
pi

log

logmultiply

sum

[ 2.3  2.3  2.3  2.3  2.3]

subtract

add

4.94

add

29.3

z

one_hot one_hot

multiply

5

multiply

sum

add

tau

multiply

sqrt

sqrt

0.1

true_divide

power

1

true_divide

true_divide

true_divide

2

power

logmultiply

sum

add

add

-9.19

mu

subtract

dot

multiply

0

sum

multiply

-0.5

multiply

add

logmultiply

sum

multiply

add

200

add

-368

x

subtract

multiply

sum

output

pi

log

einsum

einsumsubtract

[ 2.3  2.3  2.3  2.3  2.3]

add

4.94

add

29.3

z

one_hot

einsumeinsumeinsum

5

einsum

add

tau

log

einsum

einsum

einsum

add

add

-11.5

add

-9.19

mu

-0.05

add

add

200

add

-368

x

subtract

-0.5

subtract

subtract

output

def normal_logpdf(x, loc, scale):

prec = 1. / scale**2

return -(np.sum(prec * mu**2) - np.sum(np.log(prec))

+ np.log(2. * np.pi)) * N / 2.

def log_joint(pi, z, mu, tau, x):

logp = (np.sum((alpha-1)*np.log(x))

- np.sum(gammaln(alpha))

+ np.sum(gammaln(np.sum(alpha, -1))))

logp += normal_logpdf(mu, 0., 1./np.sqrt(kappa * tau))

logp += np.sum(one_hot(z, K) * np.log(pi))

logp += ((a-1)*np.log(tau) - b*tau + a*np.log(b)

- gammaln(a))

mu_z = np.dot(one_hot(z, K), mu)

loglike = normal_logpdf(x, mu_z, 1./np.sqrt(tau))

return logp + loglike
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AutoConj: find and exploit exponential family structure without a DSL
Matthew D. Hoffman*, Matthew J. Johnson*, Dustin Tran brain

vision summit

TL;DR Write models in regular Python+Numpy with no mini-language,
get exponential family structure-exploiting inference algorithms. 

Why? Exploiting exponential family structure when it exists is labor-
intensive, even for experts, which limits how we design new 
models and try new hybrid inference strategies (e.g. SVAEs). 
It’s like neural nets before autodiff.

What is the autodiff for exponential family inference? AutoConj!

DSL? As with autodiff, don’t want to be locked-in to a mini-language:
▪ New inference algorithms? Model classes?
▪ Optimization libraries? Automatic differentiation? Viz.?
▪ Compile to accelerators, distributed computing?

Need a system in native Python, and composable with others.
Trace log joint density given 
example values and supports1

Rewrite term graph to expose 
exponential family structure2

Generic implementations of 
mean field, marginalization, 
Gibbs, etc. (in plain Python!)

3

(3)
<latexit sha1_base64="hGPH4LxTmQOY6Im6cS+ucctkz/w=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISFfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjsrq2vrG5uFreL2zu7efungsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e203npCpXksH804QT+iA8lDzqix1kPl4qxXKrtVdyayDF4OZchV75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixKGmE2s9mq07IqXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQmv/YzLJDUo2fyjMBXExGR6N+lzhcyIsQXKFLe7EjakijJj0ynaELzFk5eheV71LN9flms3eRwFOIYTqIAHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sj5/AFCx40c</latexit><latexit sha1_base64="hGPH4LxTmQOY6Im6cS+ucctkz/w=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISFfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjsrq2vrG5uFreL2zu7efungsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e203npCpXksH804QT+iA8lDzqix1kPl4qxXKrtVdyayDF4OZchV75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixKGmE2s9mq07IqXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQmv/YzLJDUo2fyjMBXExGR6N+lzhcyIsQXKFLe7EjakijJj0ynaELzFk5eheV71LN9flms3eRwFOIYTqIAHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sj5/AFCx40c</latexit><latexit sha1_base64="hGPH4LxTmQOY6Im6cS+ucctkz/w=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISFfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjsrq2vrG5uFreL2zu7efungsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e203npCpXksH804QT+iA8lDzqix1kPl4qxXKrtVdyayDF4OZchV75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixKGmE2s9mq07IqXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQmv/YzLJDUo2fyjMBXExGR6N+lzhcyIsQXKFLe7EjakijJj0ynaELzFk5eheV71LN9flms3eRwFOIYTqIAHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sj5/AFCx40c</latexit><latexit sha1_base64="hGPH4LxTmQOY6Im6cS+ucctkz/w=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISFfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjsrq2vrG5uFreL2zu7efungsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e203npCpXksH804QT+iA8lDzqix1kPl4qxXKrtVdyayDF4OZchV75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixKGmE2s9mq07IqXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQmv/YzLJDUo2fyjMBXExGR6N+lzhcyIsQXKFLe7EjakijJj0ynaELzFk5eheV71LN9flms3eRwFOIYTqIAHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sj5/AFCx40c</latexit>

