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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.

» Keyword : NAND Flash Memory, Wear Leveling, Garbage Collection, Cold Data, Raw Bit Error

[. Introduction

2
o
o
==
>,

>

2 de) AgEE gl WE FeAlE shuriaa
Ag 7HaL Qe e A e 9] 8 27] qlat
B9 o] FolA 3L, A7) AL BE Sl o] o]
= ZeA)3 olv] dole7t gl ol the ol
sta7] el Hlold 4 A ARkl el Brbs

&)
%‘
bl

me X oo fo
1&%1%L

1

—_—
27 A

o W 3

o] Agstn 3|
EHAIE AR ’5‘}“ ’\V\E“" e %3]1/*] A% A
(FTL: Flash Translation Layer)& AF&3HC} & A%k A
%2 A Hlo]E(Mapping Table)& o] &3lo] =] F4

= EA R B FaE A
(Garbage Collection)S ©]-&38}¢d %‘ JolE & 2kAof| A 1Ay
g 4 e B2 Fas) dolAE AL Ak Eg FTL
2 ur % s (Wear Level mg) ]E‘é
o] W] AREE= AL WAt A%
Rk ol A HE AT °}°ﬂ %

2 AR Foll HAEE s BE5S #eEsh] qg
(Block Management) 7|5 % ¥3%%

O] w2 M= B5o] & Ag wAEA Zeth

o=
I
- )
ol
o
N
)
>
)

e = &
Jm
ol M
te J}m
ju

2
o
2
2
1

28 5 A= 59 #7F 2o Ha, 2
o o 7hulx) AeHo] A3 FalE|e} g
Ae) S SR wolx A frk. wekd A%
wh A ] 2 AsE el vhRE FEsel i@ ATt A
F7HA ol oll grH2-9].

_l}ﬂlr

HorE
X
9

b=

)
o°
i
4 = orfn

o iz
o

* First Author: Sang-Ho Hwang, Corresponding Author:
*Sang-Ho Hwang(snailcom@ynu.ac.kr),
**Jong Wook Kwak(kwak@yu.ac.kr),
***Chang-Hyeon Park(park@yu.ac.kr).

Chang-Hyeon Park

Dept. of Computer Engineering, Yeungnam University
Dept. of Computer Engineering, Yeungnam University
Dept. of Computer Engineering, Yeungnam University

* Received: 2015. 08. 18, Revised: 2015. 10. 05, Accepted: 2015. 11. 12.
* This research was supported by Basic Science Research Program through the National Research Foundation of
Korea(NRF) funded by the Ministry of Education(No. NRF-2014R1A1A2057146).



2 Journal of The Korea Society of Computer and Information

P/E(Program/Erase) =l we} v}
AR W= *ﬂw A el BFEe
E ZY A Ao 483}

Error Rate)S vwhE 04-?7} EXSE

ATHI10-12]. M= Z9A e Hos 54T B2 AolA
= P/Eel wg £F9 rBER7F /M-S Kol 9loH
[13-16], rBER 7]%k] mlR% @3} AFEL ol#d AKr
of 71z3lal vt wWeEkA rBER 719ke] iR E FEst ATE

& AA BF2 S d5317] Y38 ECC(Error Correction
Codes)oll A o] Fo A= o8] AE/ole] AL ARE o] &3}
a1 01]:]_

2 =FodlAe AA & —% &3 & ¢l P/E 78 A3t

3 % —?330}‘31, Hot/Co
wo Az wy =4 7]Ho] opd "H 2oy
CrEWL(Cold data identification using raw bit Error rate in
Wear Leveling)2 #Al¢kalt}, Alokets vinx HE3) 7Ee
Hot/Cold Hlo]E1E  F#9E3l7]  $13] HBSQ(Hot Block

