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Dynamic Threshold based Even-wear Leveling Policies
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ABSTRACT

According to the advantageous features of flash memory, its exploitation and application in mobile and ubiquitous
related devices as well as voluminous storage devices is being increased rapidly. The inherent properties that are
determined by configuration of flash memory unit might restrict the promising expansion in its utilization. In this paper,
we study policies based on threshold values, instead of using global search, in order to satisfy our objective that is to
decrease the necessary processing cost or penalty for recycling of flash memory space at the same time minimizing the
potential degradation of performance. The proposed cleaning methods create partitions of candidate memory regions, to
be reclaimed as free, by utilizing global or dynamic threshold values. The impact of the proposed policies is evaluated
through a number of experiments, the composition of the optimal configuration featuring the methods is tested through

experiments as well.
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Table 1. Characteristics of Flash Memory

54 e
BE 97 A7 120 ~ 250 nanosec
B2 7] A7 6 ~ 9 microsec/byte
A|2HE 7] A7 0.4 ~ 0.6 sec
k]]:l‘?iE_ AA AZF 0.6 ~ 0.8 sec

AZHE 27 64/128 Kbytes

AaHE 47 She 100 K ~ 1,000 K

AEE-S g ZYA) R AIHEE FHE
A e, FEA0RE F33td AR ES)yH EFE
HNIHEANM fFE3 A5E o2 MadER &7 H,
F NIHEE LAGY o]t &A Ui M1HE
o] A& Z2]d(cleaning) F Yol 93] AAH )
Table 19014 HARl= EAZE AIHE 37]9) thE
TA 840 uet BAA g v AeE ¢y
A Stk $5A02 HMIWE AAE 48 A7t
B ol o] ArFe] ofE F3H) vis) B7) o
o, Z8)d A BEEE 27 JI4E F4Fey
g AH) 9 9hg &% S A2 e Al
= A0 7 AadEY A7) S He AL
A &t wear leveling TAIS Y81 Aok sl YA A
71%5& Fejsteiof gtk
=R E g o AHE JFe 246
v)8-o] FHislol MMAE FEaAE Tl AvlE
o2 A vEE Y A5 AT 43S A
of FEA7 = W E i8] =& s o] 9
27 i MIHE & vl 8-S HAstE ¢

8 HIHE G £22 A9 PUES AL

S

i

0

oF

o b
X orfe
i

e
i ol S

g
X
o
i3
il
o
N,
B
1o
ol
e
ch
i
i)
1o
=
kl
ol
oN &
2
2

2. ZA| 22| KA B7H 2

21.71Ee] 271 Oy M weE
AR 71BHA 2A B AIRE AE L T 5
£o mae) Adoltt, Ta9] MY e thy ATHE
4 TEeHA e Aejol BN &7 o
A Ta9l A8 PAEL A 712
W ATHE Ae BTEEE HE @)

1o %
"y

o
)

9

¢

YA ) AE o] gu] 83 A Al6d A2%, 2007

£A318 A7) fEle] e U AadEe] &
& 7t ARrel g AR E AA i A

AL A T, 2,3,7]. BEH A9 9PEL o
AZNEE oM (FE BEE SR B2 5
9] AUze 7K AlOHEE 4&A ez A
th3]. B8] Zint darElEe 54 AadEd 4
3 vpAet 85 Fash A7k AL 7R 9 A7
< aget} 3t3, 2 MZHEL {7 dlolEe] ¥l &S u
2Hal A Q3L (age* (1-w)/2*w)) AL 7HA=
HIHEE 47 ez HeEgig3, 6).

