxZ9tVhuXo+jaOIttAO2kMOOkFVdIlqqI4IukX36BE9GXfGg/FsvExGC8Z0ZxN9g/H6AaSCmkM=</latexit>

p =
↵

↵+ �

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N
<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

experiments

proliferations

Prior

<latexit sha1_base64="+HHjSsRrb+WovlI8LatNuHwCCFI=">AAAB63icdVDJSgNBEK1xjXGLevTSGIR4GWbELbegF48RzALJEHo6PUmT7p6hu0cIQ37BiwdFvPpD3vwbe5IIrg8KHu9VUVUvTDjTxvPenYXFpeWV1cJacX1jc2u7tLPb1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXeV+644qzWJ5a8YJDQQeSBYxgk0u1SvJUa9U9tyq51fPfPSb+K43RRnmqPdKb91+TFJBpSEca93xvcQEGVaGEU4nxW6qaYLJCA9ox1KJBdVBNr11gg6t0kdRrGxJg6bq14kMC63HIrSdApuh/unl4l9eJzXRRZAxmaSGSjJbFKUcmRjlj6M+U5QYPrYEE8XsrYgMscLE2HiKNoTPT9H/pHns+qeud3NSrl3O4yjAPhxABXw4hxpcQx0aQGAI9/AIT45wHpxn52XWuuDMZ/bgG5zXD7DnjgU=</latexit>

P (p)

<latexit sha1_base64="S15TKK1Evc82ml8rcLSDJl1YW44=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4y45Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707C4tLyyurubX8+sbm1nZhZ7eu41QxrLFYxKoZUo2CS6wZbgQ2E4U0CgU2wuHVxG/codI8ljdmlGAQ0b7kPc6osVI16RSKnlvy/NKZT34T3/WmKMIclU7hrd2NWRqhNExQrVu+l5ggo8pwJnCcb6caE8qGtI8tSyWNUAfZ9NAxObRKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreRZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GzyNoTPT8n/pH7s+qeuVz0pli/nceRgHw7gCHw4hzJcQwVqwADhHh7hybl1Hpxn52XWuuDMZ/bgG5zXD0xyjUY=</latexit>p0 1

1
<latexit sha1_base64="kihUwA1BqrFMPnDm8TKl/5Zaazk=">AAAB73icdVDJSgNBEK1xjXGLevTSGIR4GWbELQch6MVjBLNAMoSeTk/SpKd77O4RwpCf8OJBEa/+jjf/xs4iuD4oeLxXRVW9MOFMG897d+bmFxaXlnMr+dW19Y3NwtZ2XctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI79xh1VmklxY4YJDWLcEyxiBBsrNaul5ACdI79TKHpu2fPLJz76TXzXm6AIM1Q7hbd2V5I0psIQjrVu+V5iggwrwwino3w71TTBZIB7tGWpwDHVQTa5d4T2rdJFkVS2hEET9etEhmOth3FoO2Ns+vqnNxb/8lqpic6CjIkkNVSQ6aIo5chINH4edZmixPChJZgoZm9FpI8VJsZGlLchfH6K/if1Q9c/dr3ro2LlYhZHDnZhD0rgwylU4AqqUAMCHO7hEZ6cW+fBeXZepq1zzmxmB77Bef0AUa+O2w==</latexit>

P (p) = 1

<latexit sha1_base64="5o07TBR0bXaqMEqBQogjoS5+WcU="></latexit>

P (p|N↵) =
P (N↵|p)P (p)

P (N↵)



Example 1.1: Determining a proportion
<latexit sha1_base64="PnNW4VDcIH7xiAyP2vaQc1bUxg4=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgaphIUbsrunFZwTqFdiiZNNOGZjIhyQil9CPcuFAQt/6OO//G9CH4PHDhcM693HtPrAQ3NgjevcLS8srqWnG9tLG5tb1T3t27NVmuKWvSTGS6FRPDBJesabkVrKU0I2ksWBgPL6d+eMe04Zm8sSPFopT0JU84JdZJYYcINSCoW64Efi3AtVOMfhPsBzNUYIFGt/zW6WU0T5m0VBBj2jhQNhoTbTkVbFLq5IYpQoekz9qOSpIyE41n507QkVN6KMm0K2nRTP06MSapMaM0dp0psQPz05uKf3nt3Cbn0ZhLlVsm6XxRkgtkMzT9HfW4ZtSKkSOEau5uRXRANKHWJVRyIXx+iv4n4YmPqz7G19VK/WKRRxEO4BCOAcMZ1OEKGtAECkO4h0d48pT34D17L/PWgreY2Ydv8F4/AOzHj8k=</latexit>↵ <latexit sha1_base64="MgR7KgLgP7rxfD1pgay3m7CqPE0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadmVoOYW9OIxgmsCyRJmJ7PJkNnZZaZXCCHf4MWDgnj1f7z5N04egs+ChqKqm+6uKJPCoOe9O4Wl5ZXVteJ6aWNza3unvLt3a9JcMx6wVKa6FVHDpVA8QIGStzLNaRJJ3oyGl1O/ece1Eam6wVHGw4T2lYgFo2iloBNxpN1yxXNrnl879clv4rveDBVYoNEtv3V6KcsTrpBJakzb9zIMx1SjYJJPSp3c8IyyIe3ztqWKJtyE49mxE3JklR6JU21LIZmpXyfGNDFmlES2M6E4MD+9qfiX184xPg/HQmU5csXmi+JcEkzJ9HPSE5ozlCNLKNPC3krYgGrK0OZTsiF8fkr+J80T16+6vn9drdQvFnkU4QAO4Rh8OIM6XEEDAmAg4B4e4clRzoPz7LzMWwvOYmYfvsF5/QDMwI8r</latexit>

