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student : Chien-Ting Huang Advisors : Dr.Li-Ping Chang

Institute of Computer Seience
National Chiao Tung University

ABSTRACT

Endurance is a serious drawback of NAND flash memory. As the
development of technology, MLC NAND flash memory and Solid-State
Disk appear, make endurance worse and worse. In order to alleviate the
problem of endurance, we should.have.a mechanism to solve it, called.wear
leveling. There are already a lot of wear leveling algorithms. All of them
have difference effective; cost and the usage of RAM space. Some of them
may have better effective, but using a lot of RAM space or get higher cost
such that cannot be implemented on real systems In this paper we propose a
low-cost.wear leveling algorithm. Different with other wear leveling
algorithm, the main idea is to attend to the prodigiously erasure of blocks.
We use LBA (Logical-Block-Address) instead of the common used PBA
(Physical-Block-Address). We will.save more resource and have low cost,
and get better effective. After experiments, we can see that at the same
standard deviation, we have lower cost than other wear leveling algorithms,
and vise versa.

Keyword: NAND flash memory, Wear leveling algorithm, Solid-State Disk
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— ~ Introduction

EWJ‘/‘ NAND Flash Memory H J’EIJI?E":[% [EEE Puﬁ;‘:l bjﬁﬁ'%? T r%ﬁ\jﬁ [FIp~
Bht T ﬁ*ﬁﬁ" F' NAND Flash Memory {55l [F7r 238 o R NAND Flash
Memory [l IHIEAE 0 SR SR (ue) BIIES
e e s AND Flash Memory [ Jf[ B BEER AR > PR T (s
VS INES ﬁ;ﬁj FEEl [pVIRIZ A (Hard Drive Disk) > [l fifflf-Solid-State
Disk(SSD) » TV[ [E“H&'CE J’El?k (Hard Dlsk)

E.[ NAND FIash Memory }“ 1T %wﬁﬂj El}If]@ £ invalid [ Data ff]F=4{r > #;

[ B, (Bhipk) > 1115 NAND Flash Memory Elffﬁ]‘l\ff ; /U\';Ejﬂﬁ’lﬁfﬁﬂ%ﬁ? Egis
FIF " Data Z[[FBh IR 1 PR fﬁﬁﬁﬁ’éﬁﬁﬁl‘éﬁf)}@ﬁﬁlfﬁrErase » {E/ NAND Flash
Memory "E f[*"iﬁjﬂﬁﬁ Issue > EI[JW’"EJ Endurance F'LJFHEE » Il NAND Flash Memory [l IfiY
B B RS * TVEEE IR o ¥ NAND Flash Memory 1 - FJIH'FF[ [k SPASEEL -
P *LLEHFHLF’L I wp Al;»%*ﬂ\f[ (i JIE&H;FJ“_JE@EJJ:F E@;fgj PRI pH=, 7 S
B BT Sy S P B - F'j Jr:fﬁu[g[l“ [&— [FE.&J:FLJ, ﬂﬂﬁw " wear
Ievellng algorithm o Wearlevelmg = RIRLEY T IS 2 - [ﬁEﬁdee IS \1'“5}?'3”?

