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Introduction Our Algorithm

» \Weighted networks often reveal more refined community SVPS: Stepwise Variance Profile Scaling
structure than corresponding unweighted ones.

Form=1,2,...
» \We want to study how to consistently estimate the number of

communities in weighted networks under mild conditions. 1 Group nodes into m distinct communities using SCORE.

2 Obtain estimated mean adjacency matrix M ™ by fitting

Contributions: | o | DCSBM and derive the estimated variance profile matrix
1 We propose the weighted DCSBM, which Is a generic model v (m) Using the variance-mean relationship.

for weighted networks without modeling the likelihood.

3 Find the scaling matrix W™ such that ¥V Mg () is dou-

2 We propose a stepwise testing procedure in selecting the bly stochastic (every row sum equals 1).
number of communities under the weighted DCSBM ana ! !
prove the consistency of the procedure under mild condi- 4 Obtain test statistic T},,, = |Ami1 ((\If(m)>2A (\If(m)>2) .
fions.

Stop the procedure if T),,, < 2+ € and obtain K =m.

3 We generalize the Nonspliting Property of SCORE to
welghted DCSBM.

4 Simulations on both synthetic and real-world weighted net- Theoretical Results
works show empirical consistency of our proposed proce-
dure. Theorem (Null Case). If we implement SVPS with m = K and

SCORE for spectral clustering, then for any fixed ¢y > 0 In As-
sumption 1, asn — oo, we have T,,,, < 2+ op(1).

Weighted DCSBM

» Key difference from standard DCSBM: [nstead of specifying
the exact likelihood, the model only specifies the first two mo-

ments. Definition (Nonsplitting Property (Jin et al., 2022)). The esti-
mated communities of a network satisty the Nonsplitting Prop-
erty If the true communities are a refinement of the estimatead

Theorem (Underfitting Case). If we implement SVPS with m <
K and SCORE for spectral clustering, then for any fixed ¢y > 0

. L P
in Assumption 1, as n — oo, we have 75, ,,, — oo.

» Parameters: 6; is the heterogeneity parameter; w;, € R in-
dicates the community belonging of node ¢; B Is the K x K

symmetric community connectivity matrix. ONES.
» First moment: E[A;] = M, = ;0.7 B, Lemma (Nonsplitting Property). Under Assumption 1, with any
; R ! | fixed ¢y > 0, for any fixed m < K, SCORE satisfies the NSP with
» Second moment: V;j.:: .Var(.AZ-j) = v(M;;), where v is known brobability 1 — O(n=?).
from the underlying distribution.
Estimation of parameters: Experlments
» Node community belonging is estimated by SCORE. Generating mechanism of synthetic networks:
> 0 \/(ikm)TAi;m)d where d; is the degree of node i. » Underlying generating distributions: Poisson, binomial and
: iAo Z negative binomial.
> §(m> <1Ecm>)TA1§m> . > 5 = 0 (1 +7r X 1{kzg}) .
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, . Figure 1. Accuracy rate of SVPS and other methods for comparison.
where R(cy) is a constant only depending on c.



