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Design and Implementation of Autonomic De-fragmentation
for File System Aging

Junseok Lee" - Hyunchan Park™ - Chuck Yoo™

ABSTRACT

Existing techniques for defragmentation of the file system need intensive disk operation for some periods at specific time such as disk
defragmentation program. In this paper, for solving this problem, we design and implement the automatic and continuous defragmentation
free system by distributing the disk operation. We propose the Automatic Layout Scoring(ALS) mechanism for measuring defragmentation
degree and suggest the Lazy Copy mechanism that copies the defragmented data at idle time for scattering the disk operation. We search
the defragmented file by Automatic Layout Scoring mechanism and then find for empty spaces for that searched file. After lazy copy of
searched fils to empty space for preventing that file from being lost, the algorithm solves the defragmentation problem by updating the
I-node of that file. We implement these algorithms in Linux and evaluate them for small and defragmented file to get the layout scoring.
We outperform the Linux EXT2 file system by 2.4%~10.4% in layout scoring evaluation. And the performance of read and write for
various file size is better than the EXT2 by 1%~85% for write performance and by 1.2%~7.5% for read performance. We suggest this
system for solving the problem of defragmentation automatically without disturbing the I/O task and manual management.

Keywords : File System, Defragmentation
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_— b Block Device Driver
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File

Attributes 2200 201 202 203 204

File New i-node (File A)

Attributes

i-node (File A) ; 200 201 202 203 204
100 101 102 103 104 105 106 200 201 202 203 204 Bitmap

BE B B EENEEE
o \ — Bitmap __1_9@,[,1,91.. 102103 104 105 106

100 101 103 104 106

ii) Searching & Allocating

i) Fragmented file . .
continuous empty bits

Bitmap

iii) i-node handoff

(2! 8) LCD Daemone| =&t2&

= Q E(hand-off)BFaL F-Er} o] e Y& (18 8)9

ii)ell Z veh Tt

S8 3FoA A% ALS9 LCD-FSE # 52 2618
WA EXT2 5t9 Al=gle] Fdstqith EXT2 3 A~
82 UNIX9] FFS(Fast File System)& 7|Wto.2 3&lo] 7|
W g Ajaglo® Ay g Alxgle] V27 HE b
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(journalling) 71%5& F71st Aolt}y. Add 752 U A
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TEHA @S TAHE A ¥d9dH EE AEE o9
A& ZA/A7F = Aotk o] EAH He QA BFEE
Al dl st on, AAl ARE ext2_inode_info &

M

Aol F7Fstth 2y o] FRAE WEe Tt EA)8ta,
AARZ tzads 71554 Ytk wEA Wk e 3
ool that ofolr= AR} WA dA HAT}F ThA)



108 FEMElEal=2X A H16-AT X2=(2009.4)

9] AR AR A Hr)h o] 4
= ext2_find_goal) &5 4
438 EE5S dAse U

o:
ol
-

ofo
o

ol
qr o oglo g fob [ ok

2 ext2_inode_info 7% ¢ i_next_alloc_goal I
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TF2A W& 4L 71E Al 435 53R gkolof
a7 wiel Ade FAAAE FL d&olty. 1y
EXT2¢9 #d¥ ddad 5 ext2_fsht /include Y9l ¥
gteo] 9l7] wWiiEel RES AlHS W A A9d HA
b wEA old x3E WEER FAHIAAE < Ak
719l ©l23 i-node, BELE, 7HEEY dololxs

e AU ext2 inode, ext2_group_desc, ext2_super_block

ol & §

o

1 M= i-node?d] R +F= YER ext? inode info
TFZ2A 0 ot} 2 FEE Fleli

_u32 i_aging_count; J/RAA glo]okg- 22510
_u32 i_aging_count_temp;  //9A] @lo]o}% A0
_u32 i_previous_alloc_block; //¢]%ldl| &d¥ &=
_u32 i_previous_alloc_block_temp; /4 A2 Al&3te=
ol I =5

