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FlatLFS:. a lightweight file system for optimizing the

performance of accessing massive small files

FU Songling, LIAO Xiangke, HUANG Chenlin, WANG Lei, LI Shanshan
(College of Computer, National University of Defense Technology, Changsha 410073, China)

Abstract: The storage and access of massive small files are one of the challenges in the design of DFS( Distributed file system). Most of the

DFSs, such as GFS and HDFS, are designed for handling massive big files. The performance of DFSs decreases greatly when accessing massive

small files without special optimization for small files. This research focuses on the optimizing of the performance of data server in handling massive

small files, and presents a Flat Lightweight File System called FlatLFS in which the user data are managed flat in disks. FlatLFS is supposed to

substitute the traditional file system when accessing user data for upper DFSs. With the improvement of the performance of small data block

processing on data servers by FlatLFS, the performance of the whole DFSs is greatly improved. The effectiveness of FlatLFS is proved with intensive

experiments; when the size of data block is 1M, the performance of random read of FlatLFS is 135% , 112% and 122% higher than ext 3 ,ext4

and reiserfs respectively.

Key words: distributed file system; massive small files; extended file system; cloud computing

ARG R BB LR
— WY AI PTG AR eI TIRZ
Sy A X3 & 4, W GFS' | HDFS™
KosmosFS!? N MooseFS'* N Haystack[s] N TFS'® &
Horp JHDFS J2& GFS iy IF IR AR, F 58Tz, B2
#% Yahoo . Cloudera'”’ | Maprig] K EHH. GFS
1 HDFS #R 2 Ay 1tk RSO 18 e BACF-Aidt A5 ) T
B, EATE S R RS UI o s T 64M
AR B, IR ST B (R P RS s B LA
LSR5 4 Z 18] AR A 5 28 ) A7 TR AE — > I 4L
PR 55 2 B B B LS ] =X A7 T30 B
k55 b o AEALB/INSCHRI, Z 58P B SO 4
FVECHR PR 2RI SR WA Il 12 (1) 32
S R TR AL el it S R A S

«  UgFEHHER2012 -04 - 05
EETE : B 5K A% = 3k KL 10 (20122x01040001 )

BN B A P B sz oo B Ik 55 A P A 2 PR R
(2) PERE )8 % 58 SC 1 8 8 Ak 38/ SO 1 g
AR, 3 B R 55 A Ak BRI SR MR 2R T
o PRI EAFAE BN SIS o anfafd2
fe oA 2O R AR PR /N SCAF R E 2
hy R R AR TR

H i A =7 R e A S0 R G
A FHIN ST SO B2 BRIF R, (1) #5170
A IR REAE S, 4 Facebook [t Haystack |
Y % 1Y TFS, Hadoop Archive! 2B Sequence
File!"™ % Hiiwi & J& T RGP T 5, Bk s
XS RGEA S Ja P & TIPSR T %
ST AE HDFS 2 B SCH T TR . X Flor ik
PRI A O 2 R 51, 18 A AL PR KB 9

EB BT AR (1978—) , 53, TN FE LA U, 1 L5825 s E-mail : slfu@ nudt. edu. en;
BENIR CGEAFER) ), 803R, LA 0, E-mail : xkliao@ 263. net



52 4

FIF S, 25  FlatLFS . —Ff iy ) g f5 /N SCPRAR BROC AR G B2 i S R 28 - 121 -

TN, R AR . (2) 43 A AR,
FastDFS'™' J 4653l 22441, [ 2L P9 11 77k A
S Z AR HAA KR o PR MBR SR A SRR
SCIEAFA , HLAEZH PN 0408 T 55 4 TG A — ZRd g
MRAFTERS ANR B AR . (3) /NG B RN,
Google 1y F — AR X301 & 46 GFS2' R A
T oA A TT I IR 55 4% R Bl o A 64M
W NR IM (B H T 58 SO R Ge sk BN SO
IFPERERAR T, S EORR IR 55 A A PEREAR T, 3%
TRPEREZ BIR R 2y BT A B GFS Tl 58 Bl
A%, 41 HDFS , KosmosFS , MooseFS 45, 75 b # /N
PRI S FFAEZR LAY )L

