Efficient Approximation Algorithms for Spanning Centrality
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Problem Definition State of the Art
Input: Simple random walk from node v,:

an undirected and connected graph G

Spanning centrality s(ei,]-) of an edge e; ;:

the fraction of spanning trees of (¢ that contains e; j

d(v;) = #neighbors of v;

C{i@ Q E Q E C E s(O—0) == (v, vj) = Pr[A simple random walk from v; visits v; at the £-th step]

spanning trees SCina view of simple random walk [peng et al. kDD"21]:

O—0) = p#(vuvl) p{’(vj:v]) p{’(vuv]) pf(v]'vl)
C%2@ C3080 QSSO 0580 O-0)=1 s(eui) = 2 awn dwv)  d@p)  dw)

spanning trees =0 \_p\RGE

= == e e o e e l Shorten by a derived length threshold 7

———————————————————————————————————————————————————————————————

sc(e;;) = > Pe(vi, v) + pe(v),v)) P{’(Vu v;) pg(v],v)

e-approximate All Edge Spanning Centrality (AESC): d(v;) d(v)) d(v)) d(v;)

£=0

the estimated SC §(ei,j) for every edge e; ; satisfying l Estimated by random walk samplings

|s(eij) —3(eij)| < e s(er;) = 8.(ei ;)

Our Proposal

. ] ] Switch when the cost of
Separate the random walk interpretation of SC into three parts:  siep 2 exceeds step 3

Step 1: Step 2: R - . \ Step 3:

improved length threshold 7; ; Deterministic graph traversal in a Random walk samplings
personalized to each el j reverse manner for the first 7 steps for the rest T — 7 steps
+00 BV
pe(v;, v;) + pi’(vJ' ”J) p{)(vl,vj)l pg(v],vl) 2 pe(vy, v;) pg(v], UJ) pf(vv ”J) p,g(v], v;) 4 pe(v;, v;) o Pt’(vj'vj) _ pe(vi, vj) _ pi’(vj' v;)
e d(v;) d(vj) |\ d(vj) /I d(v;) d(v;) d(vj) d(v]) d(v;) = d(v;) d(vj) d(vj) d(v;)
endpoints with decomposed by graph 7 -7
larger degrees spectral property pe(vi, vi) Do (vf’ vi) D¢ (vf’ UJ') Pe (Ui’ vf) Pz (Vx, Vi) . _ .
d - d + d - d(v) pf(vl' vx) pf(v]' vx)
1 1 ] (vi) (v;) (v;) d (vj) o i —
smaller SC values utilize eigenvectors 1 1
and smaller t and eigenvalues of G rely on pg(v*, 7)) % all = (v,, v;) are estimate by generating
1 known in step 2 random walks from
utilize the degree R 1(171 Vi) _ Pe- 1(1’] v;) v; and v;
: : determlnlstlc traversal 7 d(vy)
information of two (07, 0:)
endpoints reversely from v; po(vy,v;) += = ; (v’ ) = =pp_1 (v, v7)
y
Experiments
e-approximate AESC solutions: Running time vs. absolute error
e spannine tree sam ||n . ST‘Ed e —©— IGI+ —— TGT ——  ST-Edge —+H—  MonteCarlo ——  MonteCarlo-C
p g p g ) g running time (sec) running time (sec) running time (sec) ) r:nning time (sec) running time (sec)
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 TGT (steps 1-2), TGT+ (steps 1-3) ¢ ¢ e ¢ e
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