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Abstract

Wear leveling techniques have been studied to prolong the lifetime of NAND flash memory. Most

of studies have used Program/Erase(P/E) cycles as wear index for wear leveling. Unfortunately, P/E

cycles could not predict the real lifetime of NAND flash blocks. Therefore, these algorithms have the

limited performance from prolonging the lifetime when applied to the SSD. In order to apply the real

lifetime, wear leveling algorithms, which use raw Bit Error Rate(rBER) as wear index, have been

studied in recent years. In this paper, we propose CrEWL(Cold data identification using raw Bit error

rate in Wear Leveling), which uses rBER as wear index to apply to the real lifetime. The proposed

wear leveling reduces an overhead of garbage collections by using HBSQ(Hot Block Sequence Queue)

which identifies hot data. In order to reduce overhead of wear leveling, CrEWL does not perform

wear leveling until rBER of the some blocks reaches a threshold value. We evaluate CrEWL in

comparison with the previous studies under the traces having the different Hot/Cold rate, and the

experimental results show that our wear leveling technique can reduce the overhead up to 41% and

prolong the lifetime up to 72% compared with previous wear leveling techniques.
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Hot Block Sequence Queue(HBSQ)
Input (PBN=15) Output (PBN=8)
214 1210|2348 5 8
MRU LRU
Block State Table(BST)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0110 |01 |10 | 01| 01 | 00 01 10|10 10| 00 | 10 | 10 | 00
\l/ 00: Free 01: Hot 10: Cold 11: Bad
. 10
Min Heap Structure
4 Change the Block State as Cold
PBN: 15 #EB
Physical Block Number(PBN) < CrEWL_Wear Leveler
7 11
<—— CrEWL_Garbage Collector
PBN: 12 PBN: 18
Error Bit Table(EBT)
14 28 23 18 ¢
PBN: 19 PBN: 552  PBN: 6 PBN: 45 ECC Information
CrEWIL_Free Block Allocator
Fig. 1. The structure of CrEWL
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Algorithm 1: CrEWL_FreeBlockAllocator

Input: BST, HBSQ, EBT

Output: bk

1: blk < GetMinHeap()

2. if EBTIblk]l > TH then

3: blk < CrEWL_WearLeveler(blk)

4: end

5: if the ratio of blocks which have more
error bit then TH is 80% then

6: increase TH

7: end

8: BSTIbik]l < Hot

9:  outputBlk — InputHBSQ(blk)

10:  BSTloutputBlk] < Cold

11! return blk
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Algorithm 2: CrEWL_WearLeveler
Input: bik, EBT, BST

Output: blk

1: cold_blk < GetColdBlock(EBT, BST)
if exist cold_blk then

3 migrate data from cold_blk to blk
4 Erase(cold_blk)

5! return cold_blk
6

7

N

: end
> return blk

Algorithm 3: CrEWL_GarbageCollector

1: for i = 1 to N do
HBSQ,
HBSQ. +1

size

2: Cost, = I, +

3 blk < block i has the largest cost value
4: end

5. move valid pages in b/k to active block

6: Erase(blk)

7. BSTIblk] < Free

8: Insert_Minheap(bik)

V. Performance Evaluation

1. Experiment Setup

Table 1. Experimental environment
Chip 1 chip
Page Size 8192 + 640(Spare)byte
Block Size 2M + 160Kbyte, 256pages
Chip Size 1024 + 84(Extended)blocks
Random Read Time 60us
Page Program Time 1500ps
Block Erase Time 5.0ms
P/E cycles 1000
ECC capability 256 bit
Free Block trigger 5%
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2. Performance Evaluation
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Table 2. Comparison of the average response time

GA CAT BET CrEWL

7:3 316ms 317ms 311ms 318ms 317ms

8:2 306ms 299ms 293ms 308ms 294ms

9:1 252ms 235ms 228ms 264ms 240ms

Relative comparison of CrEWL 102.7% 100.0% 97.8% 104.5% 100%
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Fig. 5. The average number of page copies per erase
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