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Networks are everywhere

(a) internet at level of AS [8] (b) neural network [2]

Figure 1: Technological and biological networks.
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Motivations for studying communities include. . .
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market segmentation [6] (b) social network analysis [5]

Figure 2: Communities in economic and social networks.
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Motivations for studying communities include. . .

(a) organize computing clus- (b) analyze structure of WWW [10]
ters [3]

Figure 3: Communities in technological and information networks.
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Research questions

@ What characteristics of community evolution are common
across information, social, and technological networks?

® How do we model and make predictions about communities in
real-world networks?

modelling &
prediction

community
tracking

community
detection

Figure 4: Our research pipeline.
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Communities are tightly connected nodes
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(a) karate club [14] (b) political blogs [7]

Figure 5: More connections between nodes within community than to
nodes outside of community.
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Many definitions of communities

e Newman modularity Q [9] defined as

1 kik;
Q= %Z (Au - 2m> 5(ci, ¢j).

)

The quantity m is the number of edges, A;; is the weight of
the edge (7,/), and k; is the sum of weights of all edges
attached to /. The delta function §(c;, ;) =1 if i and j
belong to the same community, and (c;, ¢j) = 0 otherwise.

e g-state Potts model [13]
e clique percolation [12]

e and many more definitions [4]
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Community tracking as a problem of object
matching

t t+1 t+2

Figure 6: Infer communities across time [1]. We quantify continuity
across time via the Jaccard coefficient J(A, B) = |AN B|/|AU B.
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Communities evolve according to a life-cycle

_,@ %5_,

(a) birth (b) death
(c) growth (d) contract
e) split ) merge

Figure 7: Events in the life-cycle of communities [11].
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Datasets on real-world dynamic networks

Scientific collaboration
e arXiv — physics, computer science, maths

e GP — genetic programming

Autonomous systems of the internet
e DIMES — similar to RouteViews

e Katrina — subset of RouteViews around Hurricane Katrina
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Communities mostly have power-law lifespan ...
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Figure 8: DIMES: lifespan follows a power-law of the form £ ~ k=7,
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...and sometimes exponential lifespan
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Figure 9: arXiv: lifespan follows an exponential law £ ~ exp(—M\k).
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Growth patterns can be highly unpredictable

entropy of lifetime growth = H = — Z Pr(k) log Pr(k)
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Figure 10: A stagnant majority and a tiny minority of “super growers”.

Minh Van Nguyen Evolution of communities 14/19



Simulate a network with split and merge events

e node represents a community
start with ¢ communities at time t =1

add m communities at each time t > 2

p is probability of split or merge at time t

t t+1 t+2
O O O
C\O o
O O

Figure 11: Communities in one time step split or merge with
communities in the next time step.
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Communities have small probability of split or merge

e window of interest is p € [0,0.3]

Figure 12: The proportion of communities with at least one split or

proportion with > 1 split or merge
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Future work

community modelling &

detection prediction

Figure 13: Our research pipeline.
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Future work

Community detection

e Devise a fast algorithm to detect community without using
Newman modularity.

Modelling & prediction

e What is an underlying process that is responsible for
community growth and contraction?

e Devise a constructive model of community evolution.
Real-world datasets

e Information networks: citation networks, links in web pages

e Social networks: online groups, collaboration networks

e Technological networks: the internet, software networks
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Thank you
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