
�Unsupervised BNNC

General Principles

Building upon the Dirichlet Process Mixture Model (DPMM) and the Multiclass classification
BNN, the Bayesian Neural Network Clustering (BNNC) model can learn to separate un-
labelled datasets into 𝐾 underlying mixture components using a deep gating network without
observing any initial ground-truth classes.

Rather than sampling discrete cluster assignments via categorical weights directly as a stan-
dard GMM, BNNC routes data points through a neural layer to output continuous mixing
probabilities 𝜃𝑖.

Considerations

Note

• Marginalized Likelihood: The likelihood of any given observation is constructed
by summing the probability density over all 𝐾 potential multivariate Gaussian
clusters recursively weighted by the network’s generated 𝜃𝑖 mixing assignments
(LogSumExp � trick).

• Parsimony Prior: We enforce an explicit Dirichlet prior 𝐷𝑖𝑟(𝛼/𝐾) over the gating
network weights. Supplying a concentration parameter 𝛼 < 1 acts as a severe
sparsity constraint, ensuring the network drives unused clusters towards probability
0, mirroring the stick-breaking properties of DPMMs automatically.

• Consensus Clustering: To determine actual hard cluster sizes after MCMC sam-
pling, we construct an average adjacency matrix measuring how often points are
paired together, and run hierarchical clustering on the complement distance matrix.

Example

Below is an example code snippet demonstrating Unsupervised BNNC using the Bayesian
Inference (BI) package to locate hidden clusters from a 𝐾 = 4 synthetic target.
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Simulated Data

Python (Raw)

from BI import bi
import jax.numpy as jnp
import jax
import numpyro
import jax.scipy.stats as stats
from sklearn.datasets import make_blobs

# Setup device------------------------------------------------
m = bi(platform='cpu')

# Generate Synthetic Data ------------------------------------
# 4 distinct underlying true clusters
data, true_labels = make_blobs(

n_samples=500, centers=4, cluster_std=0.8,
center_box=(-10,10), random_state=101

)
m.data_on_model = dict(data=data)

# Define raw model ------------------------------------------------
def bnn_mixture_model(data, K=11, D_H1=10):

# data shape: (N, D)
N, D_X = data.shape

# --- BNN Gating Network ---
w1 = m.bnn.layer_linear(

data,
dist=m.dist.normal(0, 1, name='w1_weight', shape=(D_X, D_H1)),
activation='tanh'

)

w2 = m.bnn.layer_linear(
w1,
dist=m.dist.normal(0, 0.05, name='w2_weight', shape=(D_H1, K))

)

# Global parsimony prior: Dirichlet prior on global cluster weights
# Alpha < 1 acts as a sparse prior to suppress inactive clusters
alpha = 0.05
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pi = numpyro.sample('global_pi', numpyro.distributions.Dirichlet(jnp.ones(K) * (alpha / K)))

logits = w2 + jnp.log(pi + 1e-10)
log_p = jax.nn.log_softmax(logits, axis=-1)
theta = jnp.exp(log_p)
numpyro.deterministic('theta', theta)

# --- Mixture Components ---
mu = m.dist.normal(0, 5, name='mu', shape=(K, D_X))
sigma = m.dist.exponential(1.0, name='sigma', shape=(K, D_X))

# --- Marginalized Gaussian Mixture ---
data_exp = jnp.expand_dims(data, axis=1) # (N, 1, D_X)
mu_exp = jnp.expand_dims(mu, axis=0) # (1, K, D_X)
sigma_exp = jnp.expand_dims(sigma, axis=0) # (1, K, D_X)

log_pdf_clusters = jnp.sum(stats.norm.logpdf(data_exp, loc=mu_exp, scale=sigma_exp), axis=-1) # (N, K)
weighted_log_pdf = log_p + log_pdf_clusters # (N, K)

# LogSumExp merges K clusters back together
total_log_likelihood = jax.scipy.special.logsumexp(weighted_log_pdf, axis=-1)

# Target Likelihood
numpyro.factor('mixture_likelihood', jnp.sum(total_log_likelihood))

# Run MCMC
m.fit(bnn_mixture_model, num_chains=1)

Python (Build in function)

from BI import bi
from sklearn.datasets import make_blobs
m = bi()

# Generate Synthetic Data ------------------------------------
data, true_labels = make_blobs(

n_samples=500, centers=4, cluster_std=0.8,
center_box=(-10,10), random_state=101

)

# K is the maximum component limit, D_H1 is the hidden width
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m.data_on_model = dict(data=data, K=11, D_H1=10, empirical_bayes=True) # Enables empirical priors over fixed standards

# Run MCMC
m.fit(m.models.bnnc, num_chains=1)

# Predict cluster targets
theta_samps, mu_samps, sigma_samps, labels = m.models.bnnc.predict(data, m.sampler)

# Plot Results
m.models.bnnc.plot(data, m.sampler)

/home/sosa/work/3.12venv/lib/python3.10/site-packages/tqdm/auto.py:21: TqdmWarning:

IProgress not found. Please update jupyter and ipywidgets. See https://ipywidgets.readthedocs.io/en/stable/user_install.html
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warmup: 0%| | 1/2000 [00:00<22:48, 1.46it/s, 1 steps of size 2.34e+00. acc. prob=0.00]warmup: 0%| | 10/2000 [00:00<02:19, 14.30it/s, 1023 steps of size 1.96e-02. acc. prob=0.60]warmup: 1%| | 14/2000 [00:01<02:01, 16.39it/s, 1023 steps of size 1.08e-02. acc. prob=0.64]warmup: 1%| | 17/2000 [00:01<02:23, 13.78it/s, 1023 steps of size 2.06e-02. acc. prob=0.68]warmup: 1%| | 19/2000 [00:01<02:57, 11.19it/s, 1023 steps of size 2.04e-02. acc. prob=0.69]warmup: 1%| | 21/2000 [00:01<03:25, 9.63it/s, 1023 steps of size 5.30e-02. acc. prob=0.72]warmup: 1%| | 23/2000 [00:02<03:49, 8.63it/s, 1023 steps of size 1.05e-02. acc. prob=0.70]warmup: 1%|� | 25/2000 [00:02<04:06, 8.03it/s, 1023 steps of size 2.36e-02. acc. prob=0.72]warmup: 1%|� | 26/2000 [00:02<04:14, 7.75it/s, 1023 steps of size 1.58e-02. acc. prob=0.71]warmup: 1%|� | 27/2000 [00:02<04:22, 7.51it/s, 1023 steps of size 2.62e-02. acc. prob=0.72]warmup: 1%|� | 28/2000 [00:03<04:30, 7.29it/s, 1023 steps of size 1.96e-02. acc. prob=0.72]warmup: 1%|� | 29/2000 [00:03<04:34, 7.18it/s, 1023 steps of size 2.21e-02. acc. prob=0.72]warmup: 2%|� | 30/2000 [00:03<04:39, 7.04it/s, 1023 steps of size 1.76e-02. acc. prob=0.72]warmup: 2%|� | 31/2000 [00:03<04:44, 6.91it/s, 1023 steps of size 2.57e-02. acc. prob=0.73]warmup: 2%|� | 32/2000 [00:03<04:47, 6.86it/s, 1023 steps of size 3.91e-02. acc. prob=0.74]warmup: 2%|� | 33/2000 [00:03<04:51, 6.74it/s, 1023 steps of size 1.93e-02. acc. prob=0.73]warmup: 2%|� | 34/2000 [00:03<04:54, 6.67it/s, 1023 steps of size 2.77e-02. acc. prob=0.73]warmup: 2%|� | 35/2000 [00:04<04:56, 6.63it/s, 1023 steps of size 3.86e-02. acc. prob=0.74]warmup: 2%|� | 36/2000 [00:04<04:56, 6.62it/s, 1023 steps of size 5.96e-02. acc. prob=0.75]warmup: 2%|� | 38/2000 [00:04<03:50, 8.51it/s, 1023 steps of size 1.21e-02. acc. prob=0.73]warmup: 2%|� | 39/2000 [00:04<04:06, 7.95it/s, 1023 steps of size 1.98e-02. acc. prob=0.74]warmup: 2%|� | 40/2000 [00:04<04:17, 7.62it/s, 1023 steps of size 2.63e-02. acc. prob=0.74]warmup: 2%|� | 41/2000 [00:04<04:26, 7.34it/s, 1023 steps of size 2.90e-02. acc. prob=0.74]warmup: 2%|� | 42/2000 [00:05<04:36, 7.09it/s, 1023 steps of size 2.30e-02. acc. prob=0.74]warmup: 2%|� | 43/2000 [00:05<04:41, 6.96it/s, 1023 steps of size 3.28e-02. acc. prob=0.75]warmup: 2%|� | 44/2000 [00:05<04:45, 6.86it/s, 1023 steps of size 4.21e-02. acc. prob=0.75]warmup: 2%|� | 45/2000 [00:05<04:47, 6.80it/s, 1023 steps of size 6.88e-03. acc. prob=0.73]warmup: 2%|� | 46/2000 [00:05<04:47, 6.79it/s, 1023 steps of size 1.18e-02. acc. prob=0.74]warmup: 2%|� | 47/2000 [00:05<04:48, 6.78it/s, 1023 steps of size 1.66e-02. acc. prob=0.74]warmup: 2%|� | 48/2000 [00:05<04:49, 6.75it/s, 1023 steps of size 2.69e-02. acc. prob=0.75]warmup: 2%|� | 49/2000 [00:06<04:49, 6.73it/s, 1023 steps of size 1.68e-02. acc. prob=0.75]warmup: 2%|� | 50/2000 [00:06<04:50, 6.72it/s, 1023 steps of size 2.13e-02. acc. prob=0.75]warmup: 3%|� | 51/2000 [00:06<04:55, 6.60it/s, 1023 steps of size 1.58e-02. acc. prob=0.75]warmup: 3%|� | 52/2000 [00:06<04:56, 6.57it/s, 1023 steps of size 2.18e-02. acc. prob=0.75]warmup: 3%|� | 53/2000 [00:06<04:56, 6.57it/s, 1023 steps of size 3.13e-02. acc. prob=0.75]warmup: 3%|� | 54/2000 [00:06<04:55, 6.59it/s, 1023 steps of size 2.02e-02. acc. prob=0.75]warmup: 3%|� | 55/2000 [00:06<04:55, 6.59it/s, 1023 steps of size 2.87e-02. acc. prob=0.75]warmup: 3%|� | 56/2000 [00:07<04:53, 6.62it/s, 1023 steps of size 1.78e-02. acc. prob=0.75]warmup: 3%|� | 57/2000 [00:07<04:52, 6.63it/s, 1023 steps of size 2.72e-02. acc. prob=0.75]warmup: 3%|� | 58/2000 [00:07<04:51, 6.65it/s, 1023 steps of size 2.93e-02. acc. prob=0.76]warmup: 3%|� | 59/2000 [00:07<04:52, 6.63it/s, 1023 steps of size 7.91e-03. acc. prob=0.75]warmup: 3%|� | 60/2000 [00:07<04:52, 6.62it/s, 1023 steps of size 1.25e-02. acc. prob=0.75]warmup: 3%|� | 61/2000 [00:07<04:51, 6.66it/s, 1023 steps of size 2.01e-02. acc. prob=0.75]warmup: 3%|� | 62/2000 [00:08<04:56, 6.55it/s, 1023 steps of size 3.02e-02. acc. prob=0.76]warmup: 3%|� | 63/2000 [00:08<05:05, 6.34it/s, 1023 steps of size 2.44e-02. acc. prob=0.76]warmup: 3%|� | 64/2000 [00:08<05:04, 6.36it/s, 1023 steps of size 2.61e-02. acc. prob=0.76]warmup: 3%|� | 65/2000 [00:08<05:00, 6.44it/s, 1023 steps of size 4.10e-02. acc. prob=0.76]warmup: 3%|� | 66/2000 [00:08<04:58, 6.49it/s, 1023 steps of size 1.21e-02. acc. prob=0.75]warmup: 3%|� | 67/2000 [00:08<04:55, 6.54it/s, 1023 steps of size 1.71e-02. acc. prob=0.76]warmup: 3%|� | 68/2000 [00:08<05:04, 6.35it/s, 1023 steps of size 2.28e-02. acc. prob=0.76]warmup: 3%|� | 69/2000 [00:09<05:17, 6.09it/s, 1023 steps of size 1.96e-02. acc. prob=0.76]warmup: 4%|� | 70/2000 [00:09<05:08, 6.26it/s, 1023 steps of size 2.93e-02. acc. prob=0.76]warmup: 4%|� | 71/2000 [00:09<05:03, 6.36it/s, 1023 steps of size 4.44e-02. acc. prob=0.76]warmup: 4%|� | 72/2000 [00:09<04:59, 6.43it/s, 1023 steps of size 2.45e-02. acc. prob=0.76]warmup: 4%|� | 73/2000 [00:09<04:55, 6.51it/s, 1023 steps of size 2.57e-02. acc. prob=0.76]warmup: 4%|� | 75/2000 [00:09<04:24, 7.27it/s, 1023 steps of size 2.62e-02. acc. prob=0.76]warmup: 4%|� | 76/2000 [00:10<04:32, 7.06it/s, 1023 steps of size 2.90e-02. acc. prob=0.76]warmup: 4%|� | 77/2000 [00:10<04:38, 6.90it/s, 1023 steps of size 3.04e-02. acc. prob=0.76]warmup: 4%|� | 78/2000 [00:10<04:42, 6.81it/s, 1023 steps of size 3.02e-02. acc. prob=0.76]warmup: 4%|� | 79/2000 [00:10<04:44, 6.76it/s, 1023 steps of size 3.46e-02. acc. prob=0.76]warmup: 4%|� | 80/2000 [00:10<04:45, 6.73it/s, 1023 steps of size 1.74e-02. acc. prob=0.76]warmup: 4%|� | 81/2000 [00:10<04:45, 6.72it/s, 1023 steps of size 1.66e-02. acc. prob=0.76]warmup: 4%|� | 82/2000 [00:11<04:47, 6.68it/s, 1023 steps of size 1.72e-02. acc. prob=0.76]warmup: 4%|� | 83/2000 [00:11<04:47, 6.68it/s, 1023 steps of size 2.05e-02. acc. prob=0.76]warmup: 4%|� | 84/2000 [00:11<04:47, 6.66it/s, 1023 steps of size 2.89e-02. acc. prob=0.76]warmup: 4%|� | 86/2000 [00:11<04:01, 7.93it/s, 975 steps of size 1.74e-02. acc. prob=0.76] warmup: 4%|� | 87/2000 [00:11<04:12, 7.58it/s, 1023 steps of size 1.64e-02. acc. prob=0.76]warmup: 4%|� | 88/2000 [00:11<04:20, 7.33it/s, 1023 steps of size 2.17e-02. acc. prob=0.76]warmup: 4%|� | 89/2000 [00:11<04:27, 7.13it/s, 1023 steps of size 1.88e-02. acc. prob=0.76]warmup: 4%|� | 90/2000 [00:12<04:33, 6.99it/s, 1023 steps of size 1.46e-02. acc. prob=0.76]warmup: 5%|� | 91/2000 [00:12<04:38, 6.87it/s, 1023 steps of size 2.12e-02. acc. prob=0.76]warmup: 5%|� | 92/2000 [00:12<04:43, 6.72it/s, 1023 steps of size 2.86e-02. acc. prob=0.77]warmup: 5%|� | 93/2000 [00:12<04:46, 6.65it/s, 1023 steps of size 2.90e-02. acc. prob=0.77]warmup: 5%|� | 94/2000 [00:12<04:46, 6.64it/s, 1023 steps of size 1.96e-02. acc. prob=0.76]warmup: 5%|� | 95/2000 [00:12<04:47, 6.63it/s, 1023 steps of size 2.52e-02. acc. prob=0.77]warmup: 5%|� | 96/2000 [00:13<04:47, 6.63it/s, 1023 steps of size 1.88e-02. acc. prob=0.76]warmup: 5%|� | 98/2000 [00:13<03:48, 8.31it/s, 1023 steps of size 3.00e-02. acc. prob=0.77]warmup: 5%|� | 99/2000 [00:13<04:03, 7.81it/s, 1023 steps of size 2.41e-02. acc. prob=0.77]warmup: 5%|� | 100/2000 [00:13<04:15, 7.44it/s, 1023 steps of size 3.07e-02. acc. prob=0.77]warmup: 5%|� | 108/2000 [00:13<01:24, 22.29it/s, 127 steps of size 8.31e-02. acc. prob=0.77] warmup: 6%|� | 115/2000 [00:13<00:58, 32.27it/s, 255 steps of size 4.00e-02. acc. prob=0.77]warmup: 6%|� | 119/2000 [00:13<01:02, 30.07it/s, 127 steps of size 6.57e-02. acc. prob=0.77]warmup: 6%|� | 125/2000 [00:14<00:50, 37.03it/s, 255 steps of size 4.80e-02. acc. prob=0.77]warmup: 7%|� | 131/2000 [00:14<00:43, 42.69it/s, 63 steps of size 6.77e-02. acc. prob=0.77] warmup: 7%|� | 137/2000 [00:14<00:40, 46.51it/s, 127 steps of size 8.73e-02. acc. prob=0.77]warmup: 7%|� | 147/2000 [00:14<00:31, 59.76it/s, 63 steps of size 1.17e-01. acc. prob=0.78] warmup: 8%|� | 157/2000 [00:14<00:26, 69.03it/s, 63 steps of size 1.10e-01. acc. prob=0.77]warmup: 8%|� | 165/2000 [00:14<00:32, 57.12it/s, 255 steps of size 3.07e-02. acc. prob=0.77]warmup: 9%|� | 172/2000 [00:14<00:31, 58.70it/s, 255 steps of size 2.54e-02. acc. prob=0.77]warmup: 9%|� | 180/2000 [00:14<00:33, 54.38it/s, 511 steps of size 2.18e-02. acc. prob=0.77]warmup: 9%|� | 187/2000 [00:15<00:33, 54.90it/s, 255 steps of size 3.96e-02. acc. prob=0.77]warmup: 10%|� | 196/2000 [00:15<00:28, 62.94it/s, 127 steps of size 7.25e-02. acc. prob=0.78]warmup: 10%|� | 207/2000 [00:15<00:24, 74.09it/s, 63 steps of size 7.01e-02. acc. prob=0.78] warmup: 11%|� | 218/2000 [00:15<00:23, 77.40it/s, 255 steps of size 3.02e-02. acc. prob=0.78]warmup: 11%|�� | 228/2000 [00:15<00:21, 81.97it/s, 127 steps of size 5.32e-02. acc. prob=0.78]warmup: 12%|�� | 238/2000 [00:15<00:20, 85.50it/s, 127 steps of size 6.32e-02. acc. prob=0.78]warmup: 12%|�� | 247/2000 [00:15<00:20, 85.16it/s, 63 steps of size 1.04e-01. acc. prob=0.78] warmup: 13%|�� | 256/2000 [00:15<00:20, 83.39it/s, 127 steps of size 7.39e-02. acc. prob=0.78]warmup: 13%|�� | 265/2000 [00:15<00:21, 81.36it/s, 63 steps of size 9.97e-02. acc. prob=0.78] warmup: 14%|�� | 274/2000 [00:16<00:23, 74.92it/s, 31 steps of size 3.80e-02. acc. prob=0.78]warmup: 14%|�� | 285/2000 [00:16<00:20, 83.40it/s, 63 steps of size 1.45e-01. acc. prob=0.78]warmup: 15%|�� | 298/2000 [00:16<00:18, 94.34it/s, 63 steps of size 7.87e-02. acc. prob=0.78]warmup: 15%|�� | 308/2000 [00:16<00:19, 85.63it/s, 63 steps of size 9.73e-02. acc. prob=0.78]warmup: 16%|�� | 318/2000 [00:16<00:18, 88.68it/s, 31 steps of size 1.41e-01. acc. prob=0.78]warmup: 16%|�� | 328/2000 [00:16<00:18, 90.69it/s, 127 steps of size 7.10e-02. acc. prob=0.78]warmup: 17%|�� | 338/2000 [00:16<00:18, 89.29it/s, 63 steps of size 7.11e-02. acc. prob=0.78] warmup: 17%|�� | 349/2000 [00:16<00:17, 92.54it/s, 63 steps of size 3.09e-02. acc. prob=0.78]warmup: 18%|�� | 359/2000 [00:16<00:18, 86.50it/s, 63 steps of size 7.23e-02. acc. prob=0.78]warmup: 18%|�� | 369/2000 [00:17<00:18, 85.96it/s, 127 steps of size 5.76e-02. acc. prob=0.78]warmup: 19%|�� | 380/2000 [00:17<00:17, 91.83it/s, 63 steps of size 6.64e-02. acc. prob=0.78] warmup: 20%|�� | 390/2000 [00:17<00:17, 93.21it/s, 63 steps of size 1.22e-01. acc. prob=0.78]warmup: 20%|�� | 401/2000 [00:17<00:16, 96.76it/s, 63 steps of size 8.74e-02. acc. prob=0.78]warmup: 21%|�� | 411/2000 [00:17<00:17, 91.05it/s, 63 steps of size 3.76e-02. acc. prob=0.78]warmup: 21%|�� | 421/2000 [00:17<00:18, 84.53it/s, 63 steps of size 9.34e-02. acc. prob=0.78]warmup: 22%|��� | 432/2000 [00:17<00:17, 90.22it/s, 63 steps of size 1.02e-01. acc. prob=0.79]warmup: 22%|��� | 442/2000 [00:17<00:17, 89.15it/s, 127 steps of size 5.28e-02. acc. prob=0.78]warmup: 23%|��� | 453/2000 [00:18<00:16, 93.66it/s, 63 steps of size 7.07e-02. acc. prob=0.78] warmup: 23%|��� | 463/2000 [00:18<00:22, 69.25it/s, 63 steps of size 1.00e-01. acc. prob=0.78]warmup: 24%|��� | 474/2000 [00:18<00:19, 78.11it/s, 127 steps of size 4.76e-02. acc. prob=0.78]warmup: 24%|��� | 483/2000 [00:18<00:20, 72.31it/s, 127 steps of size 4.93e-02. acc. prob=0.78]warmup: 25%|��� | 494/2000 [00:18<00:18, 80.53it/s, 31 steps of size 2.69e-02. acc. prob=0.78] warmup: 25%|��� | 503/2000 [00:18<00:18, 80.84it/s, 63 steps of size 9.72e-02. acc. prob=0.79]warmup: 26%|��� | 513/2000 [00:18<00:18, 79.31it/s, 255 steps of size 3.34e-02. acc. prob=0.78]warmup: 26%|��� | 522/2000 [00:18<00:18, 80.11it/s, 63 steps of size 8.21e-02. acc. prob=0.79] warmup: 27%|��� | 534/2000 [00:19<00:17, 86.22it/s, 127 steps of size 6.57e-02. acc. prob=0.79]warmup: 27%|��� | 543/2000 [00:19<00:18, 77.39it/s, 127 steps of size 7.13e-02. acc. prob=0.79]warmup: 28%|��� | 554/2000 [00:19<00:16, 85.12it/s, 63 steps of size 8.75e-02. acc. prob=0.79] warmup: 28%|��� | 563/2000 [00:19<00:16, 85.17it/s, 127 steps of size 6.11e-02. acc. prob=0.79]warmup: 29%|��� | 573/2000 [00:19<00:16, 88.77it/s, 63 steps of size 4.86e-02. acc. prob=0.79] warmup: 29%|��� | 583/2000 [00:19<00:18, 78.34it/s, 63 steps of size 1.04e-01. acc. prob=0.79]warmup: 30%|��� | 593/2000 [00:19<00:17, 82.76it/s, 63 steps of size 6.08e-02. acc. prob=0.79]warmup: 30%|��� | 602/2000 [00:19<00:16, 84.14it/s, 127 steps of size 5.74e-02. acc. prob=0.79]warmup: 31%|��� | 614/2000 [00:20<00:15, 91.78it/s, 63 steps of size 5.48e-02. acc. prob=0.79] warmup: 31%|��� | 624/2000 [00:20<00:14, 92.31it/s, 63 steps of size 7.91e-02. acc. prob=0.79]warmup: 32%|���� | 634/2000 [00:20<00:14, 91.67it/s, 63 steps of size 4.73e-02. acc. prob=0.79]warmup: 