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A Study of Purity-based Page Allocation Scheme
for Flash Memory File Systems

Seungjae Baek’ - Jongmoo Choi”

ABSTRACT

In this paper, we propose a new page allocation scheme for flash memory file system. The proposed scheme allocates pages by
exploiting the concept of purity. which is defined as the fraction of blocks where valid pages and invalid pages are coexisted. The purity
determines the cost of block cleaning, that is. the portion of pages to be copied and blocks to be erased for block cleaning. To enhance
the purity, the scheme classifies hot modified data and cold-modified data and allocates them into different blocks. The hot/cold
classification is hased on both static propertics such as attribute of data and dynamic properties such as the frequency of modifications.
We have implemented the proposed scheme in YAFFS and evaluated its performance on the embedded board equipped with 400MHz
XScale CPUL 64MB SDRANI, and 64MB NAND flash memorv. Performance measurements have shown that the proposed scheme can

reduce block cleaning time by up to 154 seconds with an average of 7.8 seconds compared to the tvpical YAFFS. Also. the enhancement
becomes higger as the utilization of flash memory increases.

Key Words : Flash Memory, File System, Block Cleaning, Purity, Page Allocation, Performance Evaluation, Embedded System

=

= 2 E Zo|7] Y&l gy R BE

allocation), &% *3Hrequest grouping), 3 4 7z

387

e eylinder based

"T‘

A7 Ao EA V‘QA A A Ak A ~AZEY (shortest seek time first scheduling) 9 71

Hol A 71]9} Qo & Adge & W& AREIITHIL c1efvh EPA] miREe tladehs W

)=o) gA Ag(seck distance)7} A e gy BEAES AL 7] wE e 7]E e aE A

L #ol OPL}OIU%, HESE RS SN ﬁ%‘, AL:EL’E% Ei 3k Ae MgsHoltt 23 fx 3Y A AR(LFS:

Log structured File System)ol 42l M1WE Fejyo] =

% o] 3is AT bt ehal kel o] 4510 ol-pE 9 S 2oas g Aagle] Ase 2 dgs Ae AAH
R EE R EDE N R E RN 9.l Le dgyo = i}l 0] A%

Hi;?—ﬂ‘l%l,:wfcle‘ﬂ A e AF el 4 Fut (26l s Fefd e S e st Asgle] 4o

A 2006k 39 240k labekit 200681 79 4] TGEE RIHT-101 o) FelAl HlxE]e] A dabe]



388 AEMElEEl= 2R A A13-AT XI52(2006.10)

27] GAdbell Hls A =9l ddbol7] wii-olv, mEba &

49 Fd Fo 2+ 2HAl(on-demand erase)7t wAiEH
S8 S S A Azt S8 F8 Fo 2
T2 Bl e T Aol wiE BE Fedolnz
28 Fode EgA] vee 4d Axade] Hygd S48
o th7] Azbel AA g Frn F F Ak

W ErdAe BE Y ves wAsky] 93 Av
RAE Aoksth -4 FefAl wiiele] SAEREE BE
Feldel s Fi= A dAS(performance parame-
ters)& FEITh 18T G Bl BEF i dlE
of ofi 94s FeA velde £AE AdEY A 2
e B4 g3 grre] o] BE Fey nlEg a7
22U F dSg Y 5 Y w3 B mfoME SanE
FAAZ F ol AZE HelA &9 vIYg Aokskt) A
td 7M. 1R elolrjolE AF A HIO]H
(hot-modified data)E 3 2182 & Hele
data)&& 93t A2 & S5 T9he 34‘3]%

2 =Y A g 2ok 280X Zeja] oine
of B4 w4 dgE aofgith 34ddMe BE oY
HE BAE Y3 md g diay, 48ME oaEg 2
Het BE I A4S Aoteheh 5o A 7)1
TE &S, 680N E AT 24 Adg ddein #d
A= 7H viEEY, wixuh gde A HE u gkd o
Wwaks Avfsith

2. EYA MR SHY SF A

A duk How ALEH T dE ZgAl dreE 24
NOR Z#Al w29l NAND ZejA mwags 788 4
Atk B =EelAes NAND SdA] viwels + g i
o2 grh AR ¥ =9 A A= NOR T4 o
Bl gRdE 484 4 Qg

