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B E:. Yaffs 2% —/~%11% NAND Flash /4 EL M9 SAX L A%, ERATFTREEH
B k%%, f£ Android R4 FFE| T 2B A . AXELESHT Yaffs XM £ 4ut) TAERE
Fobk e &, MIXT Yaffs ERE-FEHE TG M. KRBT AL, 2T Yaffs
AT T — A @yt nK, @it Yaffs #= Ext2. Ext3. Ext4 #9ik 5 M AExt b 5, K I Yaffs
S A Gt B AR E R R T A=A Ext X A%, 12£ k& F E3p R R =AY Ext L4 &
Y. o B EEA WG MX T, Yaffs 698 5 2 pb e = AP XA 2 4 AKIR % . /B R xtbb Yaffs A= Extd.
NTFS. FAT32 XH % %feikB ) XA 4B Aeik B K XA REIRIT 6 AE £ 5%, A Yaffs
Fo NTFS £ XA K TR B i B ik & peARA8 %, M Ext4 A Fat32 2/ 4038 s LAF i ik 5 ik H 4%
1%, MEHBEET LA, BFEIEKX,

X88F. XA 4%; Yaffs; M4E541; Android
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Linux SZFE& A &P BRSO RS, FAT. Ext2. Ext3. Ext4. Yaffs & —Ffh3 T
Android “F & i) BAA U & 4t . Yaffs (Yet Another Flash File System) &% —1~% 115 NAND
Flash 7AWt IR A XXM R S, EH T RERRFAME RS I H27E GPL (General
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Yaffs 23T HEMXHRS, RAEBICFEME K EREE . BB RERK
Flash S T IR B3, E0X B30 EIFT RAM ERM T k. BEH T RAERK
&%, CLAE Linux M WinCE Bk il 8 .
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AEPEEHEE TSR, S HERER. Z/5RASGEL Yaffs #1 Ext2. Ext3. Extd
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AR BRI Ve RE 22 B XS EE SRS, AT T Yaffs SUHERFEFIMERELL RAEAR
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MRS AR TAER RE,
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2.1 FAT32

FAT32 /& Windows RZhE#E 20 AR R —Fho XFpR R 32 GLA9SC o ReR, &
HAHREA S HL RS ) RORI R, BT FAT16 X4 — /N X A& A 2GB KR .
2.2 NTFS

NTFS /& Windows NT LA K& 2 J5 [f] Windows fKIkrHE LR Gt. NTFS HUfX T FAT 30
#45, A4 Microsoft [f] Windows 53 E RGPLHE L/ RS NTFS Xf FAT Al HPFS (it
RESCHRGD) 1T # T, plwn, SZReocsds, IFHMEH T mPBdesit, LMET S
PEfE. ATEEMERIREAL S A R, JHREE T THOINY R IhAE, Wi #EfBIER (ACL)
MXHRFZHE.
2.3 Ext2

Ext2 &—/NIhAgi K. B 7o, thfe AT T AR SCE RS, & Linux R4
#H Ext2 S RGN EBRIEREMEERT S .
2.4 Ext3

Ext3 & —MNHEXMHRSE, #HT Linux #2/ER%. Stephen Tweedie 7E 1999 4 2 H
KN AZ IR EFIR T, BB BoR T AR I Ext2, %30 RZEM 2.4.15 A KN ITEE
HIFBINZELF .
2.5 Extd

Ext4 RS Linux RE F I HE MRS, & Ext3 REMIIGIRIR, 7 A Ext3.
T S AR X B R S R AR 2 Ab: Ext3 H RTAT SRS RS ioK 16TB S
B K 2TB; 1 Ext4 25X 1EB MISUF RS, LKk 16TB X1, Extd SZRFTERECRM
FH*, JFHTIN Extents #, RAZHRAE. MR HHCEH AR KRG S RERIMERE.
Ext4 X F RG0E R AR BB AFF AT BRI ThRE, 2% Ext3 RE— MBI 1655 .

