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Embedding Network Data based on Cross-Entropy Minimization

TAKESHI YAMADA,t* KAZUMI SAITOt and NAONORI UEDA'

We present a novel approach to embed network data into a low dimensional Euclidean
space. The proposed method attempts to minimize cross-entropy between the discrete node
similarity measure induced by the adjacency matrix and the continuous node similarity func-
tion derived from current embedded node positions. We also propose a natural criterion to
effectively evaluate an embedded network layout in terms of how well node connectivities
are preserved. Experiments using real network data show the effectiveness of the proposed

method.
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Fig.1 An example of the similarity function.
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Fig.2 CoPE learning algorithm.
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Table 1 Summary statistics of the networks.

NAME N L L L° G G°
E.Coli 328 456 2.78 72 4.83 13
NIPS 1061 2080 3.92 45 7.23 17
NTT 3870 9337 4.83 279 6.41 17
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Fig.3 Experimental comparisons of the connectivity F-measure.
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Fig.4 2D layouts of NTTby the classical MDS (a), the KK spring method (b) and
the CoPE method (C). Each picture in the left shows the whole network
and the sub network in the dotted circle is re-embedded and shown in the
right.

goboooboooOooobooboboooooooooo

gobooboobooooooooboooooooboooo

ubobooooobooooboboooooboooooon goooboooobooboobooooooooooo
goooooooooocoooobooocobooobooo gbooobobooooooooooooooooooon
FO000000ODO000O00O0ODOO0O0O00ODO gboooooooboooooboooooooooo
goboooooooboooobooooboobooobo 0000 WebOOOOOODOOOOOOONetwork
goboboooooooboooooobboboooo Motif'Y 00 0000000000000 0WWW

5. 0 O



2408 goooooooo

goooobooboooooooboooboooooo

g 0 0 0O

1) Ong, .M., Glasner, J.D. and Page, D.: Mod-
elling regulatory pathways in E.coli from time
series expression profiles, Journal of Bioinfor-
matics, Vol.18 Suppl., pp.S241-S248 (2002).

2) Wasserman, S. and Faust, K.: Social Net-
work Analysis: Methods and Applications,
Cambridge University Press, Cambridge, UK
(1994).

3) Eades, P.: A heuristic for graph drawing,
Congressus Numerantium, Vol.42, pp.149-160
(1984).

4) Buja, A., Swayne, D.F., Littman, M., Dean,
N. and Hofmann, H.: XGvis: Interactive Data
Visualization with Multidimensional Scal-
ing, Technical report, AT&T Labs-Research,
Florham Park, NJ (2001).

5) Kamada, T. and Kawai, S.: An algorithm for
drawing general undirected graph, Information
Processing Letters, Vol.32, pp.7-15 (1989).

6) Floyd, R.W.: Algorithm 97: shortest path,
Comm. ACM, Vol.5, p.345 (1962).

7) Torgerson, W.S.: Theory and Methods of Scal-
ing, Wiley, New York (1958).

8) Ng, A., Jordan, M. and Weiss, Y.: On spec-
tral clustering: Analysis and an algorithm, Ad-
vances in Neural Information Processing Sys-
tems 14, Vol.14, MIT Press, Cambridge, MA.
(2002).

9) Bishop, C.M.: Neural networks for pattern
recognition, Clarendon Press, Oxford (1995).
10) Shen-Orr, S.S., Milo, R., Mangan, S. and
Alon, U.: Network motifs in the transcriptional
regulation network of Escherichia coli, Nature

Genetics, Vol.31, No.1, pp.64-68 (2002).

11) Roweis, S.T.: Data for MATLAB hackers:
NIPS Conference Papers Vols 0-12 (2002).
http://www.cs.toronto.edu/ roweis/data.html

12) Tenenbaum, J.B., de Silva, V. and Langford,
J.C.: global geometric framework for nonlin-
ear dimensionality reduction, Science, Vol.290,
pp.2319-2323 (2000).

13) Roweis, S.T. and Saul, L.K.: Nonlinear dimen-
sionality reduction by locally linear embedding,
Science, Vol.290, pp.2323-2326 (2000).

14) Hinton, G. and Roweis, S.T.: Stochastic
Neighbor Embedding, Advances in Neural In-
formation Processing Systems 15, Vol.15, MIT

o h

Sep. 2003

Press, Cambridge, MA. (in press).
15) North, S.C.: NEATO User’s Guide, AT&A
Bell Laboratories (1992).

(00 15040 7000)
(0D 150 703000)

o0 ooooooao
oo3900000e3d 3000
! oboooboooOoDbooo NTT
) ' ad obobooo sgoboo 100000
‘\h goooooooooooboogon
& NTTOOOOOOOODOOODOO
oooooooooboobooooooboooboooon
goboooboooooobooobobooboooooo
ooooooboocoooooo

o ooooooo
od3soooooeonnonoon
goooooocooooobooooo
e 00000 NTTOOOODO 300
k. gloooooooooobooooo
s obooooooooooooooo
oooONTTOOOODOOODODOO0ODOO0OOobOO00O0
gobooooboooomooooooooooooon
o90mooooooboooobobo11omo
oooobooooooooooboobooooood
IEEEOO000

o ooooooo

OO0 330000057r00000
S goooooooooooo s9n
o0o0ooooooooooo0 NTT
gooooooooooosboon
10000 Purdue 0O OOO0OOO
OOONTTOOOODOOOODODOOOOOOBO0O0O0
gooooooooooboooobooooooomoo
goooboboooooooboboooooooooo
goooooooobobobooooboobboooooo
cobOOO0O0O0b0OWebOOOOOOOOOOOOO

ocoomobo4000000000000000O0O0

gpooooOOOOOOODOOOOOOCOOOOODOO
U0 120000000000 00000O0C00O00A0
O0O0O000OO0OO0O0O0OO0O0O0IEEEODOOD