�
<latexit sha1_base64="8bPNSJN18BSkab1Z/clHy8ss7lI=">AAACCnicdVDJSgNBEO2JW4zbqEcvrUEQhGFG3HIQgl48RjALZIZQ0+lJmvQsdPcIYZizF3/FiwdFvPoF3vwbO4vg+qCox3tVdNfzE86ksu13ozAzOze/UFwsLS2vrK6Z6xsNGaeC0DqJeSxaPkjKWUTriilOW4mgEPqcNv3Bxchv3lAhWRxdq2FCvRB6EQsYAaWljrmd4DPsBgJI5gJP+pBPO97Hrk8V5B2zbFsV26kcO/g3cSx7jDKaotYx39xuTNKQRopwkLLt2InyMhCKEU7zkptKmgAZQI+2NY0gpNLLxqfkeFcrXRzEQlek8Fj9upFBKOUw9PVkCKovf3oj8S+vnarg1MtYlKSKRmTyUJByrGI8ygV3maBE8aEmQATTf8WkDzoXpdMr6RA+L8X/k8aB5RxZ9tVhuXo+jaOIttAO2kMOOkFVdIlqqI4IukX36BE9GXfGg/FsvExGC8Z0ZxN9g/H6AaSCmkM=</latexit>

p =
↵

↵+ �

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N
<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

experiments

proliferations

Likelihood

<latexit sha1_base64="i6ESdhRLVjllLdVwwvsS06qdmzg="></latexit>

P (N↵|p) =
✓
N

N↵

◆
pN↵(1� p)N�N↵

Likelihood follows a binomial distribution

<latexit sha1_base64="kihUwA1BqrFMPnDm8TKl/5Zaazk=">AAAB73icdVDJSgNBEK1xjXGLevTSGIR4GWbELQch6MVjBLNAMoSeTk/SpKd77O4RwpCf8OJBEa/+jjf/xs4iuD4oeLxXRVW9MOFMG897d+bmFxaXlnMr+dW19Y3NwtZ2XctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI79xh1VmklxY4YJDWLcEyxiBBsrNaul5ACdI79TKHpu2fPLJz76TXzXm6AIM1Q7hbd2V5I0psIQjrVu+V5iggwrwwino3w71TTBZIB7tGWpwDHVQTa5d4T2rdJFkVS2hEET9etEhmOth3FoO2Ns+vqnNxb/8lqpic6CjIkkNVSQ6aIo5chINH4edZmixPChJZgoZm9FpI8VJsZGlLchfH6K/if1Q9c/dr3ro2LlYhZHDnZhD0rgwylU4AqqUAMCHO7hEZ6cW+fBeXZepq1zzmxmB77Bef0AUa+O2w==</latexit>

P (p) = 1

<latexit sha1_base64="5o07TBR0bXaqMEqBQogjoS5+WcU="></latexit>

P (p|N↵) =
P (N↵|p)P (p)

P (N↵)

0 10 20
0

0.1

0.2

<latexit sha1_base64="rVtr/x/3d0tAGw+gmGKqKMcXz28=">AAAB63icdVDJSgNBEK2JW4xb1KOXxiB4GmbELQch6MVjBLNAMoSeTk/SpLtn6O4RwpBf8OJBEa/+kDf/xp4kguuDgsd7VVTVCxPOtPG8d6ewsLi0vFJcLa2tb2xulbd3mjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fo6vcb91RpVksb804oYHAA8kiRrDJpQRdoF654rlVz6+e+ug38V1vigrMUe+V37r9mKSCSkM41rrje4kJMqwMI5xOSt1U0wSTER7QjqUSC6qDbHrrBB1YpY+iWNmSBk3VrxMZFlqPRWg7BTZD/dPLxb+8Tmqi8yBjMkkNlWS2KEo5MjHKH0d9pigxfGwJJorZWxEZYoWJsfGUbAifn6L/SfPI9U9c7+a4Urucx1GEPdiHQ/DhDGpwDXVoAIEh3MMjPDnCeXCenZdZa8GZz+zCNzivH3p0jeE=</latexit>p =
<latexit sha1_base64="Bbqn+ZP5HIUOAP47H8CSCt1rI9o=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkVXzkIQS+eJIKJgWQJs5PZZMjM7DIzK4Qlv+DFgyJe/SFv/o2zSQSfBQ1FVTfdXWHCmTae9+4U5uYXFpeKy6WV1bX1jfLmVlPHqSK0QWIeq1aINeVM0oZhhtNWoigWIae34fAi92/vqNIsljdmlNBA4L5kESPY5NIVOkPdcsVzq55fPfbRb+K73gQVmKHeLb91ejFJBZWGcKx12/cSE2RYGUY4HZc6qaYJJkPcp21LJRZUB9nk1jHas0oPRbGyJQ2aqF8nMiy0HonQdgpsBvqnl4t/ee3URKdBxmSSGirJdFGUcmRilD+OekxRYvjIEkwUs7ciMsAKE2PjKdkQPj9F/5Pmgesfud71YaV2PoujCDuwC/vgwwnU4BLq0AACA7iHR3hyhPPgPDsv09aCM5vZhm9wXj8ARoaNvw==</latexit>