Eﬁfﬁé?ﬂ R R DIp o PP 555 NAND Flash Memory iU

NAND Flash Merory-fi encliames HJﬁL IR e g B - {%li_ [H7EEL [“ “(1)
NAND Flash Memoryf_ AR AS s PSR g ssD - le:': B2 RIS
=K —.—aﬁ%i‘ ‘t SSD_F N iy Access Pattern 1 [FPAE ARV HI - [ G 5\7‘*1“ FEI
e —.—ﬁﬁi Access “~#[}:L. Sequential Access - |‘E$\ AR ST :FPLF (i Access
Iy €1 8| Locality PO » AT i 5 flalp il ffﬂ:ﬂ B4y fie % el [T
AT (U DT o R e oo
(=AY #FS NAND Flash Memory.» f,‘H"_fk}' NAND Flash Memory ?E—E'E@TE (2)
#HY NAND Flash Memory fUEHZ-MLC(Multi-Level Cell) NAND Flash Memory R p
NAND Flash £% SLC(SmgIe Level Cell) NAND Flash Memory > MLC ?JF' Sl o
(Memory Cell) 55 = 53K 2k [F o 55 (6 ST GR e iy E Y ﬂIF“MLg FEISERS SLC
FY REERE Y E ! ~ 75 30 [E i1 6§ MLC Endurance HJF{EFETEIE%Q °SLC [I¥ Endurance
£% 100,00 (100K) cycles[5] » [fi MLC iV Endurance £5.10,000(10K) cycles[6]. > i~
£ 10 £ e PRIIFSSE B3 7 an ey | - | MLC E[JBAI}IE%EH\EJ Endurance EJFHJEE
(K= wear leveling fI[[#F S5 S fET ol -

Ilfﬁ‘ £ wear-leveling[1,2,3,7]f it 3£ J[1 © Static wearleveling[7] > Static wear
leveling = f&IN& o S| F% %r’;ﬁ\ PR TRk R HAR Jfﬁ'ﬁ" i AN N a1 v
E[’?E'Eﬁf@* o BT IHF'EJgJ’E I SES] Jiﬁlig%ﬁf}ﬁ fY Data > = folRL
lFﬁl Data iﬁﬁ’?‘/ﬁaﬁé[%ﬁ@ﬁjﬂﬁ [ﬂ e j:EM [~ workload HIEI;@%E}@ i8]
oo 1y ikl VBT ) e g
Fj?i:’ [ (B SRR - 1) T L (i Static wear leveling i #ERS 5 =ik
U E Hﬁ’l*ﬁ@i?"‘tﬁ Lazy wearlevelmg o — I wear-leveling algorithm[3,4] » 7[1 :
Dual Pool algorithm for wear leveling J[[LLIFFE453, - {E Dual Pool algorithm for wear
II(;\/eElJ;Eg F’?P%EJ:EIEJEWEE' %2 (yp 331%! + {lit Priority Queues ) » WL%{B?;%H‘EEKJF[‘HZ

s ['F'Ejf@%?Realistic workload & 77 #7 > %'EIW}ﬁ [V Data PR 1ErFI (KA
Data "D % > [NIF=5 [Fge £ wear leveling &1 1 il ﬂﬂﬂ R il HE T
T F I 2R wear leveling FUBTERE o SR ﬁjw Data ; L PHER I
}f‘% I Data > PF‘«L#%HF“F—?% il JE[H 'DEY RAM Space ¥R ([’ %J\f GId



;{%ﬂf}ﬁ [V Data » AP # 2 Lazy wear leveling ° Elf"lﬁﬂiﬁlﬁ%ﬁf}ﬁ fi) Data
B AR ~ (™ o iy p BRI T B 5 PP ff”ﬁi
W%Hﬁi PGPVt - Lazy wear Ievelmg = RIFIRYT ﬂi"}{"ﬁl%ﬁ'ﬂf} ﬁJFIJ Data bt * |
FEEAVER IR T U el ’1’7]},&,’;&#1}%@@?@ T‘i PPER TR SRR
*E}ﬁ f* Data | lﬁdifﬂfjf T fﬂ fHt ¥ erase [V Physical Block (Dual Pool algorithm
for wearlevelmg) PRIE, rﬁ '_E*/Eﬁfﬁ IT@ erase [IVEIR 2 fIRLIES WG&E&HITQ? Rl
%’»’f}‘ﬁ [ Data o 73 IF'I Wear Ieve{mgf Ji[F B (e SR AR BRI 7 (I
*Kfﬁmﬂ JEFHFJH%WEJ *E‘\T’f& @@Wz%‘ﬁ" FUGENA (R AN = NS S aR N
YR E |E U’FE"E;‘ %0 RAM space Ealiimdis %*Uﬁl;lé?ﬁ“}ﬁ [V Data © T3~ {58