43 LCD-FS 7|®
8= 3% A HAS LCD-FSE #%2~ WA 26189
EXT2 Tt Alzdo] F&aldh AAA AAE viep 2

o) N1E AQL #4sA g FARuA dgov, 1 4

B2 e g5 A9 ZE(LKM: Linux Kernel Module)
FH 2 A2 g A2 AZsdnt, LKM e A
AE A, 53 T g5 Azndd Ade] Ay A
A glo] LCD-FSE w2 HAste] A& 4 i) o]
He BRE s Fdo Aoks ¥ He LCD 2dE=
2AEolth LCD-FS& @3 dlas $3 5238 98
02 Z2A29 CPU % /O A& AU WalstA] o}
of 7] wjio] LCD 2d =9 CPU ¥ /O 2=A=d 4
THE Add FE FoUt vk 29y g5~ WA 269
CPU 27&8Ee ZRA2E0 AY3 &
RE FAZ 7] W] old HExE A
ol#th. webr &A= LCD 22d=9 nice #< 192 AF
oy dnk T A~ F UM e SAEHE
TFAEAJE 2 w1 2YE FH F Fol &
A5 vield0E 3= ozn CPUY A B
o2 AgsAct. Mg £ FeHE CPUY #F ol A
o APEHE Fidde) Z2AAE HASAY 9 $A=
A2 FHA7)E AoAT LKMS 93] ATHE e o)
T3
I 7

il

22% ae 788 £33 F7F qivh weF AdS
sto] FESTHA ThsshAA R ol g WAlogr FHY
S A ARgstuA & uf Ade] 4 9 A HIY, Al
g g5E So] Q7HY| Y $ge Hud LKMoz
T-#@atazt st

T oulA Aok /O 2AEH e Ay 57
Az weh A2 tEthes Holrt #sss 44
9] (CFQ:Complete Fairness Queueing), <lZ(Anticipatory),
ol =2}¢l(Deadline), %2 (No-operation) 2=#AZ# S U
7 2AEHE ATst tiaa S HE AR o
2AEHE AGAA AT F Utk 2y 4749 2
ettt /O $Ad+eAE AFstes 4o £99, CFQE
AL o Al 71 2AFHES /OE 7H =g A
P Ide $AE9E FAIgT webA 98] /0 4%

ol

ks 2A3E WHoRZE & Z2A~9 /0 A4S
wafshA ¥ As 24T v

Tl olE @ Bls2ae Aoke S5 fl8 LCD-FS
o] AAAE o] nelste] txa =9 AU F4
g fF NS e FxE At gizdAe
tza sz dx AAE A7) fe 7 tz3d 83w
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Z A4 end_sector ¥4
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2e8H drks g gebatsith o] wiiel] HEHom:
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o] FoldE EXT2 oY A|~#
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LCD-FS#e A5e vl Hrlssit o
AFe A gk 349 AP 7
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283 LCD-FS¢ oo}y 230]8 &4 2) B4 AHd
Aol erl/27) s 54 49, 3) LCDTFS s#o Qg
e 54 dgolt

51 ¥ &4

CPU ¢ Intel(R) Pentium(R) 4 CPU 2.6GHz

RAM  :1GB

HDD © 61.5GB, 7200RPM
Partition : 1.4Gbytes, Block groups(12), Block size(4096 bytes),
Blocks(364,266), Block per group(32,768)

© EXT2 39 ~d3) LCD-FS#e] A% v
AL 98] AA st=vj~= 348 A (partition)

g 9% 3

& AHEate] dst @44 AAS T (21014 KA. Smith
= AA AHEHE AW BY Alzd"e A 24
(workload) 59 218 7|23}1 o|& A FPAAE 4
U A EFE st AFrh[l16] o] EFE ARE-S)
A AR oY Alzglel szl o] AT 227) AHA|,
qAEy A 55 N2 FGEAolA w2 A oAl A
AL F Atk o5 T Y A 2" w35 HAR F
e+ 93, gzt FES FHEE £ Ak 2lAE

