Bevyond Blocks: Hyperbolic Community Detection
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/ Why Community Detection?

» Automatic Categorization - articles on the same subject

subgraphs might indicate fraud.
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« Recommendation Systems - friends have similar

* Fraud Detection - in bipartite reviews graph, dense
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- We argue that communities have
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ground-truth community size

2. Nodes are not homogeneous

Ground-truth communities seem to
follow a power-law degree distribution:

DBLP
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"2 DATABASE GROUP
/Empirical Evidence \
1. Density decreases with size
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yperbolic Community Model
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Assuming independence:

P(i,j)OCdld]

P(i,j) oc i*-j“

Find communities that minimize:
a. Cost of encoding the model
b. Cost of encoding the errors

GivenamatrixM € {0, 1}¥*N find ¢* <€ (P(V) x R x R) with

C*

arg mCin[log*|C| + YcecL1(C) + L,(M|C)], where

a) L1(C;)) =log N +[S;| -log N + kg, + log |S;|?

b) L, (M|C) = logx [|[M — ME|” +2[|M — ME|” - log N

Efficient Algorithm

decomposition to guide search;

using rank-1 scores as bias.

— Scalable: linear in the number of non-zeros

and number of communities.

— No user-defined parameters: fully automatic.

. Candidate community: compute rank-1
. Minimize MDL objective through sampling

Deflate matrix to find new communities.
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2 Experimental Results
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LiveJournal community

Dataset # of nodes # of edges
AMAZON 334 863 1851744
DBLP 317081 2099732
YOUTUBE 1134 890 5975248
LIVEJOURNAL 3997962 34 681 889
WIKIPEDIA 143 508 3753156

40000

HyCoM bits

400

 Country

« List of countries_by area
e List of FIFA country codes

e Members of the United Natio 100

ns

e List of national rulers
* Gross_domestic_product

!

WIKIPEDIA

120

80
60
40

* o9
T I

£
0,0
2 CP <3 2
O MOQO“*“" D 00,
. o 8% XEx:
< BE
° o BE
] 2R 5
® e :$:
0

AMAZON

400

4000

Edge List bits

40000

0

BB Bo o

EI80 " 00 Poeg o0 e

% $ ot 3053 o °
S0, 3‘*’0 'Q:""'.‘ - ©

Ll
Ll & 9,
X °
o sl v By

4

2% o, :’
O 9,
...‘.. A M "'0’ 0 o 00 O °

‘0

“‘."3 o,

X 0235
PROLI000D ) S0 SOREN

N <
0000 "
.0

8
.

3%

2N

2000000

200000

20000

HyCoM bits

2000

200

200

2000

20000 200000

Edge List bits

2000000

/