IE' ’ [ﬂt» [l H@‘alﬁf (Access Iocallty) [I A ?VEJ LBA(LoglcaI Block Address)
E ;' e Hi o TVAY LBAy B n'Sf@* 7 » ] IEI Wear leveling f JZI’,;{*J[‘PQ‘
méem%%wiw’%Tr wﬁﬁmﬁ@’wﬁ%ﬁﬁﬁiﬁiwqﬁﬁF
F=5F1%. PBA ( Physical Block ddress) RIS = eyl o iy 235 > P e

& =75 (MR paper HrH Yk '#r** e PR T fﬂ FTFbe™ - e
B NP R e ﬁﬁmﬁl&_,ﬂ i Eﬁﬂ&”f%\' » 71 [fi¥'] wear-leveling ¥ standard
deviation b 5 » |~ {57 15k 341 [EFase Cycle 2 Ffi 'HE] N © 715 statiCwear leveling
PRy e ARV standard deviation /- static wear leveling [I~'mean it i) > [fi| 7t
ﬁ'[ﬁjﬁﬂ mean /" > static wear leveling [/ standard deviation ﬁﬁgj o NI *E’D%L_
performance 7! overhead.t' 5= Static wear leveling #SR5EF o 1125 S 3k E 0 |
= {RHI A ] BY Priority. Queue '] 5 —offat Bitmap E 5y > [l Ve R AR (3] D
g J[;F A% B i J,HJEHWP i*[jj ﬁgpj}f’svg\l 8

"~ Problem definition / Related work

2.1 Flash Geometry
NAND. Flash Memory Elfiﬁ“é"?‘}il[lq%ﬁ' 1> = RolRbEl 2 (e a7 0 A {7

KL 1t Pages i 5% « NAND Flash Memory fiv— B * 81 & (Write Unit) Il — {i
Page iz = (il Page ¢77% ot (i Spare Area > || H‘ﬁf}fj Page [lIf* Data > 1| Metadata °

M 1% HkGE (Erase Unit)fl[[E5— [["EhstL A& 7~ #h= Erase Eﬂjﬁﬂi" BhIpAEG HT AP =
HF” NAND Flash.Memory A=Y I 7 f > J[I[9] %% SLC-small block » %~ El NAND
Flash Memory:fli— [ Block | 32 |ﬁ Pages » — {[& Page £ 512 Bytes »+ ([ lEh FF! | E%
16K Bytes - [5]5} SLC-large block » %5 £ NAND Flash Memory [[ = i Block & £] 64 ffi
Pages > — [[i! Page £ 2K Bytes . — {5 4[| % 128K Bytes e NAND Flash Memory i ¥
FrevR| e - fEpvlnipd Device T[] o= HEFY Block Device S Y[1 © Disk » i RIFr3 !
(77 F TR f’%’&ﬁ‘ﬁl}%]ﬁ[ﬁ[ﬂ FUE I *,9@ N FF'" » [/} NAND Flash Memory =1 }[fJ'EIE[SF
TR = R RO TR 9 FO0 Page
* o SR EL Outplace-Update - [fif/EU4 1Y Data [[[if! EL-K 3% (Invalid ) » EI-4[H
ELY[1F=> NAND Flash Memory [l lﬁf”‘ f’h"ﬁl“ﬁ?ﬂ "L % invalid data > [J]"=NAND Flash
Memo },ﬁ E&Eﬁ R IR 2 [Lg“invalid data > I') &=V R T 9 Data iy »
1P {8 / Garbage Collection -
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| AR [T P SST s A % - 1t
£ "I File syste E'U 18 E: T‘-" » PRI =R SSD
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2.2 Wear-Leveling Concept