AKX Ext2. Ext3 Al Ext4 3 M REMMREXN LLCEARE LR, LK KILHLE x86
KR AL GERERE B e, A SCE T MR FR - F XX 3 Fh S/ R4E7E Android R4t arm
ZEK T M RIEAT — A SRR % &

3 Yaffs X FH 5 TAEHLHI

£ Yaffs 1, SR AR E KANOBAR ST 6610, BRIGAK/NATLUR 512B. 1024B
B0 2048B. IXFPSLHLMKH T & e K — BRSNS SR R . 4N S0 (8
EEHZF A MR S Z AR, ARk {R7E T ECC (Error Correction Code)
MXHEREHALE R, HTFHE RN MR R EE . 754 % & T NAND Flash ff14F 25, Yaffs
XA H R PSR AFAEAE Flash 189 16B &2 . 430 RGN, R ik 52
(2% 22 )k e ke SCAF R Gefs B AR, I HIERANTES, ROUINR T SR 41
BOESE, WMIRE T SRV R, (ERIN T ALERINEE.
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7 B L BB B . SO ISR BUSR AL SRR T 44, XA TE 454 B 32B BT A
SN YT A LT 8 AN AR AR A, T LTS 16 4 2B 1035 R AR bk (4R
Kt Yaffs 76 SCHFHHTIUE I SR SE BT BRI, AR5 KB AEEE SR M ST R BR . 1X
RERMEZE B SO I A, E R R X — A SR B N B BAL, AT SR
THEBGAY, RIET HEEEE.

o e OV () T R P R BE L R (2 1, Yaffs SEER T SRBIRFE RN R TT
B E . 4R K NER AT, A 2R B — AN T Rl LT T AE oAt
EOLF, UM SO B R O “AE” PR

RSO . PR TR ER . SR R A R e AT DA T TN Yaffs 24T 5047 .
3.1 XHRE

Yaffs (i 525 A L2 RSCHHRAE (B B2t5) FF E W8 =5 [a) & B A0
oo 6 F 30 A EEAETEARL S fs/yaffs2/yaffs vis.c B, 30 e X T —L% Yaffs 5
LR DR TRAKETMSE, R f/yaffs2/yaffs_guts.c 1, Z3HHE X
T Yaffs (260 k$ . AW R EZEREM DGR 1 .

F1 SXHREEXEHREINGE

T G RO 1E A

yaffs_fill_inode from obj() | #R#E Yaffs f145#1k yaffs_obj KIAF inode 5444k, LMET VFS ZE{EH
yaffs_mknod() fI%E obj K XF M H inode
yaffs_iget() R4 ino 3K7F inode
yaffs_mkdir() AR S K
yaffs_create() lfEerEty

; BB —/NFT %A new_dentry TEEER:, XA HMEEERHS W dir HXF
yaffs_link()

% M1 old_dentry LA
yaffs_symlink() EHEAHFXT, A5 HRUHERHFSHUE —ANFHRIITR

BHRRSI T AFENHZ, XANRGIT R BTRN§ 34 & 1E
dentry H I

yaffs lookup()

yaffs_setattr() WEXH. BXEMW
yaffs_getxattr() FREUN 5 1t
yaffs_removexattr() TH R 5 R

yaffs find chunk cache() F#K cache 1) chunk

3.2 YETIRERE

Yaffs HH XY B T BN BEIR T fs/yaffs2/yaffs guts.c F, HPFEBRT
yaffs_alloc_chunk(pRi¥, %BEEEI T HECAAFI, ZRECE I — RS RELIL T
A WA 5 FE L

BER S ECAUAE A block H ) —NTT (chunk), A dev—alloc_block 2 *47ij 1F 7 F i
block %5, IR block 5/NF 0, MM Flash HEFi#F]— block LAHESI L. A chunk 43AC
AR, chunk FBEIBCLE K 22 B0 B F FEASBRIEOH B I HE A i, X2 NAND B3R
A LA#% chunk 5, {H X BE4% block #EBR, BT LAYIEE A 5 AR 2L BY 317 3% S SE 80— A block
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LFTA page 45378 S R OISR A HEAT « ARIEN A IANIE, chunk BB IFEA
ME—, 4»5H yaffs chunk del p&¥A yaffs soft del chunk Bf#(5¢ M.
3.3 Yaffs XHRFHNR M

