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Multi-Grained Reconfigurable Architecture Powered by Elastic
Neural Network for Approximate Computing
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Beyond the boom of artificial intelligence. the next generation of computing
architectures with high speed and low cost are always demanded. In this thesis, we
proposed a multi-grained reconfigurable architecture for accelerating arbitrary functions in
fully parallel with high speed and low cost. The proposed architecture is reconfigurable in
fine-grained (arbitrary functions), mid-grained (flexible function feature, accuracy, and
number of operands), and coarse-grained (organization of kernels). By implementing a
large scale of novel bisection neural network (BNN) on hardware, the reconfiguration is
conducted by partitioning entire BNN into any specific pieces without redundancy. Each
piece of BNN retrieves the arbitrary function approximately. By reconfiguring the BNN
topology in software, we can easily adjust dimensions of the computing kernel without
rewiring, and achieve a wide range of trade-offs between accuracy and efficiency in
hardware. In this manner, the multi-grained reconfigurable architecture is achieved. For
proof-of-concept, a demo accelerator is built on FPGA. The processing element is
designed in 16-bit fixed point scheme including two synapses and one neuron. In order to
better support this architecture, we have also proposed a series of system-level
optimization techniques, including design flow, on-chip interconnection, and configuration
strategies, etc. Since the architecture is flexible in all grained levels, various configurations
for each validation are demonstrated with rich options of performance-cost matrix. From
the FPGA implementation results, compared with CPU baseline, proposed architecture
achieves speedups of 5.1x to 30.3x. Compared with other traditional function
approximation methods, our method provides fewer parameter storage requirements. The
comparison against related works proves that our accelerator has reduced the area-latency

product by at least 9.5% with a loss of accuracy by at most 8.9%.
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