32%|���� | 644/2000 [00:20<00:14, 91.82it/s, 63 steps of size 1.19e-01. acc. prob=0.79]warmup: 33%|���� | 655/2000 [00:20<00:14, 95.31it/s, 63 steps of size 8.16e-02. acc. prob=0.79]warmup: 33%|���� | 665/2000 [00:20<00:14, 90.42it/s, 127 steps of size 4.40e-02. acc. prob=0.79]warmup: 34%|���� | 675/2000 [00:20<00:14, 89.72it/s, 31 steps of size 8.34e-02. acc. prob=0.79] warmup: 34%|���� | 685/2000 [00:20<00:15, 85.96it/s, 63 steps of size 6.44e-02. acc. prob=0.79]warmup: 35%|���� | 694/2000 [00:20<00:15, 82.72it/s, 63 steps of size 6.97e-02. acc. prob=0.79]warmup: 35%|���� | 706/2000 [00:21<00:14, 91.19it/s, 63 steps of size 7.70e-02. acc. prob=0.79]warmup: 36%|���� | 716/2000 [00:21<00:14, 87.12it/s, 63 steps of size 6.01e-02. acc. prob=0.79]warmup: 36%|���� | 726/2000 [00:21<00:14, 89.47it/s, 63 steps of size 6.72e-02. acc. prob=0.79]warmup: 37%|���� | 737/2000 [00:21<00:13, 92.88it/s, 63 steps of size 8.61e-02. acc. prob=0.79]warmup: 37%|���� | 748/2000 [00:21<00:12, 96.64it/s, 63 steps of size 8.87e-02. acc. prob=0.79]warmup: 38%|���� | 761/2000 [00:21<00:11, 104.76it/s, 63 steps of size 7.90e-02. acc. prob=0.79]warmup: 39%|���� | 772/2000 [00:21<00:12, 101.38it/s, 63 steps of size 8.74e-02. acc. prob=0.79]warmup: 39%|���� | 783/2000 [00:21<00:12, 99.20it/s, 127 steps of size 5.66e-02. acc. prob=0.79]warmup: 40%|���� | 793/2000 [00:21<00:12, 98.92it/s, 63 steps of size 9.43e-02. acc. prob=0.79] warmup: 40%|���� | 805/2000 [00:22<00:11, 104.59it/s, 63 steps of size 6.78e-02. acc. prob=0.79]warmup: 41%|���� | 816/2000 [00:22<00:11, 103.72it/s, 63 steps of size 9.89e-02. acc. prob=0.79]warmup: 41%|����� | 827/2000 [00:22<00:11, 104.46it/s, 63 steps of size 1.17e-01. acc. prob=0.79]warmup: 42%|����� | 840/2000 [00:22<00:10, 110.40it/s, 63 steps of size 8.73e-02. acc. prob=0.79]warmup: 43%|����� | 852/2000 [00:22<00:10, 110.40it/s, 63 steps of size 6.95e-02. acc. prob=0.79]warmup: 43%|����� | 864/2000 [00:22<00:10, 107.47it/s, 63 steps of size 8.55e-02. acc. prob=0.79]warmup: 44%|����� | 876/2000 [00:22<00:10, 109.34it/s, 63 steps of size 9.16e-02. acc. prob=0.79]warmup: 44%|����� | 888/2000 [00:22<00:10, 109.17it/s, 127 steps of size 5.77e-02. acc. prob=0.79]warmup: 45%|����� | 899/2000 [00:22<00:10, 103.06it/s, 63 steps of size 6.44e-02. acc. prob=0.79] warmup: 46%|����� | 910/2000 [00:23<00:10, 101.77it/s, 63 steps of size 7.78e-02. acc. prob=0.79]warmup: 46%|����� | 921/2000 [00:23<00:10, 102.59it/s, 63 steps of size 5.14e-02. acc. prob=0.79]warmup: 47%|����� | 932/2000 [00:23<00:10, 103.90it/s, 63 steps of size 8.94e-02. acc. prob=0.79]warmup: 47%|����� | 943/2000 [00:23<00:10, 103.82it/s, 63 steps of size 8.19e-02. acc. prob=0.79]warmup: 48%|����� | 955/2000 [00:23<00:10, 104.25it/s, 127 steps of size 3.78e-02. acc. prob=0.79]warmup: 48%|����� | 966/2000 [00:23<00:11, 86.79it/s, 255 steps of size 3.36e-02. acc. prob=0.79] warmup: 49%|����� | 976/2000 [00:23<00:12, 82.26it/s, 63 steps of size 8.25e-02. acc. prob=0.79] warmup: 49%|����� | 985/2000 [00:23<00:12, 84.08it/s, 63 steps of size 4.03e-02. acc. prob=0.79]warmup: 50%|����� | 994/2000 [00:23<00:12, 79.68it/s, 31 steps of size 2.41e-02. acc. prob=0.79]sample: 50%|����� | 1003/2000 [00:24<00:12, 79.34it/s, 63 steps of size 5.54e-02. acc. prob=0.98]sample: 51%|����� | 1013/2000 [00:24<00:11, 84.69it/s, 63 steps of size 5.54e-02. acc. prob=0.98]sample: 51%|����� | 1024/2000 [00:24<00:10, 89.37it/s, 63 steps of size 5.54e-02. acc. prob=0.97]sample: 52%|������ | 1034/2000 [00:24<00:10, 91.29it/s, 63 steps of size 5.54e-02. acc. prob=0.96]sample: 52%|������ | 1044/2000 [00:24<00:10, 93.38it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 53%|������ | 1054/2000 [00:24<00:09, 94.73it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 53%|������ | 1064/2000 [00:24<00:09, 96.03it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 54%|������ | 1075/2000 [00:24<00:09, 97.21it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 54%|������ | 1086/2000 [00:24<00:09, 98.02it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 55%|������ | 1096/2000 [00:25<00:09, 98.20it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 55%|������ | 1107/2000 [00:25<00:08, 