Mining Connection Pathways for
Marked Nodes in Large Graphs
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What can we say about this “list” of authors?
Use relational information

. Bonnie_E._John

. Scott_E. Hudson
B shumin_zhai

Christos_Faloutsos
. B I Brad_A_Myers B Abigail_sellen

. H._V._Jagadish
B william_Buxton

: : Steve_Benford
. David_J._DeWitt Rakesh A | . James_A._Landay .
. akesh_Agrawa B Ravin_Balakrishnan

. Jeffrey_F._Naughton . Hiroshi Ishii
B surajit_Chaudhuri B

. Michael_J._Carey . Hector_Garcia-Molina

. Raghu_Ramakrishnan
. Gerhard_Weikum
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Any patterns in the co-authorship graph?

Too cluttered

. Bonnie_E. John

. Scott_E._Hudson
B shumin_zhai

B Brad A._Myers B Abigail_Sellen

. Steve Benford

. Ravin_Balakrishnan

Jeffrey_F._Naughton
Ll = B Hiroshi_ishi
. Surajit_Chaudhuri
. Michael_d._Carey . Hector_Garcia-Molina

. Raghu_Ramakrishnan
. Gerhard_Weikum

. Christos_Faloutsos

. H._V._Jagadish
. William_Buxton

David_J._DeWi
. I . Rakesh_Agrawal . James_A._Landay
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Problem

Given
a large graph G
a handful of nodes S
marked by an external
process

What can we say?
are S close by?
are S segregated?

how many groups do
they form?

How can we connect them?
with “simple” paths
who are “good” connectors?
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Our approach

Use the network structure to explain S

Partition S into of nodes, such that:
“simple” paths connect the nodes in each ,
nodes in different groups are “not easily reachable”

Use the Minimum Description Length principle
Best partitioning requires the “least number of bits”

€
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“Simple” connection

“" ”
good
better sensemaking B Eonnie_E._John
Duen_Horng_Chau . Scott_E. Hudson
2 Shumin_zhai
. Christos_Faloutsos . Brad_A._Myers . Abigail_Sellen
. H._V._Jagadish . William_Buxton Tim_Regan
: - Steve_Benford
. David_J._DeWitt Rakesh A | . James_A.. Landay .
. e . Ravin_Balakrishnan
. Jeffrey_F._Naughton . Hiroshi Ishi
. Surajit_Chaudhuri B CHI
. Michael_J._Caréy . Hector_Garcia-Molina

. Raghu_Ramakrishnan
. Gerhard_Weikum

VLDB

Leman Akoglu (SUNY Stony Brook) SDM 13 - Connection Pathways for Marked Nodes 6



Applications

1. Graph anomaly description/summarization

e.g. Terrorist network

Top-k IZ:: *
anomalies

v Summarize top-k node anomalies by groups
v' Find connections/connectors among groups
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Applications

2. Query summarization

e.g. Web network

o2
€3

Top-rankedEr; .
Web pages

v' Summarize top-k query pages by groups
v' Find connections/connectors among groups
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Applications

3. Understanding dynamic events on graphs

e.g. Social network

31‘551"“' TN,

Group people s.t. network structure can be
associated with the spread of event
v within groups (number of points of infection)
v" but not quite across groups
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Applications

4. Understanding semantic coherence

e.g. Ontology network

v Summarize words by semantically coherent groups
v' Find connectors (other relevant words) among groups
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Applications

5. Understanding segregation (social science)

e.g. School-ch‘i;‘l‘dr‘en friendship network

J 5?& .:::“

Students
with
attributes
of interest

v Summarize students by their social “circles”
v" Study groups (and groups within groups)
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E> Problem formulation
Problem definition
MDL intuition

Objective formulation
Algorithms
Experiments

%,Mmg Leman Akoglu (SUNY Stony Brook) SDM 13 - Connection Pathways for Marked Nodes 12



Problem (formally)

Problem Definition Given a graph G = (V, E') and a set of
marked nodes M C V

Problem 1. Optimal partitioning Find a coherent partitioning
P of M. Find the optimal number of partitions |P)|.