NFS(Network File System)o. 2 AAZ% 502MBytes 3E] A
of tisl FlH 10/ME7e] Y Alxgl Yaz2=gs 75
Atk 1 AR vl Y Alx" eHde]dEo 7]
E53, o] AREE Agd HAA FEA F 10% 7HE
S AREEIANE A F3belE Y 90% 7HA] ALEEC] &
7hatal mhA el = 70% 7}3% 2} ]"’“ﬂr

B =TodAe flek 22 YHs
loads)2} W ect, o4 §a= 59] Zl B# JJr%_‘Q] 2
AAE B AbEste] ANEE A ~g TSt A4S

.,d
lo
&
e
111
fe
Iy
3
@
=
S
=R

o AlAE T3hE oot

71 218t ASHel CHHgh sHE AIARIS] EAQ 73 109

Ag14 0z WANAT AF ool Hi FEHE 14 GBS

A=Y b =
£ 2% ol ot s AR wyh A8
EERELE

53 EXT2 ot A|A® D | CD-FSTte| As Hlm

28 164 14GBe #1HE 7kl mhEj A 51904
HPY BY YAREE o8t UxAE kst AT
F7HQ 2719 AgE WHESHEA A5S vad S

Aoz z2AeAT @A 2AE Ao EXT2 32
"3} LCD-S& H&sto] FUs 2dA A% vl
& AT

A3 204 += (28 9)oll A9l File Operationl #73} File
Operationl0 A Ao)A EXT2 tQA]~€3 LCD-FS#e] ¢)
71/2:7) Aeg vaste AgE AAskh o] AEe 5y
Azl M 7|/ Ass S Ao=H, 16KBY
A7) 5E 32768KBe] Z77HA 9] BtAS tid o s &gt

Lrﬁ

rUZ

531 #lojop 230l Ml

(39 9= <& 1>AdA AA S HHSE AHgste 72 &
HE taae g 23S AgstHA EXT2 39 A~
7 LCD-FS9 #ojob ~307E 7158 THHZEZH A
Zrol Aol whel A7]e] Aeol= SIAW HA= File
Operations 1 A &ollA] 24% = A+ File Operations 10 A
Mol M 104% BE7AA lolobs Astole] Aol 7k vpeht
= A& Holn Sivh 4749 AHAA FFo] ¢rEd
dd(disk to disk copy)E ©]&3e] on|AZ 5ol HSO
2 A9 38 A% ARR ARGtk AP AAA Hol
goljof 2307)2 AA vlxAe] g At

w
I AEe

(E 1) EHAIE File Operatione| =2t
File Files /
Operati % 2 Small Used
. Disk
ons files
1 39 gaze 13 48 8;;);9/ 26%
2 stel 9amE 23 A8 17607131/ 529
3 d9 9ane 35 A 2?317&7/ 78%
sl 1) 24, 32013 / .
4 gaga 1] 24 19649 %
s -t Ee] 270 AkAl,
5 sl 27 B, Sffgéo/ 69%
5ol gawe 15 A
] 18058 _
6 Tame 38 A s/ s
teEe 27 A,
7 gaEe 57 2A oo s
g gjaze 18 A3
57973 /
2 E g B 0,
8 g gd] 371 EAL 24630 90%
34737
9 gaxe 67 Al 1 4364/ 68%
EECERE )
0 s 58 R e
3 gazs 13 A3
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::zz \\ — ,
0.97 hY \l\.\/
0.96 ‘.\ \//\v
o 0.95
§ 0.94 LY. <
§ 0.93 ’ o~
¥ 092 -+- Ext2FS
3 \ PR /
S 091 Yot - A n
S os \‘\ —=-LCD-FS
0.89 .
0:87
o:ss
1 2 3 4 5 6 7 8 9 10
File operations
(38 9) EXT2-FSet LCD-FS2| 2jojot AZ0{3 H|W
ohd A& el(122% olahe dldow @ Aot uE
FAgoRE 2aF AolE Holi YAW 7]E9 EXT?
o Alzgel M S5 A 8719 S5 disiM = T
oS A AL AgEE AL AwTE (1Y 9)
oA Hol= LCD-FS¢| #olobx ~atold ¢7h st
23} B AU AU + Aok

