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Install MAGMA 

•  Get MAGMA 1.4 
    > wget http://icl.cs.utk.edu/projectsfiles/magma/downloads/magma-1.4.0.tar.gz  

•  Unpack the library 
    > tar zxvf magma-1.4.0.tar.gz 

•  Prerequisites: LAPACK, BLAS, and CUDA toolkit 
    > module load cudatoolkit intel 

•  Modify ‘make.inc’ (where are CUDA & LAPACK, and for what GPU) 
See examples in make.inc.{mkl-gcc | mkl-icc | mkl-ilp64 | mkl-shared | acml | atlas | goto | shared},   
     > cp make.inc.mkl-gcc make.inc 
and modify make.inc by setting GPU_TARGET, MKLROOT, and CUDADIR, e.g., 
             GPU_TARGET ?= Kepler 
             MKLROOT         =  $(INTEL_PATH)/mkl 
             CUDADIR          =  $(CRAY_CUDATOOLKIT_DIR) 

•   Create libmagma.a in ‘lib’ and testing drivers in ‘testing’ 
   > make 

•   For more information on installation, read file ‘README’ 



Using MAGMA 
• Support is provided through the MAGMA user forum 

http://icl.cs.utk.edu/magma/forum/viewforum.php?f=2 



Using MAGMA 
• Doxygen documentation 

http://icl.cs.utk.edu/magma/docs/ 



Using MAGMA 
• Naming conventions (e.g., magma_dgesv_gpu ) 

–  Prefix magma_ or magmablas_ 
–  Followed by precision  

s single, d double, c single complex, or z double complex 
ds mixed double-single, or zc double complex-single complex 

–  Matrix type 
general       symmetric     hermetian      positive definite 
orthogonal  unitary          triangular 

–  Operation 
sv     solve                                 ev     eigenvalue problem  
trf     triangular factorization      gv     generalized eigenvalue 
qrf    QR factorization  

–  Suffix _gpu if input and output are on the GPU memory 
(no suffix indicates CPU interface – use GPUs to accelerate where input and output are on the CPU)  



Using MAGMA 

• MAGMA functionality 
http://icl.cs.utk.edu/graphics/posters/files/SC12-MAGMA.pdf 



Examples / Exercises 

• Solving a linear system of equations  
           Ax  = b 
 
#include "magma.h” 
#include "magma_lapack.h” 
… 
 
magma_init(); 
cublasInit(); 
… 
double *hA, *hB;                                                                              // A is a typical array on the CPU 
magma_malloc_pinned((void **)&hA,  lda * N * sizeof(double));     // A can be allocated in pinned memory  
magma_malloc_cpu(     (void **)&hB, nrhs* M *sizeof(double));       
… 
init_matrix(M, N, hA, lda);                                                                                                                  
… 
magma_dgetrf( M, N, hA, lda, ipiv, &info);                                   // LU factorization (using CPU+GPU) 
lapackf77_dgetrs( MagmaNoTransStr, &N, &nrhs,                          // Solve on CPU with LAPACK   
                              hA, &lda, ipiv, hB, &ldb, &info );  
 
 
Alternatively, there is a direct MAGMA function to solve:  
    see testing_dgesv.cpp and testing_dgetrf.cpp  

 



Examples / Exercises 

• Solving an eigenvalue problem  
           Ax = λx 
 
#include "magma.h” 
#include "magma_lapack.h” 
… 
 
magma_init(); 
cublasInit(); 
… 
double *hA;                                                                                      // A is a typical array on the CPU 
magma_malloc_pinned((void **)&hA,  lda * N * sizeof(double));     // A can be allocated in pinned memory  
… 
init_matrix(M, N, hA, lda);                                                                                                                  
… 
magma_dsyevd( opts.jobz, opts.uplo, 
                             N, hA, lda, w1, 
                             h_work, lwork, 
                             iwork, liwork, &info ); 

 
 see testing_dsyevd.cpp 



Examples / Exercises 

• DGEMM example 
 
salloc -N1 --gres=gpu:1 --time=00:30:00 
module load cudatoolkit intel 
export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:/apps/dom/intel/composer_xe_2013/mkl/lib/intel64/ 
export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:/apps/opcode/CUDA-5.0/lib64 
export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:/apps/dom/intel/composer_xe_2013.1.117/compiler/lib/intel64/ 
 
aprun -n1 -N1 -e  OMP_NUM_THREADS=16 -d16 ./testing_dgemm -l –c 
 
MAGMA 1.4.0 , capability 3.0 
device 0: Tesla K20X, 732.0 MHz clock, 5759.6 MB memory, capability 3.5 
 
