
Chapter 21: Variational inference





Idea

q(x)
<latexit sha1_base64="HiGthlia89vuzwjBST40dzmO4ho=">AAAB83icbZDLSsNAFIZP6q3GW9Wlm8Ei1E1JRNBl0Y3LCvYCTSiT6aQdOpmkMxOxhL6GGxeKuPVl3Pk2TtostPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb9s7u3v7B5XDo7aKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFtXu88UqlYLB70NKF+hIeChYxgbSxvUsu8IERPs3Pb7leqTt2ZC62CW0AVCjX7lS9vEJM0okITjpXquU6i/QxLzQinM9tLFU0wGeMh7RkUOKLKz+Y3z9CZcQYojKV5QqO5+3siw5FS0ygwnRHWI7Vcy83/ar1Uh9d+xkSSairIYlGYcqRjlAeABkxSovnUACaSmVsRGWGJiTYx5SG4y19ehfZF3TV8f1lt3BRxlOEETqEGLlxBA+6gCS0gkMAzvMKblVov1rv1sWgtWcXMMfyR9fkDOymQfA==</latexit><latexit sha1_base64="HiGthlia89vuzwjBST40dzmO4ho=">AAAB83icbZDLSsNAFIZP6q3GW9Wlm8Ei1E1JRNBl0Y3LCvYCTSiT6aQdOpmkMxOxhL6GGxeKuPVl3Pk2TtostPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb9s7u3v7B5XDo7aKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFtXu88UqlYLB70NKF+hIeChYxgbSxvUsu8IERPs3Pb7leqTt2ZC62CW0AVCjX7lS9vEJM0okITjpXquU6i/QxLzQinM9tLFU0wGeMh7RkUOKLKz+Y3z9CZcQYojKV5QqO5+3siw5FS0ygwnRHWI7Vcy83/ar1Uh9d+xkSSairIYlGYcqRjlAeABkxSovnUACaSmVsRGWGJiTYx5SG4y19ehfZF3TV8f1lt3BRxlOEETqEGLlxBA+6gCS0gkMAzvMKblVov1rv1sWgtWcXMMfyR9fkDOymQfA==</latexit><latexit sha1_base64="HiGthlia89vuzwjBST40dzmO4ho=">AAAB83icbZDLSsNAFIZP6q3GW9Wlm8Ei1E1JRNBl0Y3LCvYCTSiT6aQdOpmkMxOxhL6GGxeKuPVl3Pk2TtostPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb9s7u3v7B5XDo7aKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFtXu88UqlYLB70NKF+hIeChYxgbSxvUsu8IERPs3Pb7leqTt2ZC62CW0AVCjX7lS9vEJM0okITjpXquU6i/QxLzQinM9tLFU0wGeMh7RkUOKLKz+Y3z9CZcQYojKV5QqO5+3siw5FS0ygwnRHWI7Vcy83/ar1Uh9d+xkSSairIYlGYcqRjlAeABkxSovnUACaSmVsRGWGJiTYx5SG4y19ehfZF3TV8f1lt3BRxlOEETqEGLlxBA+6gCS0gkMAzvMKblVov1rv1sWgtWcXMMfyR9fkDOymQfA==</latexit><latexit sha1_base64="HiGthlia89vuzwjBST40dzmO4ho=">AAAB83icbZDLSsNAFIZP6q3GW9Wlm8Ei1E1JRNBl0Y3LCvYCTSiT6aQdOpmkMxOxhL6GGxeKuPVl3Pk2TtostPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb9s7u3v7B5XDo7aKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFtXu88UqlYLB70NKF+hIeChYxgbSxvUsu8IERPs3Pb7leqTt2ZC62CW0AVCjX7lS9vEJM0okITjpXquU6i/QxLzQinM9tLFU0wGeMh7RkUOKLKz+Y3z9CZcQYojKV5QqO5+3siw5FS0ygwnRHWI7Vcy83/ar1Uh9d+xkSSairIYlGYcqRjlAeABkxSovnUACaSmVsRGWGJiTYx5SG4y19ehfZF3TV8f1lt3BRxlOEETqEGLlxBA+6gCS0gkMAzvMKblVov1rv1sWgtWcXMMfyR9fkDOymQfA==</latexit>