Problem 2. Optimal connection subgraphs Find the minimum
cost set of subgraphs connecting the nodes in each part
p; € P efficiently.
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Objective formulation (intuition)

Our key idea is to use an encoding scheme
Imagine a sender and a receiver. Assume:
Both sender and receiver know graph structure G
Only sender knows the set of marked nodes M
Goal of sender:

transmit to the receiver the info. of which nodes are
marked, using as few bits as possible.

Why would encoding work?

Naively: encode ID of each marked node with log |[V'| bits
Better: exploit “close-by” nodes, restart for farther nodes

O
2 log |V| vs. log |V]| + log(d(u))
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Objective formulation (intuition)

We think of encoding as
hopping from node to node to encode close-by nodes
and flying to a new node to encode farther nodes
until all marked nodes are encoded. (hence )

Simplicity (or the description length) of connection
graph T (which is a tree) determined by:
number of unmarked nodes we visit
how easily per visited node we can identify which
edge to follow next;

nodes with (very) high degree make the path more complex
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Objective function

minimize L(P.M | G) = L(P) + 3 Lip) NPd
y 1 1 Steiner tree problem)

encode #partitions L(|P|) = log|V|
encode each part:

T
L(p;) = log |V + L(t) + log |T'| + log ( o )
; A 1‘ ||1l identities of
root noae spannlr;g tree marked nodes
torp,

encoding of tree of each part:
]

L(t) = Ln(|t| + 1) + log (dﬁflt)) —- ZL(b(t?j))
7 j

#branches of node t identities of branch nodes

%,Mmg Leman Akoglu (SUNY Stony Brook) SDM 13 - Connection Pathways for Marked Nodes 16




—>= Algorithms

Graph transformation
Finding bounded paths
Connected components
Minimum arborescences

Level-k trees
Experiments
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Algorithms - preliminaries

Graph transformation
Given undirected unweighted G(V,E),

We transform it into directed weighted G’(V,E,W)
w(u,v) = log d(u) and w(v,u) =log d(v)

Given G’, problem becomes: find the set of trees
with minimum total cost on the marked nodes.

Finding bounded-length paths

(multiple) short paths of length up to log | V]|
between marked nodes in G’

employ BFS-like expansion
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Algorithms

Connected components (CC)

find induced subgraph(s) on marked nodes in G’
find minimum cost directed tree(s)

PR o> Ko o

Minimum arborescences (ARB)
construct transitive closure graph CG (with bounded paths)
add universal node u with out-edges w(u,m) = log | V|
find minimum cost directed tree(s), remove u
expand paths
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Algorithms

Level-1 trees (L1)
find minimum cost depth-1 trees in CG

expand paths 5‘2,6 5@E>> ’

Level-k trees (Lk)
refine level-(k-1) trees by finding intermediate node Vv’s
such that total cost (i.e. cost from root r to eachv +
costs of subtrees rooted at Vv’s) is less
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Roadmap

E> Experiments
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Synthetic examples

(a)
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(e)
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Comparing the algorithms
Real networks: Netscience, GoogleScholar, DBLP

Random walk sampling to mark k nodes:
pick a random node, visit its k’<k neighbors, mark
them with prob. s, pick a random node already visited

5 Netscience, k=10, runs=100 GoogleScholar, k=10, runs=10 DBLP. k=8. runs=10
6 - - : 1307 1007
Ifﬂaselme- k*log|V| ~ 86 bits] ---ccC baseline: k'log|V] ~ 164 bits] —--cc [baseline: k'log|V] ~ 147 bits] ——y
- —8— ARB L —8— ARB a5k " —B— ARB
120 ~ . —— 11
——L2
¢ oo}
. 10}
% % 2 gsh
= = 100 et
u w en
8 8 8
o0g
8ot
5 L L N L L " ' 70 - " - - - L 1 g5k L i L i L i :
%1 02 03 04z 05 08 07 08 08 o1 02 03 04 05 08 07 08 09 01 02 03 04 05 06 07 08 09
s, sampling rate s, sampling rate s, sampling rate
(a) Netscience (b) GScholar (c) DBLP

More separated €< s > More close-by
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Case studies on DBLP

