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Abstract  Matrix-vector multiplication (MVM) is a key computing kernel for solving high-
performance scientific systems. Recent work by Feinberg et al has proposed a method of deploying
high-precision operands on memristive crossbars, showing its great potential on accelerating scientific
MVM. Since different types of scientific computing applications have different precision requirements,
providing appropriate computation methods for specific applications is an effective way to further
reduce energy consumption. This paper proposes a system with mantissa compaction and alignment
optimization strategies. Under the premise of implementing the basic function of high-precision
floating-point memristive MVM, the proposed system is also possible to properly select the
compaction bits of the floating-point mantissa according to application precision requirements. By
neglecting the activation of the low-bit crossbars with less mantissa significance and the redundant
alignment crossbars when performing computation, the energy consumption of computational
crossbars and peripheral circuits are significantly reduced. The evaluation result shows that when the
crossbar-based in-memory solutions of sparse linear systems have average solving residual of 0~10""°
order of magnitude compared with the software baseline, the average energy consumption of
computational crossbars and peripheral analog-to-digital converters are reduced by 5% ~65% and 30%

~55% compared with the existing work without optimization, respectively.

Key words memristive crossbars; analog matrix-vector multiplication; energy-efficient scientific

computing; in-memory parallel processing system; sparse linear algebra system
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Fig. 1 TIllustration of memristive crossbars computation
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Fig. 2 Array organization in a memristive cluster
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Auxiliary processing module workflow
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Table 3 Evaluated Matrices Dataset
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Fig. 14 Relative residuals of solution vectors under various compaction strategies
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Fig. 16 Computation crossbar energy ratio under various strategies
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Fig. 17 ADC energy ratio under various strategies
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