minimizeq di↵erence(p⇤, q)
<latexit sha1_base64="ndR2FCu4rXQvYyOHDQK0D2/RFEQ=">AAACGnicbVBNSwMxFMz6WetX1aOXYBGqiOyKoEfRi8cKVoW2lmz6tgaT7Jq8FevS3+HFv+LFgyLexIv/xmztQVsnBIaZ90hmwkQKi77/5Y2NT0xOTRdmirNz8wuLpaXlMxunhkONxzI2FyGzIIWGGgqUcJEYYCqUcB5eH+X++S0YK2J9it0Emop1tIgEZ+ikViloINxhpoQWStxDr3VDG/npq20RRWBAc+hVksvNLXqzUSy2SmV/2++DjpJgQMpkgGqr9NFoxzxVoJFLZm098BNsZsyg4BJ6xUZqIWH8mnWg7qhmCmwz60fr0XWntGkUG3c10r76eyNjytquCt2kYnhlh71c/M+rpxjtNzOhkxRdwJ+HolRSjGneE20LAxxl1xHGjXB/pfyKGcbRtZmXEAxHHiVnO9uB4ye75YPDQR0FskrWSIUEZI8ckGNSJTXCyQN5Ii/k1Xv0nr037/1ndMwb7KyQP/A+vwEpJqA2</latexit><latexit sha1_base64="ndR2FCu4rXQvYyOHDQK0D2/RFEQ=">AAACGnicbVBNSwMxFMz6WetX1aOXYBGqiOyKoEfRi8cKVoW2lmz6tgaT7Jq8FevS3+HFv+LFgyLexIv/xmztQVsnBIaZ90hmwkQKi77/5Y2NT0xOTRdmirNz8wuLpaXlMxunhkONxzI2FyGzIIWGGgqUcJEYYCqUcB5eH+X++S0YK2J9it0Emop1tIgEZ+ikViloINxhpoQWStxDr3VDG/npq20RRWBAc+hVksvNLXqzUSy2SmV/2++DjpJgQMpkgGqr9NFoxzxVoJFLZm098BNsZsyg4BJ6xUZqIWH8mnWg7qhmCmwz60fr0XWntGkUG3c10r76eyNjytquCt2kYnhlh71c/M+rpxjtNzOhkxRdwJ+HolRSjGneE20LAxxl1xHGjXB/pfyKGcbRtZmXEAxHHiVnO9uB4ye75YPDQR0FskrWSIUEZI8ckGNSJTXCyQN5Ii/k1Xv0nr037/1ndMwb7KyQP/A+vwEpJqA2</latexit><latexit sha1_base64="ndR2FCu4rXQvYyOHDQK0D2/RFEQ=">AAACGnicbVBNSwMxFMz6WetX1aOXYBGqiOyKoEfRi8cKVoW2lmz6tgaT7Jq8FevS3+HFv+LFgyLexIv/xmztQVsnBIaZ90hmwkQKi77/5Y2NT0xOTRdmirNz8wuLpaXlMxunhkONxzI2FyGzIIWGGgqUcJEYYCqUcB5eH+X++S0YK2J9it0Emop1tIgEZ+ikViloINxhpoQWStxDr3VDG/npq20RRWBAc+hVksvNLXqzUSy2SmV/2++DjpJgQMpkgGqr9NFoxzxVoJFLZm098BNsZsyg4BJ6xUZqIWH8mnWg7qhmCmwz60fr0XWntGkUG3c10r76eyNjytquCt2kYnhlh71c/M+rpxjtNzOhkxRdwJ+HolRSjGneE20LAxxl1xHGjXB/pfyKGcbRtZmXEAxHHiVnO9uB4ye75YPDQR0FskrWSIUEZI8ckGNSJTXCyQN5Ii/k1Xv0nr037/1ndMwb7KyQP/A+vwEpJqA2</latexit><latexit sha1_base64="ndR2FCu4rXQvYyOHDQK0D2/RFEQ=">AAACGnicbVBNSwMxFMz6WetX1aOXYBGqiOyKoEfRi8cKVoW2lmz6tgaT7Jq8FevS3+HFv+LFgyLexIv/xmztQVsnBIaZ90hmwkQKi77/5Y2NT0xOTRdmirNz8wuLpaXlMxunhkONxzI2FyGzIIWGGgqUcJEYYCqUcB5eH+X++S0YK2J9it0Emop1tIgEZ+ikViloINxhpoQWStxDr3VDG/npq20RRWBAc+hVksvNLXqzUSy2SmV/2++DjpJgQMpkgGqr9NFoxzxVoJFLZm098BNsZsyg4BJ6xUZqIWH8mnWg7qhmCmwz60fr0XWntGkUG3c10r76eyNjytquCt2kYnhlh71c/M+rpxjtNzOhkxRdwJ+HolRSjGneE20LAxxl1xHGjXB/pfyKGcbRtZmXEAxHHiVnO9uB4ye75YPDQR0FskrWSIUEZI8ckGNSJTXCyQN5Ii/k1Xv0nr037/1ndMwb7KyQP/A+vwEpJqA2</latexit>