(o1 1) NAND Z A w2 dbagl 725 5
AF EA AR EEER 4EY 4 EES v

Al H ]Z]g;fi TAET NAND SalAl ]LJ_E]\% ABE
(small block) NAND$} thE = (large block) NANDZ A&

T A=l 12], 2859 H$ 3271 ] #ol#
2 FAH 7h Ho]x]i= 528 bytes(512 bytes for data
16 bytes for spare area)?] 2715 ZE=vl 9yl iz &9

=

.___r_,_
=

flash memory

} page

(28 1) Al HE2| 7=

ot
o

m”

-

N

7

i

>l

I

adig
it

o, <GE

tation) ©]

% aHA uﬂE

.8.
r>~
o
209
r ok
ol

et oA,

B DL

g 97 (read), 27](write),
]_

%

F

1><>M F ‘31%
o L]-L—_‘/Hlll, 15].
of itk ylA Z#Al osiele

7overwrite) & &

ﬂ>§

A
2 T BARC

A,

oS IREN

Z Al

& vk 544 35

S ez
] 37bA] 7] E

RN o]

TAEH b sl A 2112
es(2048 bytes for data + 64 bytes for spare area)®] =L

A A (erase) gh+=

W % st

B} 3,
tag) =
S A7

Al vl = A 2t

oju] #eizl

*7}01] \:401 AN

Hojx7] Al sHoverwrite limi-

2 g Ak edake] $4vh A EtE o] 9
dol Bojzr] M@t - elel Aol 5

1l

Eof Al i

' (non in-place update)

=
IR %JEJ
o
=

A Alzadel A 27 g o] Al BRstA @t of

SHAl el 7 S5 s

A
Neage 47

o 7]o A2E
Fas A7e

Sraskd FolAE FHletol LW 27] 7hed dHE A

Sehi Aglo] 2
e wE
2ol §ae
(¥as g

1 1o

i
=
lo

2 v o
E

o
&

, #Fd(clean)o} ¢
2 LO]E]LE BB 4
o] Aol g

>~ ~N

[e]

sol 7} &

sloj47} sy B
Aue) $4L Fra), 1
= solA g 2] A Ade
-eaﬂzﬂt}. B2 2o e 4, o 2ee
o

7}~ adstel 4A wolok &

2
Ze]d(block cleaning)elt}.
Ak,

Te R Halslm

Hi,@.

A 8hi=

oo,

W

stedafol SeHI6l,
5 Aol ol xe) 4

%EHA] | 12 2
Aol & HoFr) 2k HolA+= FE(valid),
= 37HA FEHE EAE 5 AU,

w}nﬂ

B3 R I
dle] §f 7} 220]
71z 9] doe7} ZAst Holx =

°H O]Ed BE 3
HolH &
o oHlolEE 2

=N
=

=5 29

o)

A7) 5t
2]
upL}

23 ¢

B2
=
A

r&% tjo

s
o)
y 2

g

73

© 24

17
2 #e}A

#o
2

SRR
o HolBg sA8 %
= ol = F& HE7F S,
RE et g ol

CE 1) ZA HiZ2] 7|2 AL 8 A7

Access time

Media Read ‘Write Erase
} 60ns (2B) 60ns (2B) i
DRAM 256us (512B) | 25us (512B) N/A
, ‘ 150ns (1B) 2lus (1B) T
NOR Flash ) yis (5198) | a3oms s1op) | 125 (128KB)
. o 10.2us (1B) 201us (1B) .
NAND Flash |- oso Co1om) | ooeus e1opy | oS 16KB)
- e
Dk 124ms (512B) | 124ms (G12B) VA
(average! (average)

2 [1/ "ﬂ]*i /L Aﬂ[«‘ = /\]-

qeict.

