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Performance Analysis of Adaptive Partition Cache Replacement using

Various Monitoring Ratios for Non-volatile Memory Systems
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Abstract

In this paper, we propose an adaptive partition cache replacement policy and evaluate the

performance of our scheme using various monitoring ratios to help lifetime extension of non-volatile

main memory systems without performance degradation. The proposal combines conventional LRU

(Least Recently Used) replacement policy and Early Eviction Zone (E2Z), which considers a dirty bit

as well as LRU bits to select a candidate block. In particular, this paper shows the performance of

non-volatile memory using various monitoring ratios and determines optimized monitoring ratio and

partition size of E2Z for reducing the number of writebacks using cache hit counter logic and hit

predictor. In the experiment evaluation, we showed that 1:128 combination provided the best results

of writebacks and runtime, in terms of performance and complexity trade-off relation, and our

proposal yielded up to 42% reduction of writebacks, compared with others.
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Table 1. Memory Technologies[11],[12],[13],[20],[21]
SRAM DRAM FeRAM RRAM NAND Flash PCM
Cell Size(F?) 150 10 22 30 4 4
Write Endurance - 10'° 4 x 102 10" 10° 10°
L 25%x10° /
Read / Write time(ns) 2/2 20 / 20 40 / 65 100 / 100 250%10° 12 /100
Volatile Volatile Volatile Non-Volatile Non-Volatile Non-Volatile Non-Volatile
WCP  (Writeback-aware Cache Partitioning), WADE Word Line _

(Writeback-Aware Dynamic Cache Management), AC-WAR
(Adaptive and Combined Wear-out-Aware Replacement
algorithm)¢} 22 7] Eo] A= ATH[7-10].
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[l. Background and Related Works

1. Background
1.1 Non-volatile memory and PCM
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Fig. 1. Cell Structure of Phase Change Memory
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1.2 PCM main memory Architecture
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Fig. 4. The proposed writeback—aware cache replacement policy
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V. Performance Evaluation

1. Experiment Setup
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2. Performance Evaluation
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