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Chameleon: dense linear algebra library
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 Written in C, Fortran interface, CMake

 Algorithms: TR/GEADD, SY/HE/GEMM, PO/GETRF, GEQR/LQF, GELS, …

 Matrices forms: general, symmetric, triangular

 Precisions: s, d, c, z

 Runtime systems: OpenMP, PaRSEC, StarPU

 Distributed MPI

 CUDA /HIP

 In development: compression, mixed precision, python interface

Philosophy: 
 Write algorithms generically, not paradigm or vendor specific (cuda, mkl, ...)
 Choose size and kernels on sub-blocks to maximize Gflops rate (coarse grain parallelism)
 Regular block size, square (m=n) and fixed → ease algorithms development



Chameleon dense linear library
Code structure : algorithms
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 Genericity effort
 Modularity



Chameleon dense linear library
Code structure : insert tasks 
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Chameleon dense linear library
Code structure : kernels 
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Key performance issues
Workers computing speed heterogeneity : CPU vs. GPU
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 block size for CPUs: ~500
 block size for GPUs: ~2000
 many CPUs: ~64
 a few GPUs: ~4

To handle this complexity StarPU propose two features:
 Parallel tasks (MKL)

 Use GPU block size (~2000)
 Execute CPUs kernels (multithreaded) on clusters of several cores (e.g. 8)

 Recursive tasks (in development)

On modern machines:



Key performance issues
Data transfers considerations
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Memory pinning for faster host – device data transfers (x2) GPUDirect for faster device – device data transfers (x10)

StarPU handles this automatically, but:
 pinning causes extra allocation cost when initializing large data (matrices)

 avoid if no data reuse
 be sure to have GPUDirect available, also with MPI

 run benchmarks with simple StarPU examples



Interesting features
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Interesting features
Execution traces
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Chameleon GEMM followed by QR on 8 CPUs and 2 GPUs

Time (ms)

CPUs

GPUs



Application example : Multidimensional Scaling (MDS)
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Metabarcoding Multidimensional Scaling (think PCA)

Randomized SVD 
 GEMM of size r * n**2 , n = 1 million 

→ x10 faster with GPUs
 QR of size r * n

→ x3 faster with GPUs
 I/O become predominant

MDS on 100 Occigen nodes Accelerated on J. Zay (4 v100/node)



Merci. Des questions ?
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