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Introduction
• High precision arithmetic is effective for reducing rounding errors and improving the convergence of Krylov methods[1].
• DD‐AVX Library includes Double‐Double precision[2] vector and Sparse Matrix operations optimized for SIMD AVX2[3].
• DD‐AVX enables Double and Double‐Double Mixed precision arithmetic by using operator and  function overloading in C++.

• DD‐AVX can accelerate the product of Double precision Sparse Matrix in BCRS4x1 and DD precision Vector by 
using SIMD AVX2 (x1.4~x3.9 speedup!).

• This makes Krylov Subspace methods more stable with a small extra cost.
• Mixed precision arithmetic will be possible to reduce computation time of High precision Klylov methods.

Performance of yDD = AD xDD and yDD = AD
T xDD using DD‐AVX
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A set of Double precision Sparse Matrix and  DD precision vector operations: 
• DD‐AVX accelerates Double and DD precision arithmetic for SIMD AVX2/AVX/SSE2.
• DD‐AVX supports

• Vector operations : axpy, axpyz, xpay, dot, nrm2, and scale,
• SpMV and transposed SpMV (Matrix of Double precision),

• Two Sparse Matrix Storage format (CRS and BCRS4x1).
• A combination of BCRS4x1 and AVX2 can be good performance [3].

EasyUI :
• Argument of functions does not depend on precisions.
• Interface of Functions is the same for D and DD.
• Mixed precision arithmetic is possible without changing the code.
• Arithmetic operators (+, ‐, *, /)  can be used for scalar arithmetic.
• SIMD intrinsics are used for avoiding overhead of  C++  calls.
• Users can write code without knowledge of 

C++ programming language.
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Download DD-AVX library 2.0.0 (alpha)
http://www.slis.tsukuba.ac.jp/~s1530534/DD-AVX.html
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Fig.3 Elapsed time of yDD = ADxDD (above) and yDD = AD

TxDD (below)

#include<dd-avx.hpp>
int main(){
double alpha = 1.0;
DD_Scalar beta=5.0, gamma=0.0;
D_Vector x;
DD_Vector y;
D_Matrix A;
DD_AVX_input(A, “input.mtx”, “bcrs4x1”);
DD_AVX_vector_calloc(x, A.N);
DD_AVX_vector_calloc(y, A.N);
gamma = beta * 5.0 + DD(alpha);
axpy(-gamma, x, y); //y += -gamma * x
spmv(A,x,y);
gamma.print(); 

}

bytes / flops

yD = ADxD 14 (28 bytes / 2 flops)

yDD = ADDxDD 2.26 (52 bytes / 23 flops)

yDD = ADxDD 2.09 (44 bytes / 21 flops)

Table 1 bytes/flops of y = Ax

Fig.1 Sample code of DD‐AVX
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What is DD‐AVX Library?
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Design policy： Precision of Matrix is Double.
• Input Matrices are given in Double precision in many cases.
• The bytes/flops of a product of Sparse Matrix and Vector 

yDD = AD xDD becomes small.
• Precision of matrix has small influence for their convergence.
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Fig.2 Double‐Double precision
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