X FORER o Eh 4 Dy MB e ST i 1 1 37 5%
GFS2 Wik &ih . ASCE XS GFS2 25y I
RO A SRS T —Fhid TN S
i) B 52 5 % SCAF R 45 FlatLFS (Flat Lightweight
File System) , RN RGP L5 RGN
IR AT R G AR PR A A IO A ,
DACESHE A 55 s Bt S A BOvE RE SR DL AL R 1> 4y
ARG TERE . S250 R B, FlalLFS 7] D)L g
FA IR S5 A N A IR RE

1 Wz

55 GFS2 bl 43 A7 XS 72 e fifg ke 1 1 o)
ANSCURALBRAT: 55 B4 A P [ A, LIRS 5 4k K S
TS AR PERERAR Y . HEBFRNET N
SCREINSCHAERL, DEFS [ o0 8 A MR
DA R i ek /NSO A B S Sk P A0 8/ N BB B i A
1/ O $AE 5 | S 1 854 U7 [ M REA0LAE o
1.1 HHXXGRGEG AR

FAL T GFS2 (1534 XS R Gext S 4
HEJF AR ML AT SRR 4
A TN E RN IOt B s ST ik 55 # 2 N AF b
TRAE A SR TR A B, A 5 SO S 8
Z R UL B S e 5 5000 i 55 45 22 11 BB G 3R
Bl MR 5525 DA SO 1 I8 3X7E A s DR AE B30 e, 45
AR BT R 8 A SO« 0B S AR B S
8, SCHELE R B id iy 44 &7 St U 1) SCAR I
S ] TCEUHE AR 55 H I IR U v A B e
Bl MR 5 2 Mk, SR J5 B4 07 1) 55008 i 4528 111
HH IR B

H P ) — A SO AR R AT

1. % P g SR oo EHs AR 55 45 U7 18] — 4> SO,
T, #R;

2. JCHIHE R 55 2 AE UAE A T S BT X i
MBS B, AR5 S 504k B T 76 1) 4000 i 55 it

e, T, R

3. TCHIHE IR 55w 4 25 B dha e pdy B R0 L 1Y
B R 55 A HuUhE SR B 25 % P, F T, 3R

4. B PR v [l g — A E A B

(a) ¥ B 544 25 F0 7 10 B8 Al 55 2, 15 2R 3k
Rz BEY L, T, 308

(b)) i R 554 77 17 A 1 5040 B S 4 T
B St 1 Ty 30

(o) A MR 55 a2 R 1l 25 % oo, 1 T
TR,

M — > SCAFALEE n B R, IB4 % P 3
BEEUHE A SCF T AE 9 B i ) Al DL R (1) Sk
FIR o

T=T1+T2+T3+Z(T4.(t+T4.b+T4‘c) (1)
T

o 255 e Ik 7] = SR T I 288 A PRI A
W, Ty Ty T, Ty ARKEDCAL s o Fooidls
55 A P ) BT A LR 5 B B RAFAE AT R,
FSF TR 4 2 P i) P ASL AR AN BB, IRt T, 4
TRAMERE— A 2IA . i T, BRI i AR 3 SO
RGN 1/0 BRI GE , B B iy 2148 P15 50
B J7 AR, At — AL AT fE
1.2 ¥EAR 5585 A 3t ST 4477 5 53 4

AP 5T 5} ext3 (extd FlI reiserfs XA R Gt
A0 T AN IR R /NS B4 Bt ATL iz 3 (4 s 424 B - D
=) ZR8mE 1 R

2500

2000 4+——m————— ext3 S —

ext4
1500 reiserfs /
1000 /
500 _—/

0 F— ‘ ‘ — — ‘
R IO

Y

average response time/ms

o
file size /byte
E 1 ext3 extd reiserfs [HLIEM:fE
Fig. 1 Performance of random read in ext3/exi4/reiserfs

GERBW] ARG S R G h, S BERL L RE
PRI PR A2 1) /N SCPF BB AL 0] 79 Fs [ 5
S RINE R AN K 52) RICHBEAIL T 7] 1) I 18]
THE 5 U RNRGE R R o

ARG S R GEr, U R )
L8 A8 20 SO B0 1 B 25 b 2> BRAT T, B R
WEREH . HF 12 A1 £ P bk LR A7 AE SO inode
Hh, LR R A b S DA ESCHE (T AR A AE W
Pe(FrosthlHe) vho 205 [al ORI B, w2015
BRIP4 %) AR T B —A~ H %, 3B H
B S SR IE B2 H AR SR ) inode F1LHE B, AR



