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Abstract

A filesystem which deals with file accesses and management is an essential part of an
operating system. As the mass storage devices has been developed and the amount of files has
increased recently, the necessity of filesystem that can effectively deal with huge data or files
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has been increasing and the research regarding this have been carried out. This filesystem
generally utilizes metadata, but the research regarding this filesystem with kernel-level
implementation fashion is less than the research with user-level implementation fashion. In this
paper, we propose the filesystem which is able to search files efficiently by managing the
metadata with kernel-level implementation fashion. Additionally, in this proposed filesystem,
users can directly control the function of metadata management by script language proposed in
this paper. Especially, our filesystem provides a basic environment that merges a filesystem
with database management system in order to support new functions which have not been
implemented by the traditional filesystems. Using our filesystem, there is no need to have an
interface to connect virtual file system with a filesystem. Thus user can easily use the filesystem
only with a mount command. Compared with the filesystems suggested in previous research,
our filesystem implemented under many kernel restrictions demonstrated enhanced overall
performance.
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[ Metadata Management Layer

FMAX File 170 Layer

FMAX File System
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Tser level

Kernel
daa

File

File data L
MGM list

User Process
FMAX

do]ejmo] 22 el o]

[ MGM1 ” MOM2 ] [ MOGMI |

]_

S

= Shd Al =" FAT ot

o]
PR FAT A 2wl A

-

R
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i
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ol A AR

9 (reserved area)dl|l HElHOIHE e
e

X
L
L
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!
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b3t

A

27| (write)SHr-&

(read),

irectory)

Data Area

FATL[FAT2 | Fite & Din

)

ll\-ﬁelq;{aq

[ Dusbase | [ Denuey tree

4.22MGM®] & R AA

o} uw

o] 4

Fol At}

O
He
o

puze]

o]

fuy

B o e F

slot_data;
name;

signature;
status;
sCript;
tag_size;

func_table func_table;

struct mgm_var_table  rag_var_table;

struct meta_slot_data

bool

char*

int

struct meta_tag_slot™  tags;
struct mgm

char*
nt

<™ 7> MGM F#A|

struct meta_mgm_slot§
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719 runtime olgts AAE 53
Al slEth olF A 2AE HH
2 HolglE MGMel gk HS 3hd ALg
A7k 2AYPE dolg Fate] A A
Wgo] <3l ojw3 veyolgE =&
of 31 Adol s=x & 2= 9} o]d

® WSS HFD A dRAoIHE 22

Aol 7hs

0
2

=2 A, vAdFe S sdsta, vhA
wow Ads UﬂE‘rH]O]Ei A7 a3kl ¥
=t

Algorithm L 817] #Ah9] »2 A MOM YT 2225
Inpur fmax_read TH4=9| 2IA;
Ouput: MEA| &4, T2 FZE HEIHIIE

1 /*Phase l: 47| M2 SE*/

2. fmax_read (file structure, buffer, read size, file position)

3. do_sync_read(file structure, buffer, read size, file position);

4. MAMGMo| SEE AL/

3 IfQGM &% ==true) /*Phasel 3%/

i} g _read_event(superblock, dentry_id, buffer, file position, read size);
1 else

8. return read_lengthy

10, /* Phase 2: read event X 2|2 M EFG|O|E H|0[& 24 */
1l *SEMGMAEE DT stol*/

12. while { END_of MGM fist )

13, AMGM | AEN A Bl MENSHO] mem_slot £ A%/

14, mgm_slot = select one MGM entry;

15 /*mgm_slottf] S22 MGMH| 2ot HEES rontime ZH O T */

16, runrime = mgm_alloc_rumtime(suberblock, mgm_ slot);

17.

18 /* runtime 27} 7HR 3 e BEES EA 010 HEIHOIE M2 gy o8
19 run_read strne(runcite, stan position, buffer, read size);

0.

