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GraphBLAS Ecosystem
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Graphs as Matrices

Graphs are represented as adjacency matrices that 
have irregular and sparse structure.

A
1

3
2

4
5
6
7

4 5 6 7321

‘fr
om

’ v
er

te
x

‘to’ vertex

6

4

3

21

57



6Butterfly Enumeration in Bipartite Graphs using GraphBLAS
LLAMA Workshop @ LLNL
© 2020 Carnegie Mellon University

UNCLASSIFIED

[DISTRIBUTION STATEMENT A] This material has been approved for public release and unlimited distribution.  
Please see Copyright notice for non-US Government use and distribution.

Graph Operations as Matrix Operations

• Matrix multiply  find neighbors (most important primitive)
• Used in breadth-first traversal, shortest paths, and many others
• Sparsity and irregularity of matrix structure is a barrier to high performance
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K-truss Enumeration

Matrix k_truss(Matrix &A, int k)
{
Matrix S(A.nrows(), A.ncols());
mxm(S, A, NoAccum(), ArithmeticSemiring<int>(),

transpose(A), A);
apply(M, NoMask(), NoAccum(), GreaterThan<int>(k-2), S);
apply(A, NoMask(), NoAccum(), Identity<int>(), A);
return A;

}
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Find all edges in graph (A) that are part of 
at least k-2 (the support) unique triangles.

converged false
while !converged do:

S 〈A〉 = (AT ⊕.⊗ A)    // 1: support
M = S .≥ (k – 2) // 2: prune
A 〈M〉 =  M ◦ A
converged isUnchanged(M)
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Bipartite Graphs as Matrices
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Butterfly Enumeration
Find all edges in a bipartite graph (B) that are part of at least f(k-2) 
unique butterflies.

Given: B (|U| x |V| binary sparse matrix), and threshold k.

Step 1: Induce edges within U and V to create triangles
• Create edges in AU b/w vertices w/in U that share a common neighbor in V.  
• Create edges in AV b/w vertices w/in V that share a common neighbor in U.  

Step 2: Compute the triangle support for edges in AU and AV
• Hint: support equals the number common neighbors

Step 3: Remove the edges in AU and AV that do not have “enough support”

Step 4: Compute the new Bipartite Graph (Bnew) only consisting of edges 
that are part of triangles

Repeat the process with Bnew larger k until no edges are left.
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Butterfly Enumeration
Given: B (|U| x |V| binary sparse matrix), and threshold k.

Step 1: Induce edges to create triangles
• AU 〈¬I|U|〉 = B ⊕.⊗ BT (boolean semiring)
• AV 〈¬I|V|〉 = BT ⊕.⊗ B

Step 2: Compute the triangle support for edges in AU and AV: SU and SV
• SU 〈AU〉 = B  ⊕.⊗ BT (arithmetic semiring)
• SV 〈AV〉 = BT ⊕.⊗ B

Step 3: Remove the edges in AU and AV that do not have “enough support”
• AU 〈MU〉 = AU, where MU = SU .≥ (k – 2) 
• AV 〈MV〉 = AV, where MV = SV .≥ (k – 2)

Step 4: Compute the new Bipartite Graph (B)
• Bnew〈B〉 = (AU ⊕.⊗ B) ⊕ (B ⊕.⊗ AV)    (boolean semiring)

Repeat with Bnew and larger k, until no edges remain.

u5u0

v0 v1

u1 u2 u3 u4

v2 v3 v4 v5

u5u0

v0 v1

u1 u2 u3 u4

v2 v3 v4 v5

1 2

3

1
1

1
1

1

22

2

2

2

3

u5u0

v0 v1

u1 u2 u3 u4

v2 v3 v4 v5

2

3

22

2

2

2

3

B

AU

AV

Bnew


	Butterfly Enumeration in Bipartite Graphs using�GraphBLAS��17 January 2020
	Slide Number 2
	GraphBLAS References
	GraphBLAS Ecosystem
	Graphs as Matrices
	Graph Operations as Matrix Operations
	K-truss Enumeration
	Bipartite Graphs as Matrices
	Butterfly Enumeration
	Butterfly Enumeration

