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On-Line Self Tuning for Wear-Leveling Algorithms
Student : Li-Chun Huang Advisors : Dr.Li-Pin Chang
Institute of Computer Science

National Chiao Tung University

ABSTRACT

Wear leveling algorithm makes all the blocks of NAND flash memory can be erased
evenly. The evenness of blocks is always controlled by the Threshold value defined in
wear leveling algorithm, because Threshold controls the frequency to invoke wear
leveling algorithm. The performance of wear leveling varied from different software
of hardware conditions, so a fixed Threshold-value can not satisfied all the cases.
Therefore, we propose an appreach which.combines:the realistic measurement and
analysis model to calculate.the relation of-overhead.and Threshold of wear leveling
rapidly, and choosing an ideal l-hreshold value which is.most suitable for the
environment. The experiment result showsour approach is'more accurate and faster
than other methods for deciding an ideal-Threshold value \With self —tuning
mechanism, the performance of wear leveling improves; and it effectively extends the
life of NAND flash memory.

Keyword: NAND flash memory, Wear leveling algorithm, On-Line
tuning
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On-Line Self Tuning for Wear-Leveling Algorithm

1. Introduction
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2.Related Work
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2.3 wear leveling
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3.0n-Line Self Tuning

3.1 Lazy Wear Leveling
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3.2 Overhead Analysis
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» flash en e+ o] ‘,szJ_ 4+ §_block size ez #ic > # =t B » » 20 ¢ ¥+7% block
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Nbc i physical block £ %1 & 3|\ A4 L sranlifi i & - ﬁknj € 4 € &7 cold
block #ic £ 7 Noc > #717 § & - E 488 2 a3 enaphysical block R 5 Nb— Nbc
= Noh 1 °
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it K X =1 *Nbh*4 > i &= 28§ enfdie o 4 % Threshold - %1% 725 lazy
wear leveling s/ » » o7 1@UiRE 12 {8 B T Sl
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%1% lazy wear leveling & # thz % & fo-T #5 erase count @ #-qr |- erase count
v o A 2V i - overhead fuction i s

g(4) = K/2 4

3.3 Self Tuning Concept
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overhead function 425 5 g(4) = K/(2A4) B > #7121 3V i B 1T 7
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T AN K= y*2*16 0 T RO F A MRE I KER o 7 i flr gd) =
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- 8o

3 ko)
2 o}
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S £
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y
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3.4 Implementation Issues
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Using LWL
with decided A

|

Calculate A
Set A

Reach period?

K - estimation
(need 8GB data at most)

1] (8) self-tuning 7 4%

@3 K37 5 4% g(4) = KERAEFIRTH R M :
Threshold & B 42+ 4p % Paabo © F ¥ A H e 2 RN A F 5-01n4 @

¥ =
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4= ,/(20K)
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= enself-tuning s34 7 ® B o
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4. Experiment Result

4.1 Experiment Setup and Metrics

A el B etz * <o NAND flash memory &% 4 1% channels ch% 15 & A # > &
K erase FF 73 efichannel ¢ — Ae# iF > @ 3 BB 72 F & “73 channel - A& % >
RfedeT™ £ (2)97w:

Page Size 4K Bytes

Block Size 512K Bytes x4 = 2M Bytes
Pages Per Block 128

Total Size 20G Bytes

Over-Provision 1.25%

% (2)E-F s Rt R
moerig % e FTL 4 — 1 log block ¥ &c ¥+ & 3| - % data block 3§ #77 Block
Chain - 2§ skiplipugs? » 2P @ % grworkload 8 4 § #r#BT k- B
P chreadiwrite 13 Podp £ 0 R B 4T 2(3) 15

oS Windows XP
File system NTFS

Total writes 1772339
Disk volume size 20GB

# (3)workload F 3t
At g R e 450 T ARSI i Bcm v lahig R AP R-¢ i R
LA LR R ok 4 E n TS "f‘ri‘&[ﬂm% S LT 1P

b4
R EEEIEBT o G

Threshold & - i — & — 4 %]p]
£ » % — i Threshold & # * 20G
SRR R

Stepping - 1G/4G bEHETIHRBZE T 0 ##75 Threshold
_%ﬂ¢@£mi°

— 1 Threshold & # * 1G/4G
FopLp £

Partition - 2/4/8 parts #-NAND flash memory % =
X248 > & - BINA
)€ # e Threshold & » & —
Firigr FHEE s 206

# (4)F R 5 4

+‘.

S \E;
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4.2 Using Different Host Workloads
421 Workload Introduction
% F e Workload ¢ 4+ wear leveling 3 7 & <138 24;’5 ETILA PR RiEE T NB o

IOmeter[17] > Multimedia > i&= fa4F 4 4p £ 8 < chworkload » &k F 45575 -7 3
WAL it 7 PG T L T PR b

% e Workload F1 5 5B chdF 2 e o AT f AP e R AR Tid A PIR % S
7 F oo T BI(9)E = & Workload 772 3 wear Ievellng T T s i N PR B R
+ block rrerase count 4 # ] - IOmeter £ _— i 2£% % §% < access pattern > v ¢
e AT BT TR N A e ik 0 o € - 2Rl & B block ¢
erase count & # % IR jk A F kg goblock s erase count ¢ 45w B 2 AL
B o

NB trace 7 P & 0 locality #7045 v h ¢ ~ BNEAF AR E ~ 0 @ G 2 R
FALB T F € F erase/count A 2L F 7 T Feag g Multimedia ) £ -
2 % R fhaccess pattern»'ﬁ; - BRI FER S At #i- BB~ hhot data
o 304 RF AP PR A 2 W 5B S wear leveling s o~ T o0 v BT B IR 2E
¥ Li5r B¢ drerase cycle & # o