21, 7+ ~3EUE A0 AZEI0f ALZ AT EEF MGMY 23 8& B4 */
i) /BN 82 HEeD de Y

25, for( i=0; i<# of TAG; i++ )

2 /* HEIO|H E 4, F&8hs g T&0| 0 MOM rable 2441 %/

23 run_function(i,, TAG);

13

<18 8> MGM W <1159 pseudo

code
4.2.3 HE|lYAEL ] Fd 9 A

3.4014 Sldt HEHHE] T4 9
AAlE w5 2k FMAX 3t A 252
Hodezg vEer] A% 28 Al2E
geostA ¥, JdaEgE
AshE A WA mkdirs AHESIA HE
teEzs wETh FMAX SdA =gk
A A2e A" 25 wevd 2Ed

spd A gl o] eml7E ofeld 4 9l7] )
ol 7]&el AHgatd mkdir HHE AHE S
ohoooleh e WWe

ol = AH&E T

we W

iy

(system cal)<

Semantic File

System[1] 71Ee WHES
ARgSitE AL Ad UEHozs 7|Edd
AR AlaE ZF& a2 AL8SE Aol

7] wgel et EeE 9% F9e A4

& AH Fohal Folof @tk sbg AN
2B ool AF A|xE 2 AZe

FMAX 3} A] 2

TE TFT Aol7] wiel, o] F-Zol dE

mkdir H#Eo] thEel] ¥4=€HE 5 2l
FMAX®9 mkdir $7F =23l

giel thdek Aol HEE &+ 2
A s fEiAE A2 HEEgS At
E mkdir B3 HEYIAELE A=
mkdir §H& 72 F dojoF gk FMAX
FAA|A~H A= ‘@md TEAE AHE-S]

Y TR A0 hE By

—n
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W z}f U (Context Free Grammar)Q =
BNF(Backus Naur Form)& AH&8]A4 7 9
of o] A3t

Multi Directory syntax

<MD syntax> 1= <MD aware mark> <del_f> <MGM name> <del > <tag=>

<tag> 1= <del f> < tag name> <del in> <data_condition= <del in> <value>
<del r> | <del f> <tag name> <del 1> | <tag>

<tag name> 1= string

<data_condition> 1= desc | asc

<valuer 1= string

<MD aware mark= 1:= @md
<del f= u={

<del_r> =)
<del in> =+

<1y 9> et Ee Ay Aol By

$mbkdir @md {mem fs} {read count + dese + 3} {write_size+asc + 2} (1)

(D& A48 BY ‘@md Aol A7
ol dEfEEYgE wENTGE s %
o 2832 {mgm_fs}e HEUHEYS v
7] 98] o]gdk= wHEHolE T Ao
MGM®] o] Fo|t}t, 1gja {* ¢ '} F&A
2 ol g wEshs $5%¢ &
5 zte dEgEEgE e, 4o F
A HAA= o7 STt P B2 oAy
N G oA FFelAFE TEA L o4A
HEHEELE s 1
Aoe g FAdES oAl 27 A7t
7 AL 9d 27E s tEEge UE
S4olt oldd Ao sdes

o] ut= AWl Mezhon HoE

o &

HEHYEL S Agsts W TE2e
3

A 7NE RS fdadEgS A

dEUYEDE YPse 3PS PRI 5

s

w3, AelE ol RAjs:

2

]

2
™

dEyEEge] g ddS
8

o O 2o omx ¥o
o

)_:[L
ECEEEEER S g S e

AAAFE FEOE o] Xtk

drele] de B8sW wasl wel
Ak ole A P AR
EaAze webd B 208 BAEY P

51 49 374

L

Asl7] 91l A lozonellb5] o]gk+= 3

il

BoERe Add BaA g 35

ARE sto] A2 ve B4 FdE o
O~

AN 9] g M BHFES @

=
=
O~

LA =

8l Wl x| v} 3 (benchmark)E AF&3Fc}. lozone
o

e
o
ol
-

2] A
wd AFEEE gad] WA utaRA, 53
97let 2715wk bt Bd 4EY
Azbell digk oS FATT. FAA ="
Ao = thefdt S dAsI v A
o] WA, B =M= AY |uto
2 A 2ge] AAEGY] i AAH
d 3 gEHS SAHS, 1 W] v
=4 AL Zge 3t webd waA
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[1], [3]¢] stdA] =8

R

EXT3 A &8 Z12]al ARgA} 7]

At

Al 2~El9]l Logic File System[2]
t}. Logic File System
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=
ki3
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A 71T
16384 KB

=

=

HA

i<

o] 27]

th
Q]
=

HEHHEeo] of

s}

f

.