2122 - B B K 2= 2 i

535 &

R T 7 B A D B A B O R

TR I 55 4% bRt e i Ak A2
o NSCH SR BRI y R, ST
PESCIFALT 2 A G, 01352 RO B 1) s i) m]
PUAHE(2) R

Ty =T +To (2)

Horp T, 2278 T 4R IF BEICH AR 3CHF inode FIFI]
T o BN B B IS TR] , 7T LA 4350 I (3)
M(4)FoR.

x
Tseek = Z (Tinode + Tilem + TfindSubDir)
1

+ Tinude( largetFile) + Tinude( targetMetaFile) ( 3 )
y z
Tdala = 2 ( Thlock) + z ( Tblovk) (4>
1 1
Hop T, 0 2 B H 56 inode RN IA], T, 78 12

HUCH BRI, T, s 268 A H S8 R
i) H ok H WO g A 3L inode 77-fiff b bk 11
AL T e rargenrite) 278 BE BRI HR SO inode (1) B
B 5 T o argenmtenarie) < 715 B2 BT B S SCAF inode [y
IFIA], Ty 2275 T2 BC— > 10 B B AR B[] AN []
IS RS, T B S AR o LR, extd 5
A extent 2 H AR WD T 10 WH, TG4 T
21 (Tha) o

ME(3) F1(4) m 0, e BCR s S S i e
Hb N RE R 1O BRI B 2, HAR IR G, 1/
O FRAERY R B AR,

R, SO B R, SO RS RT
VIFENAZ G2 A7 T A SCAE Y inode L K — 38 43 4K
i , B =L hk B () 76 5080 5 0] st ) oy EE AN
K, I PERR R R o (ER, 8 P /N, S
MBS . BRI RN TMB, B
10TB, 5% ] ext4 SCHFZR S8, W e A1 ST 1) o £ 4
S KN 80G, U RGEA ] REAE N A% 22 A7
A SR ToE R BG4 1O RBUSUAHE S Bdis =
b b () 75 AR 1 T b TR e BT o B A9 K, MERE 2
N VNS Lol o < S I W R O

g5 LRk, WA O R G Bk R AR
Tt R 55 A CHR AL [ 72 I /INECHE B () A2 B ) 6 1T
g A R G 2 R X SO S5 #2752 2%,
INSTAFT IR RERAIR , 3 ORI Ml 55 4 1) B5 s B
FEHERRICT o FRATAT AR AL G S RS )
RER A I RE_E 42Tt .

2 FlatLFS iZit 52 m

FlatLFS 217 F 8k 5w 2 b, FE HbR &
etk 10 BetErERE, L HEFEHLEEMERE

2.1 EABME

FlatLFS (4% SR 2 38 28 98 /0 54l B 77 1)
WG RE 10 BRI ECR IR S ERE . BEHAH 13X
PR H SRS SR B E R G A U RS, H
FEVT IR G A B 8 2 /N B B s ~F- =X b PR A
FEREE 10 B2 U RS S AU g

| File Accessing |

MetaData Cache
~ Blockidl | e [ Address
E ......
|
‘l. Block in | ------ | Address
\
VS e
VS - memory
- ye o
A e disk
e
z 3
g —é ......
m =
Y .
Meadata Area Data Area

K2 FlatLFS s B e
Fig.2 Locating data block in FlatLFS

FlatLFS | B s He i oo s (6 5 5k
HeAeg 35 b iy BEAE A Mkt ) S5 HP A7, I 45
GIAFTENAE s B E PO B 71300 43 5 200k B 1Y
Tl B, BB A A R A s ) R i
1o Vilal B HE T, FlatLFS & 557 A7 th A i) gk
P B0 B 1) Wy BEA7 i b, SR IS ALRR — IR 4%
I/ O AE R AT 58 i oK o FlatLFS B8 & A =
WKl 2 i

2.2 FlatLFS ##RHALRIELE
FlatLFS e EREHRZHSHESRINE 3 FivR,

B CEAR X ARG BRAUTEARTERE R A
A A A

4 Y 7
# | # = | &

tAE AR B B AR

AL IR I x| B %

k|E|E|) 2|4
E| B | #

B3 FlatLFS H i i 25 40 4 UHE R

Fig.3 Framework of data organization in FlatLFS

TGRSR o3 S P DX 8 TS50 A it X A K ah
FARRIX o A% AR I, R % 2 /N il B
RN BEA TG B T RE A A 0 Ss He B, SRR
THROCEARATAH DX /DN 78 Tl 8w AR
G398 53 AR IBE /N B A 2 TR A S o Ba A7 1l
DX, JoJe Fg TR A7k X 2 A ) B A7 i DX ) )
= DAARFER/ N A REBR™ , 4577 il B 1) il
TS A7 AR HAS By 9 2%, I T o0 A7 B i