&lused), AHE 7He

free)eb= 2714 A2 &




chAl D22l

=
=

Utilization

=0l

CEE LR

b

A wEe std Al sl

i

=

sl A2} Aelsh Aol 7}

i

15

0

N
ey
H
z.o

Purnity

B e} s o x| 7}

"

Invalidation

HEE Aol

R ez Tl Al

Z o
=

ok ool 2 el o)A

kis

dog

Kl
=

worst

HEEE SEEE HEEE

3) 37tx

H]

2EE"

ol

B/

0|
T
o

Ko

§® EEEE ::

d)p- 025

B valid page
B invalid page
clean page

am

- EEN

b)p = 0.75

2 e
2
e [l |
i 5|

e)p=0

cyp=05

(O3 4) =5z 28

a)p-1

24
=

w|

- Used state

date {old page)

delete

ge)

new write
update {ne:

o]

Sl

a3

CEEEDEE!

- TR

Free state

Al e

o=

R

. 3T

block cleaning
(on demand or background)

oA Aefshu ¢

2) HOIX| AEfet MO

|

=
=

ojtt. 2ol A

7

o A g

a

(

L=
¥

b e 3
el #lojAlojH, of

/gg

XN

REET!

pud
o)

Ris

T

R

o] 71

| #ez7b &4

el

a), b), o), d), ez
47}

ol &

00
E)
o
_.A
od

Ast 2l

ofn) s},

=2
=

Aejel wo] A9}
Zo] gt} Wty £4E(p)E 1]tk

oz

Z}

-1

[

T

5

°

AHA
HolA FAp B &

=

B2 0o
27T =

N

Bl o] x7h &

Ak

o =
T

&

| a)e

i

AA BgL

2
=

= B
o=

o

Fehel

0750l e, 74

o

ol ZH performance parameter) 2 Thg 37}

=
e

*é

oy el =
&S Fo

%

=
i

oy, mebd EFkip)

1A
o

o1 %7}

e

i

nHT

A

A

of sle (21 49 e 45, & Aefe ol

e —

R o o
o, e
A_I & ot
o o
T %o o)
103
T o B
o - ®
- ,Uvo
Mﬂvf i o
o o i
N
Mo X nir
— S
s
T o
W 2o
=~
il - U
hHE
oo— oF

s oF
5 2
° 0
%
oy
<0 i
iod Ak
of -
3 =
k3 ™
=y sl
o =
‘w —_—
_ ~
< =
" B
= .
Py g
g g=|
2 3
N <
=i =
EES
oy T o
do X iof
5 5 ok

~A°
Y
=
-7 OT
o) o
oo
= o
HO
iy

o
o
= %
R
i
- 1
e
—~y =T
=
= 2
© HLW O#
= go
ST
53
o
Y
o
iy
<0
o
af-
v
Ea
™
™
E
<
=
]
ol £
= 2
=
o AR
B AR I

16 o] 2] Hajs} 8 22 Abaolt),

2l Bl & (block cleaning cost)

g
=
=

S
=

so] el 4

T

-

W ) B

D

AbHIE + 4K HIE
(1-p) xminB, ixP) x((r+w)x(P/Bxu) +e )+ ({(pxBxixe) ...

==
=

B o] Ao} -

A=

AAs} (119 3)

<

o
_ﬂno

&
ol
To

i

ai_l

all
N

2

.
s

- 374

el
<

s

23

o

@ @

£

XA

g8

8%

n

2m

Lo

=

ad

. ==

S W
e =M
cuemgnEY
wrwIIT< o=
1
VIvEEEds
eoes=udL
Wz B
Wy-BIR DR
ERRTE R
sladm e
T B oM
S — Me

Nro o))
= B
T %o
Mo of

=
- 7
~< U.*
s o
W - T
el
—
o o

iy B
Q.
SAN
O & ©

=
oF o
o X TY

=

R~
el _3 t <
= <
OB g5
o e
< Gy IR —
ST
A = oo
mp AR @
03 S o



390 ZEXMEIEBI=EAA H3-AT MH220060.10)

FAL A 249 Fterm) o ® TFAE=, A WA e
& ErtA Fo BRS 943 B ngr) Al v gE ¢
olst, oA o g Aee delxlirent pAE &
sdt BEo| A Az B89 o|ulsh). Aol Al u)g
g 7] Ak 20} sk AlThe]l T 0.8 HEE
g, ©d EA] vkeg] R A ¢lvieh s 53
H(copy-back) A4S A QEA[12], HAF BlE o o] o
A AE AR ok dnbg o qv)s A At