AY A g3tk HES ZIA drgy o
£33 Ao wet g4 49 2719 o] Bl
SAA FHa, olo] Wi Al2d e HEE 49 ¥
o] 352 A vrae g 71t Aol F&
312 Bl A5 714 & Aotk E =R ¢t
e U EL 4% Fod B3 Ro] oz} &A
O A GH L 2481 7S WEEC] TR e
AN ¥ 8-S a4k ¥ ot HAgh 7Nt i E
ol Hlmd 4 = vHAGE 7wk HEEE AUAg
ok HAZES AMEA] &S 739 arEisfof skt
AadEs) Agte dA F£5F9 AL B3t 5+ Qe
HHES YA Z 3 H9 o)& sl At ¥y
22 AAFE AR

24 o ofl oX

-

22. 4% 28 7|8 ZefA miza| 2

221, B4 v &

g le] EA W B8 28E AaHEY
NEE SegNoo[#FaL &kxF. Bt ok 3t 7f oA
F Holg 258 X3sle NanEES] AA vz
of th3t ]SS Ut o8ty A osiat. A9 Bag &
43 o], A7 Fallo] Bad AlTHES 4 Search-
Space & TR} A <jHt).

SearchSpac e = | SegNo*Util | 1)

A wl =) 2717 AU R volEgo] v
o gk - EA gol Fol, @A vl =3 k)
= AR Fopd 5 YA, & SHA| vl =
off thik g W2 A gulA| o] 5ol Aze Al
7FE 3tk ol & A A dARL 19t
Al e #Ele g W& Hadlsle FA &
2 ¥& v Yeg Aiststae Aotk 7]A F-
gl dARE HAsl 7 7 e s dvh
24 AR F5 GAR. G GARL I Al L
2l thdol Hl= £4%ke] MAE vig] & F Sle A S
AHEE S o, -5 GAIRE $4gke] FAIVE Al



< ol &8 vixe] &A 7

3 dA

7)) Wt Wahe 9ol AR 5= 2t

222 33 dAZ 78 B

A A 71 F2A 2] F2(K-STIM)E
2 9 g oo FUF 99 278 TR E B
gl g o gl RS 722 3} o] =RoM =
HA o] M g o Fir)d 2] El(cardinality)S K 2f
HE3, K 2 Ag3E0 HES Sl 2L
Eia=d

Z} HE A 49 9] o] 3# ] A7) SubSizew Thy
3} Zro] A ejgr).

SubSize = [M@__W] @

K

K-STEMO|A &7 tiat AlaHEES Mg o, A
FHe] A7l 4 (2)elA 78 37] SubSize © <]3)
SAH, 7 3 g9 g 94 98 Yehle
NE £AE 7IXA ok 54 oE $4%8 7
= BIEREY )0 3k AaHESS Foix 99
Yolir A2 e $4%E 7H & Uk mabA, 1Y
AN A AMSEE AT £ A AREE $49%0]
203 e o, 4 dE 4300 488k 3t
F F9E 2% Ade A48 SagFol e 2o
& B F9len, A F 7R e o) e
T Atk T2 et A 2 7 A,

AA &4 A A2DE A oA Zt AlaHES
B4 £A4% Awrval o) FEHA] e 7,
AMEEE gaEEel wet FF 49308 7RE Al
HEE S, 3 AoatA. B3 &8s M1HEY}
s} o)atol HAHY dE £ 717 SR g4
49 Region(K)ll &3 AITHEE Segdll ths, 1<
i<SubSize©] Z, iol 3] AtrVal(Seg)< AttrVal(Seg;, )
7t Yok 319, RegionK)ell £3le AlINES
Fol A A £4715 M Al 2 ESegousize ©
Sept T3 et

AT 4GS 71 AaHES AAE F54S
PIANA AAFH oz HEyYL AATTE FE A7
Aol 2t ), AA FHGof F2H9] Ag)S A g3}
© AR 87 g4 g9 Region(K)oll 729 A&l &
L3 A7l Ho JlAE Edy §34E AL ¢
Atk Aukg A& 3HT o, Region(K)oll &3k
AIREELS =2 FHFYo) v} £FHYonz,
Region(K)oll 7219 #-& 483 Ao A Al
HE AgelA FHAe 18 glo] Fahy Adg 3
£3 AR iy 7dx HolA 95T Aol