Usage: ./testing_dgemm [options] [-h|--help] 
 
transA = N, transB = N 
    M      N      K   MAGMA Gflop/s (ms)  CUBLAS Gflop/s (ms)   CPU Gflop/s (ms)  MAGMA error  CUBLAS error 
======================================================================================= 
1088  1088  1088    612.88 (   4.20)         969.12 (   2.66)             3.13 ( 823.44)          6.92e-15          6.92e-15 
2112   2112  2112    667.85 (  28.21)      1100.09 (  17.13)           6.79 (2775.89)          8.12e-15          7.95e-15 
3136  3136  3136    675.16 (  91.36)      1144.59 (  53.89)          11.14 (5538.38)          1.13e-14          1.13e-14 
… 
 
 
see file testing_dgemm.cpp, sgemm.pdf, dgemm_fermi.cu, and directory testing 

 



• Writing a hybrid algorithm 
 

Develop a hybrid CPU-GPU algorithm for this Matlab code 
 
function [Q,R] = chol_qr_it(A)  
    i=0;  
    cn = 200;  
    Q = A;  
    G = Q'*Q;  
    n = size(A,2);  
    R = eye(n);  
 
    while cn > 100, i = i + 1  
         [u,s,v]=svd(G);  
         [q,r]=qr(sqrt(s)*v');  
         R = r * R;  
         cn = sqrt(cond(s));  
         Q = Q * inv(r);  
         if cn>100  
             G = Q'*Q;  
         end;  
    end;  
return  

Q’	
  

Examples / Exercises 

Q’ 

Q 

  G     = 

Computations on small 
data to be done on the  
             CPU 

Computations on large 
data to be done on the  
             GPU 



• Writing a hybrid algorithm 
 

Develop a hybrid CPU-GPU algorithm for this Matlab code 
 
function [Q,R] = chol_qr_it(A)  
    i=0;  
    cn = 200;  
    Q = A;  
    G = Q'*Q;                                                                               cublasSgemm( ... );         // G = Q' *Q (GPU computation)  
    n = size(A,2);  
    R = eye(n);  
 
    while cn > 100, i = i + 1                                                          cublasGetVector( ... );     // G -> work (send the result G to the CPU) 
         [u,s,v]=svd(G);                                                                   sgesvd_( ... );                  //  svd G on the CPU                                                                             
         [q,r]=qr(sqrt(s)*v');                                                              sgeqrf_( ... );                   //  QR on the CPU                                            
         R = r * R;  
         cn = sqrt(cond(s));                                                             cublasSetVector( ... );     // send r back to the the GPU)  
         Q = Q * inv(r);                                                                    cublasStrsm( ... );            // Triangular matrix solve on the GPU                                                                      
         if cn>100  
             G = Q'*Q;  
         end;  
    end;  
return                                                                      see testing_dgegqr_gpu.cpp and dgegqr_gpu.cpp 
 

Examples / Exercises 



Contributions 

• Routine Naming and Design 
–  Use BLAS 
–  Develop in double complex; other precisions are generated 
–  Machine parameters are determined at magma_init (as needed for tuning) 
–  Block sizes are provided by extern "C" int magma_get_ROUTINE_nb(int m), i.e., not by ilaenv 

•  Language, source formatting, timing, and testing 
–  Written in C/C++; wrappers for Fortran are supported 

• See file ‘ContributorsGuige.txt’ 

The MAGMA program style follows the general guidelines for Sca/LAPACK  
in terms of interfaces, copyrights and licensing, citing the authors of the 
software, and documentation:   
http://www.netlib.org/lapack-dev/lapack-coding/program-style.html 
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