]

Mgk, 45 9l F4eld nE A9

N
i
&

- 27| AR A Ea)
| orojiz # g

i 1
gy uga Ag 014 ’Poﬂ T %*4 ¢t AvtE Hold
th, el x &2 ol ggo M voERL pgkoln g &2

o #AE o 2EE \AND"l A KOFS608L0M NAND
HEZ o 7] golHE Algsig o, ald oz %LLO
BAMB, #lolR] 27]3= 5198 (whebAl dlol«] 4= 128K
M), BE 2705 16KB (B3 715 4K, 9 '/y/x'/y AR A
Ak FH A o i 15us, 200us, 2ms ZE 12,

(1 el §-2ly el e A gold 4 -
AR, g2 o] §go] Trhstel ueh njgo] Frigh)
SR, #FEsb el wel w)go] Fopsio) A, g
£0] 0019 ufel] wls] HEHo] 0.10] whd ngo] Z7}3k
thooft= (18" 52 el z& Ao 7> 33000msel wHi
a9 5)9 bl 25 Adl #2 10800ms e el of
th EAYE o] §g-¥ £kl Wale] whi: njgo] W)
Fagol 0019 wel 0.1 W FAsieh H, o8&t
FEE M b Hl%% AT FobEh whd o) 8

ot EFE FAA shtbE 2o AW AT 4 oo

=
|
1
o

=

o —

o "> Tlr i

Wb o] A evhebA] erizuh
he g% 2% % NAND ZefA wuelsh of s
NAND Z 24| wlwejel thated 4 vziol Al Alobat 4242

a)i=0.1

(g 5) 3dld H|=Z

Uislization

b) /= 0.01

o s A 2|

o] &3} ol wE A A el wAE B4
g oHabs (e B)e] A frAabatth whebA] 2 ol A
Aalgl gafel vhgkek ko] HefA MiReet ulEE
NA\'I FHA vl WAellw AbEE £ A E o F

10k

ni%’, 61 24 A AA7E el A AgE T
solrk o] #A1L 1yl 5)9F FUT dlolE & Abgstnt
b aRle o] g&ut FEEC] A2 W 1eln FrEvt
SoHE w38 Feld vl gl oGl wistshs AE Ko
T R g gastel weh dojAE nlE gae dd
Ao Helal o] && hAeh £ Tk neg A
A4 Mlml At EeiA mEedA A BE FY
o

R E fwow ded

- Capacity: 128MB(1Gb), P: 266K, B: 8K
r 0 16 us, w, : 200 us, ¢, : 2000 us
-§:0.10, w, p : control variables
(from Samsung K9K1G08UOB NAND flash memory)

LHilization
(when pis 0.5 and i is 0.5)

a) Effects of Utilization

Puiity

(when uis 0.5 and i is 0.5)

b) Effects of Purity

(22l 6) 22l d|20t Y5 AR 2A: 2

Ad
=]

el o AR 9 5 A

47](dclaycd write) & 0] g a}q{

Invalidation
(when uis 05 and pis 0.5)

¢) Effects of Invalidation

—
=

o

—

|Xfe| cdst



0f

ZeohAl D22 Y AjA"Es 21T

T 78 HOIX 28 71801 Tiet A5 391

blocks for blocks for

..ok data 2
notes ‘@.

