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• Graph computation can extract useful information from a large 
amount of messy graph data.

• Generally, vertices and edges data in each graph structure can 
be represented by an adjacency matrix.
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• Goal: Crossbar accelerators
can boost vector (or matrix)
multiplication.

• Concept: All computations
rely on the characteristics of
electricity. (Analog-based)

• Compute Unit: Each ReRAM
cell joints a bit line and a
word line in the 3D space.

• Operation: Ohm’s law for 
multiplication & KCL for 
accumulation.
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• Architecture: A crossbar
accelerator is composed 
of several crossbar arrays 
with its peripheral circuits.

• Operation Unit (OU)[6]:
Restrict the maximum 
numbers of activated 
wordlines and bitlines for 
a crossbar array during a 
computation cycle.
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[6] “ISAAC: A Convolutional Neural Network Accelerator with In-Situ Analog Arithmetic in Crossbars”, ISCA’16
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• Scale-Free Characteristic: In real-world graphs, numbers of edges 
are skew across all vertices. So the graph matrix is sparse.

• Low OU Utilization: Only few ReRAM cells are utilized on most of
eight-by-eight crossbar OUs. 
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• Energy Challenges: Low OU utilization increases the demand of
unnecessary OUs for each computation. 

• Objective: How to improve the utilization of crossbar accelerators
by clustering graph nodes with strong graph spatial locality 

Our DesignMost Usual Cases
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• Graph-Layout-Aware Index Remapping: Remap and shuffle the 
input vector and the original adjacency matrix with being aware 
of the graph localities.

• Crossbar-Aware Data Placement: Place the remapped graph 
matrix on the ReRAM-based crossbar accelerators with ensuring 
the computation correctness.
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• Concept: Remap or shuffle indices of adjacency matrix and 
column-by-column and row-by-row.

•Column-based Shuffling (Destination-Index): Switches the 
position of two corresponding columns in the adjacency 
matrix.
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• Concept: Remap or shuffle indices of adjacency matrix and 
column-by-column and row-by-row.

•Row-based Shuffling (Source-Index): Switches the position of 
two elements in the input vector, and also the position of two 
corresponding rows in the adjacency matrix. 
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• Relieve Maintenance Overhead: Row and column indices of the 
remapped adjacency matrix will be re-assigned continuously from 0.

• Sub-Matrix List: Record the mapping information between each 
sub-matrix and its location in the remapped adjacency matrix.
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• Sub-Matrix List & Crossbar: Relationship between the sub-matrix
list and the placement inside crossbar.
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• Our graph-aware crossbar placement strategy can reduce 2.1x of 
energy in average compared with the well-known GraphR.

16



• This significant energy saving is because we cluster graph data 
together and thus fewer OUs are needed for computation.
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• Running graph computation on crossbar accelerators incurs high 
power consumption because real-world graphs are too sparse.

• We propose a graph-aware crossbar placement strategy to 
improve the crossbar utilization for graph computation.
– Remap the original matrix to cluster graph nodes.

– Maintain the mapping between the original matrix and the 
remapped matrix to ensure the computation correctness. 

• The evaluation results show that our strategy could save the 
crossbar memory usages by up to 2.79x and reduce 2.1x of the 
energy consumption in average compared with GraphR.
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