He] gale 27) AWE A A g4 AFAo
Aukste] aE7) WEel, FAW 4G B4
AtrVal & ST ), A g JAS 2 )0 A
Ao % 2eo Aolg B Aoz dEET. §
Ak, A o] 74 ol e)ak Higk Mol
FAolzz gl ulge BE Flw AAnd Eu) @

n

A B g-2 g el A7k v R AR SN
I g oH, ojn] FfA| WEA Je AE +
ZRHS o] 48 A ¢ FA)7HE O(SearchSpace) 2He
H)-&-2 Edof gt} olok= Ee] TAAHE HAsls}
7] 918 M Exjot 22 AR FRE AT A '
A 23] A7+ O(SearchSapce*log SearchSpace) & I
82 3t} o2, Cost & 72 Al 2HE FH A9
Ho3 wry vgolaty & o, A O(Search-
Space*Cost)?] Wl &E.2] v]g-o] 229 HT}.

T2 Ade)g o83 £ 7Nk A2 gl u]g-o]
HastEo, Al aHES] AETFZ0) EAH FE 9 3
o FEE AR 7 viRE HEE Haste) o
A, v iR E3ele SR AG 9 T EH
HwE o, 53 7| A& Ao &4 Haslsld
Al g H g4 HaslEte B3E UEAE = UE
Ao 2 7|hgict, 3k B4 M- Foolx] HA &4%
A Al g Gl ik 1Y gL & A #HEE
e A gAY 7 283 7MY A A
Aolgk= 7|ddle FE7t g1 Zloltt.

223 AF 28 Wy

A gAY JHof &ike AIHNEEL AAZ Z3
A HimE)e) £ Bt ALAH o Wslst), wEbA,
S ghal ofo o 7 U Al aHEES B Y
Me A E I g9 £A43%9 4 o) gyt o
£ 98 £ =folMe 283 W2 AMgEE Al
HE &7 3708 8 QARES o83l KRl &
H 9oz Bashe WS Atet)y €88 Wy E
oA Mg £A4% G = F NIHEY A8t
73 gole] B5 ¢} tlole] E50F AIGHX| e
EE L9 oz gt ulelA, BE 3 A 2HE &
s EE248 A9 o, G= e 998 7kt

1<G<(B-1) 3)

o] 94 KHZ EF7] S8 et ol 77+
27 we Helaitt.

W = [li—_ﬂ @
K

Journal of KSDET Vol. 6, No. 2, 2007



8 v oA 3

A7\ 7 S5 G4 L E £43 PE AT 3. T AR W AR BN
VRS, UE S 15 KK g AT
Mebd, UE S45t0) Pl 8 e AIRE & 31 2HAR

3o ) e 2 SRt Lot ARt U )
SR DU

L=1+FP~1)*W ®)

©
Ao

% 9o UE $4zke] K A AL B
D BT & AIHES] S47ke) WET} 47
7%, $loll Fo12 wge] He} thE S43ke) A4
I, 9 ATHEE UE SAz) e &5 o o

ge R,

U=L+(W-1)

224, F8 & 719 EYA dl=E] Fe

27 AARE o183l 2A O NIHEES £
gl Wl ANE $43e] Adigho] FiRIA|
e Aole F4317E PEL o)F Afole 4
°F A T AR F = YAIgY AH ol
EAl HE7 AAZ AME-E = Tt 2R s ofof
gt} o] =RoME 5 AR FraAdS AEII
st Fold A WollA Pl 45k 71E
SAE ol &3l K9 #7HE A8 dARE 45
= WS st Fold A B #EE Ul
£33 HEE Attra, Bt B3, NS Attryg,
olg}x ol uf, KN B2 oS Ao 2gled 2
=h2l=N

_ | Attry,, —Attrya,

Wp = [——K—] (7)

o] 2]& o]&3le] thE &A% PE /X E FEYY
o] B & 3 aFetgk Lps A3t Ups ot 2
o] o3},

Ly = 1+(P-1)*W, ®)

®

A9 g S&3k 722 vE ), thE S43 1
< 7R 7719 S Aty £ 28, HE
H4% K & 7 772 Aty & 332 A
et & =2l Agste EA HED B9
FEAT A AIZRE Adeel] mE JEL A2
ojd 7Ivt A& B3 AEeH

