
Dynamic and Application Specific 
Optimisation for Sparse Matrix 

Storage Formats

Dr. Andy Nisbet, Manchester 
Metropolitan University  
A.Nisbet@mmu.ac.uk

Joint work in progress (starting) with 

Dr. Mikel Lujan Dr. Fumie Costen 
Manchester University

mailto:A.Nisbet@mmu.ac.uk


Introduction ...
ÅSparse matrix applications.

ÅSparsity patterns (MatrixMarket).

ÅSparse application performance.

ÅSparse (MatrixMarket) city plots.

ÅPerformance optimisation.

ÅOur Ideas.

ÅConclusions ...



Sparse Matrix Applications ...

ÅPervasive in scientific and engineering.

ÅSparse: <10% of elements are non -zero.  

ÅStorage & computation minimised by 
considering only non zero elements. 

ÅStorage formats exploit dense patterns in 
sparse matrices (& symmetry if present). 

ÅNon-zero element values aij,  and index i,j
must be stored, or computable. 



Example Sparsity Patterns.



Sparse Application Performance

ÅPerformance is memory bandwidth 
limited: often achieving <10% of peak.

ÅMain reason: indirection & poor locality.

ÅExacerbated by multicore architectural 
trends. 

ÅSparsity patterns are often dynamically
transformed in a systematic fashion by 
iterative solution methods.



MatrixMarket City Plots ... 



Compressed Sparse Row ...



Performance Optimisation

ÅImprove locality & ILP, blocking. Sparsity, 
BeBop. 

ÅHierarchical storage exploiting dense sub-
matrix blocks, triangles. Duff, Bik et al.

ÅIndex/value compression: Kourtis et al.

ÅFPGA hardware streaming compression, 
decompression of custom storage formats. 
Moloney et al.



Our Ideas ...

ÅValue optimisations, frequent values, 
value ranges (reduced-bit width). 

ÅPartition/classify matrix into dense nested 
storage formats, statically/iteratively.

ÅEach sub-matrix can have its own 
encoding, set of descriptors.  

ÅPrototype in software (commodity PCs) 
/hardware (FPGAs) using SystemC.