99.42it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 56%|������ | 1117/2000 [00:25<00:08, 99.29it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 56%|������ | 1127/2000 [00:25<00:08, 99.35it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 57%|������ | 1138/2000 [00:25<00:08, 99.93it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 57%|������ | 1149/2000 [00:25<00:08, 100.13it/s, 63 steps of size 5.54e-02. acc. prob=0.95]sample: 58%|������ | 1160/2000 [00:25<00:08, 99.68it/s, 63 steps of size 5.54e-02. acc. prob=0.95] sample: 58%|������ | 1170/2000 [00:25<00:08, 98.41it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 59%|������ | 1181/2000 [00:25<00:08, 99.11it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 60%|������ | 1192/2000 [00:26<00:08, 99.54it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 60%|������ | 1203/2000 [00:26<00:07, 100.05it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 61%|������ | 1214/2000 [00:26<00:07, 100.76it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 61%|������� | 1225/2000 [00:26<00:07, 100.68it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 62%|������� | 1236/2000 [00:26<00:07, 100.48it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 62%|������� | 1247/2000 [00:26<00:07, 100.49it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 63%|������� | 1258/2000 [00:26<00:07, 99.41it/s, 63 steps of size 5.54e-02. acc. prob=0.94] sample: 63%|������� | 1268/2000 [00:26<00:07, 99.40it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 64%|������� | 1278/2000 [00:26<00:07, 98.64it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 64%|������� | 1289/2000 [00:26<00:07, 99.28it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 65%|������� | 1300/2000 [00:27<00:07, 99.85it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 66%|������� | 1311/2000 [00:27<00:06, 100.38it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 66%|������� | 1322/2000 [00:27<00:06, 100.69it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 67%|������� | 1333/2000 [00:27<00:06, 100.98it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 67%|������� | 1344/2000 [00:27<00:06, 101.27it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 68%|������� | 1355/2000 [00:27<00:06, 101.03it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 68%|������� | 1366/2000 [00:27<00:06, 101.35it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 69%|������� | 1377/2000 [00:27<00:06, 100.52it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 69%|������� | 1388/2000 [00:27<00:06, 100.39it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 70%|������� | 1399/2000 [00:28<00:06, 99.96it/s, 63 steps of size 5.54e-02. acc. prob=0.93] sample: 70%|������� | 1409/2000 [00:28<00:05, 99.45it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 71%|������� | 1419/2000 [00:28<00:05, 99.55it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 72%|�������� | 1430/2000 [00:28<00:05, 99.73it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 72%|�������� | 1441/2000 [00:28<00:05, 100.01it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 73%|�������� | 1452/2000 [00:28<00:05, 100.49it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 73%|�������� | 1463/2000 [00:28<00:05, 100.94it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 74%|�������� | 1474/2000 [00:28<00:05, 101.07it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 74%|�������� | 1485/2000 [00:28<00:05, 100.25it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 75%|�������� | 1496/2000 [00:29<00:05, 99.68it/s, 63 steps of size 5.54e-02. acc. prob=0.93] sample: 75%|�������� | 1506/2000 [00:29<00:04, 99.57it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 76%|�������� | 1517/2000 [00:29<00:04, 99.87it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 76%|�������� | 1527/2000 [00:29<00:04, 99.54it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 77%|�������� | 1537/2000 [00:29<00:04, 99.52it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 77%|�������� | 1548/2000 [00:29<00:04, 100.27it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 78%|�������� | 1559/2000 [00:29<00:04, 