p(x|D) , p⇤(x) =
1

Z
p̃(x1, x2, x3, . . . )

<latexit sha1_base64="4f8/104TijCWatrvf9cgyOj03fA="></latexit><latexit sha1_base64="4f8/104TijCWatrvf9cgyOj03fA="></latexit><latexit sha1_base64="4f8/104TijCWatrvf9cgyOj03fA="></latexit><latexit sha1_base64="4f8/104TijCWatrvf9cgyOj03fA="></latexit>



Variational inference objective function



Exercise

Show how to apply Gibbs sampling to a univariate 
mixture of Gaussians.



Exercise

Suppose 

and 

Derive an expression for 

xi 2 {�1,+1}
<latexit sha1_base64="ixlEPReYKP5O8vCx5qo4lfi3JVo=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFENSSiKDLohuXFewFmhAm00k7dDIJMxNpCXkVNy4UceuLuPNtnLZZaPWHgY//nMM58wcJZ0rb9pdVWlldW98ob1a2tnd296r7tY6KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g/HtrN59pFKxWDzoaUK9CA8FCxnB2lh+tTbxGXKZQG527pyhU8fN/Wrdbthzob/gFFCHQi2/+ukOYpJGVGjCsVJ9x060l2GpGeE0r7ipogkmYzykfYMCR1R52fz2HB0bZ4DCWJonNJq7PycyHCk1jQLTGWE9Usu1mflfrZ/q8NrLmEhSTQVZLApTjnSMZkGgAZOUaD41gIlk5lZERlhiok1cFROCs/zlv9C5aDiG7y/rzZsijjIcwhGcgANX0IQ7aEEbCEzgCV7g1cqtZ+vNel+0lqxi5gB+yfr4BoHbksg=</latexit><latexit sha1_base64="ixlEPReYKP5O8vCx5qo4lfi3JVo=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFENSSiKDLohuXFewFmhAm00k7dDIJMxNpCXkVNy4UceuLuPNtnLZZaPWHgY//nMM58wcJZ0rb9pdVWlldW98ob1a2tnd296r7tY6KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g/HtrN59pFKxWDzoaUK9CA8FCxnB2lh+tTbxGXKZQG527pyhU8fN/Wrdbthzob/gFFCHQi2/+ukOYpJGVGjCsVJ9x060l2GpGeE0r7ipogkmYzykfYMCR1R52fz2HB0bZ4DCWJonNJq7PycyHCk1jQLTGWE9Usu1mflfrZ/q8NrLmEhSTQVZLApTjnSMZkGgAZOUaD41gIlk5lZERlhiok1cFROCs/zlv9C5aDiG7y/rzZsijjIcwhGcgANX0IQ7aEEbCEzgCV7g1cqtZ+vNel+0lqxi5gB+yfr4BoHbksg=</latexit><latexit sha1_base64="ixlEPReYKP5O8vCx5qo4lfi3JVo=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFENSSiKDLohuXFewFmhAm00k7dDIJMxNpCXkVNy4UceuLuPNtnLZZaPWHgY//nMM58wcJZ0rb9pdVWlldW98ob1a2tnd296r7tY6KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g/HtrN59pFKxWDzoaUK9CA8FCxnB2lh+tTbxGXKZQG527pyhU8fN/Wrdbthzob/gFFCHQi2/+ukOYpJGVGjCsVJ9x060l2GpGeE0r7ipogkmYzykfYMCR1R52fz2HB0bZ4DCWJonNJq7PycyHCk1jQLTGWE9Usu1mflfrZ/q8NrLmEhSTQVZLApTjnSMZkGgAZOUaD41gIlk5lZERlhiok1cFROCs/zlv9C5aDiG7y/rzZsijjIcwhGcgANX0IQ7aEEbCEzgCV7g1cqtZ+vNel+0lqxi5gB+yfr4BoHbksg=</latexit><latexit sha1_base64="ixlEPReYKP5O8vCx5qo4lfi3JVo=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFENSSiKDLohuXFewFmhAm00k7dDIJMxNpCXkVNy4UceuLuPNtnLZZaPWHgY//nMM58wcJZ0rb9pdVWlldW98ob1a2tnd296r7tY6KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g/HtrN59pFKxWDzoaUK9CA8FCxnB2lh+tTbxGXKZQG527pyhU8fN/Wrdbthzob/gFFCHQi2/+ukOYpJGVGjCsVJ9x060l2GpGeE0r7ipogkmYzykfYMCR1R52fz2HB0bZ4DCWJonNJq7PycyHCk1jQLTGWE9Usu1mflfrZ/q8NrLmEhSTQVZLApTjnSMZkGgAZOUaD41gIlk5lZERlhiok1cFROCs/zlv9C5aDiG7y/rzZsijjIcwhGcgANX0IQ7aEEbCEzgCV7g1cqtZ+vNel+0lqxi5gB+yfr4BoHbksg=</latexit>