52 4 FIF S, 25  FlatLFS . —Ff iy ) g f5 /N SCPRAR BROC AR G B2 i S R 28 - 123
5 BEAPEACHG R B BRI A5 B Hb B A LR A0 e i sw M Bk R RT

TCER A DX A 1 5 8 AL 46 S A T Bl
B bitmap , FEHoTEE . H A TR
FEETE 2 A B, B s e 250 555 209
bitmap ZFRAEEHE A9 (5 HIE O, He v B — 37 6
— AR B S o B A A BT A B S
B R, bR — > o UFE 6 AH 7 R e B
B id A RRAS W SRR H kS R
2.3 FlatLFS 45 1) #R4E

FlatLFS X [ 24345 230 R Gede At [ e K
NI e . B AERE IR 54 A s
W B TCE R e A NAE, 1 B sh el g . BdiE e
JIT A oK 19 TC B A8 PR AR A W AE N AE T 5E
FlatLFS 7EJ5 5 J& 14 ook i i Jo 38 5 ARG
Kl 4 ol r b #R AR K

Comcnmn)

MBSk AR ROT
FELg e

&
@J—{Mmﬁ%ﬂiﬂmﬁﬁ#mﬁ%@ |
&

A

| &7 hashf

BERE
PR A )

i}

WEIRERIDARY |«

(a) BEPOCHIET LA

&=

— 2 [
e
v
VTR N

i}

Wz o2 4 = B,
<>

@ & &
2
v

BER A WERE
Fric A ) PRt AR
—( ax —

(b) B AR R
4 FlatLFS JUERAL B R
Fig.4 Metadata processing in FlatLFS

FlatLF'S il B %l e A 4o i 5, A5 4

FlatLF'S SCHFR P sl 540 30 5 Rl bk, Ab B AR
e s Js o

( FlaursERRINRE )

ME PRrERAD -

'l::j'
MEENTE A, Rk E
B oEER |, it
(R Hiwts
P HE RS
58, 3 s
Bk M R —Hpmee —’1
FlatLFS& BAESM
A EAE S ANBERLLO
AP AR BA
|

|
(a) FlatLFS %4 Bt n) i f2

FlatLFSHE#%
OZHE

B T/OT I 55
—ME%

FlatLFS B HdE e
L —— 7

(b) FlatLFS %is Bk # 7 7

FlatLFS 844
PR EwRE

AR PR —
i TR
AR jrensrear
v
:
= R T
= 7= EANES, IF
%ggﬁ* BRI R I
C&x )

() FlatLFS FA B i 5 i e
PS5 FlatlFS i bk i 2
Fig. 5 Data block process in FlatLFS

FlatLFS B RfaHe 2 /i, 1 /G 0 28 /M
A, AR — A ] IR B B S AR s B 2
AIHAZIR AL, SR 5 R B O ORI 5 AZAT o

FlatLFS Se8dls Bt , 15 o AR 4 &t B id A
PR FP A ) R R I T B 28 S A A A P )
A7 fif ol , SRR et ke S HARR I s U o,
AR 7 2RI R R B 1 S B



- 124 - ES i s N 2= 2

535 &

2.4 FlatLFS s£E

AR AE Linux $24E 245 CentOS 5.5 ( P4
BRRAR 2. 6.32) HsZ B T — A4 FlatLFS Ji A &
Gt FEARTTHEIARAFAEIX N 128 05 kg =N &l 6
J7R A4 « TCEHE AL B0 (EL L 0 B0 KN R Rl
NN S AN EI 7 N N €787 N N ' 4
PPN BB HR /N B P s | B AR
Yo R — Al L B S g ke ],
BAME A 8 AT, AR AR B OTEUE X, 5 32
AT, N 128 AL E T IR B R bitmap F1K
PPoTEE

B BT 0 | || | i) s
s | T B | 32 | | | | | | Ditmee | PRHCEE
12 |7 [ | N 5 || 6 | 28| | r o
g | h| " |7 R B | | 2| [
i x el e | 8]