Yaffs CHF RG24t EEARE 3 MAHMAE: APREGILH L. ECC 5K 5K
Fric Ab#EFN checkpoint AL o

(1) BUPRFEHIMLA]. Android KA Yaffs SCHFRGEAREEUTH Linux % SCHALPR ) 5
BHo HRMMBE mode. uid. gid 15 EfFMELE
yaffs object ', WK 1 ffizr.

ik 1 iR, yaffs_object # ] obj—yst mode-
obj—yst uid F1 obj—yst gid 4 HIX} N inode 1K)
i mode. i uid A1 gid.

(2) ECC K5 53R Pubrid ab B . 7E Yaffs SCfF
ARG, BT At S5k LAAR, 184 oob Cout of
band) [X1%. Android FHLff) NAND Flash 7E1f
I A% AN F R A P B — e B, L% — 2 Flash
WEAH] N OEH SRR T . BrLA7E Yaffs 3C
1 ZR G2 v X PR PR3 1 S Ak B R 4 S A
A BRI E R H{E block (IBkEk# 5 H AL R
I, 1% block EIBEFRIC A IR . EFEHIBT— AR,
F ML ECC &% .

(3) checkpoint fEH. &7 ECC KKi4h, Yaffs XHRG+HIEEE T checkpoint.
checkpoint FELE T LK T REMEEHIE, ME AR T LUNRE SRS
HIIEE . checkpoint FE A KIHIEE yaffs device {55 block 15 & . chunk ¥id. X4
4ik5E.

4 RRWIER RIGERO

[ 1 object Fl inode %W A PR 4% 15 &

N T 53T Yaffs SCHRGMERE, BRAMM T AKX Yaffs S0 RS8R E M 65
AT M. H5EAE nexus s F58M T Yaffs F1EW 1 Linux S04 & 48 Ext2. Ext3. Extd
ML E EREXT L. SRIG5T Yaffs Fl Ext4. NTFS. FAT32 U RS /N SO/ N B fnise
BRI REAE I ()P REREAT ST LA, B AWM TR T Yaffs XA RG M HERELL BAEA
7] 2 A T AT oA SO RGERIMEREIL S -

THEA Yaffs SO R G0 HA 323 3014 R Ge (5% b RS v

UK H B2 N A R 2R M R R G T &S0t RS RE . MR BT A4 i SCHE &
4t Yaffs. Ext2. Ext3. Ext4 %9 Linux 3 &% &% Windows #:/E &% T[] FAT32 3¢
RS WIREEAT A B BT DU TFHULVURZFL, 855 S5 45 5 4047k
RN RGeS

SLEGHEE AR

o fEfFF£: NexusS. Galaxy Nexus. Galaxy S3.
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o HIEFHXNMARLEIRA: 4.0.1. 404, 4.04.

o WX #AF: iozone benchmark.

jozone J&—/N XM FR ) benchmark T 2, 7 LUIRKAS R (8 AE R 4 b U R A%
E¥gg. AT LLJIHR read. write. re-read. re-write. read backwards. read strided. fread. fwrite.
random read. pread. mmap. aio read. aio_write AN [FREE R U R G RE.

A RSB S AE arm KT EHEAT, BB TEX iozone VRIS E R HHE S| FHL L
F. EBHEEIRATRE, EFEERMARGEMFE R RLEEF, W NTFS. Ext2,
Ext3 250 R %, BT ERNEA EARF XSRS, BrAFHER WA SR IT KT
FF, BV RGO ARSI BIX LM SRS . A X RGN TRBBHEEIIE, A
TEAEMNKTE T 58 B S 5 % Ee il S5 BT .

BAVEE T AP LE L5 .

(1) Yaffs X RS M Ext2. Ext3. Extd X RGMES HEREXT LLSEL .

