Incremental Spectral Clustering with the Normalised Laplacian
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e Spectral clustering approach ...
—Eigen-decomposition of a (Laplacian) matrix
—k-means on eigen-vectors

e ... on (slowly) changing graphs Yot fiig

= Exact computation at each iteration is too expensive 3
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e Fast update of the eigen-decomposition / of the clustering

Standard spectral clustering [2] ... ... In the context of changing graphs

Aim: group similar nodes of a graph Spectral approach: eigen-decomposition £-means e W depends on time (W)
¢ \W: adjacency matrix (symmetric) o W ~ Wi+
o D: degree matrix (diagonal); = >, W;) o W big (thousands of nodes)
oL = | — D *WD 2: Normalized Laplacian matrix = Exact computation otfg,(f> andc) at each iteration is too ex
e QQQ" = L: eigen-decompositioof L pensive

e Q.. eigen-vectors (columns IQ) corresponding to the
k smallest eigen-values

e Q,: Q, normalized row by row

o C: cluster membership vector,
obtained through-meanQ,.)

Update of the best rank-k approximation Incremental Approximate Spectral Clustering

(looking for the greatest eigen-values instead of the sraitine) S
Guideline

Living space of Y, e Consider thaormalized signless Laplacian I;t —| + D WD :
e DeflateY, e Update of the best rank; approximation oL,
~Y,=(1 - Q.QF — )Y2 e Initialize k-means with previous clustering

Aim
T
e Known: Q|0 Q"
best rankk approximation ot. "

T
e To computeQ| Qg+

best rankk approximation ot ) B Algorithm
_LD) L0 ) —Py35,Q, Require: GraphsG,...,Gr, no. of clusters:;, matrix approxima-
_yt+) — YlYT n YQYT (small rank) =Y, livesin Span(QE?) P, Py) tion rankk, > ki, eigen-decomposition recomputation sfep
Y, Y, € RMP 1;fort:1+Tdo_ | )
’ Decomposmon of Q') NI . Compute the shifted Laplacian fof;, L,
e Proposed approach: return the best rank- ’f . ifi% R == 1then
& approximation oRQ)'Q"" + U+ e Q'Ql + U = QaQ" ~ Compute rankk, eigen-decomposition df,, Q'@!1Q!""
-Q=[Q:P1P)J e R”X<k+2p> . else S T2
_A = 0" (@l 4 utt)d . Update rankk, eigen-decomposition df;, Q"€ Q}’
i TV A% ] . endif
Y, = (I - Q.Q1)Y: e gTSEL:Qk p! LLJJ ;1 gfg%gzgz . Let Q,(fl) be the matrix of the first; columns on,fQ)
e Singular-decomposition of ; 5,0/Y7Q, £,0/0,%, 0 - Normalize the rows 0@’
Usek-means on rows cID,(ff, usingc;_; to find initial centroids
(if not at first iteration), and store indicatazse {1,..., k }™
11: end for

Returned solution: (QH;)IT;,(QH;)” 12: return ¢ € {1,.... k}™ ....cpre{l,... k}"T

o Smgular-decomposmon of ,

Living space of Y;
e DeflateY,

P,>,Q;
-P13,Q; ) onHkHZ. best rankk (eigen-)decomposition
=Y livesin Span(Q,@, P) of A

Conclusion
e Fast update of the eigen-decompositic

¢ 10% of eigen-vectors is enough to su
marize he Laplacian matrix

Results
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Experimental setting

Comparison to

e Exact standard spectral clustering gt
each iteration

e Ning et al: another approach updating E /
the eigen-decomposition [3] ' | f BRI S |
Two real dataset W | s ’ Geferences
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° The Iower the better