Up = Lp+(Wp-1)

A U2 Z g o)A &3] Aled A23%, 2007

AlEEold 7o) 71W e AE e 22 A2 A
deke EHAl Wiz dele A4S d4F ZARE
S8 AF3IL, SAE Aldske S w2 Best
229 e BudE 434 s B u
HE A} ske ol o AMSE EeA] Al 2] ZEe
EA] 2] AFAA IS wet FA T
(1,3]. AlEe| L e2a BA7)E o] 85t ARET
=8 £5 M3 S dodoz NI A48 H2
=2 AEe E94 Jd A=) o3 EA &5
HEE s, g &5 ¢7|27E

32. 845 BEME pish A8
B =FdMe g4 tlrnael Alo|ZE 4 GByte

2, A29E /& 64 KByteZ AA 3L, vl=e] B
52 2 KByteZ AG3I50th S84 HiRdy 4% o
Al EA] vl Ao A JFS nHE AL
2 gEA UTH3,7,9]. A% WM Y o yEF
AL 27 FEA vizel 80%2] oA Jeht
7] gE B =EE 8T 80%E AR 2
2 A2 A (localityy& Z7HA171HAA =31
ol= F2 AGo i ZA W2 e A% il
7t E2A) w2 Al2g FE] $23 Algte = ¢l
2153 Q7] WZojri7]. A2 AFAHL APl H&
Al717) 918t Bl B o] ALE- RIEFT) 5o
Fd Ao tha HH(Hot Access)d AFRE MESF7) e
gl hEk HZ(Cold AccessyS A8}, H2 LAl
Al 2575 A A2 AopS T

A% BAL 98l 7R S SEL 7129 77
%] A= (Random), B4 A= (Greedy), ¥]-8-/H] A
8 (CostBenefit) ¢ZFEH A 24 YA
719 MultisetS) F5 LAIZL 719 MultisetD) HEE

o H
Eojr}.

33. A8 ZHzt 2N

4% B4 A% ZAARE F AaUE &4
EE AN & JZ 5 w8 #5484 4
23317 A e AaHE &A 5] i &
g AT Fig. 12 & 79 AaE 47
Y A 55 B F Ut 729 A9 g
2 H2ge £4& vHIA e AR QAR 2
Ak AeThg Holil 9lom, FI o] AR

= dAZ 71 A9 dre|FEe] $rY %S

= e off

By Be di oft 8 o



53 YAZE o]838 vuE] &7 9

Accesses per Erasure —}

[=#—Random —— Gresdy —a— CostBenefit —8— MuliSetS ---® -~ MuitisetD |

50/50 60/40 70/30 80/20 90/10 85/5
Hot/Cold Access Percentage

Fig. 1. Block Accesses per Segment Erasure.

Accesses per Migration T
—e— Random —a— Greedy —a— C

it —5— MutiSets - &~ MultisetD]

o
2

o
&

o
&

Accesses/Migration

|

/50 &0/40 70/30 80/20 /10 95/5
Hot/Cold Access Percentage

Fig. 2. Block Accesses per Block Migration.

Even Leveling

[~e—Random —=— Greedy —&— CostBenefit —a— MutiSets -~ - Mulisetd]

Std. Deviatior

80/50 60/40 70/30 80/20 90/10 95/5
Hot/Cold Access Percentage

Fig. 3. Even Leveling Measurements.

Aok

Fig. 2= & 719l £% 1% B Ad 2 & B
. o] Akl et A JN S FES
vl B9 1%011 mE a&ol dutd H= g
4 T $d AoE Yy, 739 A9
g/ %}161%% o2 ’S°W°1 HNEA+E E5
olFdl M &&o] "olA= AR Yeiyt

Fig. 39 A=l le #43 &3 SddMe &
£2 A9 daE AR 7 dagFEe] te

WHESRT 78 45 1ol Sirh
AAZE 719k S W= FjolM 23] g K

Accesses Per Erasures

16.00

15.00

14,00

@
o
5

Accesses/Erasure

12,00

11.00

3 ] 8 12 18 18 21 24 27 30
K~-Group Cardinality

Fig. 4. Optimal Cardinality.

