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Abstract

Computing-in-memory (CIM) has been extensively explored to
realize energy-efficient neural network (NN) processors. However,
the bit-serial input scheme utilized by most digital CIMs requires
multi-cycle partial sum (psum) accumulation, causing prolonged
latency proportional to input bit-width and degraded area
efficiency. Moreover, the adder implementation overhead often
dominates the area and power of digital CIM macros. Some works
introduce an additional adder circuit to enhance throughput, but
these techniques exacerbate the adder cost issue due to the
additional addition and sign-extension functions, resulting in only
marginal area efficiency improvement.

Secondly, although CIM macro can achieve high performance, the
corresponding performance improvement in the CIM processors
diminishes due to low temporal and spatial utilization. While
ping-pong CIM macro is proposed to enhance temporal utilization
with simultaneous compute and memory updating operations, its
effectiveness is largely constrained by the balance between
workload, CIM performance, and memory write bandwidth. On the
other hand, distinct configuration across different NN models and
layers severely limits the processor spatial utilization. Finally, a
significant amount of on-chip weight and input/output data
movement still exists in the conventional operational flow of CIM
processors, substantially increasing the overall energy consumption
and greatly degrades system-level energy efficiency.

To overcome these challenges, this work proposes: (1) A bit-parallel
input CIM macro architecture, achieving 4x throughput and 2.4x
area efficiency improvement compared to conventional bit-serial
input CIM. (2) A flexible dataflow and core topology, reducing the
overall execution cycles and energy consumption by 64.8% and
37.7%. (3) A versatile data buffer further realizing a 59.1% and
26.2% reduction in memory access and energy.
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Fig. 2 System structure.
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