F'7" NAND Flash Memory | Endurance EI(’JFﬁJE_E s [RIP=EG R IIT== NAND Flash
Memory F[g%%ﬁbﬂ > oG ALRLT £5AY(HH | NAND Flash Memory FIfYE — [ Thipd -
HEE = R S SR PR £ SIS [*“EZF'[FI PGSR D s 0
ﬂ:ﬁgﬂﬁﬁgﬁlif{' LRI A T Jﬂﬁﬁm ) flfj{/[l[ﬂlq’y‘ﬁ‘ Bpu R fgﬁ;ppﬁ:ﬁl [T P
Tl PRI IR ST [ AR SRR T [l AR
1 U8 £ wear leveling ©

4 [’F'EJFI’}{% Data 7j ELFEIHE| © RIFTHIZRY Data » 7t} Hot Data » i~ H[IELR!
Fr 1 25 Data » 75t Cold Data © [I15T Hot Data [V 7 ﬁ7’p7’ﬁi§5§§1§B|OCk
?;E'Fﬂz Erase » [NJI:Z ¥ (= » jg =¥ (AU P LT Old BIocL o B Erase fiY
B4 35#E £ young Block © Hot Data %% - 55 79 B i/ fif] erase Elﬂ\ 15 i 'J/“ﬁﬂ 5
E&:iFUeEIU"_%'”HEﬁE@ iﬁ}ﬁ,ﬁ? 1 Block > il[lﬁ%ﬁ_3 » BRIy E@VV‘F‘E{ Cold Data IV - 7[?;3]’5"!
FUHIIEEAYTEL Hot Data fUIBkEL » F1PF* Hot Data ﬁfﬁf’%%@? T RIFRVECR B ey
BhipdFl 1+ [ Garbage Collection = RiilihLioi [l [lfﬂf’ri«'“ﬁj invalid data Vi k > [RIF=
3 [ 405 | Hot Data [V i < J[11M=Hot Data ip£7 1. 55 ﬂﬁ'[ﬁ'ﬁ—ﬁﬂ&iﬂf[ s [l
£ I'F‘L’?‘/Efﬁ'ﬁ—_ﬁ\‘ﬁ‘ ﬂ#@ﬁﬁéﬁlfl@ﬂfj‘l‘ﬁ%fbﬂ SERIRS Eiee B 0T R1E | TR ISRV
P~ il B pljiﬁfﬁjﬂﬂiﬁﬂf i£% wear leveling - & [ IA9HiER L™= NAND Flash
Memaory ]Elfl;%fffﬂ o | L

q%’]' 3:Hot/Cold Regulation

fﬂf]ﬂ@ Wear leveling ﬁ‘ﬂ?ﬁlﬁfl’% - 1111,2,3,4,7,8] » 3% —‘\ﬁﬂﬁlfﬁ\%ﬁ » wear
leveling Rt = 1 » | IR [= [ARYE 4 FH 8- effective ~ overhead I'| B2 2 [y
RAM space ° il[l[r;ﬁ‘ 4> ZFT [ﬁj wear leveling V35 » (a)J[[£5 T [t wear leveling ﬁ?
wear leveling 35 7 i[lﬁ'lfl‘[ﬁilid_“ . ﬁlj(b)ﬂl(c)EUE@’:’l’?ﬁJEhi@ﬁﬂj Pty (R A
(c)i¥ overhead ﬁl?'ﬁ'ﬁ ’ ”FL, Ebiﬁ’?‘iﬁhﬁ;ﬁﬁ‘ﬁja@ » [RNEG(b)PY wear leveling £ 35l ik
ﬁlgfj o



it
{7 B 1
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- s EF'F s ] [RUE- 0 D) sSD > 2
(BRI ‘ S R R E B Y
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I 49 Wea T T i’“‘ﬂ*f? >~

ﬁll—ﬁj ’ —LZ_]IH‘EJ)E[F“L[% ./"wear leveling a I fieiodk ,,;l{{fﬁ"nj

® 7} Garbage Collection Eﬁ?;ﬁl Wear leveling » J[1% 1 :

