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A Study on Design and Cache Replacement Policy for Cascaded Cache
Based on Non-Volatile Memories
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ABSTRACT

The importance of load-to-use latency has been highlighted as state-of-the-art computing cores adopt deep pipe-
lines and high clock frequencies. The cascaded cache was recently proposed to reduce the access cycle of the L1
cache by utilizing differences in latencies among banks of the cache structure. However, this study assumes the cache
is comprised of SRAM, making it unsuitable for direct application to non-volatile memory-based systems. This paper
proposes a novel mechanism and structure for lowering dynamic energy consumption. It inserts monitoring logic to
keep track of swap operations and write counts. If the ratio of swap operations to total write counts surpasses a set
threshold, the cache controller skips the swap of cache blocks, which leads to reducing write operations. To validate
this approach, experiments are conducted on the non-volatile memory-based cascaded cache. The results show a
reduction in write operations by an average of 16.7% with a negligible increase in latencies.
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Fig. 1. Magnetic RAM (MRAM).
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Fig. 3. Overall Architecture of Non-volatile memory-based
Cascaded Cache.
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Fig. 4. Memory access pattern analysis.
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Table 1. Processor configurations

Architecture x86, out-of-order, 2GHz
INT/MEM / FP 4/4/4
Branch Predictor gshare predictor, 16 history length
ROB Size 256
32KB, 4-way, 64B blocks,
/D Cache Read/Write: 2-8 cycles
1MB, 16-way, 64B blocks,
L2 Cache Read: 22-cycle latency
Write: 62-cycle latency
4MB, 16-way, 64B blocks
L3 Cache Read: 41-cycle latency
Write: 123-cycle latency
Memory Latency 300 cycles
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Fig. 5. Normalized Dynamic Energy Consumption for Cascaded Cache(CC) and Non-volatile Cascaded Cache(NCC).
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