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A Page Placement Scheme of Smartphone Memory with
Hybrid Memory
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Abstract This paper presents a new page placement policy for DRAM/NVRAM hybrid main memory in
smartphones. Unlike previous studies on hybrid memory systems, this paper performs the placement of
pages based on the offline analysis of memory access behaviors as smartphone’s memory accesses are
skewed to a certain address ranges, which is consistent regardless of smartphone applications, specially
for write operations. Thus, we aim at reducing the write traffic to NVRAM by the offline analysis results.
Experimental results show that the proposed policy reduces the write traffic to NVRAM by 61% on

average without performance degradations.
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Fig. 1. Distribution of memory writes for address
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Table 1. Trace extraction information used in the experiments.
Memory Memory . . . Memory access count
Workload footprint footprint Ra(tlog F)per'?tlc)ms Instruction .
(KB) by writes (KB) reads . writes, Total read Data read Data write
angrybirds 76,936 45,724 3721 18,003,944 521,326 13,780,318 3,702,300
web browser 84,736 53,856 373 :1 17,929,520 1,154,807 13,223,286 3,551,427
facebook 44,284 20,608 690 : 1 10,159,776 368,566 8,551,807 1,239,403
youtube 68,640 40,948 466 11 17,986,993 983,231 14,000,933 3,002,829
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Normalized Write Counts in NVRAM
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Fig. 3. Write count of NVRAM for each application.
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