Sequence Queue)E AREstal, Wl E& IS ] HA 3§

(Min Heap) 7-%2 A&t} 3l np ke HEslo A Ay
T HIEE Hugk 20]7] fd £59 o vES EA

PAEE de A L FEeE SR gon, o
At W 0l F 1o Aule] S vhiis: s

=

oot =20l P TE Lrh, 24 ME ANl
A AT 5 9 Aelst 71E Q7o) dhste] 1—@ o). 37l

A B Rl Aotk e BES 71We 2lekL, 4

i
FolMe e Sl 7129 7IMES Hlasta, 5=

[l. Bakground and Related works

1. Background

He ZejAlo A AT < Qe dles A AR
ek A HA ol2l= 227](Write Error)olth. 27] dll#f&
dolElE 2= HAdA BT = Qe R Yy
(Threshold Voltage)2 7HAaL e Aol A3lE F71= 4
3l ¥ 28 (Over Programming) 522 Qlsle] HHAY
gt} olgld 2] dgle PE 347t 2EE e
[13-16]. 7+ HA ddlgiE 227] W3l(Write Disturb)o|t}. 227]
W= e Aol 28 uilel] xgrEolqle] 2] At
Al Zste] A7tE e |4 detth Al WAl 971 Bl (Read
Disturb)olt}. ¢17] Walle 22 A& WAoo gjojx FH
o] A=glell Hsko] M7t +8 A ghol A0 HE

=

E‘r ol a WAt} miA et o 2 HEo||2|(Retention Error)
= Z2H Ao)E(Floating Gate)oll A% A7} A|7ko] A
ol uhet whukel dlolE7t WA E o] WA E). P/E 3157}
SOl Al sl M E£A4fo] o] Folx i EEH A

olEWe] a7t ¥ wWol wAusHA .

2. Related works

A7 A FeA FE S7M71aL, oW =
7] §1gk viEE HES) g Ee] wol dAFtEolgrh. tiEF <l
odug|Zo 2= GA(Greedy Algorithm)7} QtH2]. GAE &

= LHoﬂ a7t b AL B2S Jx] AUl it
Pos, e T AA 54 555 wEA &

CB(Cost Benefit)x= GA9A Z= dlo|E7} s|AEZo =R
AR e S s AltE e, A (DS A
|3t Mg 2 3 A= E5S gAES R Agsie W

HE Fote] v E PEsE Fesit)[3]
age; X 12—uu o))
A (DA we FE HolX ] Hl&olH, age, = A AZE
oA EF9] Ho]A] Fol vix|eto s FgslE AZFS Wl Ao
2 Fast | o]F Ay} AR gu)git), 1—ue FE Fo)A
oA 2= ol5eM, 2uv FEIAAE g1 HleH =

W g-< olvl g,

CAT(Cost Age Time)= CB7} Z= dlo]Ejqt Q1Al&=

— vl

A A 99 AckEgion], 4 ()8 A}ﬁo}oq 73
o e e 252 RS oe A4t

o

U 1
X
1—u age,

X EC )

2 (2)AA age, = AHES
A A3E A oJwebs | EC(Erase Count)E £
3175 ougitt. CATE 7H)A] A Ao o3
o]7] 918} Hot/Cold dlo|EE sl A= W
3kaL JA|RE o8] FE dlo|l"E A

S e BRo] gy o

F A7
20] A
A

o]

lo lﬂ

Bl
H
olFAI7IE &

§20¥ON{N

o

& 4

I 9% BET(Block Erasing Table), Rejuvenator,
SAW(System-Assisted Wear leveling)9} #2 vlR% HF
s} 7IEo] ARE R oH, Hole HAAl EF TS WS
7] $13ll P/E7F obd rBERS wlELE HEs}e] o]k ERA,
Equalizer®} 728 A7} o]Fo|x 1 tH[10-12].

B =FdAME Cold Hloly i 2 2] o8 ARE &8
ato] miR % HEIE FPgtt. ECColAw 7] old, ¢17]
Wl 9 BE ol 58 wE PEEA] 28] wiiel, ERA 7]
U} FUsHA A7) QA F ukR oE WS ARSste] 2]
delE =gt oA Fromm Alzto] Aol uwhet WAYE



Cold Data Identification using Raw Bit Error Rate in Wear Leveling for NAND Flash Memory 3
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
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9:1 252ms 235ms 228ms 264ms 240ms
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Fig. 5. The average number of page copies per erase
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