< 1! Garbage Collection F{/jH.” Wear leveling
T

Name Wear leveling Policy Reference Problem
Kim and | Erase the highest score that calculate in | [16] infeasible,
Lee function f(x) among all blocks. ineffective
CAT Erase the highest score that calculate in | [17] infeasible,
function f(y) among all blocks. ineffective

® 1 7% Garbage Collection E\ﬂjtﬁ%ﬁﬁ Wear leveling » J[1% 2 :




#. 2 : Garbage Collection 1% ./ Wear leveling

Name Wear leveling policy Reference Problem
Static wear Moving cold data to another [7,8,20] Ineffective.
leveling disk when necessary.
Turn-Based In every x time of Garbage [13,14] Ineffective.
Selection Collection, system will choose
y blocks to be recycled
randomly.
Dynamic wear Update data to a new free [4,10,18,19] | Ineffective.
leveling space.
Hot-Cold The difference of the erase [1,2,3,15,16]% Pathological
Swapping cycle of the oldest.and behaviors on
youngest block is more than the.oldest
threshold. block.

1&[?‘15’?%“{-“? Jfl— {f# Low-cost [l wear leveling algorithm > 7 =1 THFY wear
leveling algorlthm FlTs e é{-hﬂ/[lf‘“# [ cost Ptk o U1 ¢ [1]F[1 [ [RLE RAM 1
[El SR~ [[—‘“ﬁ'?ﬂﬁﬁﬁiﬂ T IU; Erase cycle » [fiEl &} J?ﬁFQE&:stLEJ Erase cycle ?ﬂ?iﬁ[ﬁ#

W Filihdpdf) Erase cycle 2 fifi » JLuFsH] a* =] - PRIgAs Blt EJ[ p‘zt'%ﬁzJ— [[:_{El!'liF'JeHJ Erase
cycle » [EHF= ["$=tlfa€z’fﬁ*£ | B+ P4t Erase cycle % ‘DA o [ (2 PR
T\EI%B flat T 2l EJrase cycle + RAM {[1 i i}{*’@at@m 1 el Groups ) F’uJE —
Group 1 £~ [ Summary Information » Z{f#rhL % |é.‘(wear leveling ﬁ‘/ Victim Group
FLI'] = 1 Group [V Summary Information 55 = EIHRreyv s fY2 1= HE Jﬁ‘t{[ﬂi
Ak Group size Z/[l['f?%ﬂﬂs’/ Summary Information i/[l['ﬁﬁxi’ » Group size LF‘\ HESR
AR ‘%EILJ RAM ZEfH] - (F! wear leveling 35N ALV <q A RIZE. »7 [ 7% Group f[1
EI”J]E&:fof" F ﬁ]f‘.ﬁf'% (J[' Oldest [ 14~ Youngest I it [ TFJ~ (it Group FIT) >
I%[I[ﬁ’ﬁvrﬁ Summarylnformatlon N Fl;@’i‘%w?&ﬁ]ﬂﬁ'%ﬁ’?ﬂﬁﬁiﬁff IRE - = [81f[1
FPepRLp 3k (R F] 2 |~ {f# Bitmap ; It dji%l%fﬂl}'ﬁﬂﬁu Erase cycle » #|[* Bltmap}lﬁj’
Cold Data Z2Z[[E f9lgn IFAFTIFY 3 BEIRE i Ay 202 i - (EIP S A Aty i
Cold Data #2Z[ Old B 41 > F7I"| wear Ievellng Pl ji «L;’H o

it ') 2fY wear leveling ik 1 J\ﬁ[ﬁf}}ﬁ?ﬁﬁl Hot Data 1% Young Bhipkf|1 > ﬁ‘}
{21 Cold Data %¢Z| Old Wt FAf[1 > 9[1 < [1,2,3,7,8,15,16,17] > [ ig =+ 1% | 17V Hot Data
Eﬁj:“ﬁﬂilﬂﬂﬁiﬁu Erase cycle [V (X% 1y 4 2% “?Eﬁﬁdf[ |F Data Rl &y £% Hot »
gk H="E | Mgl Ty wearlevellng TEiR > STV Y Erase cycle - BH