IOmeter

Block number

Block nunber
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B (9)# & workload 7 erase count 4 # [
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4.2.2 Workload Experiment Result

A ¢ AL 23E 7 e ehaccess pattern € ¥ wear leveling gk A 4 7 oen
BRIV WA R B % o T B(10)A @+ K-estimation #7 i 1) =
A-TH 0B G Rfok 4 % dot o
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= 12 - —NB — 12 {| =Multimedia _ ¢ | = |OMETE|
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S 10 8(16) S 10 ||—s(16) 2 0 1l —s(16)
T g o i o
o g ° S 15 -
£ &7 £ 6 - <
S 4 g 4 g 1]
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o RpARR TR AL S F o # A PRSS Y dkiEs () 0 RA(B) > rE- ALJE
fo* g _10Ometer > e £ 2w %48 § Threshold & %/ b » K-estimation #7
w3-ehoverhead € & o pHIRA AT IEAREA BT 2 REEA P T5% 1 b s T ds
4 h B A 2 5 0 Keestimation shiCie s % ik 5 240 § 3237 -
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leveling = % % 318 m & 24 % overhead -

18



B {6 H @ * Partition *ri# 3| R % o

(o2}

o
=2
w
ul
o

——Multimedia 25 1 ——lometer
A
__50 —2part 40 | —2part _20 - —2 part
240 | \a—4 part X 4 part X 4 part
° \., T30 - —28part T15 —8part
230 £ £
g 20 g0 510 -
®10 N ©10 o5 |
0 T 0 0
0 50 100
Threshold Thre5310Id 100 0 Thrg’s%ow 100
q%ﬂ(lz.a)NB Q%'[l(lz.b) Multimedia qg['(lz.c)IOmeter
KR %@ 4 ¢ > 7 L Partition=f=Multimedia pF = g2 7 - Bt Tl endd

2L > #7112 Partition A Multimedia F,& 4 Stepping = & Fi e A o Partition

= NB e 24 i e Rl (12.a) 7 7 g B 0 g AV e iR e Ak S Fna o Rl R
L e ﬁj—iré\ﬂ  Ji 'ﬂﬁ‘ ly‘v“'ﬂp NB & trace/ & 7 & & locality » 3 *» =

%é"é iRl 1‘%\5 % ¢ 1) NB o locality-§2 4574 = & B Threshold & i)

EERBE AR A3 TP B2 5L [Ometer m}_,;*ﬁ locality p® 4% >

SPRLRIE O ki R 7 F MR el s A SR i R R R £ 7 4 o

A kA (7)F A g * K-estimation 7 f worload = #78 ¥| 2 Threshold & -

v * & 4 2R £ 10meter - Multimedia » o NB #7ip| £ | et & -TH Bf % [B] 12 2

HHL-THM R > LE(13)-

Workload K Threshold
NB 1.0268 23
Multimedia 1.0092 23
lometer 2.06 32

4 (7)* F workload z. K i 2 TH

19



=
S)
S

16 4
14 | = Multimedia 90 - —— Multimedia
_:\‘B . 80 - ——NB
ometer
12 570 | lomete
;‘:;‘10 1 Fe0 |
S8 Sso
5 5
5 6 'g40 A
©
s $30 A
5 20 4
10 A
0 T T T T T T " o =
0 10 20 30 40 50 60 70 ‘ ‘ ‘ ‘ ‘ ‘ ‘
Threshold 0 10 20 Brreshold? 50 60 70
¥ (13.a) # = workload & & -TH R % @] B®(13.b) # I workload & # % -TH & % ]

HRI(13.0) 7 7 vt TH ERIE £ 2 R G L TS v el 73 > 297 lazy wear
leveling $+ T 322 & 3 B> #7142k ~ + Threshold ig 4% -] 7% > block 2. & si7erase
count & # » ﬁ} A% T 35 o

2&’;13%‘1(13.31)cl » ¥ 12 3] IOmetershwear leveling’ = ~ .3 % ¥ A F o R
ﬁf‘u;ﬂ_*f 4k 3] 50 0 IOmeter < erase.count Sk Ao R LK fp A F o 7
2 erase count & > -T o {Ede P EIEE Hnb B 9 2 17% 5 AT (R b ﬁ‘;ﬁ—: IVERE-:
wear leveling - e a-\IOmeter T2 5 #r3) hotcold data 24 =] » 712 wear leveling

PEEA AT IOGRE T ~ o R Rl ) B ‘imar‘g G ks T
K-estimation #rip| & ) K & s 35 2 ea Threshold & » i < 404 (7)#77)] » 4r
B AL 91 4 e 7 aowear leveling e

NB trace 7 F' & <7 locality @ L% 2 Fpas e 4l i trace » # 7 hot data i 7t i)
H L0t e it g 514¢ wear leveling E"ﬁfviﬁa&'g IOmeter +* vii?éaﬁ’/‘ » X TN
hot cold data §_{x P &> Tt 2 2 i 21 % % = & > wear leveling z’v’ﬂéi%ifwu} ,
#7121 K-estimation 45 41 e032 18 Threshold & %) 5 23 > & 47 & et & & Je 3 2

,ii‘;\!:' o

% ** Multimedia trace - %] 5 # fherasecycle » # <& ¥ ¥ T3a, 200 & & e
Threshold & & 7 ¢ <+ wear leveling »# = -] s Threshold & B § + #5313 wear
leveling = @ + 382 S 9 A® » > 55 > e ahhotdata #74 hot data %% %
FE o R & wear leveling 3% € {347 &0 & £_Multimedia % ¥ ¢ 3 * # B A
B o~ Flptx € e 0 2w wear leveling <h:#-hot cold £k uh%mz*% v Fpt
FHamek e NB A kLT 5 o

20



4.3 Different FTL algorithms
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