5.3.2 §71/27] Hs =74

(19 100+ (27 9)ollA 2] File Operationl®] A7 oA
EXT2 34 "]i\—?ﬂﬂr LCD—FSQ] §H71/227] As& Bl
S g zolth x&=& 16KBolAY-E 32768KB =7]7}A]
o & v H% FAdES Aoz Ad 194 dd
2 ko] & onAE 14GBe] AFE tliaad HEA
713, EXT2 39 Al2€3} LCD-FS& 7zt &80
16KBoll A F-E] 32768KB ZL7]74A] 9] 3d &
10314 ¢7]/227 & wEste] Fis W

A% yEol Lt
i ok (29 10)ol A Renke) go] 9td azsg |
3 AN T A5 A WEH A ¥ F Atk 59
48KB =7]9] 3e] 4] 64KBE 27] Aol FAsH Dol
A Ppe sdo] B BE JUoR WA g 9o
F& FE Rig wolu Ark

(¥ 1) (23 )09 File Operations102] Aol A
EXT2 3 Al~€3y LCD-FS9 $71/227] A%sS nlas)
t}. A3 W2 File Operationsl®] A & o)A
olFoAY W U WY& HE&sAon, LCD-FS&
£ EXT2 oY Al2=jl19 §7)/227] A ]
Sl 1%-85%, 7oA E 1.2%-75% A

4

=)

9 Iz 1Yt olgs A& LCD-FS
g Alxa"e] dHe s A& or Ass ] uliol

CD-FSe| 2HfsllE &4

/é];: A E AF 1% T3 =&39d LCD-FS 4%
ol O‘ﬂf‘ﬂtg BAA =T ARE S Eokth
A e (27 9)¢) File Operationl0 #| & olA EXT2 3
A Az taa e oWAE txAd AEA7A

o
~
ey

Read / Write Throughput (MB/Sec)

—= L N
Z ———
I i N
y
% = 7
. /
n 2 /
p

. /—a/ )
1 ~
18 % 2.

= ll S,
16 2
1 y

o - @~ Ext2_read
4= Ext2_write
12 F
LeD-S_write
= ——LCD-S_read
16 32 a8 64 % 104 128 256 512 1024 2048 4096 8192 16384 32768

File size (KB)

(3! 10) File Operation1oilA{2]

AH71/47| ds Hlu

g B----m
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-
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g 2 - Ay
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£ .. - - 2
57 = et
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) 7
3 v a +
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z v T
S s “ -
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3 PR | O
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7 ~
. - 8- Ext2_read
- o- Ext2_write
LCD-5_write
& ——LCD-5_read
6 32 48 es s 104 128 256 512 1024 2048 409 8152 16384 32768

(3

EXT2 3 Ax€3 LCD-FS& Z4%
Operationl0 A H oA EXT2 Y A~
Z7lste] gEAs 2~ gdEDES AF g
grep HHS Faste] AAo AalE A
stk AAS W Fo= Holoby &~

ek <E 2>ollA B

72! 11) File Operation100i|A{<]

uhst

weo] 38 Azl dele
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gk #ojolx 3oyl 33
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File size (KB)

230 BAlsha,

s FAsk vl

Fojgd L dHns] B

2ol gE2 A2 EFC grep
AZEE EXT2 3t Al2=glo|i}
olA ¢dth ol LCD-FS9
5T ANE HAFLh &

1)
™

2171/47] ds Hlu

283kt File

EEEEEIRER)

B LCD-FSo| 2tfsi= A

EXT2 LCD-FS
real 23.578s real 23.614s
Linux source tree
(files=22,068) 2] user 0.200s user 0.184s
grep AlZF 34
Sys 1.064s Sys 1.120s
Layout Scoring =4 0.990904 1.000000
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