N =

<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

0.7
20

<latexit sha1_base64="ztJZFQs0MQrqjsHnN5iIORw7h3w="></latexit>

P (N↵|p)



Example 1.1: Determining a proportion

<latexit sha1_base64="sj8LSqzP1yoEWT9kVSCHUixvLnc="></latexit>

P (p|N↵) =
1

P (N↵)

✓
N

N↵

◆
pN↵(1� p)N�N↵

<latexit sha1_base64="PnNW4VDcIH7xiAyP2vaQc1bUxg4=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgaphIUbsrunFZwTqFdiiZNNOGZjIhyQil9CPcuFAQt/6OO//G9CH4PHDhcM693HtPrAQ3NgjevcLS8srqWnG9tLG5tb1T3t27NVmuKWvSTGS6FRPDBJesabkVrKU0I2ksWBgPL6d+eMe04Zm8sSPFopT0JU84JdZJYYcINSCoW64Efi3AtVOMfhPsBzNUYIFGt/zW6WU0T5m0VBBj2jhQNhoTbTkVbFLq5IYpQoekz9qOSpIyE41n507QkVN6KMm0K2nRTP06MSapMaM0dp0psQPz05uKf3nt3Cbn0ZhLlVsm6XxRkgtkMzT9HfW4ZtSKkSOEau5uRXRANKHWJVRyIXx+iv4n4YmPqz7G19VK/WKRRxEO4BCOAcMZ1OEKGtAECkO4h0d48pT34D17L/PWgreY2Ydv8F4/AOzHj8k=</latexit>↵ <latexit sha1_base64="MgR7KgLgP7rxfD1pgay3m7CqPE0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadmVoOYW9OIxgmsCyRJmJ7PJkNnZZaZXCCHf4MWDgnj1f7z5N04egs+ChqKqm+6uKJPCoOe9O4Wl5ZXVteJ6aWNza3unvLt3a9JcMx6wVKa6FVHDpVA8QIGStzLNaRJJ3oyGl1O/ece1Eam6wVHGw4T2lYgFo2iloBNxpN1yxXNrnl879clv4rveDBVYoNEtv3V6KcsTrpBJakzb9zIMx1SjYJJPSp3c8IyyIe3ztqWKJtyE49mxE3JklR6JU21LIZmpXyfGNDFmlES2M6E4MD+9qfiX184xPg/HQmU5csXmi+JcEkzJ9HPSE5ozlCNLKNPC3krYgGrK0OZTsiF8fkr+J80T16+6vn9drdQvFnkU4QAO4Rh8OIM6XEEDAmAg4B4e4clRzoPz7LzMWwvOYmYfvsF5/QDMwI8r</latexit>

�
<latexit sha1_base64="8bPNSJN18BSkab1Z/clHy8ss7lI=">AAACCnicdVDJSgNBEO2JW4zbqEcvrUEQhGFG3HIQgl48RjALZIZQ0+lJmvQsdPcIYZizF3/FiwdFvPoF3vwbO4vg+qCox3tVdNfzE86ksu13ozAzOze/UFwsLS2vrK6Z6xsNGaeC0DqJeSxaPkjKWUTriilOW4mgEPqcNv3Bxchv3lAhWRxdq2FCvRB6EQsYAaWljrmd4DPsBgJI5gJP+pBPO97Hrk8V5B2zbFsV26kcO/g3cSx7jDKaotYx39xuTNKQRopwkLLt2InyMhCKEU7zkptKmgAZQI+2NY0gpNLLxqfkeFcrXRzEQlek8Fj9upFBKOUw9PVkCKovf3oj8S+vnarg1MtYlKSKRmTyUJByrGI8ygV3maBE8aEmQATTf8WkDzoXpdMr6RA+L8X/k8aB5RxZ9tVhuXo+jaOIttAO2kMOOkFVdIlqqI4IukX36BE9GXfGg/FsvExGC8Z0ZxN9g/H6AaSCmkM=</latexit>

p =
↵

↵+ �

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N
<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

experiments

proliferations

Posterior distribution

<latexit sha1_base64="AYhAQkIJ5eZQZ5D/4HaCaXBG9MA="></latexit>

P (p|N↵) / pN↵(1� p)N�N↵

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N =18
=14

<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

<latexit sha1_base64="2XLb040pL5SV39SNQU8VFV6k8M8="></latexit>

P (p|N↵)

<latexit sha1_base64="S15TKK1Evc82ml8rcLSDJl1YW44=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4y45Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707C4tLyyurubX8+sbm1nZhZ7eu41QxrLFYxKoZUo2CS6wZbgQ2E4U0CgU2wuHVxG/codI8ljdmlGAQ0b7kPc6osVI16RSKnlvy/NKZT34T3/WmKMIclU7hrd2NWRqhNExQrVu+l5ggo8pwJnCcb6caE8qGtI8tSyWNUAfZ9NAxObRKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreRZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GzyNoTPT8n/pH7s+qeuVz0pli/nceRgHw7gCHw4hzJcQwVqwADhHh7hybl1Hpxn52XWuuDMZ/bgG5zXD0xyjUY=</latexit>p
0.0 0.5 1.0