(2) Yaffs f1 Ext4. NTFS. FAT32 X RGAEET DX DEF/MET KA. K
o it () v e 2= e SR

Hrpseilh— s g5 R 2 Fos.
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25000

. a Ext2
% m Ext3
: o Ext4
m Yaffs2
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15000
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6«4 ‘-\\6 Q ‘56 '&é A Q %b () ('\\,6 0y (XS &
ST I R IR gV 3 «\sﬂ“ o¥ & G e
o

A Q¢
Rk < 5 O o o
W & & @‘\6 _*c&ﬂ
\Y

2 Yaffs 5 Ext2. Ext3. Ext4 HEREXTHLSCB0 4R

TSI LE R, Ext2. Ext3. Extd HhAEERAK, 5 Linux R4 LIRS RA
K8 T Ext2 XM RGERA HE, FrUES AR FEIT Ext3 M Extd. (AEERE BN,
Bl Re-write RE [, Ext2 [{IRILHLEEAE Ext3 Fl Extd 1 7 . MEREE 5 A Pwrite. Pread.
Fwrite 1 Fread )45 R RETE Android V& L, 3 F U RGEMRIIR T . Yaffs2 RS
BEE S H AR RS Ext KRG EFEK, XBFFE Z R UM SO RGN T &
56, Yaffs2 S RGN NER T BRTHAh 3 Fh Ext SRS, (HAEEBGEE FHAK 3
i Ext X RG. EREGNMRRT, Yaffs2 (352 b HAth 3 FSOHMEIRZ .

SR TS RN 2 MR 3 FiR.

& 3 PRAARRIG AL kb/s, PNARERIG BT & kb.
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# 2 Yaffs EALR
"4" gt "16" | "32" | "64" | "128" | "256" | "512" |"1024"|"2048"|"4096"("8192"|"16384"
"64" | 5852 | 5794 | 5980 | 6090 | 5896 oL i i . e : o T
"128" | 6309 | 6208 | 6593 | 6255 | 6458 | 6355 7 T = o= o o =
"256" | 6259 | 6656 | 6690 | 6681 | 6704 | 6676 | 6745 ¥ —s S T 5 T e
"512" | 6643 | 6645 | 6615 | 6703 | 6710 | 6692 | 6647 | 6669 =3 S T == =
"1024" | 6694 | 6649 | 4974 | 6790 | 6751 | 6740 | 6691 | 6681 | 6701 T s S e
"2048" | 6710 | 6710 | 6759 | 6779 | 6525 | 6680 | 6501 | 6656 | 6671 | 6645 i T =
"4096" | 6660 | 6680 | 6683 | 6685 | 6678 | 6674 | 6652 | 6610 | 6599 | 6649 | 6659 — =
"8192" | 6643 | 6692 | 6693 | 6726 | 6734 | 6719 | 6728 | 6721 | 6732 | 6728 | 6743 | 6734 T
"16384"| 6690 | 6767 | 6740 | 6715 | 6700 | 6672 | 6674 | 6667 | 6696 | 6706 | 6704 | 6740 | 6672

#x3 Ext4 BALR

g g | et ] 32t Medr | 1281 | 12561 [ 512t 110241 ["20482 [409 60 {48109 63 84!
164018205 | 3501 "760F| 1579 {2283 | 1= | — == ol S s =
HOSSEN 195 3697 [ 742 1985Alo162 (L4106 i o | e A e i 5 =
1956 [N 1731| . 3845 [ 316 [ 12387 2419 | 400154882 | — | =4 — | — | — =
5127110134 | 310 | 749 | 1397 | 2602 |13637 [4948 [ 7711 | — ¥ —%l — | — =
"1024" | 134 | 390 | 735 | 1376 | 2376 | 3779 | 5209 | 6523 | 2814 | — | — | — BT
"2048" | 162 | 306 | 731 | 1276 | 1777 | 3941 | 5316 10404 [10204 | 4879 | — | — =
"4096" | 151 | 341 | 641 | 1169 | 2293 | 3496 | 4888 | 8043 [10369| 7770 |17877| — =
"8192" | 164 | 324 | 665 | 1207 | 2044 | 3306 | 4453 | 5733 | 6724 | 8642 | 9473 [ 10384 | —
"16384"| 165 | 324 | 656 | 1193 | 1977 | 3002 | 3939 | 5455 | 6667 | 6898 | 8712 | 8741 | 9999

WSS, BATRIL, Extd ARG/ NEIREEE I, HARBAC. b S i
M BT, EREEZ K. HABBF S RS Yaffs2 76 & RIS SR B AKX,
RIREE . LR ML RUH, Yaffs FEX/NSCHCFF FELFT Extd RS .