I~ =
T

o

g

3 GHA ol A
70

iRsiaE
a8 107 11

=

292 FMAX 3HA
|

MGM& 553 ZeeM HEH =z

weh e Ede] 44 9 3

ZE 79
of uheh s 2w

Ay

5}

N
ol

%

el

X

7

RS

°©

ch
W

o) Abex

¢

=

=

3ol

=

3
Hardware spec

Fol fwrite(), fread() Z&

sojel Ak ol
2>

Intel(R) Pentum(®R) 4 CPU
3.00GHz

1GB

171

°

S

=2
2

=

hyaA
ar

]
2

o

HAE
<

=

=

ov, el =]
AA 7]
Processor

, ==

al

o AM-g-#

NARA, EY Amse] A% Wk A7)
7]
2},

AX7HA]

o]
Eal
k53

A=

7} e

T

ul VFAT¥ EXT3

[e]

=

of webq A b
d=z= ar)17y 2

.

Al2~"l3l EXT3 SJUdA| A" gm= 77}
T

Bl O

Linux version 2.6 20 (gcc version
4.1.1 20070105 (Red Hat 4.1.1-51))

Memory
60 GB

Disk
o8

5.2 A48 dA9 Ay B4
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of Wste] FA4 XI AeE& e AE =
F Atk olf= FMAX #HUA=®l2 A
MGME& 5538t/ =% dedeld s #elst
= BEel e vl 277 dd
g vigEelHE AFA FEet A%
ol WAE & golF7] witelth e
oleld A& FWe] 27 Adtel o

i

ZopA Al drk. 283 MGME 55314
& FMAX TAAZ=E% 2pA 3 o

= RE S W3t dentry T+RE MF
| Aelste] ZpAaL Ql7] wiel ofel wE
F7HAR Fsol A71EA 71% YA 2
o w2 oS Yehdg, 7 gz
Byl 3= A7]7F 256KBARE 4
FMAX #tdAl=gle Hie] des o
s ¥ 5 Sl oI A
256KB AIkolA Hiel AHes& e
el7l At mlustd dAHem 27
Ad dxz=e A7)t S e de
7 At "WmEe] 2717 AXEA Hlsze
s HEkT 1 %Oﬂ A A 2

Mo g

NI

o

Mo & X2

T V&

g

oX
olr

Wi
-
o,

T AT 971 dee FACdAE FMAX
AN 2B 256KBA RO = 7)ol A]
FHare] F%S et

Logic File system®] % 7]
7] Aol A BF FdaA e T
He 2o 3 d5& 2dtges A4S ¢
Ark o= [2ldAM%= wEx Adtelrh
Logic File Systeme FMAX W dA~E B

ule] ol
= H

N
s
=
Hu
(m
[o
i
o
e

Pl

=
Bt} Logic File System
FMAX 3edA] <ol MGMo 3|33t

_‘6‘].7%14., '6‘%6‘]'%1 X /\}%

(m A

i

‘Write performance: 16384 KB (file size)

vt —

Performance (KB/s)

408 18 N 64 12 2%
Record size(KB)

512 1024 20dB 4096 5192 163B4

<28 10> wd 77 1A A 27 A%

Read performance: 16384 KB (file size)

Performance (KB/s)
g

i B 16 32 &4 128 25 512 1024 2048 4006 5192 163B4
Record size(KB)

< 11> 39 37 1A A &7 A%

9 29 107 11eA = EdAamAe] 55
of W& AT AolE dolr7] oy o|+=
s Apol7b 7] wjEldl o] thEk ApA
g Alae 2% 140 yEy Qv Aol A
AHEE EdawAeE 47 £ 52 vE
dolgs f#Hobd 5 e
transducer’ ©]t}, o] E;FAIA FE3}

= vEgldlolE & ‘ext’, ‘data’,

‘system

‘ ’ ‘ . ’
name’, ‘size



ot} FMAX QA A8

detel 47}l

2k

e} el o] ]

MGM¢l MGM_FSE 5231 23

MGM_FSe] 47}4]
read_count,
Logic File System? E3-&
= WstA el weks e
Aoltt. olo] gk gt o]
System oA xE AFHXH
T AR AR 2
2gol7] wiel 1A
ofg] We] 227
oju} ol A <]