Example 1.1: Determining a proportion

<latexit sha1_base64="sj8LSqzP1yoEWT9kVSCHUixvLnc="></latexit>

P (p|N↵) =
1

P (N↵)

✓
N

N↵

◆
pN↵(1� p)N�N↵

<latexit sha1_base64="PnNW4VDcIH7xiAyP2vaQc1bUxg4=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgaphIUbsrunFZwTqFdiiZNNOGZjIhyQil9CPcuFAQt/6OO//G9CH4PHDhcM693HtPrAQ3NgjevcLS8srqWnG9tLG5tb1T3t27NVmuKWvSTGS6FRPDBJesabkVrKU0I2ksWBgPL6d+eMe04Zm8sSPFopT0JU84JdZJYYcINSCoW64Efi3AtVOMfhPsBzNUYIFGt/zW6WU0T5m0VBBj2jhQNhoTbTkVbFLq5IYpQoekz9qOSpIyE41n507QkVN6KMm0K2nRTP06MSapMaM0dp0psQPz05uKf3nt3Cbn0ZhLlVsm6XxRkgtkMzT9HfW4ZtSKkSOEau5uRXRANKHWJVRyIXx+iv4n4YmPqz7G19VK/WKRRxEO4BCOAcMZ1OEKGtAECkO4h0d48pT34D17L/PWgreY2Ydv8F4/AOzHj8k=</latexit>↵ <latexit sha1_base64="MgR7KgLgP7rxfD1pgay3m7CqPE0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadmVoOYW9OIxgmsCyRJmJ7PJkNnZZaZXCCHf4MWDgnj1f7z5N04egs+ChqKqm+6uKJPCoOe9O4Wl5ZXVteJ6aWNza3unvLt3a9JcMx6wVKa6FVHDpVA8QIGStzLNaRJJ3oyGl1O/ece1Eam6wVHGw4T2lYgFo2iloBNxpN1yxXNrnl879clv4rveDBVYoNEtv3V6KcsTrpBJakzb9zIMx1SjYJJPSp3c8IyyIe3ztqWKJtyE49mxE3JklR6JU21LIZmpXyfGNDFmlES2M6E4MD+9qfiX184xPg/HQmU5csXmi+JcEkzJ9HPSE5ozlCNLKNPC3krYgGrK0OZTsiF8fkr+J80T16+6vn9drdQvFnkU4QAO4Rh8OIM6XEEDAmAg4B4e4clRzoPz7LzMWwvOYmYfvsF5/QDMwI8r</latexit>

�
<latexit sha1_base64="8bPNSJN18BSkab1Z/clHy8ss7lI=">AAACCnicdVDJSgNBEO2JW4zbqEcvrUEQhGFG3HIQgl48RjALZIZQ0+lJmvQsdPcIYZizF3/FiwdFvPoF3vwbO4vg+qCox3tVdNfzE86ksu13ozAzOze/UFwsLS2vrK6Z6xsNGaeC0DqJeSxaPkjKWUTriilOW4mgEPqcNv3Bxchv3lAhWRxdq2FCvRB6EQsYAaWljrmd4DPsBgJI5gJP+pBPO97Hrk8V5B2zbFsV26kcO/g3cSx7jDKaotYx39xuTNKQRopwkLLt2InyMhCKEU7zkptKmgAZQI+2NY0gpNLLxqfkeFcrXRzEQlek8Fj9upFBKOUw9PVkCKovf3oj8S+vnarg1MtYlKSKRmTyUJByrGI8ygV3maBE8aEmQATTf8WkDzoXpdMr6RA+L8X/k8aB5RxZ9tVhuXo+jaOIttAO2kMOOkFVdIlqqI4IukX36BE9GXfGg/FsvExGC8Z0ZxN9g/H6AaSCmkM=</latexit>

p =
↵

↵+ �

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N
<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

experiments

proliferations

Posterior distribution

<latexit sha1_base64="AYhAQkIJ5eZQZ5D/4HaCaXBG9MA="></latexit>

P (p|N↵) / pN↵(1� p)N�N↵

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N =18
=14

<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

<latexit sha1_base64="2XLb040pL5SV39SNQU8VFV6k8M8="></latexit>

P (p|N↵)

<latexit sha1_base64="S15TKK1Evc82ml8rcLSDJl1YW44=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4y45Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707C4tLyyurubX8+sbm1nZhZ7eu41QxrLFYxKoZUo2CS6wZbgQ2E4U0CgU2wuHVxG/codI8ljdmlGAQ0b7kPc6osVI16RSKnlvy/NKZT34T3/WmKMIclU7hrd2NWRqhNExQrVu+l5ggo8pwJnCcb6caE8qGtI8tSyWNUAfZ9NAxObRKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreRZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GzyNoTPT8n/pH7s+qeuVz0pli/nceRgHw7gCHw4hzJcQwVqwADhHh7hybl1Hpxn52XWuuDMZ/bgG5zXD0xyjUY=</latexit>p
0.0 0.5 1.0

Maximum a posteriori (MAP)
MAP = 0.78
HDR (95%) = [0.56,0.92]



Example 1.1: Determining a proportion

<latexit sha1_base64="sj8LSqzP1yoEWT9kVSCHUixvLnc="></latexit>

P (p|N↵) =
1

P (N↵)

