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Introduction
        When there are floating-point numbers with a limited number of 
digits representing real numbers, rounding errors will occur. Rounding 
error is unavoidable in floating-point operations, and it means the 
numerical difference between the exact value and the approximate value 
obtained by floating-point computation. We study how to control the 
cumulative effect of rounding errors because of the inaccurate results of 
numerical calculations on high-performance computing platforms. 

          In this paper, we adopt the error-free transformation technology to 
design and implement a high-precision numerical software package 
XHYPRE with the high-precision algorithms above for large-scale sparse 
linear equations. It is open-sourced at https://github.com/compilerOpt/-
XHYPRE-2.0.0.

        

Methods
Ø The execution process of high-precision sparse matrix-vector 

multiplication is shown in Algorithm 2. 
Ø Using the high-precision algorithm is the ordinary floating-point result 

of SpMV that adds the rounding errors.

                                                                           

Experiment
Ø Solverchallenge21_01 is derived from the three-dimensional photon 

equation of radiation fluid mechanics and is a structural grid. 
Ø Solverchallenge21_03 is derived from the linear elastic equation of the 

contact mechanics of the centrifuge device and is a first-order nodal 
finite element.
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Ø The following will briefly explain the GMRES algorithm as an 
example. Algorithm 3 is a high-precision GMRES. 

Ø The implementation process of PCG and BiCGSTAB is similar to the 
GMRES of high-precision, so we do not introduce them in detail.

Ø The input and output of the algorithm remain unchanged. 

        The dot product and 
SpMV become a high-
precision solution, which 
reduces the accumulation 
of rounding errors and 
makes the calculation 
more accurate. 

It can prove the convergence of 
XHYPRE, and XHYPRE can 
alleviate the problem of non-
convergence in the calculation of 
HYPRE.

        We use an example to perform a detailed experiment to illustrate 
the performance of XHYPRE, which can be solved by both HYPRE 
and XHYPRE.

Figure : (a)The calculation time and speedup(N=122500).(b)The calculation time and speedup(N=2^26)

        Therefore, while the accuracy is improved to make the result more 
accurate, the calculation time of XHYPRE does not increase too much.

Conclusion
l We propose a high-precision sparse matrix-vector multiplication 

algorithm based on error-free transformation techniques.
l We design high-precision GMRES, PCG, and BiCGSTAB 

algorithms to reduce rounding errors in calculations.
l We propose a high-precision numerical algorithm library 

XHYPRE for large-scale sparse linear equations, which is used to 
solve the rounding error problem of large-scale numerical 
simulation calculations. It is open-sourced at https://github.com/ 
compilerOpt/-XHYPRE-2.0.0.

Experiment
        Extensive experiments were conducted on the AMD platform, and 
the results illustrate that XHYPRE is effective.

        The two matrices solved in HYPRE do not converge but converge 
in XHYPRE.

Methods
Ø The high-precision dot product algorithm in XHYPRE uses the Dot2 

algorithm[3]. 
Ø We improve the TwoProd algorithm in the Dot2 algorithm to the 

TwoProdFMA algorithm. 
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