1 B valid page i 2
W invalid page o)
3 clean page (las?zﬁed by
i J static properties
a) Sequential allocation scheme  b) Modification aware allocation scheme \

(28 7) wolx| ge 714

(iassaﬁed by

AaAE Foodh mE, 3ol Alae] HolA i 7l
] f 2 dynamic pmperties

]

G

Wt B FdY 1EE ol &t FFEE AT & drh
W mEdAE EFRE PP T oAy AEE #HleH
g 7S Aerstol
omgol A Aetels g5 v dlolEle] WHE L4S
1 g &g (modification aware allocation) 71gojtt o] 7| PWIILo Tediest oyl
Mol 718 ofoltleli: wlwabd WA ol (hol data) : L -
o 1%z o8 dolE(cold data)s TR, o]ES ME get_pages(}
thE B2 g@dsle] FrEd GAA7 Avh: Aok Wl (E——
Wabl WA E dolelhot datwst 137 2e dold) ——
(cold data)®] TF2& doly WA x93 4 F(skewness)

& ol &at 7hestei6, 71 olwf Ay Aol dA d

olE] Fo 54 HFEol b2 Fio s ¢ 52 FE=
Have 220y 53 548 9onsh

(1" 7)& 2 =8 A Agkst #Hol7 stk viHel v E get_clean_blocks()/cleaning_blocks()
ofolt]olE HofFrh R A 7F BE2 47)9] #e|A 2
FAES JHASY oela del A A 371 el
TR S B A @ Al e A C 8 (22! 9) Holef 5 AIET 2Rol B2 Holx| e
HolA & T4, Fd D A4 (14 Jﬂow.ﬁ A, el B

A @A FelAR A, e B A 3 D A <
O 7ol WA stk i whel BéF Diz W

5 44 S48 A8 A% S0l e Axge 4
1 !
Webl WAEE olvl b dtka s (18 el a)

-
H EZo inode#-> WER diojHw AlAaE o] o)y,
AR AR Bl W2 AEaL dlo]Heolrh kA o

52

7l A A vpels Crd Del b AR g gojger g4 delei W gk e,
3 5w R lRelek el 8 AT S8 AL o S e o srele 20
A9, A AAEe b7k #d A Aol G A A e moleh s e el
N gol #49 Wolch WEE, A% Ak AEA Hlo]Eol
o, e e S a WE) T 2 owEE WA meba B mRe A S 47
a8 DA A EAA Wzl s ARE 52 b

QL —
hitS
a
i
1o

4 1 N N

e ol e s s o8 dolEl} A28 dolEle} Ak delEls 7Ml 1}
oA HE &8 oA s 7 Rek} shel A aEo] oby Hlo)E o] A~
BN 080l B AL EA oo o dolHanE B SHOE AET 4

_A_4

shd e e Ay we rE %EHE] ATAF gy R
Selgateln 391 slol 4 HaLsl 2ol s Al @ 44 2R olF AL EA A4 mE REold
€t W Ak el M 19 “Ol A sabet el “J'—ﬁ:{jd‘.;h%_‘xgﬂ; -‘;‘f:o]-otﬂ;ﬂ;loi]-’,‘—;hi;vj;ﬁ o‘i
HR bR aFR 2R A e Wdebl ¥4 ean s e a0 hes aa ges aqan
i Aol g a8 G Wl e e BRd . gy Ha) an A% 8 mEOA B4 e
dgSGOn, AF EAA AR FFE B L 0o oy Afsn Ab Ao WE 94
§ oA MEE g ol el A wez drelad,

o s e '*}3 ol dlelE ot datwst 5 B pRE pAReR 4 A7 0A el wAE 8%
A gk delE(cold dataris ol SR B v e gz g s g0l E (hormodified d;a)
wol e deolHe 471 EX4(static property)dt &4 - . )

= 5o, WE g7t ol olstold zAF WAEE o
o] ¥ (cold-modified data)® 3tk ojw A= &4
I Al AI(E ol Al "R AT Ao AI7R2 A

g -:["
oY o

amic property)& o]l &dtol EHITh (1 8)2
a3 Holg o] 5k WS Kol Tt

5: -
b=
3

A
oX
ﬂJ[o

o o ==

A dolEs= AH Ao ofsf EFyih i oA Qo] Braal [q]gh] Zobah: maldel A7ke Alg s}
%3 H] O] H 7]’ '}\]-}:-Lé} H]O]E'] Od X] Ol' IIH }\}%"Z]' H]o] H C\)], X] 73# A[ h ( . 4}01 )\]} H]o] A]'vg_g}L7< ‘ﬂoi’tﬂ = A &
£l re) k. QLA IS 0 4