✓
N

N↵

◆
pN↵(1� p)N�N↵

<latexit sha1_base64="PnNW4VDcIH7xiAyP2vaQc1bUxg4=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgaphIUbsrunFZwTqFdiiZNNOGZjIhyQil9CPcuFAQt/6OO//G9CH4PHDhcM693HtPrAQ3NgjevcLS8srqWnG9tLG5tb1T3t27NVmuKWvSTGS6FRPDBJesabkVrKU0I2ksWBgPL6d+eMe04Zm8sSPFopT0JU84JdZJYYcINSCoW64Efi3AtVOMfhPsBzNUYIFGt/zW6WU0T5m0VBBj2jhQNhoTbTkVbFLq5IYpQoekz9qOSpIyE41n507QkVN6KMm0K2nRTP06MSapMaM0dp0psQPz05uKf3nt3Cbn0ZhLlVsm6XxRkgtkMzT9HfW4ZtSKkSOEau5uRXRANKHWJVRyIXx+iv4n4YmPqz7G19VK/WKRRxEO4BCOAcMZ1OEKGtAECkO4h0d48pT34D17L/PWgreY2Ydv8F4/AOzHj8k=</latexit>↵ <latexit sha1_base64="MgR7KgLgP7rxfD1pgay3m7CqPE0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadmVoOYW9OIxgmsCyRJmJ7PJkNnZZaZXCCHf4MWDgnj1f7z5N04egs+ChqKqm+6uKJPCoOe9O4Wl5ZXVteJ6aWNza3unvLt3a9JcMx6wVKa6FVHDpVA8QIGStzLNaRJJ3oyGl1O/ece1Eam6wVHGw4T2lYgFo2iloBNxpN1yxXNrnl879clv4rveDBVYoNEtv3V6KcsTrpBJakzb9zIMx1SjYJJPSp3c8IyyIe3ztqWKJtyE49mxE3JklR6JU21LIZmpXyfGNDFmlES2M6E4MD+9qfiX184xPg/HQmU5csXmi+JcEkzJ9HPSE5ozlCNLKNPC3krYgGrK0OZTsiF8fkr+J80T16+6vn9drdQvFnkU4QAO4Rh8OIM6XEEDAmAg4B4e4clRzoPz7LzMWwvOYmYfvsF5/QDMwI8r</latexit>

�
<latexit sha1_base64="8bPNSJN18BSkab1Z/clHy8ss7lI=">AAACCnicdVDJSgNBEO2JW4zbqEcvrUEQhGFG3HIQgl48RjALZIZQ0+lJmvQsdPcIYZizF3/FiwdFvPoF3vwbO4vg+qCox3tVdNfzE86ksu13ozAzOze/UFwsLS2vrK6Z6xsNGaeC0DqJeSxaPkjKWUTriilOW4mgEPqcNv3Bxchv3lAhWRxdq2FCvRB6EQsYAaWljrmd4DPsBgJI5gJP+pBPO97Hrk8V5B2zbFsV26kcO/g3cSx7jDKaotYx39xuTNKQRopwkLLt2InyMhCKEU7zkptKmgAZQI+2NY0gpNLLxqfkeFcrXRzEQlek8Fj9upFBKOUw9PVkCKovf3oj8S+vnarg1MtYlKSKRmTyUJByrGI8ygV3maBE8aEmQATTf8WkDzoXpdMr6RA+L8X/k8aB5RxZ9tVhuXo+jaOIttAO2kMOOkFVdIlqqI4IukX36BE9GXfGg/FsvExGC8Z0ZxN9g/H6AaSCmkM=</latexit>

p =
↵

↵+ �

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N
<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

experiments

proliferations

Posterior distribution

<latexit sha1_base64="AYhAQkIJ5eZQZ5D/4HaCaXBG9MA="></latexit>

P (p|N↵) / pN↵(1� p)N�N↵

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N =18
=14

<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

<latexit sha1_base64="2XLb040pL5SV39SNQU8VFV6k8M8="></latexit>

P (p|N↵)

<latexit sha1_base64="S15TKK1Evc82ml8rcLSDJl1YW44=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4y45Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707C4tLyyurubX8+sbm1nZhZ7eu41QxrLFYxKoZUo2CS6wZbgQ2E4U0CgU2wuHVxG/codI8ljdmlGAQ0b7kPc6osVI16RSKnlvy/NKZT34T3/WmKMIclU7hrd2NWRqhNExQrVu+l5ggo8pwJnCcb6caE8qGtI8tSyWNUAfZ9NAxObRKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreRZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GzyNoTPT8n/pH7s+qeuVz0pli/nceRgHw7gCHw4hzJcQwVqwADhHh7hybl1Hpxn52XWuuDMZ/bgG5zXD0xyjUY=</latexit>p
0.0 0.5 1.0

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N

<latexit sha1_base64="2XLb040pL5SV39SNQU8VFV6k8M8="></latexit>

P (p|N↵)

<latexit sha1_base64="S15TKK1Evc82ml8rcLSDJl1YW44=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4y45Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707C4tLyyurubX8+sbm1nZhZ7eu41QxrLFYxKoZUo2CS6wZbgQ2E4U0CgU2wuHVxG/codI8ljdmlGAQ0b7kPc6osVI16RSKnlvy/NKZT34T3/WmKMIclU7hrd2NWRqhNExQrVu+l5ggo8pwJnCcb6caE8qGtI8tSyWNUAfZ9NAxObRKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreRZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GzyNoTPT8n/pH7s+qeuVz0pli/nceRgHw7gCHw4hzJcQwVqwADhHh7hybl1Hpxn52XWuuDMZ/bgG5zXD0xyjUY=</latexit>p
0.0 0.5 1.0

