Statistical Computing

Chap. 4.2: Variational Inference and Pyro

LIU, Ran

Department of Statistics,
Beijing Normal University

May 5, 2024

) Aok 2

BEIJING NORMAL UNIVERSITY




Variational Inference
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Variational Inference
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Variational Inference

IEH#ET 5 (ELBO)
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o BAATAR/NME—15 KL BESMHEHE—IERETR (ELBO)

ELBO = Ey[log p(x, 2)] — Eq4[log q(2)]
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ELBO EX A:
ELBO(q) = Eq[log p(z, z)] — Eq[log q(2)]

ERNMHEERES p(r,2):

ELBO(q) = Ey[log p(z|z) + log p(x)] — Eq[log ¢(2)]

BHHS KL BEEKR:

ELBO(q) = —KL(q||p) + log p(x)
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Variational Inference
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Variational Inference
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Variational Inference

BEEEHANNES
EIHEMT, BHSHRIRZH:
a(=) = [T a(z)

BANZER KL ELBO Z:
ELBO(q) = Eq[log p(z, 2)] — Eqg[log q(2)]
HFENMEELZE 2;, ELBO AIfELA:
Ey ,[Eq, [logp(z, 2)] — Eq; [log q(z;)]
R q(z) SEEBERLG:
q*(z;) o exp(Eq_; [log p(z, 2)|2;])

XRIA q(z) ROEIE p(2]2—j, 7).
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Variational Inference
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Pyro 2—# A Python R H)E BEIZEHRIZTIES (probabilistic
programming language), FHfEfGimH PyTorch 1Bt #%.

HZ=RIFIES . Pymc3, Stan...

* Z%: Tutorial on deep probabilitic modeling with pyro
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https://bookdown.org/robertness/causalml/docs/tutorial-on-deep-probabilitic-modeling-with-pyro.html

Pyro

HIERERTA latent({1% parameter) By prior, LLRMIUEE latent 4
FRGE. (BLFHRINEN T BAREL)

def model(is_cont_africa, ruggedness, log_gdp=None):
a = pyro.sample("a", dist.Normal(O0., 10.))
b_a = pyro.sample("bA", dist.Normal(0., 1.))
b_r = pyro.sample("bR", dist.Normal(O0., 1.))
b_ar = pyro.sample("bAR", dist.Normal(O0., 1.))
sigma = pyro.sample("sigma", dist.Uniform(0., 10.))
mean = a + b_a * is_cont_africa + b_r * ruggedness + b_ar x*
is_cont_africa * ruggedness

with pyro.plate("data", len(ruggedness)):
return pyro.sample("obs", dist.Normal(mean, sigma), obs
=log_gdp)

pyro.render_model (model, model_args=(is_cont_africa, ruggedness
, log_gdp), render_distributions=True)

024 Ran Liu Statistical Computing May 5, 2024




BETX, pyro —f{ERT SR, LLMA—NESSHEEMXNER
S, EAREEIXNESS R mean F var. (HBEFERINEXT
prediction BYZE$4)

pyro.clear_param_store ()

auto_guide = pyro.infer.autoguide.AutoNormal (model)
pyro.infer.MCMC(auto_guide)

adam = pyro.optim.Adam({"1lr": 0.02})

elbo = pyro.infer.Trace_ELBO()

svi = pyro.infer.SVI(model, auto_guide, adam, elbo)
losses = []
for step in range(1000):

loss = svi.step(is_cont_africa, ruggedness, log_gdp)

losses.append(loss)
if step % 100 ==
logging.info("Elbo loss: {}".format(loss))

*BE [FF]: BOWER - REMERE - Pyro F—1TEHIF
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https://zhuanlan.zhihu.com/p/563154803

SR SVI B NUTS BiF:

pyro.clear_param_store ()

auto_guide = pyro.infer.autoguide.AutoNormal (model)
nuts_kernel = pyro.infer.NUTS (model)
mcmc = pyro.infer.MCMC(nuts_kernel, num_samples=1000,

warmup_steps=200)
mcmc .run(is_cont_africa, ruggedness, log_gdp)

samples = mcmc.get_samples ()

# Access the desired samples or statistics from the MCMC run
# For example:
# samples["parameter_name"]

# You can also access the posterior predictive distribution
using
# mcmc.predictive(is_cont_africa, ruggedness, log_gdp)
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