392 EAMZIER=2A A MI13-AT K52 (2006.10)

A h =2 ¢=0 280
A A2 EFE

' 10018 ciFel WA v
Aoz B4 (48 23t Ao

JEEE
HoLuO]E]'- X}—? E‘i%“ﬂ% o] e
(hot-modified data)®] #% At dlelg]
o st »~7) 2 } 43 1)
Ao At A7+
dold A
T Eﬂ%‘E]%

flo
x
= F
-
-
o 2
~
[‘4

pul

e o
it
E\I
>
>
Ol
o
2
9,
2

h
131
o] dlelElE H‘i} o)A
=5EdA gy

manager7h A WA= dlo]

Si .

Ral

=
£ T4

HU

H

Bl

o o

2

)

_xl

-
L

M o
2 e |y

;‘T‘:
©
il
fuorlr (g

~
{

=
o
m
)
o
do
rok

=5
S
2

o
o B

~Oft

= =

s, ¢ BAEE 0}% H]O]Ei cod'*modified. data)=
. .

=

<. /\]_B_o}
#7449

E]E(ddemon
WS AREEfof 6&‘3}. L R 141
A8 =5 Fd AR AF ¥
L AN&s AR en FEys
a7 & =3 ds] FaEg dolH7l JoH, o
dlolg 7} £33 sdel A4 A7t T WA S5 E AAbeo
o] ko] ¢¥l o]steld AF WA & vl Bid
o 2Ea o] dolgE A dAolAle (28 99 cold
block managerﬂ J&E]S}lg 27 WA 2= go)ess
A &5l € We AAl b WAEA o

T E L

H
WAY 5 grhe TFsAel

S delnEs BE v 97, %
) e ge] WA % #o) besttis Fel Ak
Wl ofgre] FahE amlsttivhe 4% WAHA g del
HES 5% wrsn e felse sel 4% o £
shehwl dEe F714el tEE 0§ 5 A

| ;

A E
B F N
=
) -
a) 6 files are created. b) B, D, F are modified. B, D modified again.
hot block manager hot block manager
Alle]F i Alleleln = |
s |[F B o s |[FiiE « .‘D!’:}_
_c e B c (e lo i .
il e : B < b |

c) G is created. B, D are modified. d) H, I are created. B, D are modified twice.

cold block mapager._hetblock manager cold block manager, hot block manager

A RN [ ni e i e | peE e w ] e |
B Y | oo (el o e D
c [ o - e B r ] ct
oillB o i Eo Ce il o

e) 2%, 7" blocks are reclaimed. f) 1%, 3 blocks are raclalqu

(22! 10) HMeotel 7igel molx| & of

hot block manager cold block manages ., hot llock man ager
alleliellnl 7o |B8 A e n i A s N
B B 1 i D ) 8 F o 1 ciplf'D
it et it Jiix P ey et i fr ot
L : 518 RESEEEnY | F e L
oo G i D o|[.D D G i D
a) overhead of proposed scheme: 5 pages copy and 4 blocks erase
I I I
A E F L] D A E F H Al A G D
e, § Jlos _.._'__,)__
& End] « 0
Lc I[ERRIEN 1) o ST ST L
ol o 8 o ol odi ol e Fll s
b) overhead of previous scheme: 9 pages copy and 5 blocks erase
=5 ] = M= SEAL
(22! 11) Heotel Z1gdA oesls ds Y

S A B, C, D, E Fat= 6719 5ol A=Yz
7HE A (=ofe] et 7t el 17 HelA2 FAE
thar 7hgeh). olwf FefAl wixeel Azt (28 10)9
a)ol YR 9l

(18 1009 aoﬂfﬁ A B, D, F gdo] A=A
7tAeA, 1ela gAl B, D7F AT 71 A sk o) )
ZYA dmele] AegE (28 1009 b JeR) Q) o
el A G ool A4E N, A B, D7F €A 74y

3k (g 109 o). ol" B, D& A5 WAHE dolH
& #ebE) hot block manager?} #e]dhs E—‘Z‘i—oﬂfﬂ 7 o]
AE gty o]F thA] H 3tde] MAHE B, D7} thA
FAEY T fde] AT B, D7t oA 4 ‘4" 7+

a2 (2% 1009 d). B. D¥ 943 hot block managerol
ofa) #elEy webi A2 A4E A5 FelHo #e
=Rl