=180
=140

<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

Maximum a posteriori (MAP)
MAP = 0.78
HDR (95%) = [0.56,0.92]

MAP = 0.78
HDR (95%) = [0.71,0.83]



Example 1.1: Determining a proportion
<latexit sha1_base64="PnNW4VDcIH7xiAyP2vaQc1bUxg4=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgaphIUbsrunFZwTqFdiiZNNOGZjIhyQil9CPcuFAQt/6OO//G9CH4PHDhcM693HtPrAQ3NgjevcLS8srqWnG9tLG5tb1T3t27NVmuKWvSTGS6FRPDBJesabkVrKU0I2ksWBgPL6d+eMe04Zm8sSPFopT0JU84JdZJYYcINSCoW64Efi3AtVOMfhPsBzNUYIFGt/zW6WU0T5m0VBBj2jhQNhoTbTkVbFLq5IYpQoekz9qOSpIyE41n507QkVN6KMm0K2nRTP06MSapMaM0dp0psQPz05uKf3nt3Cbn0ZhLlVsm6XxRkgtkMzT9HfW4ZtSKkSOEau5uRXRANKHWJVRyIXx+iv4n4YmPqz7G19VK/WKRRxEO4BCOAcMZ1OEKGtAECkO4h0d48pT34D17L/PWgreY2Ydv8F4/AOzHj8k=</latexit>↵ <latexit sha1_base64="MgR7KgLgP7rxfD1pgay3m7CqPE0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadmVoOYW9OIxgmsCyRJmJ7PJkNnZZaZXCCHf4MWDgnj1f7z5N04egs+ChqKqm+6uKJPCoOe9O4Wl5ZXVteJ6aWNza3unvLt3a9JcMx6wVKa6FVHDpVA8QIGStzLNaRJJ3oyGl1O/ece1Eam6wVHGw4T2lYgFo2iloBNxpN1yxXNrnl879clv4rveDBVYoNEtv3V6KcsTrpBJakzb9zIMx1SjYJJPSp3c8IyyIe3ztqWKJtyE49mxE3JklR6JU21LIZmpXyfGNDFmlES2M6E4MD+9qfiX184xPg/HQmU5csXmi+JcEkzJ9HPSE5ozlCNLKNPC3krYgGrK0OZTsiF8fkr+J80T16+6vn9drdQvFnkU4QAO4Rh8OIM6XEEDAmAg4B4e4clRzoPz7LzMWwvOYmYfvsF5/QDMwI8r</latexit>

�
<latexit sha1_base64="8bPNSJN18BSkab1Z/clHy8ss7lI=">AAACCnicdVDJSgNBEO2JW4zbqEcvrUEQhGFG3HIQgl48RjALZIZQ0+lJmvQsdPcIYZizF3/FiwdFvPoF3vwbO4vg+qCox3tVdNfzE86ksu13ozAzOze/UFwsLS2vrK6Z6xsNGaeC0DqJeSxaPkjKWUTriilOW4mgEPqcNv3Bxchv3lAhWRxdq2FCvRB6EQsYAaWljrmd4DPsBgJI5gJP+pBPO97Hrk8V5B2zbFsV26kcO/g3cSx7jDKaotYx39xuTNKQRopwkLLt2InyMhCKEU7zkptKmgAZQI+2NY0gpNLLxqfkeFcrXRzEQlek8Fj9upFBKOUw9PVkCKovf3oj8S+vnarg1MtYlKSKRmTyUJByrGI8ygV3maBE8aEmQATTf8WkDzoXpdMr6RA+L8X/k8aB5RxZ9tVhuXo+jaOIttAO2kMOOkFVdIlqqI4IukX36BE9GXfGg/FsvExGC8Z0ZxN9g/H6AaSCmkM=</latexit>

p =
↵

↵+ �

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N
<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

experiments

proliferations
<latexit sha1_base64="AYhAQkIJ5eZQZ5D/4HaCaXBG9MA="></latexit>

P (p|N↵) / pN↵(1� p)N�N↵

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N =18
=14

<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

<latexit sha1_base64="2XLb040pL5SV39SNQU8VFV6k8M8="></latexit>

P (p|N↵)

<latexit sha1_base64="S15TKK1Evc82ml8rcLSDJl1YW44=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4y45Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707C4tLyyurubX8+sbm1nZhZ7eu41QxrLFYxKoZUo2CS6wZbgQ2E4U0CgU2wuHVxG/codI8ljdmlGAQ0b7kPc6osVI16RSKnlvy/NKZT34T3/WmKMIclU7hrd2NWRqhNExQrVu+l5ggo8pwJnCcb6caE8qGtI8tSyWNUAfZ9NAxObRKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreRZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GzyNoTPT8n/pH7s+qeuVz0pli/nceRgHw7gCHw4hzJcQwVqwADhHh7hybl1Hpxn52XWuuDMZ/bgG5zXD0xyjUY=</latexit>p
0.0 0.5 1.0

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N

<latexit sha1_base64="2XLb040pL5SV39SNQU8VFV6k8M8="></latexit>

P (p|N↵)