H|H
‘Q"Q Q. Q. Q. Q. Q. Qs Q. Q. Q. Q. 32' |

K6 BB TEAE A XN RS
Fig. 6  Structure of disk metadata storage area
TURHRRIS (R I o] R AT AR 5 1 A T
THAL R N R BRI/ N 17128 45 128
TR A AR SE A 1 TR A

3 FlaLFS MgeMiX 54 R

BT ARIE -6 SR E R 1 R
F1 WK T AR

Tab.1 Environments of hardware and software
R T D]
Intel Core2 Duo
T9600,2.33GHz
Memory 2GB DDR2

0S8 CentOS 5.5 PR 2.6.32

Hitachi 406 Linux #:/E R G0 /8
(HTS543225 43X

1.9A300)
’ B ap 431X
250GB. 8G. Swap 47 [X.

Disk SATA, 160G | ¥R X
5400rpm,
8MB cache,
AR
[f] 12ms

I TR R S5 SO BRAN D o) AT [
B, PRI REE R 1l S R gl T A,
411 10Zone , Bonnie ++ 55, FATT B 4l iXH2 7, $5 i
5 U2 BEAILEE BEAILE B , HUO E T
FlatLFS FMEG 2R 55 ext3 extd Fl reiserfs TEEE
M55 2 B SO R R PR

CPU

XEF G R G, TS H T
HDFS L3, 54 H 3 R A7 64 A Bdli Bese
64 A~ H 5k, BN RERHO B A SO B
BRECPEACE I SCPF o AR 32 5 M, 4% 2
5 IINERAUR 5 1) 453 A B dls R SCPF 5 A REAIL 152
B, B S S IR R S A
AR BRSO . MR R AN 7 Fros

HIC, NN LR A, a7 (a) (b)) B
N R B S PR REREAS b5 SO R/ UE LE 5 (H
JEWE 7 (e) () Fros, BEHL IS X /NS5 1)
APERERZ A, /N SR BEATL S 1R 1R BE -5 SRR
INZIRIFFA A S AR IE FEE AR, SOOI, A
I s i) AP A
3000.0
2000
1500.0

1000.0

500.0
00 R . ]
128K 256K 512K | IM | 2M | 4M | 8M | 16M | 32M | 64M

Zext3 10.0 | 12.224.7 |44.6 | 84.8 |170.1|338.3412.1| 819.7/2671.
I extd 37 |74 | 46 294|578 |118.5/242.6/500.9/1031.|2161.

sequence write

average response time/ms

Hreiserfs | 4.7 | 8.6 | 16.3|33.3|69.0 |150.5|302.6/611.7|1230.|2480.
EFlatLFS| 3.5 | 7.0 | 140 28.0‘56.0 112.1 224.2}448.2 896.3 1793.

file size/byte
(a) 75
(a) Sequential write

sequence read

0.0 oo JEES
128K 256K |512K| 1M | 2M | 4M | 8M |16M | 32M 64MW

H ext3 46 | 8.1 | 154286584 |116.4230.8/461.0921.8|1838.

average response time/ms
D
!
o
p

mext4 39 | 751|148 292 | 57.8|116.8|233.1|469.3/933.9|1877.

Ereiserfs | 4.7 | 93 | 16.9|32.7 |63.6 |124.4/241.71472.5|939.2|1863.
WFlatLFS 3.5 | 7.0 | 13.9 [27.9 | 55.8|111.5/223.1|446.7/893.0/1783.

file size/byte
(b) Wy 3
(b) Sequential read

random read

g

£ 2500

g 2000

(]

2 1500

2

g 1000 /é—
% 500

b B E%

E 0 b RP— R 5
= 128K‘256K 512K IM | 2M | 4M | 8M | 16M | 32M | 64M

7 ext3 65 ‘ 68 | 72 | 94 | 106 | 144 | 253 | 478 | 950 | 1879

I ext4 62 ‘ 74 | 78 | 85 | 97 | 149 | 256 | 473 | 968 |1874
Hreiserfs | 61 | 73 | 78 | 89 | 111 | 165 | 274 | 489 | 983 |1961
EFlatLFS 19 ‘ 26 | 31 | 40 | 69 | 120 | 228 | 436 | 889 (1780

file size/byte

(c) FELEE
(¢) Random read



%24 A , 55 : FlatLFS . — B i) ¥ s /N SCHAC BROL AR IR 2 P &R B - 125 -
random write ¥ z
zggg ; T’data = T f)]t‘nzck < 21‘ ( Th]o(tk ) + 21‘ ( T])]n(tk ) = Tdala
2000 |
1500 . (6)
1000 . . . 2
500 wmE Z54r30(2) AT, FlatLFS SRR e e g

