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=) Overview
e The existing “zero-SimRank” problem

e Our approaches
e SimRank*, a semantically-enhanced version
e Two succinct closed forms of SimRank*
e Edge concentration for speeding up computation

e Empirical evaluations

e Conclusions




e SimRank plays an important part in real applications.
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SimRank Overview )

e SimRank

e An attractive similarity measure based on hyperlinks,
(proposed by Jeh and Widom in KDD ’02)
e Basic philosophy

Two nodes are similar if they are referenced by similar nodes.

e Two SimRank models

* Basic form (KDD’02)
s(a,a) =1 damping factor
similarity btw.

nodes a and b s(a,b) = Z(a )| 7 7 Y

jef(h} icT(a

* Matrix model (KDD ’10) in-neighbor set of node b

=C-(Q-8-Q)+(1-0)1,
T



Existing Link-based Measure ;

e PageRank
p=C-WT .p+(1-C)-1 — vector of all 1s

e Personalized PageRank

P= C-W' -P+(1—-C)- g —| personalized vector

e Random Walk with Restart

p:C'WT -p+(1—C)-ei— unit vector
e SimRank
S=C-(Q-S- Q"+ (1-0C)-I, — identity matrix
S=C-Q-S-Q"+D diagonal matrix




Motivation

e “Zero-Similarity” Problem

o Node-Pairs SR PR SR* | RWR
(h,d) 0 [.049] 010 o0
’7) (a, f) 0 |.0751( .032] .032
o o o (a, c) 0 0 025 | .024
(g,a) 0 0 ||.025] o
(a) (4 (7 (9,b) 0o [ o [[.075] o
(k) (i,a) 0 015 | 0
(e) Q (i, h) 044 | 041 [ 031 | ©
2 1
— S Simrank (h,d) =0 1!

h<+e+la|l—d

There are no nodes
h+—e+la|l—>b— f—d with equal distance
J

H_J \ v to nodes h and d
3

2




e Zero-Similarity” Problem

Gy & -+ — a1 < |@g| > a1 = --- = an,

s(a;,a;) = 0, for all |¢| # |j]

Simrank (a;, a;) =0 (for all |i] !'=]j])

There are no nodes with equal distance to nodes a; and a;




Zero-Similarity” Problem

e Power of Adjacency Matrix A
e The (X, j)-entry of A’ counts # of paths: X—>o—or0— |

v

| length

z .
e The (i, x)-entry of (A")" counts # of paths: | <= o< o0 <X

v

| length

e Thevalueof > /- . [(AT)k . A", ;_counts # of paths:

i(—o(—o---o(—o —)o---o—)o—)j

~/
.

k length k Ie\r;gth

. _ Q =rowNorm(A'")
e SimRank series form:

=C-(Q-8:QN+(1-0)L < S=(1-0)-> " Q- (Q")

Sim (i, J) = 0 if there are no nodes with equal length to (i, j)



A Remedy for SimRank

[

e SimRank: s=(1-0)-3>" ¢'.Q"-(Q")

oo l
e SimRank*: §—(1-0).3> <. 3 (1) qv- @)

2l
| Length | SimRank | RWR / PPR || a | SimRank* |
_ 0 [i] =
1 N/A
/ — 3 1 T4 |3
0 — o — 3
2 i« [®]—J —+ 0 — 3 1 | ® |
2 i4— o< |J

i|l—+o0o—0— 7
i+ |@|— 00— j
i4— o< |®| = j

3 N/A —>G—}G—>j

T4— 04— 0 4|7

i|—+0o—0—>0—37

it |®@|—0 —F 00— 7]
4 i< o+« [@] 20— j —}o—}o—}O—}j
i4— 04— 04+ |@|— 7

4 14— 04— 04— 0+ |]

o — any node in G , EL 7 | — in-link “source”

RO W =IO

oy




Two Kinds of Weighted Coefficients

e SimRank* :

e Length weights: {Cl}fﬁo is decreasing w.r.t.| (0<C<1)

Longer paths should have a smaller contribution to S

e Symmetry weights: {()}.—o (binomial) / \
|/2

More symmetric paths should have a larger contribution to S

Grandpa Grandpa Grandpa Grandpg
Fathe Uncle| |Fathe Uncle| |Father Fathe
Uncle
Me : : Me Me
Cousin Me Cousin
Son So Son
GrandsonG pA pp | |Grandsor§ pc




Variations of SimRank*

e SimRank*: . oINS o
| s=1-0) > 5> (1) @@
=0 a=0 G

1Q" - (QT)? ||, <1, for Vi, s

e Length weights: {C'}12,

Zloi[l Cl 1-C 1
e Symmetry weights: {( ) —0 (bmomlal) / \
I/2
s
Zc}: =0 ( ) T 2£

- — (=
; Why not use ¢ 2/ 2

— g__
= ‘ Za —o€ ( is not a simple form for normalization




Variations of SimRank*

e SimRank* :
Geometric S=(1-0) i Q | i (3) Q. (QT).!—Q
version — 21 o
— o=
e Length weights: ¢ e ol = 1
=0 S 1=-C
- ct ~ ct _ ¢ is a simple form
= Canwe use — ? =0 1t — € for normalization

¥ | ~
S =e ©. i g : i i (Z) . QY. (QT)l—cr Exponential
— 2 e’ version




Convergence of SimRank*

e The first k-th partial sums:

e (Geometric) convergence:

IS — Skl <CF | (VE=0,1,---)

max

e (Exponential) convergence:

o c b cl o1 : [ —
Sh=e" —, 2—2() Q* - (Q")