<latexit sha1_base64="S15TKK1Evc82ml8rcLSDJl1YW44=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4y45Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707C4tLyyurubX8+sbm1nZhZ7eu41QxrLFYxKoZUo2CS6wZbgQ2E4U0CgU2wuHVxG/codI8ljdmlGAQ0b7kPc6osVI16RSKnlvy/NKZT34T3/WmKMIclU7hrd2NWRqhNExQrVu+l5ggo8pwJnCcb6caE8qGtI8tSyWNUAfZ9NAxObRKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreRZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GzyNoTPT8n/pH7s+qeuVz0pli/nceRgHw7gCHw4hzJcQwVqwADhHh7hybl1Hpxn52XWuuDMZ/bgG5zXD0xyjUY=</latexit>p
0.0 0.5 1.0

=180
=140

<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

Maximum a posteriori (MAP)
MAP = 0.78
HDR (95%) = [0.56,0.92]

MAP = 0.78
HDR (95%) = [0.71,0.83]

Bayesian inference automatically incorporates the replicate information

Sometimes posteriors can be analysed analytically 



Example 1.1: Determining a proportion
<latexit sha1_base64="PnNW4VDcIH7xiAyP2vaQc1bUxg4=">AAAB73icdVDLSgMxFL1TX7W+qi7dBIvgaphIUbsrunFZwTqFdiiZNNOGZjIhyQil9CPcuFAQt/6OO//G9CH4PHDhcM693HtPrAQ3NgjevcLS8srqWnG9tLG5tb1T3t27NVmuKWvSTGS6FRPDBJesabkVrKU0I2ksWBgPL6d+eMe04Zm8sSPFopT0JU84JdZJYYcINSCoW64Efi3AtVOMfhPsBzNUYIFGt/zW6WU0T5m0VBBj2jhQNhoTbTkVbFLq5IYpQoekz9qOSpIyE41n507QkVN6KMm0K2nRTP06MSapMaM0dp0psQPz05uKf3nt3Cbn0ZhLlVsm6XxRkgtkMzT9HfW4ZtSKkSOEau5uRXRANKHWJVRyIXx+iv4n4YmPqz7G19VK/WKRRxEO4BCOAcMZ1OEKGtAECkO4h0d48pT34D17L/PWgreY2Ydv8F4/AOzHj8k=</latexit>↵ <latexit sha1_base64="MgR7KgLgP7rxfD1pgay3m7CqPE0=">AAAB7XicdVDLSgNBEOyNrxhfUY9eBoPgadmVoOYW9OIxgmsCyRJmJ7PJkNnZZaZXCCHf4MWDgnj1f7z5N04egs+ChqKqm+6uKJPCoOe9O4Wl5ZXVteJ6aWNza3unvLt3a9JcMx6wVKa6FVHDpVA8QIGStzLNaRJJ3oyGl1O/ece1Eam6wVHGw4T2lYgFo2iloBNxpN1yxXNrnl879clv4rveDBVYoNEtv3V6KcsTrpBJakzb9zIMx1SjYJJPSp3c8IyyIe3ztqWKJtyE49mxE3JklR6JU21LIZmpXyfGNDFmlES2M6E4MD+9qfiX184xPg/HQmU5csXmi+JcEkzJ9HPSE5ozlCNLKNPC3krYgGrK0OZTsiF8fkr+J80T16+6vn9drdQvFnkU4QAO4Rh8OIM6XEEDAmAg4B4e4clRzoPz7LzMWwvOYmYfvsF5/QDMwI8r</latexit>

�
<latexit sha1_base64="8bPNSJN18BSkab1Z/clHy8ss7lI=">AAACCnicdVDJSgNBEO2JW4zbqEcvrUEQhGFG3HIQgl48RjALZIZQ0+lJmvQsdPcIYZizF3/FiwdFvPoF3vwbO4vg+qCox3tVdNfzE86ksu13ozAzOze/UFwsLS2vrK6Z6xsNGaeC0DqJeSxaPkjKWUTriilOW4mgEPqcNv3Bxchv3lAhWRxdq2FCvRB6EQsYAaWljrmd4DPsBgJI5gJP+pBPO97Hrk8V5B2zbFsV26kcO/g3cSx7jDKaotYx39xuTNKQRopwkLLt2InyMhCKEU7zkptKmgAZQI+2NY0gpNLLxqfkeFcrXRzEQlek8Fj9upFBKOUw9PVkCKovf3oj8S+vnarg1MtYlKSKRmTyUJByrGI8ygV3maBE8aEmQATTf8WkDzoXpdMr6RA+L8X/k8aB5RxZ9tVhuXo+jaOIttAO2kMOOkFVdIlqqI4IukX36BE9GXfGg/FsvExGC8Z0ZxN9g/H6AaSCmkM=</latexit>

p =
↵

↵+ �

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N
<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

experiments

proliferations
<latexit sha1_base64="AYhAQkIJ5eZQZ5D/4HaCaXBG9MA="></latexit>

P (p|N↵) / pN↵(1� p)N�N↵

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N =18
=14

<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

<latexit sha1_base64="2XLb040pL5SV39SNQU8VFV6k8M8="></latexit>

P (p|N↵)