�(xs, xt) = exp(Jxsxt)
<latexit sha1_base64="z+MTgyhN4IXDyeNRr+hfPYgLmK4=">AAACD3icbZDJSgNBEIZ74hbjNurRS2NQIkiYEUEvQtCLeIpgFkjC0NOpJE16FrprJGHIG3jxVbx4UMSrV2++jZ3loNEfGn6+qqK6fj+WQqPjfFmZhcWl5ZXsam5tfWNzy97eqeooURwqPJKRqvtMgxQhVFCghHqsgAW+hJrfvxrXa/egtIjCOxzG0ApYNxQdwRka5NmHzbgnCgNPH9OBh0f0gjYRBpjCIB4VbgzTE+7ZeafoTET/Gndm8mSmsmd/NtsRTwIIkUumdcN1YmylTKHgEka5ZqIhZrzPutAwNmQB6FY6uWdEDwxp006kzAuRTujPiZQFWg8D33QGDHt6vjaG/9UaCXbOW6kI4wQh5NNFnURSjOg4HNoWCjjKoTGMK2H+SnmPKcbRRJgzIbjzJ/811ZOia/ztab50OYsjS/bIPikQl5yRErkmZVIhnDyQJ/JCXq1H69l6s96nrRlrNrNLfsn6+AbgsZtJ</latexit><latexit sha1_base64="z+MTgyhN4IXDyeNRr+hfPYgLmK4=">AAACD3icbZDJSgNBEIZ74hbjNurRS2NQIkiYEUEvQtCLeIpgFkjC0NOpJE16FrprJGHIG3jxVbx4UMSrV2++jZ3loNEfGn6+qqK6fj+WQqPjfFmZhcWl5ZXsam5tfWNzy97eqeooURwqPJKRqvtMgxQhVFCghHqsgAW+hJrfvxrXa/egtIjCOxzG0ApYNxQdwRka5NmHzbgnCgNPH9OBh0f0gjYRBpjCIB4VbgzTE+7ZeafoTET/Gndm8mSmsmd/NtsRTwIIkUumdcN1YmylTKHgEka5ZqIhZrzPutAwNmQB6FY6uWdEDwxp006kzAuRTujPiZQFWg8D33QGDHt6vjaG/9UaCXbOW6kI4wQh5NNFnURSjOg4HNoWCjjKoTGMK2H+SnmPKcbRRJgzIbjzJ/811ZOia/ztab50OYsjS/bIPikQl5yRErkmZVIhnDyQJ/JCXq1H69l6s96nrRlrNrNLfsn6+AbgsZtJ</latexit><latexit sha1_base64="z+MTgyhN4IXDyeNRr+hfPYgLmK4=">AAACD3icbZDJSgNBEIZ74hbjNurRS2NQIkiYEUEvQtCLeIpgFkjC0NOpJE16FrprJGHIG3jxVbx4UMSrV2++jZ3loNEfGn6+qqK6fj+WQqPjfFmZhcWl5ZXsam5tfWNzy97eqeooURwqPJKRqvtMgxQhVFCghHqsgAW+hJrfvxrXa/egtIjCOxzG0ApYNxQdwRka5NmHzbgnCgNPH9OBh0f0gjYRBpjCIB4VbgzTE+7ZeafoTET/Gndm8mSmsmd/NtsRTwIIkUumdcN1YmylTKHgEka5ZqIhZrzPutAwNmQB6FY6uWdEDwxp006kzAuRTujPiZQFWg8D33QGDHt6vjaG/9UaCXbOW6kI4wQh5NNFnURSjOg4HNoWCjjKoTGMK2H+SnmPKcbRRJgzIbjzJ/811ZOia/ztab50OYsjS/bIPikQl5yRErkmZVIhnDyQJ/JCXq1H69l6s96nrRlrNrNLfsn6+AbgsZtJ</latexit><latexit sha1_base64="z+MTgyhN4IXDyeNRr+hfPYgLmK4=">AAACD3icbZDJSgNBEIZ74hbjNurRS2NQIkiYEUEvQtCLeIpgFkjC0NOpJE16FrprJGHIG3jxVbx4UMSrV2++jZ3loNEfGn6+qqK6fj+WQqPjfFmZhcWl5ZXsam5tfWNzy97eqeooURwqPJKRqvtMgxQhVFCghHqsgAW+hJrfvxrXa/egtIjCOxzG0ApYNxQdwRka5NmHzbgnCgNPH9OBh0f0gjYRBpjCIB4VbgzTE+7ZeafoTET/Gndm8mSmsmd/NtsRTwIIkUumdcN1YmylTKHgEka5ZqIhZrzPutAwNmQB6FY6uWdEDwxp006kzAuRTujPiZQFWg8D33QGDHt6vjaG/9UaCXbOW6kI4wQh5NNFnURSjOg4HNoWCjjKoTGMK2H+SnmPKcbRRJgzIbjzJ/811ZOia/ztab50OYsjS/bIPikQl5yRErkmZVIhnDyQJ/JCXq1H69l6s96nrRlrNrNLfsn6+AbgsZtJ</latexit>