100.34it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 78%|�������� | 1570/2000 [00:29<00:04, 100.02it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 79%|�������� | 1581/2000 [00:29<00:04, 99.85it/s, 63 steps of size 5.54e-02. acc. prob=0.94] sample: 80%|�������� | 1592/2000 [00:29<00:04, 100.14it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 80%|�������� | 1603/2000 [00:30<00:03, 100.80it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 81%|�������� | 1614/2000 [00:30<00:03, 100.70it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 81%|��������� | 1625/2000 [00:30<00:03, 101.17it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 82%|��������� | 1636/2000 [00:30<00:03, 100.64it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 82%|��������� | 1647/2000 [00:30<00:03, 98.85it/s, 63 steps of size 5.54e-02. acc. prob=0.94] sample: 83%|��������� | 1658/2000 [00:30<00:03, 99.42it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 83%|��������� | 1668/2000 [00:30<00:03, 99.49it/s, 63 steps of size 5.54e-02. acc. prob=0.94]sample: 84%|��������� | 1678/2000 [00:30<00:03, 99.63it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 84%|��������� | 1689/2000 [00:30<00:03, 100.05it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 85%|��������� | 1700/2000 [00:31<00:02, 100.39it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 86%|��������� | 1711/2000 [00:31<00:02, 100.06it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 86%|��������� | 1722/2000 [00:31<00:02, 100.70it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 87%|��������� | 1733/2000 [00:31<00:02, 100.31it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 87%|��������� | 1744/2000 [00:31<00:02, 100.67it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 88%|��������� | 1755/2000 [00:31<00:02, 100.74it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 88%|��������� | 1766/2000 [00:31<00:02, 100.50it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 89%|��������� | 1777/2000 [00:31<00:02, 100.10it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 89%|��������� | 1788/2000 [00:31<00:02, 100.37it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 90%|��������� | 1799/2000 [00:32<00:02, 99.84it/s, 63 steps of size 5.54e-02. acc. prob=0.93] sample: 90%|��������� | 1810/2000 [00:32<00:01, 100.34it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 91%|��������� | 1821/2000 [00:32<00:01, 100.51it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 92%|����������| 1832/2000 [00:32<00:01, 100.30it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 92%|����������| 1843/2000 [00:32<00:01, 100.74it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 93%|����������| 1854/2000 [00:32<00:01, 101.21it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 93%|����������| 1865/2000 [00:32<00:01, 101.48it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 94%|����������| 1876/2000 [00:32<00:01, 100.34it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 94%|����������| 1887/2000 [00:32<00:01, 99.83it/s, 63 steps of size 5.54e-02. acc. prob=0.93] sample: 95%|����������| 1897/2000 [00:33<00:01, 99.59it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 95%|����������| 1908/2000 [00:33<00:00, 100.47it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 96%|����������| 1919/2000 [00:33<00:00, 100.57it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 96%|����������| 1930/2000 [00:33<00:00, 101.08it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 97%|����������| 1941/2000 [00:33<00:00, 100.51it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 98%|����������| 1952/2000 [00:33<00:00, 98.31it/s, 63 steps of size 5.54e-02. acc. prob=0.93] sample: 98%|����������| 1962/2000 [00:33<00:00, 98.60it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 99%|����������| 1973/2000 [00:33<00:00, 99.35it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 99%|����������| 1983/2000 [00:33<00:00, 98.81it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 100%|����������| 1993/2000 [00:34<00:00, 97.69it/s, 63 steps of size 5.54e-02. acc. prob=0.93]sample: 100%|����������| 2000/2000 [00:34<00:00, 58.69it/s, 63 steps of size 5.54e-02. acc. prob=0.93]