[=0

ck+1

HSI Sf ||ma}; — (k_l-]_)' (V'L“: — 01 ]-:l tT ')



Recursive Form of SimRank*

SimRank recursion SimRank series form

S=C-(Q-$-Q"+(1-0) I, |:> S=(1-0)-3 " Q- Q")

¥

A o0 C',’ l l N .
SimRank* resursion ? | ¢ S=(1-0) JZ o ZD (a) Q- (Q")
=0 =

SimRank* series form

e Geometric SimRank* has the following recursive form:

S=¢.(Q-S+S- Q" +(1-0)-1,




Closed Form of Exponential SimRank*

SimRank closed form SimRank series form

vee(S) = (1 — O) - (I, — C(Q ® Q) vee(I,) |:> S=(01-0C)- Zio c'-Q - (Q")

et

U — = C 1 : o -
SimRank* closed form? { §'=e" Zﬂl— ol Z( ) Q- (Q")'

SimRank* series form

e Exponential SimRank* has the following closed form:




SimRank* Computation

e |terative Model:

e Entry-wise Form:

Sk+1(a,b) = 2|I(€b)| 2 Sﬂk(ﬂwy)"‘ﬁ > Sk(z,b)
yET(b) zeZ(a)

gk-l—l(au*):%@:ﬂ Z Shk(ﬂ.,y)—l-ﬁ Z §k($?*)
yETL(*) z€ZL(a)

If Z7(b)NZ(x) # @ , then
Partlalﬂ‘f( ) = > vea Skla,y) with A CZ(x)NZ(b)

can be memoized for subsequent reuse.



Fine-grained Memoization

e How to find A in general case for maximal sharing?
Partiali“ (a) £ > uen Sk(a,y) with A CZ(x)NZ(b)

e Edge Concentration
e Replace bicliques with stars:  |X|*|Y| = |X|+]|Y]
e Apply Buehrer and Chellapilla’s heuristic

& S & e

a > ] : a

G=(TUB.E) G=(TUBUV,§)




Experimental Settings

e Datasets

Real: CitHepTh, DBLP (D05, D08, D11), WebG

e Synthetic: GraphGen generator

e Compared Algorithms

memo-gSR* : our geometric SimRank* + fine-grained memoization
memo-eSR*: our exponential SimRank* + fine-grained memoization
iter-gSR*: our geometric SimRank* + conventional iteration
psum-SR : best-known SimRank

mtx-SR: SimRank + singular value decomposition

e Evaluations

e Semantics & Relative Ordering

Computational Efficiency



Semantic Effectiveness

eSR* HEE ¢SR* B2 RWR @ SR PR

CrtHEPTH DBLP
]_ [ ]_ - I |
X - : ¥ =
BN 7] N = Y X
= 02N 1 29T NEH N
3 ] g N i 8 = 3
= l:] ﬂ ] &= i = -
= 7R 08 NBE NEH N
= O TN N & N il
0.4 Nl 1 g N NEE S
0.2 "N TINEEH NEE S
N [ ; | 0.6 NE N Sl [
Kendall Spearman NDCG "7 Kendall Spearman NDCG
(a) Semantic Effectiveness on Real Data
—&— eSR*(within) -3- RWR(within) --&- SR(within)
=@ eSR*(cross) s RWR(cross) =-#€-- SR(cross)
CITHEPTH DBELP
0.6
. 2
= A =04
z:o0 e
o B n =
o & 0. e 2 0-2
_.:: T .. ,q: i
= ﬂ | 1 1 = n 1 |
345678910 345678 910
Decile (within) or Decile Diff (cross) Decile (within) or Decile Diff (cross)

(c) Average Similarity of Grouped Node-Pairs



Existence of “Zero-Similarity” Problem

== completely dissimilar W partially missing

99.92 99.84 ,
100 97.13 .. 100 96.42
=80 69.91 E 0 60.91 Q
2 60 5 60
N a0t { & 40} -
© 20 = 20
= 0 S S

ciTH DBLP WEBG ciTH DBLP WEBG

(d) % of “Zero-Similarity” Node-Pairs on Real Data




Time Efficiency

memo-eSR* mEM memo-gSR* [ iter-gSR*
psum-SR B mtx-SR

1457s 1672s

— 300 | — 30 | |
D edges |&| _ =
— (compressed ?
E 200 | edges |€]) : ‘g 20
- 7oK 5 S9K [ =
2 100 | (55 CORIER | 2 10
= 17K _%‘
= : s = =

0 D05 D08 D11 0

Size n (DBLP) # Iter. K (WEB-GOOGLE)

(e) Time Efficiency on Real Datasets




Memory Requirement

memo-eSR* N memo-gSR* [ iter-gSR*
psum-SR B mtx-SR

JOM T17.2M

-

37.10M G5
[

10 | = 800

R R ]
A’&‘.“‘ﬂ‘ﬂ“‘d’&‘-

W

oy
-
o

-

o ".‘

A
L‘-’&‘&.&

o
&.‘.

()

Memory Space (MB)

O N KA O
|
I =

e,
Memory Space (M
A

D05 D08 D11~ 5 10 15 20
Size n (DBLP) # Tter. K (WEB-GOOGLE)

1/

(h) Memory Space on Real Datasets




Conclusions

e We have proposed SimRank*, a refinement of SimRank.
e Resolve “Zero SimRank” issue for semantic richness
e Geometric & Exponential SimRank*
e Derive the closed forms and recursive forms of SimRank*

e Fine-grained memoization for speeding up its computation

e Empirical evaluations to show richer semantics and
higher computation efficiency of SimRank*.