p(xt|x�t)
<latexit sha1_base64="4h9EI4HxYAq8xV7bSfUdpT7DqOg=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR6sKSiKDLohuXFewF2hAm00k7dDIJMyfSGvskblwo4tZHcefbOG2z0NYfBj7+cw7nzB8kgmtwnG9rZXVtfWOzsFXc3tndK9n7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBmWm89MKV5LO9hnDAvIn3JQ04JGMu3S0ll5AN+wiM/O4PJqW+XnaozE14GN4cyylX37a9uL6ZpxCRQQbTuuE4CXkYUcCrYpNhNNUsIHZI+6xiUJGLay2aHT/CJcXo4jJV5EvDM/T2RkUjrcRSYzojAQC/WpuZ/tU4K4ZWXcZmkwCSdLwpTgSHG0xRwjytGQYwNEKq4uRXTAVGEgsmqaEJwF7+8DM3zqmv47qJcu87jKKAjdIwqyEWXqIZuUR01EEUpekav6M16tF6sd+tj3rpi5TOH6I+szx+7fJJ5</latexit><latexit sha1_base64="4h9EI4HxYAq8xV7bSfUdpT7DqOg=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR6sKSiKDLohuXFewF2hAm00k7dDIJMyfSGvskblwo4tZHcefbOG2z0NYfBj7+cw7nzB8kgmtwnG9rZXVtfWOzsFXc3tndK9n7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBmWm89MKV5LO9hnDAvIn3JQ04JGMu3S0ll5AN+wiM/O4PJqW+XnaozE14GN4cyylX37a9uL6ZpxCRQQbTuuE4CXkYUcCrYpNhNNUsIHZI+6xiUJGLay2aHT/CJcXo4jJV5EvDM/T2RkUjrcRSYzojAQC/WpuZ/tU4K4ZWXcZmkwCSdLwpTgSHG0xRwjytGQYwNEKq4uRXTAVGEgsmqaEJwF7+8DM3zqmv47qJcu87jKKAjdIwqyEWXqIZuUR01EEUpekav6M16tF6sd+tj3rpi5TOH6I+szx+7fJJ5</latexit><latexit sha1_base64="4h9EI4HxYAq8xV7bSfUdpT7DqOg=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR6sKSiKDLohuXFewF2hAm00k7dDIJMyfSGvskblwo4tZHcefbOG2z0NYfBj7+cw7nzB8kgmtwnG9rZXVtfWOzsFXc3tndK9n7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBmWm89MKV5LO9hnDAvIn3JQ04JGMu3S0ll5AN+wiM/O4PJqW+XnaozE14GN4cyylX37a9uL6ZpxCRQQbTuuE4CXkYUcCrYpNhNNUsIHZI+6xiUJGLay2aHT/CJcXo4jJV5EvDM/T2RkUjrcRSYzojAQC/WpuZ/tU4K4ZWXcZmkwCSdLwpTgSHG0xRwjytGQYwNEKq4uRXTAVGEgsmqaEJwF7+8DM3zqmv47qJcu87jKKAjdIwqyEWXqIZuUR01EEUpekav6M16tF6sd+tj3rpi5TOH6I+szx+7fJJ5</latexit><latexit