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Overview

Combinatorial Relationships

We generalize the notion of graphlets (network motifs) to heterogeneous networks by
introducing the notion of a small induced typed subgraph called typed graphlet. Typed
graphlets generalize graphlets to rich heterogeneous networks as they explicitly
capture the higher-order typed connectivity patterns in such networks. To address this
problem, we describe a general framework for counting the occurrences of such typed
graphlets. The proposed algorithms leverage a number of combinatorial relationships
for different typed graphlets. For each edge, we count a few typed graphlets, and with
these counts along with the combinatorial relationships, we obtain the exact counts of
the other typed graphlets in o(1) constant time. Notably, the worst-case time
complexity of the proposed approach matches the best known untyped algorithm.
Unlike existing methods that take hours on small networks, the proposed approach
takes only seconds on large networks with millions of edges. This gives rise to new
opportunities and applications for typed graphlets on large real-world networks.

Intuition: use typed lower-order sets along with a few
graphlet counts to derive the remaining higher-order
heterogeneous graphlets in o(1) constant time

Example: Given an edge with types 𝜙I and 𝜙j, select type t and t’, then directly
compute counts using equations involving k-1 node typed graphlet counts:
Typed chordal-cycle center orbit count:

Clique-based Graphlets
(use k-1 node typed cliques)

Heterogeneous Graphlets
A heterogeneous graphlet of a graph G = (V, E, 𝜙, 𝜉) is an induced heterogeneous
subgraph H = (V′, E′, 𝜙′, 𝜉′) of G such that (1) (V′, E′) is a graphlet of (V,E), (2) 𝜙′ = 𝜙|V′,
that is, 𝜙′ is the restriction of 𝜙 to V′ and (3) 𝜉′ = 𝜉|E′, that is, 𝜉′ is the restriction of 𝜉 to E′

# 4-cliques with type vector t

Typed 4-path center orbit count:

Path-based Graphlets
(use k-1 node typed paths)

# 4-cycles with type vector t

Evaluation & Results
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Speedup

Heterogeneous Graphlet Instance. An instance of a heterogeneous graphlet H = (V′,
E′, 𝜙′, 𝜉′) of graph G is a heterogeneous graphlet F = (V′′, E′′, 𝜙′′, 𝜉′′) of G such that
1. (V′′, E′′) is isomorphic to (V′, E′)
2. 𝓣V′′ = 𝓣V′ and 𝓣E′′ = 𝓣E′ i.e., node & edge type multisets are correspondingly equal

Approach uses between 42x and 776x less space
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Heterogeneous graphlets
are useful for a variety of
different classes of graphs

Parallel speedup
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Orders of magnitude
faster and more spaceefficient
For a single K node graphlet, the number of heterogeneous
graphlets with L types/colors is:
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3-node typed
graphlets

99.65% of the 24,815 triangles form
between users of the same political
learning
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Typed Triangle Motifs

• The 7 triangles with homo.
types are also the triangles with
largest frequency, accounting
for 83.86% of all triangles in G.
• Only 49 out of the 84 possible
heterogeneous triangles
actually occur in G

Main Findings & Contributions
4-node typed
graphlets

1. Generalize the notion of graphlet to heterogeneous/attributed/labeled graphs
2. Described a computational framework for computing them
3. Proposed algorithm with worst-case time complexity that matches the best known
algorithm for untyped graphlets

Worst-case for a single edge:

4. Demonstrated the effectiveness of heterogeneous graphlets for exploratory analysis
• Node classification, link prediction, visitor stitching (our recent work)

