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Abstract

Flash memory has advantages in that it is fast access speed, low—power, and low-price. Therefore,

they are widely used in electronics industry sectors. However, the flash memory has weak points,

which are the limited number of erase operations and non-in-place update problem. To overcome the

limited number of erase operations, many wear leveling techniques are studied. They use many tables

storing information such as erase count of blocks, hot and cold block indicators, reference count of

pages, and so on. These tables occupy some space of main memory for the wear leveling techniques.

Accordingly, they are not appropriate for low—power devices limited main memory.

In order to

resolve it, a wear leveling technique using bit array and Bit Set Threshold (BST) for flash memory.

The proposing technique reduces the used space of main memory using a bit array table, which

saves the history of block erase operations. To enhance accuracy of cold block information, we use

BST, which is calculated by using the number of invalid pages of the blocks in a one—to—many mode,

where one bit is related to many blocks. The performance results illustrate that the proposed wear

leveling technique improve life time of flash memory to about 6%,

compared with previous wear

leveling techniques using a bit array table in our experiment.
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[1l. Wear Leveling using Bit Array and
Bit Set Threshold
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Algorithm 1: BST-GC
Input: &, £, b,

> Yindex> “index>

BST, BSTpmvmn VB, MIN,yiiq> and AVGyyiq.-

Output: A block related to b;,4., is cleaned, and BST,,,,., is updated by BST based on
bjngex and k.
/* if Garbage Collection (GC) is requested from SWL-Procedure which is
SWL(Static Wear Leveling) trigger using BET, BST procedure is skipped */
1 BST,

prevent

/* a victim block is elected from one block in a group based on f,4,, and k.*/

2 bex < GetVictimBIlocK (£, ., , K); /* in this, greedy algorithm uses to elect a
victim block.*/

3 if GCis requested from SWL then /* normal GC and BST procedure */

4 VB paiia— GetinvalidCount(b,,,.); /* get the number of invalid pages of victim

block */

5 MIN,,,... < GetMINInvalidCount(4); /* get the minimum number of invalid

pages from a group based k */

6 AVG,poia < GetAVGInvalidCount(k); /* get the average number of invalid

pages from a group based k */

7| BST < MAXyia — AVGipyaias

8 | if MIN,,,,,< BST then

invalid>

« false;

/* calculate BST*/

9 BST, eyene < true;
10 | end
11 end

12 EraseBlock(b,

index)s

13 SWL-BETUpdateForBST();

Fig. 2. Garbage collection algorithm using BST.
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Fig. 4. BST to solve the hidden cold problem in BET technique.
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Algorithm 2: SWL-BETUpdateForBST

Input: e, £, k, Do, BSTprevem, and BET

Output: e, £,,,and BET are updated based on the erased block address b,,,,, and
k in the BET mapping.

* *
1 e, e+ 1 /*Increase the total erase count */

/*if BET updating is prevented by BST, it skips a operation*/

2 if BST,epep = false then
/* Update the BET if needed. */
3 if BET] by,40,/2%]= 0 then
4 BET] bypged 2]+ 1;
5 Lope = Lo H15
6 end
7 end

Fig. 3. BET update algorithm for BST.
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experiment.

total EC | SD | avg. EC Wtso(t,\j'B) total MPC
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case 5 | 189189 | 322.3 | 739 82425.4 | 3147831

EC: Erase Count
SD: Standard Deviation

WS: Written Size
MPC: Migrated Page Count

25

o
> o
o 2,
T
o
-

W, Aele 43
7] wg], 234

bk 55 Hlwd

1elA 52 245 AA 4
= glolE o] &ko] wollt)

A 49 FEAA H A
Ansty s 57F A8 4R
o] AAA o R =1 NA flo]g o] Bxut Z&

sttt il o] 27}1191 ”ibﬂ*i %E &
a9

15

S

i)
RSN

ot o
ue
4
%0,
£
d
o
o
il

2
_O|L
£l
T
=
>
1]
=)

ol it

o~ fo lo
=

N
-

g to )y ndu
rr

N N T
o
iGid
=l
ot
rot
ox
AU
jaked
o
il
ox
ol
[IaN
lo
B
FN
e
)
N
)
o
ot
[@)]

