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MAGMA uses a hybridization methodology, where algorithms of interest are split into tasks of 
varying granularity, and their execution is scheduled over the available hardware components. 
Scheduling can be static or dynamic. In either case, small non-parallelizable tasks, often on the 
critical path, are scheduled on the CPU, and larger more parallelizable ones, often Level-3 BLAS, 
are scheduled on the GPU. When CPU-GPU communication overhead becomes significant, the entire 
computation might run exclusively on the GPU, leading to what is termed as "GPU-native 
algorithms”. 
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The objective of the Innovative Computing 
Laboratory’s IPCC is the development and 

optimization of numerical linear algebra libraries and 
technologies for applications, while tackling current 

challenges in heterogeneous Intel® Xeon Phi™ 
coprocessor-based High Performance Computing.

Long-term collaboration and support on the 
development of clMAGMA,

the OpenCL™ port of MAGMA, and hipMAGMA.  

Long-term collaboration and support on the 
development of MAGMA.
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MATRIX ALGEBRA ON GPU AND MULTICORE ARCHITECTURES
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LU factorization in double-precision arithmetic
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Sparse matrix - matrix product (SpMM) 
for finding eigenstates with LOBPCG
in double precision arithmetic
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SPD/HPD
TR 
D&C 
B&I It 
MP

General
Symmetric/Hermitian Positive Definite
Triangular
Divide & Conquer 
Bisection & Inverse Iteration
Mixed-Precision Iterative Refinement

�����������������
magma_{routine name}[_gpu] 
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Solve using LU

Solve using MP

Solve using Cholesky
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Solve using MP
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optionally e-vectors
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ROUTINES

PRECONDITIONERS

KERNELS

DATA FORMATS

BiCG, BiCGSTAB, Block-Asynchronous Jacobi, CG, 
CGS, GMRES, IDR, Iterative refinement, LOBPCG, 
LSQR, QMR, TFQMR

ILU / IC, Jacobi, ParILU, ParILUT, Block Jacobi, ISAI

SpMV, SpMM

CSR, ELL, SELL-P, HYB
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MATRIX ALGEBRA ON GPU AND MULTICORE ARCHITECTURES
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Deep learning

Structural mechanics

Astrophysics

Sparse direct solvers

High-order FEM 
simulations
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Numerous applications require factorization 
of many small matrices:

LU, QR, and Cholesky

Solvers and matrix inversion

All BLAS 3 (fixed + variable)

SYMV, GEMV (fixed + variable)
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double-precision arithmetic on 1 thousand matrices
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HIPBLAS
cuBLAS

�
�

�
�
��

3000

2700

2400

2100

1800

1500

1200

900

600

300

0
32 64 96 128 160 192 224 256 288 320 352 384 416 448 480 512

125

375

500

0

250

1 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128

Trefethen_20000 test matrix from the SuiteSparse Matrix Collection: https://sparse.tamu.edu/
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