5 BHEESRE

AL L Yaffs ARG, 987 T Yaffs (0 TAEHLE 85 SG&HT 3 41525,
BHHEMIXT Yaffs TEAFE G35 PR S R, R0 LM Sc RS, T Yaffs #4T T
— AN FPERENR. Wi Yaffs F1 Ext2. Ext3. Ext4 MIEE MRS HSEL, R Yaffs
XHRGERENE R BARTIHA 3 A Ext U RS, (BAERBOEE FHIA K 3 Fl Ext
PERGE . TERBETN MR F, Yaffs (K38 R L HA 3 M0 RSB L . J5 KA Yaffs
A Ext4. NTFS. FAT32 XHFRAEAEET /MM DBIBFIES KM KEIRN 1R
Z5¢, RIL Yaffs F1 NTFS 76 X4 KPR S 2 ka5, i Ext4 K1 FAT32 76/ %
AN ST B E R EE, MERIE RN T, SR A,

HWLSK, T Yaffs SUHERGMVERE LR AR T HoAh SO R R B 5, 2
EPUE T FRAT A H TAENLHII 0 T RE ORI . 76 5 210 T4 b 3R T LA Seae $od k47



Android F & % W RS RES AT S X EE 7

b, LR E . R, BT AAMLIERETRLEE, B, FFXA
R 425 ] A LA T I R 4, S . BRI Yaffs SCAFREII K TIPERE, R
%of ok RE R AR 2 BEAT UL -

AT EE TSI EEEALI (20122X01039-004) FE 5 i H AR UK & &)
(863) (No.2011AA01A204) I H % H).

22 3CHK

[1] T4k, #1799, Linux RIS, HUM: WIS AR

[2] vhgfe, BHIPE. 3T NAND Flash §9 FFS it 55E3[1]. tHENLN A 584, 2005 (6).

(3] B, ZI0E, BBE, % NAND HIFEKAR Linux 5 BRI HLI]. RSB S, 2005
(5).

[4] EFM®, HOEH. Yaffs X/ RGAEIKAR Linux ERISEID]. 7 RENAH, 2006 (1.

[5] FhRZE, BRfhoc, EZA. BARRLF KIF5608UOM NAND PRHEAFAE RS KN HI[T]. A HLS A
KRAGNH, 2002 (7-12).

[6] 2. —MikAX Linux XHFREMRAD]. HEHNHES®M, 2005 (7).

[7] #4EFEE AL Ext2. Ext3. Extd KRG A http://zh.wikipedia.org/zh-cn/Extn.

The Analysis and Comparison of Several Common
File Systems on Android Platform

Cangzhou Yuan', Yuxiao Liu', Jian Zhang’, Lei Wang > "
! School of Software, Beihang University, Beijing 100191, China
2 School of Computer Science, Beihang University, Beijing 100191, China
" Communication Author: Tel: +8610-8231-6284, E-mail: wanglei@buaa.edu.cn
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Abstract: Yaffs is the first designed specifically for embedded NAND Flash memory file system
for large-capacity storage devices, the Android system has been widely used. In this paper, we
first analyze the file system Yaffs working principle and performance characteristics, test
environments on different platforms Yaffs read and write performance. Then compared to other file
systems on Yaffs conduct a comprehensive performance testing. By Yaffs and Ext2, Ext3, Ext4 read
and write performance comparison experiments and found that the write speed file system Yaffs
significantly faster than the other three Ext file system, but not on the reading rate and three kinds
Ext file system. In the function-level tests, Yaffs rate than the other three file systems is much lower.
Later contrast Yaffs and Ext4, NTFS, FAT32 file system to read and write small files in a small data
file read and write large difference in performance when large data found Yaffs and NTFS file size
is not the same in literacy rates relatively stable, while Ext4 and FAT32 in small small data file read
and write rates low, as data volumes increase, the rate increases.
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