sha1_base64="4h9EI4HxYAq8xV7bSfUdpT7DqOg=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWAR6sKSiKDLohuXFewF2hAm00k7dDIJMyfSGvskblwo4tZHcefbOG2z0NYfBj7+cw7nzB8kgmtwnG9rZXVtfWOzsFXc3tndK9n7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBmWm89MKV5LO9hnDAvIn3JQ04JGMu3S0ll5AN+wiM/O4PJqW+XnaozE14GN4cyylX37a9uL6ZpxCRQQbTuuE4CXkYUcCrYpNhNNUsIHZI+6xiUJGLay2aHT/CJcXo4jJV5EvDM/T2RkUjrcRSYzojAQC/WpuZ/tU4K4ZWXcZmkwCSdLwpTgSHG0xRwjytGQYwNEKq4uRXTAVGEgsmqaEJwF7+8DM3zqmv47qJcu87jKKAjdIwqyEWXqIZuUR01EEUpekav6M16tF6sd+tj3rpi5TOH6I+szx+7fJJ5</latexit>

X1 X2 X3 X4 X5

X6 X7 X8 X9 X10

X11 X12 X13 X14 X15

X16 X17 X18 X19 X20



Why KL?



Forwards vs reverse KL
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Forward: Reverse:



Interpreting the variational objective



Mean field inference

q(x) =
Y

i

qi(xi) = q1(x1)q2(x2)q3(x3)
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p⇤(x) = p⇤(x1, x2, x3)
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Mean field update



Example: Mean field inference for the Ising 
model

sample 1, meanfieldH
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mean after 15 sweeps of meanfieldH
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Example: Mean field inference for the Ising 
model



Example: Mean field inference for the Ising 
model



Exercise
Using belief propagation, compute P(Y | X3=1, X6=0). 





Review: belief propagation



Loopy belief propagation for pairwise MRFs



Loopy belief propagation for pairwise MRFs



Factor graphs



Factor graphs



Loopy belief propagation for factor graphs



Exercise: Convert the following probabilistic 
models to factor graphs



Loopy belief propagation: practical notes