= R S A =

=
PSP AE e

Tefa 29A EEE f
2 EAlg o)W Ev At AITHE 73
upabA 2pE WHAEA gk dHolHE RHE E} éif cold
block manager’t @elsts EF)A Holz7t dgH o
o ZefA] vixele) Feirt (2" 1009 e Epud qlch
ol% 2y HANA A CE #AF HAHA g o ]ELE_
#ote]o] cold block managerol A #e]l®c}, 3
7 BlFe 0olA R A o] F AlFbe] o} 4t
A7) Wil AT WAERA 9= volH=E B
v & 7hx] 98 22 hot block managertt cold
mariagero] 98] FEH= E29 s nAH e A
ol o}e}, o9 ddwy Fege] HHA waf FH
o= WAl Aok (I™ DY get_free_blocks()S}t clean-
ing_blocks() Vel H| 0] ~7} o] Agg drpgir},

Abe VHE B FEdo vgo old d3E 7AA
717 (23 1)L AotE WAH EAS

71&0]

=

51 ;(] o} ol

Py al
x} # v A
ol

=
FEe @ An. 49, (08 109 bE
Heog ¢ ¥gos Hds o 4y



SCHAl Til22) Tt

q 9eE 2% 2e4de de) ool slol4 Habst W9
B8 A7t 279S @ 5 Utk E @ 7] F5Y A
25 god oF FaA ume Aol Actd 7)Y
& A% WARE dolHs 184 ¥e HolHt ge ¥
Zo A pelgnz, oF slold T AP uet o
2 #4u $4s 9T F 9n

5.7

2 oegold AdE F5E 1 deld ¥Y JMe
<E 2o WAY A2Y YA FESGRITL B =R
#2 uael Bt NAND e HEelt (14 62 24
% 9 A8HY S4L 25 44 KIFI208U0B NAND %

#Al viReloltH12]. & <& 2>9 =g Ao fgxa
Ado] Fa3lH, B dAFdMe Ad WA 24198 Apgst
gtk 28l YAFFS (Yet Another Flash File System)Z&
NAND &4 viZelg #elsle AZEYO] HIVER
AhaatdT18]l. YAFFSt Els2 #AdY3: VFS (Virtual
File System) @ MTD (Memorv Technology Device) &
4 A7 YAFFSE VFSE £3) open(), read(),
write() 59 AH&A AH Aol A5 A F3H, MTD? read-
chunkfromnand(), writechunktonand(), eraseblockinnand()
Tl AEHIAE o] &3] FYA WEE Hofri[19].

YAFFS¢] E]EE #olA & 7P £af ol
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3 2 H ] ] g 7S YAFFSH T83tden, o8

A&l yaffs_guts.c 49 Vaffs _WriteChunkDataToObject(),
vaffs_UpdateObjectHeader(), vaffs_FlushFile() Z1€]al vaffs fs.c
w9 init_yaffs_fs(), exit_yaffs_fs() EV‘CO] bl
T, YAFFSO OZE £8 Zy 7|de &3 g
Adek £5 %F/]‘a‘% of 27] 83 W]"ﬁl it Al %
1= - =1 "<& normal mode%}
aggressive modea} THEo e
Normal modedl A& 4 Qo] 5] E55 FoA
(YAFFS9| U£E AA2 20070 F& efel selz7h 7}
T we BES sty Adstt g o] EEA 8

Felel solA A% 3uck Hod o Bug Tt
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HHH aggressive modeo] A A wlme dH4) B2 2
ol M & el FHolx7} EAsy: EES s A,
o] EE& 27 Fald Al 3, FU e 820
vl AAE e (YAFFS CZ2E 42 67]) olsto)d
aggressive mode”t ¥, o}y ¥ normal mode’t ®vh 2