� This function is still in development. Use it with caution.� 
Model found 4 clusters.
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BNNC Clustering Assignments

Mathematical Details

In the Bayesian formulation, we place priors � on all weights and biases and define a likelihood
for the output. For a BNNC model with a 𝐾-hidden-layer gating network and a 𝐷𝑋-vector of
predictors we can run the model as below. For the code example, we consider a single hidden
layer gating network with a hyperbolic tangent (tanh) activation function �. Because the input
matrix 𝑋 incorporates the intercept as its first column, the bias term is implicitly included in
the layer’s weights:
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log 𝑝(𝑋𝑖 ∣ 𝜇, 𝜎, 𝜃) = LogSumExp [log(𝜃𝑖𝑘) + log 𝒩(𝑋𝑖 ∣ 𝜇𝑘, 𝜎𝑘)]𝐾𝑘=1
𝜃𝑖 = Softmax(𝜙𝑖)
𝜙𝑖 = 𝐻𝑖𝑊2 + log(𝜋)
𝐻𝑖 = tanh(𝑋𝑖𝑊1)

𝜋 ∼ Dirichlet( 𝛼
𝐾 , … , 𝛼

𝐾 )
𝑊1 ∼ Normal(0, 1)
𝑊2 ∼ Normal(0, 0.05)
𝜇𝑘 ∼ Normal(0, 5)
𝜎𝑘 ∼ Exponential(1)

where:

• 𝑋𝑖 is the observed data vector for the 𝑖-th observation.
• 𝜃𝑖𝑘 is the probability of assigning observation 𝑖 to component 𝑘.
• 𝜋 is the global cluster weight vector, which enforces parsimony via a Dirichlet prior.
• 𝛼 is the concentration parameter (e.g., 0.05), driving unused clusters towards zero.
• 𝐻𝑖 is the hidden layer representation vector for the 𝑖-th observation (𝐷𝐻 = 10).
• 𝑊1 and 𝑊2 are the weight matrices of the gating network.
• 𝜇𝑘 and 𝜎𝑘 are the mean and standard deviation for the 𝑘-th Gaussian mixture component.
• All gating network weights are assigned independent Normal priors.
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