= =& 2=
F5% 5 ol

Performance (KB/3)
-1

HEfH o] Bl =

il

o]

o

Qo
].
bl

read_size,

iy

ol

A=
F%
& o
=

ol

write_size, write_count ©]T}.
dzE=el A7]
2ol 7F k=
+ Logic File

7

[¢]

Write performance: 256 KB (record size)

2% 12

<19 12> #H3E 77

1100000

3000000

1500000

Performace (KB /s)

1000000

04

2048 4006 B192

File size(KB)

—

18384 22768 45338

Read performance: 256 KB (record size)

104

8 ———— 8-

2048 4006 B102 18

File size(KB)

| ol ¢

24 A 27 A%

+

17

<a¥ 13> #Hz= A7) 1 Al 7] AT
a9y 129 138 #z:=9 =77 256KB
a7 AeelA Tdel Fr|E WHAAY]

s Afol7k
Logic File Systeml[2]o]A A<tstadd /\}%
2 3 o] stdA ARG Eohal & ¢ gl
tl. FMAX A A)~®3} [ogic File System

= 27 A B oF 564 AFol7k uH,
217174 5 4] %E 4~58] A% o]z} Y=
e & 3

% 10, 11, 12, 132 Logic File System
of tiate] ERNAFAE THIAS A 1
A B AFol uE AolE aHE ol
Al FEshr] olgeh webA 1Rl 1464
%9] i}o]% = 1/}15}11191‘4. AR o 82

= O [e) o
£ 529 4 aEA g

% 401011 d59 a7t dAYsi, EdA
ME TE5T A9 deol 1A &S
SR F4 ) AT ERAFA Y] 55
oo wE dwel Aol A= FMAX 3
UAl~®l wYh Aopar & 5 k. olfE
Logic File System?] 74§ E#W=FA A
HEtgolHE  FEFstn  Agste FxR7)
FMAX stdA]xele] MGMREY 2% 35 L
aRAor AAHAY wieleta & F 2

o,

l

o I o |

n



18

Write performance with transducer(on/off)
: [fixed file size 16384 KB]

. 41000 -
0
=
& 40500
=
3 acooo —HHHH
ﬁ B | FS-write(no trans)
e 3sso0 #HHHHH
S )
£ 39000 MELELREEENEEEE LESwitte(systeny
& =r w3 3 @ o= oo trans)

A S SR

- = 3

record size (KB)

Write performance with transducer(on/off)
: [fixed record size: 256KB]

:I :I 1 B | FS-write(no trans)

B e | LFS-write(system

44000 —
42000 —
40000 —

38000 —1 1

36000 T
=
=~

Performance (KB/s)

trans)

1024

file size (KB)

<Z1¥ 14> Logic File System®l A

Multi-Directory Test

03 A
025 -~
? W e
k1 =+=mel
E i
£ oS > .- go2
—— e
01 -
e -
L) T
005 .

Mumber of Files
<2¥ 15> ey gz Aol gt

73 57

Hevdgee 458 e 14 159 2
o Agel AgE WevEe 44 WEe
123904 AFE B 349 vhe e

F71ale) ) 74
Az e gge dudaEds wEs 9
A ALSEE TAGY F, Age] Fi 279

GHE AT PR AT BE o ol g

T a
g Aozt A& ¢ dA HEARl Ao
29 dE M ts A e Al A

Performance (KB/s)

Performance (KB/s)

Read performance with transducer(on/off)
: [fixed file size 16384 KB]

102000 -,—
100000
98000 41
96000 1111
94000 il IENEINY ® | FS-read(no trans)
92000 T
ooopo MELEEEEEELELE LESzread(system
= W = w0 = w = trans)
23 8 & & D
< S & o,
=53

record size (KB)

Read performance with transducer(on/off)
: [fixed record size: 256KB]

102000 -

100000 +——

98000

96000

gaoo0 44N A 8 B ®LFS-read{no trans)
92000-————EIE|————

20000 A A R_R T LFS-read(system

= trans)
B

1024
4096
16384 |
65536

file size (KB)