(E 2 HEE AI2H st=gof B

Hardware Component Specification
CPU 400MHz XScale PXA255
RAM 64MB SDRAM

Flash memory 64MB NAND, 512KB NOR flash memory
Interface RS232, USB, CS8900. JTAG

Others LCD, Touch, LED
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50 an e B block cleaning §l
50 { 30
| @ benchmark runnin 7 @ benchmark running |
8]
40 i
= [s]0]
CE g 50
2z 2 40
2w £ %0 “
s T 20 —
10 e
10 —
0 . > 0 + -
Original YAFFS New Y AFFS Original YAFFS New YAFFS
a) Postmark (transaction = 500) b) Postmark (transaction = 1000)
50 - ___|mblock cleaning 60 o Bhlock cleaning
[ @ benchmark running | @ benchmark running
% __ T
% 30 e 3 R
: :: 0 —_—
E 20 | E .-
b= = 20 e
10 g 10 e
0 = d I 0 i B
Original YAFFS New YAFFS | Original YAFFS New YAFFS
c) DC Benchmark d) Andrew Benchmark
(T2 13) mo|x| &g 7|Hy g5 22l HIZ
- — (23 1364 $YE kel ABS Weke 4 ATk A
r o
| [mblock cleaning | A, 71E YAFFSSF A28 YAFFS AellA wxjnpza 43
W block cleanin
@ benchmark mgnlngi Al 7bo] F-Alsltt o] & Ea] H =R A Aoty Holx &
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| g pHel FbHel Rt e 9ed @ 4 Aok B,
A2 YAFFS Aol 4 22 Zg|d v go| 7]& YAFFSO

timer (tax)

A B Aol EA A o2 Postmark(E W AA 50078), Postmark
(Ed2A 10007)), DC Benchmark, Andrew Benchmarkoll
q 7k7k 56, 80, 26, 154% WHrl Qlon] WitHow T8%

Fasisick ol Aok el AR w5

d Holx g
An B¢ YA An BE Fely $oE gande ol
R I I
85 (TF g% TR R TR a5 TR 8% TR iaF 7Y ¥ 14 Postmdrku WA 500/ME HE b o8
ubihizatior utihizatios ulihization itilization itilizatior utlization
N : “ B R Y. P &l W FPAAE ul G Aitolvh 1gex] fElE o
T2 14) 0|82 Hsl ME M= g} S 27 E HAS = Qdvh A, ol &g F7HE uhet
(E 3 HOIK BY HUDY 24E
Utilizati Seheme Block Status hlock cleaning Classification
thzation eheme valid_only {invalid_only |  both Purity crase copy hot cold
0% Orignal YAFFS 4 0 357 0.90 07 10147 N/A N/A
e Modified YAFFS 116 0 246 0.93 246 6608 137 280
0 Orignal YAFFS 97 0 1045 0.72 1045 30203 N/A N/A
i Modified YAFFS A 0 369 0.90 369 86527 291 1141
1001 Orignal YAFFS 192 0 1732 0.53 1732 50227 N/A N/A
e Modified YAFFS 1430 () 4% 0.86 4% 10650 373 1633
0% Orignal YAFES 282 ] 2423 0.35 2423 703497 NA N/A
Modified YAFFS 2000 0 617 083 617 12362 460 241
0% Orignal YAFES 376 0 311 0.16 3111 90435 N/A N/A
¢ Modified YAFFS 2750 0 738 0.80 738 14463 55 2973
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Ao #dotEiny Ax o AReE AUy EF FEy 7 updateE 7ty 28R FE Ho)B = in-place update
Hol &5 EE FTUMAA BE ZEd 9§ AAE 7aAg Fste FEd vE&& 9ok A FnEd Bl F
F g Bk ol a7 BE ZEY HA4E FaNA & aEd (6l taag Eﬂ’é}o &7) wEo] S R
89 Y ANE EEANL F 9SS HoEh £ Wder dte £ dvobe g2k 4 Fufd (6]
go R FIAHQ &5 FEdol Aol o Jgs T Yol 27] Agho] A= %EH’\] Megeis 484 4 ¢l
=2 Age wyth (18 159 a)= 71E YAFFS, & % o ad3 #nRd [5le gaze w4 AE nza]
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