0 | : .
128K 256K 512K IM| 2M| 4M | 8M | 16M| 32M| 64M

Zmext3 | 83.6(88.1 923962 [112.3178.1/342.9680.1/1347 | 2681

Wext4 408 |51.2 | 57.369.9 |85.3 |138.2244.6|502.4 1040 2164

Breiserfs | 50.1 |59.8 | 69.2 | 80.3 |89.7 |156.9/310.7|616.3/1232 | 2481

EFlatLFS| 18.2 |24.1 | 28.535.7 | 61.2|112.1|225.8|459.9/899.5| 1796
file size/byte

(d)FHLE
(d) Random write
7 32GB A [ I/ S EdE P RE
Fig.7 Performance of 32GB file data with different size

SRJE HEATRA 0] LA, S Uik , ROCHFPEREAH
ZEARK AHIE/N SRR 22 B K. anf&l 7 (a) |
(b) Jrs, X F /N SO Y 525 1 18 O, FlatLFS
PERE S extd AL, B THSNSE T ext3 il reiserfs, 1
BT (e) s, W3/ S BEALEE )15 B, FlatLFS
AT 7 A =BG SO R a8 iR 7(d) fie
780 TN FEHLE A1 D0, FlatLES fIE T ext4
1 Reiserfs, 1] ext4 I Reiserfs X ALT ext3,

X 0340 2SO ZR G 180 IR 55 A T
BEALEZIIR] &7 = AL, IS SRR F ik
BBk /N A IMB, I FlatLFS # Bl ML 321 fE 5
B ext3 ext4 reiserfs 5 135% 112% 122% ,{[;
R W

4 FlaiLFS 431

FlatLFS tpr, S N8 R A A TR S SR 8 =5
[, A HACH — A9 BLAF i Bk 55 4,
FlatLFS R KIS /D 1 &l doc ol S, R
IMB R/ B Al 10TB K4 it o 1], $icdls
HRHEON IM, FlatLFS /000 T (oot &
8 P EWEYL ID F1 8 AT HE AL M) AU 2Ry
16MB [ TCEfE sl nl LA 2 255K, 5 J50k 9 80GB
FAL, AT LAZZ S AN o Fi A il e i) So i 4 b
FEAERE BT R A X, A2 18 17 I 4 i 52 A7 3
WA B8 T B et o . Bl Pk i
AN TE A R A 38— B AT, IF ] 770 R
PRI A A AR 1) B JE 8 R TS 1/ O #RAE Y
JE G T JB I /N T

(AN S (5)

TN, AR YRS BT E — R 170 #
VE, AN ] 17, FT RN T i o FH— KRG
VORES y +z DRELEHAYIEE], /N Ty + 2 WG
170 135 A [R) B8 1 A I ]

average response time/ms

8] 77, , < Ty yo PUE, FlatlFS 55530 1F R G
b, PERETS 2 T OLAE

XHMEGECAE RGN, Bls BN, 52 {15 8]
A JE I E] HRRIT o 1 EE DB, M RE T Rl
Xt FlatLFS 1l 55, g B b 2 K, ¥R B s
et WA R e AR AR BN BRSO T
FlatLFS PEREUIAT — & T, It PRl 281 34 S Fif
(R R K 1) b e 5 20 ik N e (9 e
[E1) ) 5 IR T HP I o5 18 L A958R o i B

5 ZRKRRE

T i) e e 000 A B 1 3 A1 S R 40 2 2
ARSI Z —o BT, REZE0 0 L R 48
T R ST 8 v A i R ], A T /N ST
Ab I 5 5 TSR 1 R P o R A fipp et
RElA A, ASSCE X ESEREAILYY &) 43 A B9 /N SCAFDs
0], 4 1 —Fofr i 3o DG A B3OHIE iz 55 44 A4S b B340 B
TR A AL BE A 43 A7 2SO R GEPERE 0 T
25, VOIS T — R e - B A7t O v
PR BT RS FlatlFS 425 1 R A7 B
WPERE . SEI R, HEUE PR/ N IM I,
FlatLFS R RE 2 Bl L ext3 (ext4 reiserfs B}
135% 112% F1 122% . % 75 /NECHE b # 35 5k H
fa A4 K, HA TR i SE M A -

R FlatlFS i 38 7AE G R G Z
SO, AR E RGP A AN 4k MR,
PGE G T 5 6 53 A0 XS0 R e 0 I 55 1 L
PP, NS A T A2 ) P A aE Sk
B,

T2 TR : (1) 583% FlatLFS ()
SEPL; (2) 48 FlatLFS 2 s3I o3 A XS0 R 48
I A T U IR PR R — 2P s A
SRS R G R PERE

S % 3Rk ( References)

[1] Ghemawat S, Gobioff H, Leung S. The Google file system
[C]//19th Symposium on Operating Systems Principles, NY .
IEEE, 2003 29 -43.