e AlzEe) B840 Be 9BL A 5 gon
2 Q) QYOI AHST A 2P S o F3ted K ke

WsTIEA BE R4 B Hes ¢z
Ak ol ABE AsiME 2 YA PP A
siten, o) B Auego) B 458
ol B S 3l HZ AU L 95%= U5t A)
@3tict. Fig. 414 6719 £2S A8 v H3 o)
Feg HOlT 1L T F Irh

i@ =
o RN el Foh vlme BN A8
2 2502 HYshe g Wil dolsE Au
Sk el el =918 shch. ASHE QAR e
g e ANgoE N)E] W} 4% BolN
Bo1 ww 988 A8S $ol A3t AL
WAL el SRR AR, BRI
el GYE Tk AR TA o2
ARE Q7] 98 AYe Bel 24T AR B A2

U T T A A
T

E T ESFY 15%904 19% Atole] ks 77

AR sh= o) AlAH Ao ZAAQ P3ke 1)

T Ao Yyttt & 2R =93 AH)E 3
& YA A 2

=] #E] PRSI HsiA
o £2 7IHE A3l Brp “Zﬂ &
-‘%lii‘:‘)ﬂ H4eg T e ®
@ 7] el A EHOF git}, ol& fsiME
3 71e] ol 2 71 A& 38l oA A
= A9y 2EY NEg a2 sk, ol tid
e A A Folrt

= ohre
S T 5

2 20w rlr et
)J

N o e g o
1~'r

HAlel 2

o] AFE 2005 ThAE vE e tekdn| g X
Yoz ArEAL.

Journal of KSDET Vol. 6, No. 2, 2007



A

10 ul
28
1. Li-Pin Chang, Tei-Wei Kuo and Shi-Wu Lo. “A Real-

Time Garbage Collection for Flash-Memory Storage
Systems of Real-Time Embedded Systems.” ACM
Trans. in Embedded Computing Systems, Vol.3, No .4,
837-863 (2004).

2. Mei-Ling Chiang, Paul C.H. Lee and Ruei-Chuan
Chang. “Using Data Clustering to Improve Cleaning
Performance for Flash Memory.” Software-Practice
and Experience, Vol.29, No.3, 267-290 (1999).

3. Mei-Ling Chiang and Ruei-Chuan Chang. “Cleaning
Policies in Mobile Computers Using Flash Memory.”
Journal of Systems and Software, Vol.48, No.3, 213-
231 (1999).

4.Joshua B. Fryman et al. “Energy-efficient Network
Memory for Ubiquitous Devices”, IEEE Micro,
Vol.23, No.5, 60-70 (2003).

5. Jen-Wei Hsieh, Li-Pin Chang and Tei-Wei Kuo. “Effi-
cient On-line Identification of Hot Data for Flash-

A gr) AF o)) 83 4] Aed H|235, 2007

Memory Management”, In SAC, p.838-842 (2005).

6. Atsuo Kawaguchi, Shingo Nishioka and Hiroshi
Motoda. “A Flash-Memory Based File System.” In
USENIX Winter, p.155-164 (1995).

7. Han-joon Kim and Sang-goo Lee. “An Effective
Flash Memory Manager for Reliable Flash Memory
Space Management.” IEICE Transaction on Informa-
tion and Systems, E85-D(6): 950-964, June (2002).

8. Brian Marsh, Fred Douglis and P. Krishman. “Flash
Memory File Caching for Mobile Computers.” In
HICSS(1), p.451-461 (1994).

9. Sang Lyul Min and Eyee Hyun Nam. “Current Trends
in Flash Memory Technology” In Proceedings of
ASP-DAC 2006, Yokohama, Japan, January 24-27,
(2006).

10. M. Rosenblum and J. K. Ousterhout. “The Design and
Implementation of a Log-Structured File System.”
ACM Trans. Computer Systems, Vol.10, No.1, 26-52
(1992).



