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EPET-WL: Enhanced Prediction and Elapsed Time-based Wear Leveling
Technique for NAND Flash Memory in Portable Devices
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Abstract

Magnetic disks have been used for decades in auxiliary storage devices of computer systems. In
recent years, the use of NAND flash memory, which is called SSD, is increased as auxiliary storage
devices. However, NAND flash memory, unlike traditional magnetic disks, necessarily performs the
erase operation before the write operation in order to overwrite data and this leads to degrade the
system lifetime and performance of overall NAND flash memory system. Moreover, NAND flash
memory has the lower endurance, compared to traditional magnetic disks. To overcome this problem,
this paper proposes EPET (Enhanced Prediction and Elapsed Time) wear leveling technique, which is
especially efficient to portable devices. EPET wear leveling uses the advantage of PET (Prediction of
Elapsed Time) wear leveling and solves long-term system failure time problem. Moreover, EPET
wear leveling further improves space efficiency. In our experiments, EPET wear leveling prolonged
the first bad time up to 328.9% and prolonged the system lifetime up to 305.9%, compared to other
techniques.

» Keyword: NAND flash memory, wear leveling, elapsed time, free block allocation policy, portable
device
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Algorithm 1: EPET wear leveling
Input: idx, e_idx, h_blk, c_blk,a_ewip, c_ewip, h_ratio, TH, and B
Output: gc time
/* greedy algorithm */

1 a_ewip < GetAvgEWIP();
2 foridx=0to B do
3 h_blk — GetGreedyBlock();
/* EPET table update */
¢_ewip < GetEwIPCost();
if c_ewip < a_ewip then

increase BaL[idx];
else

decrease BalL[idx];
end if
10  EwlP[idx] < c_ewip;
11 end for
12 gc_time < EraseBlock(h_blk);

/* EPET wear leveling condition */

13 if h_ratio < TH then
14 for idx=0to B do
15 ¢_blk — GetColdBlock();
16  end for
17 gc_time < MigrateColdBlock(v_blk, c¢_blk);
18  gc_time « EraseBlock(c_blk);
19 e _idx <« c_blk;
20 end
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Fig. 2. Pseudo—code for EPET wear leveling
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Table 4. Summaries of performance comparison for each technique
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Page migrations

SE (Standard Deviation)

Technique
sec difference sec difference pages difference SE difference

GA 85314 0.00 100184 0.00 12880201 0.00 1582.86 0.00

DP 84667 -0.76 96297 -3.88 13102908 | +1.73 1551.59 -1.98

BET 117864 +38.15 125625 +25.40 73719886 | +472.35 87.86 -94.45
Adaptive WL 161880 +89.75 184870 +84.53 13495139 | +4.77 893.02 -43.58
PET-TH 90 366227 +329.27 424662 +323.88 23895839 | +85.52 111.79 -92.94
EPET-TH 90 439613 +415.29 440030 +339.22 24083658 | +86.98 98.53 -93.78
PET-TH 95 329382 +286.08 418866 +318.10 18097126 | +40.50 136.36 -91.39
EPET-TH 95 437973 +413.37 438584 +337.78 18236994 | +51.59 119.97 -92.42
PET-TH 97 280763 +229.09 387702 +286.99 16057669 | +24.67 166.41 -89.49
EPET-TH 97 424042 +397.04 424362 +323.58 16042489 +24.55 144.31 -90.88
EPET-TH 98 398697 +367.33 424362 +298.28 15013225 | +16.56 177.74 -88.77
EPET-TH 99 345774 +305.30 346106 +245.48 14001054 | +8.70 240.86 -84.78
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