EQLFA 520 0 45 0w

&3t

[ | 291
@md{mgm_fs}{read_count+ desc+ 3} {write
_size+ asc+ 2}

u Hej2:
@md{mgm_fs}{write_size}{read_count}

u 2 9]3:
@md{mgm_fs}{read_count+asc+4}

[ | 2 9]4:

@md{mgm_fs}{read_count}

a9 15% A% A¥s dehdd 4
Mt Ao 27F /M Be FIkE 8
otk HAR g HaE agete 4

19 olch wpxul Ho] 37 4% w]gk §a)
E et Ao FxE F48 B

o] TAGETH ¥+ 7M1 TAGE 7HA L
gagy gaHs FAL Wt dA42
L HEE 273 ol WYY EYE
gt R FxoA Be 59 TAGZH

N

HUmErE
o

B

ol



qor Fole WF AFHOE Wil &
shel HeEelsl we wa opel, 1 wE
HUEE Robd AR JAE A
AFolo} 57] ujFoltk. 249 TAGE A&
& geie] A% oo 20&
o 2¥le]  @e FiE 4
& el wEolol @
Qasiol & e F7 2AL
g gy wE, ol we v

4 e A
shed o =
SRS

[e) = > o
2715 FA &
o]

il

=

—
)
=
l

$ehg WA, e o] Fahs WY
dEes Agat 49w AN %w
e Qo AEtdEnE A4S F 1

g Egu i gtd sl gk §j=9 03_&
= dEe n|xx P= )
EYE Hste ¢aEs *MH ojelgh K-
3ts =ol7] flste F o agXom td
B F2E wEe WY
th g o2 g FH o 2
g9 ¢to] FE 2 HAELS e F
‘6‘]— tﬂ];]\jeﬂia] e} 1—4
B #5 FoA4 dEd F vk S
3 dEfYEgEL shte] "HE L E]

Fo]2H Y g WHolr), o)A o]y sl s

==
x

e A FAHAE SR FF A
deEe Agel $aE o 4% Hdd
G gl ol

teom Ao 37 4% o AE ol
7 AY g AL B 5 ek A9 33 4

)
=l
w©
o
k)
o

write_size®} read_countZ
I s WA FojA Be fddEe %
of wEtA EF7F HAAR, He] 33 4

‘_%— T

g Fete] zolE ¢kar AQl7] wiiFo|th. A

HH o7 Aol 33 4= HY F9] wsle] w
AAA 2 WA, Aol 13

o r|r
=
oo
ax
o

o
o
i_.

_,4
ol\
)
ol
37
2o fo
o,

10
o

u
i
)
i
i)
I
M
P‘L
)
e
o M
O
)
H
i)
°
B

N
~
s
~
2
A
o

o
(in?
r

522 oA wEld o]
= AR YA xRES
Aetetgdnt. 712 gdA2dzy FMAX 3}

= RESEA7] o

Zzade] AZE HANLGS AT S
gtk EF 71E FATAG A 292 uhg
o AN W AY BANN %A
oz AYe £IT & 9= F2E M

SAZE YR MGMORHH F%
=X S

® vEtdolHES #AY T2 YA
o] Abgatx e A AH Ao dokd
a3l A% €k MGMo| oWk wEbd|o]
HE FE2T A AMEA 59 239
E doE AFs FolA AMEA Y S&EE
ao] MGMS A& 4 dA skglth o=
TAA 2B Yo ATYE dojE B3l
o B QXS wrEo A AR 9
e AYS T F JEFE FAdA 2"
z2at 4= =



20

J BAe F 9 mRHow & 4 gt

F TlsES FRAoR T YA~
= AgtedAN, AR BE VoS Al
FIAE Eadnh =3 A Ao A
Aotk Fdol zhe W AHE @737 A<
27 Wi 2% Ad #Ho] obd FUSE
& AMEEte] AMEAE BA A T A ~F]
& AASa FAsgih & =io] AlRbshes
FMAX stdA[~gle A 3] we Ao
ZAES BNt AAEAR HgHe=
A Ae AES Bkl el =
S T PEY At A HAEAYA I
AAN~gHTHE Faor 250 HE FA4
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el Ve Awsty] wiEel Futd = A
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HES A o2 Logic File System &2
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o AA AT FE AAT e @A
2 Qlete] AA AgsiEo] ApgE £ e
FAAN Ao ZAE AV JdrhE S
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