000000000 00o0OOooOooOd Vol.3 No.l o 1-12 (Jan. 2010)

gooboobboooooobboooooobbion

o o o o oo o ot oo o of

coowwwoooooooooooooooooooooobooboooooo
gooooooooooOoboOoOo0oOooOooooooooooboooOoOoObObObOOoOn
0oooo0O0o0oO0oIRMOOOOOIRMOO020000000000000000
gooooboooOooooOo0oooOoOoO0ooOoOoOO0OoOO0O0OOO00bO0O000
goooooooooOoOoOOcO0o0o0oOoooooooooOooOoOObObOOOOoOoOoo
OoIRMOOOO0O0O0O0O0O0O0OO0O0O00O0O0O0O0O00C0O000O0000O000000
gooooooooooooooooooobOOOOo0ooOooooODOO0O0IRMO0
go0ooooooooooooboooooooooooooooooboooboOogg
gooooooooooooooooooboboooooooo

Dynamic Infinite Relational Model
for Time-dependent Relational Data Analysis

KATSUHIKO ISHIGURO,"! ToMOHARU IwaTaAf!
and NAONORI UEDAT!

Analysis of relational data such as the WWW and social networks’ struc-
tures has drawn many attentions recently. The infinite relational model (IRM)
is proposed as a model for this purpose. Given the relations between objects,
IRM partitions the object set into the optimal number of clusters so that the
relations between clusters well summarizes the relations between objects. Since
IRM is a generative model for static relations, it is insufficient for dynamic re-
lational data analysis where relations vary with time. In this paper, we extend
IRM to a dynamic model to solve this problem. We show the usefulness of the
model through experiments with synthetic and real world data sets.
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Fig.1 Example of block models (IRM).
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Fig.3 Graphical model of the IRM model (Egs.1-4). Circle nodes are the variables, and the square
nodes are constants. Shaded nodes indicate the observations.
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Fig.4 Graphical model of “tIRM” model (Eqgs.6-9). Circle nodes are the variables, and the square
nodes are constants. Shaded nodes indicate the observations.
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Fig.5 Graphical model of the proposed dIRM model (Egs.10-14). Circle nodes are the variables,
and the square nodes are constants. Shaded nodes indicate the observations.
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Fig. 7 Inference process of dIRM model.

0000000000000000000000000 X0000000000000
000000000000000 300000000000

(1) dIRM

(2) tIRMOOODOOOOOO0DO0O0O IRMO

(3) 00O IRM

tIRMOOD (6)00 (7)00 (8)00 (9) 0000000000000 0D0D00000
00000 IRMODOOOOOOdIRMOOOODO0O0O000000000000000
00000 IRMOOOO (5) 000006 =05000000000000000IRMO
0000000:0000000000 »000000000000:00000000
%,000000
0000000000000000000 100000Rand index™ 0000000
O000D0000Rand index 000000000000 200000000000000
0000002000000000000000000000000Rand indexO0000
0002000000000000000000000000 1000000000000

(© 2010 Information Processing Society of Japan



9 ODO0oO0oO0OO0O0OO00oOooooooboooobooOoOooooo

--------

................

172 4 6 8 10 12 14 16 12 4 6 8 10 12 14 16
j J
08 000DO0O 10synthlODOOO0OD0O t=1000 t=4000000000
Fig.8 Examples of the synthetic data 1. Left: observations at t = 1. Right: observations at ¢t = 4.
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Fig.9 Examples of the synthetic data 2. Left: observations at ¢t = 3. Right: observations at t = 8.
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Table 1 Computed Rand indices for dIRM and other models.
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Fig. 10 Estimated nj,; (strength of relationship between clusters k, ).
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Fig.11 Total number of items belong to the clusters.
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Fig.12 Number of items belong to the clusters at each time steps.
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