[2] The apache hadoop project. hadoop distributed file system
[EB/OL]. (2012 =12 —=05) [2012 - 12 =20 7. hitp://
hadoop. apache. org/.

[3] Srirams. Kosmos file system[ EB/OL]. (2011 -05)[2011 -
11 -15]. http://code. google. com/ p/kosmosfs.

[4] Moose file system[ EB/OL]. (2012 -08 -16) [2012 - 09 -



- 126 -

o PN e

535 &

[10]

[11]

[12]

[13]

15]. http;//www. moosefs. org.
Beaver D, et al. Finding a needle in Haystack: Facebook s
photo storage [ C] // 9th USENIX Symposium on Operating
Systems Design and Implementation, October 4 - 6
Canada 2010.
Taobao file system[ CP/OL]. (2012 =12 -04)[2012 - 12 -
21]. http://code. taobao. org/p/tfs/src/.
Cloudera big data solution [ EB/OL]. [ 2012 - 12 - 22 ].
http : //www. cloudera. com.
MapR big data solution[ EB/OL]. [2012 - 12 -22]. http.//
WWW. mapr. com.
McKusick M K, Quinlan S. GFS: Evolution on fast-forward
[R/OL]. (2009 -08 —07) [2011 =10 —=09]. http://
queue. acm. org/detail. ¢cfm? id =1594206.
White T. The small files problem[ R/OL]. (2009 -02 —02)
[2011 - 08 —23]. http://www. cloudera. com/blog/2009/
02/the-small-files-problem/.
Higkoo. Hadoop 755 £ it/ SC P47 9 TESE [ R/OL ]
(2011 =02 -25) [2011 =08 =23 ]. http://hi. baidu. com/
higkoo/blog/item/edd259129h7 cf745{919h845. html.
Hadoop archive guide[ EB/OL]. (2010 -08 -17) [2011 -
09 —21]. http://hadoop. apache. org/mapreduce/docs/10.
21.0/hadoop_archives. html.
Tankel D. Hadoop archive; File compaction for HDFS[ R/
OL]. (2010 - 07 - 27) [2011 - 06 - 16 ]. hup://
developer. yahoo. com/blogs/hadoop/ posts/2010/07/hadoop_

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

archive_file_compaction/.

Sequence File[ EB/OL]. (2009 - 09 -20) [2011 - 06 —
19]. hup://wiki. apache. org/hadoop/SequenceFile.
Happyfis. FastDFS distributed file system [ CP/OL]. (2012
-12-01)[2012 - 12 =20]. http://code. google. com/p/
fastdfs/

Metz C. Google file system II;: Dawn of the multiplying master
nodes[ R/OL]. (2009 - 08 - 12) [2011 - 09 - 21 ].
http://www. theregister. co. uk/2009/08/12/google _ file _
system_part_deux/.

Vranos I. Optimising performance for many small files [ R/
OL]. (2011 —-06 - 02) [2011 - 08 - 09 ]. http://www.
linux-archive. org/ubuntu - user/535087 -
performance-many-small-files. html.

Borthaku D. HDFS architecture[ R/OL]. (2009 —04 -09)
[2011 = 09 - 03 ]. hitp://hadoop. apache. org/common/
does/10. 20. 0/hdfs_design. pdf.

Chuyu. TFS introduction[ R/OL]. (2010 -09) [2011 - 12
—-05]. http://code. taobao. org/trac/tfs/wiki/intro.
Extended file system[ R/OL]. (2012 -06 —07) [2012 - 08
- 23 ]. http://en. wikipedia. org/wiki/Extended _ file _

system.

optimising-

Avantika M, Cao M, et al. The new ext4 filesystem: Current
status and future plans [ C ]//Proceedings of the Linux
Symposium. Ottawa, Jan. 15, 2008.