Heikki_Mannila
86
Bonnie_Berger .
M 30 Padhraic_Smyth Christos_Faloutsos
Ziv_Bar-Joseph = 185
23~ P David_Heckerman
. 37 Philip_S._Yu Jiawei_Han
Iltamar_Simon 186 173
10 Nir_Friedman
- Charu_C._Aggarwal
&9 W 35
. Amir_Ben-Dor
36 Bing_Liu Jian_Pei
Ron_Shamir Zohar_Yakhini 118 106
By M s
Richard_M._Karp Ari_Frank Martin_Ester
121 - 6 Wynne_Hsu 53
Tao_Jiang Pavel_A._Pevzner 68
127 o1
David_Bryant
17 Michael_S._Waterman
M 25

David_Sankoff
] 31

(a) DBLP: RECOMB vs. KDD
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Case studies on DBLP

Satinder_P._Singh

o1 Michael Mozer
32
Bernhard_Schlkopf
99 i Geoffrey E. Hinton
Daniel_DJ/ Lee 44
18
kkawrence K. Saul
19
¥ann LeCun Zoubin_Ghahramani Jeffrey D. Ullman
52 53 96
Yoshua_Bengio Howard_Trickey

47 9
L id_Libki
Georg_Gottlob . 3§on| et
90
Thomas/Schwentick
33
Frank Neven
21 Tova_Milo
69

Dirk_Van_Gucht
36

(b) DBLP: NIPS vs. PODS
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Case studies on GoogleScholar

m NicheWorks—interactive visualization ...
1
. Visual_Analysis_of _Large_Graphs
31
0 Topological_fisheye views_for_visuali...
3

Multiscale visualization_of small_wor...

62
- A_System_for_Interactive_Visual_Analy...
1
- \2I|sual|zat|on_of_large_graphs - A_space_efficient_clustered_visualiza...
3
ALVIN:_a_system_for_visualizing_large...
3

Interactive_visualization_of_large_gr...
80

L Visualizing_very_large_graphs_using_c...
1

(a) GScholar: ‘large graphs’, ‘visual’
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Case studies on GoogleScholar

Design_and_evaluation_of _vi...

W
- glsuallzatlon_to_facn|tatei. Visual_Exploration_of_Frequ...
. A . 2 Analyzing_multi-level_spati...
N Visual_Data\\Mining_for  Disc... L
S
Combining_visual_techniques...
12
Visualizing_association_grul...
71 - SMARViz:_Soft_Maximal_Assoc...
5
Maxifhal_Assogiation_Rules:_... Visual_Mining_of_Associatio...
m e BARSES ",
g An_interactive_approach_to_.. H ?;ystalClear:_active_visual...
¢ GERVIS:”_scalable”_visualiz...
H 5
A_scalable_association_rule...
Mg - Multipass_algorithms_for_mi...
- - . 1
O Mining_Association_Rules_in... Overview_of the_sixth_text_...
1 101
M ?_Text_Mmmg_Technlque_USI... n Efficient_mining_of_associa...

1

- Text_Mining_using_Fuzzy Ass...
1

(b) GScholar: ‘association rule’, ‘visual’, ‘text’
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Summary

. A principled framework to “describe” a set

B Bonnie_E._John
of marked nodes in large graphs i T
L. : : Moo T
Many applications in the wild LT i - e
. . . . B sefirey_ F._Naughton [ roshieni
Anomaly description/summarization ... "we
. . B Raghu_Ramakrishnan
Query summarization W
. . [ Bonnie_E._John X
Understanding dynamic events on graphs 2.2 00
Shumin, _Zhai
. . [l Crvistos Faloutsos A_Myers [l Abigai _Sellen
Understanding semantic coherence Tl A
. . ] Dawd,J.,Dewli aaaaaaaaaaaaa B iames.A_Lano ‘ B s
Segregation studies A S
T '. aaaaaaaaaaa
il TN ) ‘/
MDL formulation -
”””””””” 9-Chau  "Scott_E._Hudson
NP-hardness R ey CIE
- { [l Witiam_Buxton @, TM-Regan
1 avid_J._DeWitt I s
Fa St d | gO rlth ms . D.J eeeeee F.N::::: orovar Il ames ’A"Lan.day Il Revin_Baiskrishnan
° | h & A Bl suraijit_Chaudhuri . sy CHI
Experiments on real graphs el T
B cerhard_weiku
Leman Akoglu (SUNY Stony Brook) SDM 13 - Connection Pathways for Marked Nodes 28



Thank you!

Leman Akoglu
leman@cs.stonybrook.edu
www.cS.stonybrook.edu/~leman
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