T Pﬂﬂ*ﬂi‘—t{? 'JB:“ 2{[érHot/Cold Data » 1= [Py 3 A P £LI P15 Hot
Data FuZET{AE0 JLI] LBAF Jﬁlm *[Jgrig\ £% Hot Data > Hot Data ; ﬂﬁ T FL bk
fio ST LBAY JE‘E#[{ i wear leveling ’?V;ﬁj 1o ﬁ?@%ﬁ Hot/Cold Data 2|8 o



— ~ Low-Cost LBA-Based Wear-Leveling Algorithm
3.1 NFTL(NAND Flash Translation Layer) & Garbage Collection Policy

3.1.1 NFTL(NAND Flash Translation Layer)

Z5 P~ wear leveling = %Ii@%ﬁ i NFTL 7 > [NiF=wear leveling 1= Xl &
(EFTEIRE » [P AT B NFTL AR FEE < 50 3 NAND Flash
Memory ' = " 5 E| BIock-Dewce [V File systems » PNIF=RIE |~ [ﬁf&&ﬁfﬂf <l A
e A i}l"’ Operating System g e ueyFElsy ﬁf' = NAND Flash Memory [

o [ﬂIP"*M -System AR — NFTL[10]—,]E'7F1§ '35 7~ 4509 NAND Flash
Memory k> SSD Fpl J0F- Salul ﬁl H=H ‘—‘f'"‘JpJ File systems o 4 2% {fp 3k 1=
fol “URLT) NFTL £ = ol e, T [F““?E‘u_ NFTL Sl k=5 PIrmfiep— dosus

NFTL 17 RAM FIf ¥ [f49= Tables » £l HI— (e £ Mapping Table » i LY
Logical-To- Ehysmal Table(L2PTable > q&:ﬂ 5(a)fl EJ[F:\‘) » = folkl Block-Level Mapping »
L2Ptable J|JfL=t1& Logical Block i F’?#’*Uﬁ J Physical Block [/ "Address .4}~ 9= Table J]|
% Log Block Table(LBTable - Q%ﬂ' 5(b)Hl‘ EJF[JE;#) NFTL = %}Iﬁ;ﬁ} L2Ptable - le‘j Logical
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3.5 How to store erase cycle of all blocks
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" ~ Experimental Results

4.1 Environment set up
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;FFI .th ' [li' wear leveling algorithm &= JH[[ZE o

Z5{p~ wear leveling algorithm = oI it % {6t £ Random wear leveling[13] -~ Static
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flt wear leveling algorithm [i*J standard deviation #[1 mean > £l [[ standard deviation f:L
P HIFE wear leveling U3 I - %J@@i{?} 14> standard deviation | 1]
IR+ A FRAEHAT 15 > mean [I[[&5- wear leveling FT LY 554 > mean

B ff‘ﬁf‘iﬁi T [ﬁjg@ﬁlﬁl@ Spare Block ‘[ﬁiﬁdm (E[Ig%ﬂaﬁ wear leveling algorithm » s
Hiy R [ BT D o %] wear leveling algorithm [VRYZF « 17 4 RHELT Y wear
leveling ﬁ’ﬁl‘]ﬁﬂ%"&j\ [ﬁJEIfJ Spare Block &¢ ~ Priority Queue Size I'] ¥ Threshold T [ﬁj;‘/
AT TSI AN P wear leveling SR 5
Overhead i {% -