M
Ay
> g
o 2
N
o T
)
ot
g =
)
o2 O
>,
>
R
2
2
(o
u
—
>
-
o
~
o
o)

(k=1, T=40)

o] Fx8} ‘K9] Fho] 091 BET7F &5 A& w9 i+
HelF3 gleh. 29 694 ()~ % 4 &
& ), R0z AR AolA) Belzt 2 A

om (@) B5% grh W EAHA o

A7t e Ae @A (O &5% 7

J)J

g
i
)
fiu
i_

ol ARk BSTE K9l ol 19192 o g0l 7hsst
wEol K9] grol 09 o] EEMAS rlEE PEEE 4
a4 e duHel JF2 Aele. A Aol

C e paEel duE FEa9 o 0101 5101 el v
291 4] 347} 25 02 24T, BET 71814 (@

S5o] Qb WEE BF
cHgl. et 7 71 e

she =5 vjad o BETW 484

pul

=
g A7) 94

7L o 900319 49-7) } ga}gigq BST 7] of

8003]9] A--7]7} Ayste] BST 7IWe] #1971 Sl=7h oF
1003] #9itt. wehr = S 5o PHE Gt ool wh

o
27 LA E BSTZE QAR 2= 497] 315:9] Aol
g ¢ Zol3 Ar] 497 058 wo] He
o

A $He AP 5 Aok A4S & 5

il

SV vR e Este] Fy Nierh wopx]y] wjizelth
7} 8ol A BSTE A&313ls o, 7]&9 BETRT £5 A
FEAAE AU o 75% =Y 5 ATk 2gla
BETE 59 ‘K ekl A “T'gko]l S71slel met oAl os 1
Fze] ztel7b AAv BSTE BETHL REHzke] zko]7
2= A EL = otk 2EM BSTE ‘7'3ke] AAHEE 3,
IR E HFEE 3o MESE UREgE dudos a3
S A Aduk =3 a7 89 (o), (DM ‘K7F 10]a

-

1

L=t
AT
o
s



Wear Leveling Technique using Bit Array and Bit Set Threshold for Flash Memory

7

200
180
7 7 7
& 160 WBET(T:10) & 0 WBET(T:10) 8 0 WBET(T:10)
8 c g £
g H 140 1 WBET(T:20) % £ 200 | WBET(T:20) g £ 200 WBET(T:20)
@ 21207 EBET(T:40) 3 2 EBET(T:40) é 2 mBET(T:40)
s 100 s 150 5 150
B2 . s 0 X - ° .
25 g0 OBET(T:80) T OBET(T:80) T g CIBET(T:80)
33 33 33
55 o0 mestri0) € 100 mesT(ri0) £ E 100 masT(T:10)
82 @ 2 % 2
@ 40 4 mBST(T:20) @ mBST(T:20 @ mBST(T:20
FR (T:20) e (1:20) fw (1:20)
20 mBST(T:40) mBST(T:40) mBST(T:40)
0+ TBST(T:80) 0+ mBST(T:80) 0+ mBST(T:80)
1 2 3 4 1 2 3 4 1 2 3 4
kvalues kvalues kvalues
(a) case 1 (b) case 2 (c) case 3
350 350 300
7 300 300 F 250
4 WBET(T:10) H WBET(T:10) I WBET(T:10)
§ @ 250 1 § @ 250 1 §5
23 meeT(r20) £ % mBET(T20) £ < 200 mBET(T:20)
39 L) L]
3 = 200 T @BET(T:40) 3 = 200 T @BET(T:40) 33 M BET(T:40)
3 33 3310
5 g 150 - OBET(T:80) 5 g 150 OBET(T:80) 5 g OBET(T:80)
3 2 2
SE BST(T:10 SE BST(T:10, £ E 100 BST(T:10,
§5u0 ] =TT 2 S oo | =TT g S men
e mBST(T:20) A mBST(T:20) 2 mBST(T:20)
£ 50 £ 50 £
mBST(T:40) mBST(T:40) mBST(T:40)
0+ [BST(T:80) 0+ [BST(T:80) 0+ [BST(T:80)
1 2 3 4 1 2 3 4 1 2 3 4
kvalues kvalues kvalues
(d) case 4 (e) case 5 (f) average of all cases

Fig. 8. Standard deviation of the number of block erases by each wear
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leveling technique.
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