
𝜖-approximate AESC solutions:
• spanning tree sampling: ST-Edge
• random walk sampling with our τ: 
• MonteCarlo, MonteCarlo-C

• our proposal:
• TGT (steps 1-2), TGT+ (steps 1-3)

Simple random walk from node 𝑣!:

SC in a view of simple random walk [Peng et al. KDD’21]:

Input: 
an undirected and connected graph 𝐺
Spanning centrality 𝒔 𝒆𝒊,𝒋 of an edge 𝒆𝒊,𝒋: 
the fraction of spanning trees of 𝐺 that contains 𝑒!,#

𝜖-approximate All Edge Spanning Centrality (AESC):
the estimated SC �̂� 𝑒!,# for every edge 𝑒!,# satisfying

𝑠 𝑒!,# − �̂� 𝑒!,# ≤ 𝜖
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A higher SC 𝑠 𝑒!,# → 𝑒!,# is more crucial for connectedness
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𝑝ℓ 𝑣!, 𝑣# = Pr[A simple random walk from 𝑣! visits 𝑣# at the ℓ-th step]

𝑑 𝑣! = #neighbors of 𝑣!
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Shorten by a derived length threshold 𝝉

�̂� 𝑒!,# = �̂�) 𝑒!,#

Estimated by random walk samplings
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Separate the random walk interpretation of SC into three parts: 
Step 1:  

improved length threshold 𝜏!,#
personalized to each 𝒆!,#

endpoints with
larger degrees

decomposed by graph 
spectral property

Switch when the cost of 
step 2 exceeds step 3

Step 2:  
Deterministic graph traversal in a 

reverse manner for the first (𝝉 steps

Step 3:  
Random walk samplings 
for the rest 𝝉 − (𝝉 steps

rely on 𝑝ℓ 𝑣∗, 𝑣!

deterministic traversal 
reversely from 𝑣!
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𝑝ℓ 𝑣!, 𝑣. − 𝑝ℓ 𝑣#, 𝑣.

all 𝑝+) 𝑣∗, 𝑣! are 
known in step 2

estimate by generating 
random walks from 

𝑣! and 𝑣#

utilize eigenvectors 
and eigenvalues of 𝐺

smaller SC values
and smaller 𝜏

utilize the degree 
information of two 

endpoints 
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