%< 355 NAND Flash Memory /1%

Page Size 2K Bytes
Block Size 128K Bytes
Pages Per Block 64

Total Physical Blocks 172,032
Total Size 20G Bytes

4.2 Realistic Workload Analysis & NFTL Garbage Collection Policy

Analysis

4.2.1 Realistic Workload Analysis
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. 4 : Disk trace 7 7

Total Writes(- *&i¢) = 1,772,339

A (B LBA {lalgf
0~100 162,208
101~1000 1,505
1001~10000 119
10001~30000 6
>=30001 2

Total : 163,840 | LBAs

4.2.2 NFTL Garbage Collection Policy Analysis

L”“ﬂélﬁ%lé[]‘ﬁ% NFTL Garbage Collection Policy > 1 Section 3.1.2 Fr= ﬁq‘%ﬁlg Garbage
Collection Policy f[IFY7E 1% @ — ([t} Greedy Garbage Collection » f}— {[#[l[[£%
Bitmap Garbage Collection[fi| =% {7 iﬁ?ﬂ?ﬁﬂ%‘?j\ [21#% [ Garbage Collection Policy:
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P1 : Bitmap Garbage Collection
P2 : Greedy Garbage Collection
P3 : Recycle overrun block chain
Fe 5 BRI R )= FE AT RRL A R i 2 [ Total Erase cycles » Average Erase
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M55 PL S P2 ~ P3 ~ P1+P3 M| R=P2+P3 AU i Total Erase cycles - B Bl 1 p2 l’ﬁ;;kyﬁsj overhead ffh: 'ﬂgﬁfj )
Bl R U SRR [N 7Y Garbage Collection ﬁl?r}’ﬁ“}?‘;' overhead i« 7 1"/ P1 i Total erase
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4.3 PBA-Based Lazy Wear-Leveling v.s. LBA-Based Lazy ' Wear-Leveling
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q%ﬁ' 13 : Priority Queue on PBA v.s. Priority Queue on LBA

4.4 The effect of priority queue size, threshold
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4.5 Wear leveling algorithm comparison
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4.8 Memory Requirement
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#. 8:Memory Requirement

yE The size of Priority | Contributed by RAM space
queue

Lazy wear-leveling | 2048 Priority queue, 2048 * 2 Bytes +
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Lazy wear-leveling | 2048 Priority queue* 2048 * 2 Bytes =
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Lazy wear-leveling | 2048 Priority queue** 2048 * 2 Bytes =
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Lazy wear-leveling | 2048 Priority queue 2048 * 2 Bytes =

with priority 4K Bytes

gueue only
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Static wear-leveling oldest block trace

Block 124352 is allocated to LBA 124352 as DataBlock

Block 124352 is blockSwitched(shoulded be erased) in LBA 124352
Block 124352 is allocated to LBA 124355 as logBlock

Block 124352 is blockSwitched(shoulded be erased) in LBA 124355
Block 124352 is allocated to LBA 124360 as logBlock

Block 124352 is blockSwitched(shoulded be erased) in LBA 124360
Block 124352 is allocated to LBA 124363 as logBlock

Block 124352 is blockSwitched(shoulded be erased) in.LBA 124363
Block 124352 is allocated to LBA 124366 as logBlock

Block 124352 is blockSwitched(shoulded be erased) in LBA-124366
Block 124352 is allocated to LBA 124373 as logBlock

Block 124352'is folded in LBA 124373 block chain,so in SB chain
Block 124352 is allocated to LBA 76308as logBlock

Block 124352 is folded in LBA 76308 block chain,so in SB chain
Block 124352'is allocated to LBA 22506 as logBlock

Block 124352 is folded in LBA 22506 block chain,se in SB chain
Block124352 is allocated to LBA 76308 as logBlock

Block 124352 is folded in LBA 76308 block chain,so in SB chain
Block 124352 is allocated to LBA 146267 as logBlock

Block 124352 is folded in LBA 146267 block chain,so in SB chain
Block 124352 is allocated to LBA 78076 as:logBlock

Block 124352 is folded in LBA 78076 block chain,so in SB chain
Block 124352 is allocated to LBA 55646.as logBlock