(4)
<latexit sha1_base64="bGf7b7BDdv5spNNkP6TPS5ywn4U=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISKeix6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/O6u0nro2I1SNOEu5HdKhEKBhFaz1Uahf9UtmtunORVfByKEOuRr/01RvELI24QiapMV3PTdDPqEbBJJ8We6nhCWVjOuRdi4pG3PjZfNUpObfOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynaELzlk1ehdVn1LN/XyvWbPI4CnMIZVMCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+R8/gBETI0d</latexit><latexit sha1_base64="bGf7b7BDdv5spNNkP6TPS5ywn4U=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISKeix6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/O6u0nro2I1SNOEu5HdKhEKBhFaz1Uahf9UtmtunORVfByKEOuRr/01RvELI24QiapMV3PTdDPqEbBJJ8We6nhCWVjOuRdi4pG3PjZfNUpObfOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynaELzlk1ehdVn1LN/XyvWbPI4CnMIZVMCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+R8/gBETI0d</latexit><latexit sha1_base64="bGf7b7BDdv5spNNkP6TPS5ywn4U=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISKeix6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/O6u0nro2I1SNOEu5HdKhEKBhFaz1Uahf9UtmtunORVfByKEOuRr/01RvELI24QiapMV3PTdDPqEbBJJ8We6nhCWVjOuRdi4pG3PjZfNUpObfOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynaELzlk1ehdVn1LN/XyvWbPI4CnMIZVMCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+R8/gBETI0d</latexit><latexit sha1_base64="bGf7b7BDdv5spNNkP6TPS5ywn4U=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISKeix6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/O6u0nro2I1SNOEu5HdKhEKBhFaz1Uahf9UtmtunORVfByKEOuRr/01RvELI24QiapMV3PTdDPqEbBJJ8We6nhCWVjOuRdi4pG3PjZfNUpObfOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynaELzlk1ehdVn1LN/XyvWbPI4CnMIZVMCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+R8/gBETI0d</latexit>

(5)
<latexit sha1_base64="QLGgGHnF3RXgWF2K27iICko2Amg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISUfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjsrq2vrG5uFreL2zu7efungsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e203npCpXksH804QT+iA8lDzqix1kPl8qxXKrtVdyayDF4OZchV75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixKGmE2s9mq07IqXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQmv/YzLJDUo2fyjMBXExGR6N+lzhcyIsQXKFLe7EjakijJj0ynaELzFk5eheV71LN9flGs3eRwFOIYTqIAHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sj5/AFF0Y0e</latexit><latexit sha1_base64="QLGgGHnF3RXgWF2K27iICko2Amg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISUfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjsrq2vrG5uFreL2zu7efungsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e203npCpXksH804QT+iA8lDzqix1kPl8qxXKrtVdyayDF4OZchV75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixKGmE2s9mq07IqXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQmv/YzLJDUo2fyjMBXExGR6N+lzhcyIsQXKFLe7EjakijJj0ynaELzFk5eheV71LN9flGs3eRwFOIYTqIAHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sj5/AFF0Y0e</latexit><latexit sha1_base64="QLGgGHnF3RXgWF2K27iICko2Amg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISUfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjsrq2vrG5uFreL2zu7efungsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e203npCpXksH804QT+iA8lDzqix1kPl8qxXKrtVdyayDF4OZchV75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixKGmE2s9mq07IqXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQmv/YzLJDUo2fyjMBXExGR6N+lzhcyIsQXKFLe7EjakijJj0ynaELzFk5eheV71LN9flGs3eRwFOIYTqIAHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sj5/AFF0Y0e</latexit><latexit sha1_base64="QLGgGHnF3RXgWF2K27iICko2Amg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEI9VISUfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjsrq2vrG5uFreL2zu7efungsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e203npCpXksH804QT+iA8lDzqix1kPl8qxXKrtVdyayDF4OZchV75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixKGmE2s9mq07IqXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQmv/YzLJDUo2fyjMBXExGR6N+lzhcyIsQXKFLe7EjakijJj0ynaELzFk5eheV71LN9flGs3eRwFOIYTqIAHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sj5/AFF0Y0e</latexit>

supports = (SIMPLEX, INTEGER, REAL, NONNEGATIVE)
g, As = multilin_repr(log_joint, example_vals, supports)