<latexit sha1_base64="S15TKK1Evc82ml8rcLSDJl1YW44=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4y45Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707C4tLyyurubX8+sbm1nZhZ7eu41QxrLFYxKoZUo2CS6wZbgQ2E4U0CgU2wuHVxG/codI8ljdmlGAQ0b7kPc6osVI16RSKnlvy/NKZT34T3/WmKMIclU7hrd2NWRqhNExQrVu+l5ggo8pwJnCcb6caE8qGtI8tSyWNUAfZ9NAxObRKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreRZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GzyNoTPT8n/pH7s+qeuVz0pli/nceRgHw7gCHw4hzJcQwVqwADhHh7hybl1Hpxn52XWuuDMZ/bgG5zXD0xyjUY=</latexit>p
0.0 0.5 1.0

<latexit sha1_base64="+SQSloktBDObFZJRDnmMMpw/GCg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF0+SgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5RYWl5ZX8quFtfWNza3i9k5DxalkWGexiGXLpwoFj7CuuRbYSiTS0BfY9IeXE795h1LxOLrRowS9kPYjHnBGtZFq191iybHLjls+dclv4trOFCWYo9otvnV6MUtDjDQTVKm26yTay6jUnAkcFzqpwoSyIe1j29CIhqi8bHromBwYpUeCWJqKNJmqXycyGio1Cn3TGVI9UD+9ifiX1051cO5lPEpSjRGbLQpSQXRMJl+THpfItBgZQpnk5lbCBlRSpk02BRPC56fkf9I4st0T26kdlyoX8zjysAf7cAgunEEFrqAKdWCAcA+P8GTdWg/Ws/Uya81Z85ld+Abr9QMY6o0k</latexit>

N

<latexit sha1_base64="2XLb040pL5SV39SNQU8VFV6k8M8="></latexit>

P (p|N↵)

<latexit sha1_base64="S15TKK1Evc82ml8rcLSDJl1YW44=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4y45Rb04jEBs0AyhJ5OJWnT0zN09whhyBd48aCIVz/Jm39jZxFcHxQ83quiql6YCK6N5707C4tLyyurubX8+sbm1nZhZ7eu41QxrLFYxKoZUo2CS6wZbgQ2E4U0CgU2wuHVxG/codI8ljdmlGAQ0b7kPc6osVI16RSKnlvy/NKZT34T3/WmKMIclU7hrd2NWRqhNExQrVu+l5ggo8pwJnCcb6caE8qGtI8tSyWNUAfZ9NAxObRKl/RiZUsaMlW/TmQ00noUhbYzomagf3oT8S+vlZreRZBxmaQGJZst6qWCmJhMviZdrpAZMbKEMsXtrYQNqKLM2GzyNoTPT8n/pH7s+qeuVz0pli/nceRgHw7gCHw4hzJcQwVqwADhHh7hybl1Hpxn52XWuuDMZ/bgG5zXD0xyjUY=</latexit>p
0.0 0.5 1.0

=180
=140

<latexit sha1_base64="0+3kHC/tyeSpZJCJvAxKVnH/ux4=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgKiRqaLsrunElFewD21Am00k7dDIJMxOhhP6FGxeKuPVv3Pk3Th+IWg9cOJxzL/feEyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjK6mfuuBSsVicafHCfUjPBAsZARrI93f9LIu5skQT3rFkmOfu17VqyLHrnhOueIi13Zm+CYlWKDeK350+zFJIyo04Vipjusk2s+w1IxwOil0U0UTTEZ4QDuGChxR5WeziyfoxCh9FMbSlNBopv6cyHCk1DgKTGeE9VD99abif14n1WHFz5hIUk0FmS8KU450jKbvoz6TlGg+NgQTycytiAyxxESbkAomhKWXl0nzzHY927m9KNUuF3Hk4QiO4RRcKEMNrqEODSAg4BGe4cVS1pP1ar3NW3PWYuYQfsF6/wIFJZEn</latexit>

N↵

Maximum a posteriori (MAP)
MAP = 0.78
HDR (95%) = [0.56,0.92]

MAP = 0.78
HDR (95%) = [0.71,0.83]

Question:
Show that the MAP of the binomial 

inference will always be  
<latexit sha1_base64="hh0gd8e1oGufGwJJ/eRBjnbtEIE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6a2tLMrunFVKtgHtkPJpJk2NJMZkoxQhv6FGxeKuPVv3Pk3pu0IKnrgwuGce7n3Hj/mTGmEPqyV1bX1jc3cVn57Z3dvv3Bw2FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP7ma+517KhWLxK2extQL8UiwgBGsjXTXGPQxj8f4vDEoFJFdcqo1twKRjRYwxHVdVL6ATqYUQYbmoPDeH0YkCanQhGOleg6KtZdiqRnhdJbvJ4rGmEzwiPYMFTikyksXF8/gqVGGMIikKaHhQv0+keJQqWnom84Q67H67c3Fv7xeooOalzIRJ5oKslwUJBzqCM7fh0MmKdF8aggmkplbIRljiYk2IeVNCF+fwv9Ju2Q7FRvdlIv1yyyOHDgGJ+AMOKAK6uAaNEELECDAA3gCz5ayHq0X63XZumJlM0fgB6y3T06PkLA=</latexit>

N↵/N

Bayesian inference automatically incorporates the replicate information

Sometimes posteriors can be analysed analytically 



Question:
Somebody before us has done the 
same experiment and has observed  
10 proliferations in 30 
experiments. 

- How would you include this as a 
prior distribution?   

- Will you obtain the same 
posterior distribution by 
including this previous 
experiment as a prior 
distribution than adding the 
information of both experiments 
in the likelihood and assuming 
a uniform prior?