Block 124352 is blockSwitched(shoulded be erased) in LBA 55646
Block 124352 is allocated to LBA 55649 as logBlock

Block 124352 is folded in LBA 55649 block chain,so-in SB-chain
Block 124352 is allocatedto LBA 22771 as logBlock

Block 124352 is folded in LBA22771 block chain,so in SB chain
Block 124352 is allocated to LBA 143668 as logBlock

Block 124352 is'folded in LBA 143668 block chain,so in SB_chain
Block 124352 is used to store data from Block 65812 by WL in LBA 159407
Block 124352 is choosed to erased in WL,and put it into LBA 159407
Block 124352 is allocated to LBA 41703 as DataBlock in foldChain
Block 124352 is folded in LBA 41703 block chain,so in SB chain
Block 124352 is allocated to LBA 41804 as DataBlock in foldChain
Block 124352 is folded in LBA 41804 block chain,so in SB chain
Block 124352 is allocated to LBA 41830 as DataBlock in foldChain
Block 124352 is folded in LBA 41830 block chain,so in SB chain
Block 124352 is allocated to LBA 41891 as DataBlock in foldChain
Block 124352 is folded in LBA 41891 block chain,so in SB chain
Block 124352 is allocated to LBA 42249 as DataBlock in foldChain
Block 124352 is folded in LBA 42249 block chain,so in SB chain
Block 124352 is allocated to LBA 18530 as logBlock
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Block 124352 is blockSwitched(shoulded be erased) in LBA 18530
Block 124352 is allocated to LBA 76309 as logBlock

Block 124352 is folded in LBA 76309 block chain,so in SB chain
Block 124352 is allocated to LBA 35911 as logBlock

Block 124352 is folded in LBA 35911 block chain,so in SB chain
Block 124352 is allocated to LBA 22506 as logBlock

Block 124352 is folded in LBA 22506 block chain,so in SB chain
Block 124352 is allocated to LBA 76308 as DataBlock in foldChain
Block 124352 is folded in LBA 76308 block chain,so in SB chain
Block 124352 is allocated to LBA 4801 as logBlock

Block 124352 is folded in LBA 4801 block chain,so in SB chain
Block 124352 is allocated to LBA 144404 as logBlock

Block 124352 is folded in LBA 144404 block chain,so in SB chain
Block 124352 is allocated to LBA 144441 as DataBlock in foldChain
Block 124352 is folded in'LBA 144441 block chain,so in SB chain
Block 124352 is allocated to LBA 79304 as logBlock

Block 124352 is folded in LBA 79304 block chain,so in. SB chain
Block 124352 is allocated to LBA 12883 as logBlock

Block 124352 is folded in LBA-12883 block chain,so in'SB chain
Block 124352 is allocated to LBA 79168.as logBlock

Block 124352 is folded in LBA 79168 block chain,so in SB chain
Block 124352 is allocated to LBA 76329 as logBlock

Block 124352 is blockSwitched(shoulded be erased) in LBA 76329
Block 124352 is allocated to LBA 43008 as logBlock

Block 124352 is folded in LBA 43008 block chain,so in SB chain
Block 124352 is allocated to LBA 75013 as logBlock

Block 124352 is blockSwitched(shoulded be erased) in LBA 75013
Block 124352 is allocated to.LBA 99957 as DataBlock in foldChain
Block 124352 is blockSwitched(shoulded be erased) in LBA 99957
Block 124352 is allocated to LBA 99960 as logBlock

Block 124352 is folded in LBA'99960 block chain,so in SB chain
Block 124352 is allocated to LBA 100013 as DataBlock in foldChain
Block 124352.is folded in LBA 100013 block chain,so in SB chain
Block 124352 is‘allocated to.LBA 100044 as DataBlock in feldChain
Block 124352 is blockSwitched(shoulded be erased) in LBA 100044
Block 124352 is used to store data from Block 148222 by WL in LBA 34758
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