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Abstract Recently, flash storages devices have become popular. Log-structured file systems
(LFS) are suitable for flash storages since these can provide high write performance by only
generating sequential writes to the flash device. However, LFS should perform garbage collections
(GC) in order to reclaim obsolete space. Recently, a slack space recycling (SSR) technique was
proposed to reduce the GC overhead. However, since SSR generates random writes, write performance
can be negatively impacted if the random write performance is significantly lower than sequential
write performance of the target device. This paper proposes a partial garbage collection technique that
copies only a part of valid blocks in a victim segment in order to increase the size of the contiguous
invalid space to be used by SSR. The experiments performed in this study show that the write
performance in an SD card improves significantly as a result of the partial GC technique.

Keywords: log-structured file systems, flash storage, garbage collection, slack space recycling

12.1026

CB ATE A BRI 0 G REA|EATAFAE ) PREA Y

AaAielel dgom Saaae.

S0l EEE 2014 FFAFHEFRAEU A B2 72 g o
o 72 A zEe] 27 A AN ABoE WEE BEE 8

AT =R 0 20149 8Y 229
HE (Received 22 August 2014)
3 Artgkg 20149 99 25¢
(Accepted 25 September 2014)

Copyright©2014 ¢=7g H3}3}3] : 7HQ] BAou} w& F4Q1 79,

o

(10041244, 2FFETV 2.0 AZES] ]

% oo

o
o2

SgRg : gEeuern 40717 FE g e

SEEE

o A = Ao U B Fe TAE ARl A2 Sk, of 1,

gusghrhkr @gmail.com

FA59 - gaddista 75738 29 (Sungkyunkwan Univ.)
dongkun@skku.edu
(Corresponding author$)

AR A FHOR AHEE 4 flor] A delAd B #7s 34

3
£ 3k A9l thelelt Al S7hE P N8 A%

AR = A 24178 A 123(2014. 12)

oF

2 ulsa)

= =

Ao} e, o] oo BAoz BAl WE, 29, A4 5 2E 499 A8l
Shok gt



B b BAAE o] §

-z

=2 9 d < 7R A Fl
gl 2o duti= A|2Ho A Wo] ALgE o] i) FH
o= SSDY SD 7I= 59 71Z0] YolxiA Zi

Al A7 AR dFEEE FToloh mE, ZEA
AR o] Age FUA=HQl 2 2 YA 2E
[1]o] 3 A= Zolxa Utk

2O 72 JAA2EHE 7E gAA2EHER 2
HelHE dulelE & uwf ) Xl Hojre Aol

oz, Aol 7153 HolE: Rasieln A2 207
£ dole e xol San wAdow wuh ue
N, A el 27 2AEE RolA shte 2 &7 2

7] 8oz AP = Aok oI} 21 T2 IUA
2Elo] 7] WAE Qo] 27 gFo] Ak 7] BE
o} v ZEA] AR f2l8h] wiel, ZEA
AN AEEE YAFFS2[2], JFRS2[3], UBIFS[4]
% 2E YA FYrEEHE] 2O Fx 2] B
AHgsla ok 53], SSDeF 22 ZHA] AAAAH
339 o2 AolAS st @ 219 2 2
2 HEHoF HIo] sk o] ZHA HelA F
A A2} Asikme 2] Aol ANALS. E4
A=A o= st=r)2=3a9 e gREe A%
2o A] o] 7] o] £ 7] HAERU w)
gol, 27 P2 RAN2PE AGHY 27 5L
A2 5 gl
23 Tz FIAEHL AIHE 92 $£3p 227
E BAsted, e 2718 & A ]
g AIHUEE grsty] 98, Fastd vele
olq Zgl MIHEE wEE JHHR %Q*&(Garbage
Collection)& TLA|=H A sfF-ofok gt 18d], A
43 = AaMEVL BEst] spuR] A do] Jo
A =W, Fa3 HolHES BAlshE 7R 2YA
o] W= Wi 277} AAHER A7) dFo] A
A AT & Aok A, 22 72 FIAZ=H A
7R AYde] eHsl=g Qs 7] Aeo] st
€ As F017] A8 kg VI Ee] AHEEI ok
SSR (Slack Space Recycling)[6]-& 21 FF 3UA
2lo] 7hH)A] YA enFER ) 27 A%
wadhe AL 2] S8 AkE 7Helth SSRe o
H Af FFro] BT W spuR] AAA
HE AaREe] Fasid dolEl A 7]
sgozH HA AYAS AAA7IE 7ol 18
A, 7R AE A AREAE 27] 94 MY Foll T
SHA a1, Wk EoA HAEHEE X AAA 7HH]F|

ol}(;%o?,i__oéﬂj&ﬂllo

]

X

s

=
o & o}
= OX] ol

=
o
i

o}t 7ez] 29
o F& F Utk
2 =&dA AAEe 7 /A d9he
Zts A, SSRE AREE o) AR &xf, 4o 2
7] A% zZpelet 7R A eHI=E Hﬂ%]"f’“]
7H1A] AYAe QHFERT &3 272 Qg 4
Z7PF 9 aud de 7] 33 R EFeE 7]'“]7<l
AAAE AHEst] 7] é%% F7M171e 7ol
Ay Ay ZYA] AFAAF A F2FS(Flash Friendly
File System)[7]1& AFg3ld AP S uwf, SSR F&
7HRA] A ATks AMS-She 3\ E‘_"% ldr—""i:

FhlA e
BE A 27 A5 ol F7A12
F gk

2ZoMe 23 72 JIALHAA A 294
QHIEE Fo]7] A JHEE e Aai, 37
Me 23 72 3d Azl g ARdch 4864
2 7HRA AEAdo] ofgA FRHANEA vRL, 5%
17‘ 7 B2 7R 294S
ARG 23S Pty a2lal, vEAgeR 6%elA

"o A 7HHA] Z
A9 QHg] teFet 7EEC] AlAl
HAok 9A, /A AYHAE H &= 3 (Vietim)
NaREeES axzxoezr AHsy] $8l 28]t(Greedy)
drneFEglel AHgEn 1Y 4aEEs ARESH
AIHE o] doldes fragh #HolA7 71 Fe Al
ORES 4 AaRER HdA% 2, 3 Az
HE <to] FEF HoAES HAlste 7H01A] AYA
9] eI =E HA33t}) CB(Cost-Benefit)[9] ¢arg]
F2 AaHE <t ‘E.*O]'M‘C fFrag #HelA ¢ F
A A AIMEE
A]O]XV} A 7155
Alzteltt. A, a
7].11— ZHe. grolal, urf
]:’-E‘iE% a- (1 w /

N
-
S
R
il
o
ox
i)
>
r\l
o
=2
- 2



1028 ARAETI =R A1 A1235.(2014. 12)

Ak AW, ddlo|EVL & FHA] gkelx] B AlRte]
Z HoAES Holgo=2H Aoz e u A
AINEES HAdd of Fa3 so|NEo] st 7t
HlZ] Ao eH3=8 =Y & 9
WOLF[10]= dlolge] dHlo|E Hixo| wzhr 3t
(Hot)=} Z=(Cold) HIC|EZ &3t ME & M
HES 7|&3= gda2Ho|th SFS[11]E HolE S
Auo]E HIxo] wg} TE3l M2 2 AIWEC
2 gdAzgolth el sA YRS A& o
s MavESH e dolE Ege AIWES] &
E2S BiAlgth WOLF$ SFS2 ol Hix
wrola 7}Hlﬂl 23S T ) 5 FEZ Holgl
o8 E st AAsAl ok A, 7R
’.\i% iy Uﬂ FraEZ HolR e FE FAAA IR
SHI=E =Y & Utk

Hole Plugging[12]& 7}¥]x] A& A
HolAES TE] MIUES]
7ol 71E 27X 99
S fas FoAES Z A
shte] xE AIHEES 5:_‘1%}71] %E‘r 284, Hole
PluggingS AHEsH 2] AIWEES FHslr] 3
dag 7HRA AgAe] 35S 29 & Stk

i rlr b
o

==}
2ed
L

3. AKX 4]

3.1 23 $%
20 Pz ﬁ}%y 2He EXT45 9]

i {=IPN IAE-"

/\}%‘S}Z 23 E]—t Z}ﬂ(Outfof*Place) Al ]E Hh2]
< ARSSte, dHlolE 7t CE]HIO]E =2 o g delErt
71850l Sl #HolA o Hojzie Feo] ofye, Aol 7]
UG FojAe FaS; il AZ2 FHo]Ao] Lok
a#A, 23 72 i 2HS MB @99 2 d&5d
HolAE9 HEA AIYUE GHE F2p 278 BA
g 4 At AT, 2 72 RYALHE OE 9y
A2="EY g gdr|z=ler] 7A A dolg=
F7HR A9lS B =y MOvEE FRse A
Basith A ZYMe ALEsE, WA 4 Aow

)j‘

EES AMdsta, 1 AaWE ¢k dolgle fadh ¥
OAES BF UE HAIVEER BASlY Zg Aad
ES Rt 19 l(a)% 7R AYHAE AEste
zg] AOREES vEs S HYEth AIYE 179
7hR] AExae 248 3 Hl: EZ M=, A

23 FHo)NES Aad
1 % zg] AayE=R v
5& 19} o], 7}H1Xl AYAe FEY FHoAES
BAlghs oWl =rt ddth e, ARgRE 27 8

||_LL|_L|_|_I_IE|]

Segment 17

IL:,ITL?J_I_I_I_I_I---EI]

Segment 6

-» Copy valid page I:l Invalid page D Valid page

(a) Garbage Collection

,,,,,,

N o e P, P
PR R
T T[]
Segment 17
I:l Invalid page I] Valid page
(b) SSR

a¥ 1 23 7& JgA="e] 7HA] Zd433 SSR
Fig. 1 Garbage Collection and SSR of LFS

s AHste Fo Zg AIUEZ BEAA ZE
AIHNEE Frajol & Ae 7HA A o3
=2 <l AR 277 AAE 2] Adse] =2A
AT A

23 Fx FIA=He] /A ZH9A eWI=Es
Zo]7] 98 vt 7| EC] AAHAL, SSRE 1 F
shtelty. SSRE 2] AIHEYZ 5 W 7R 2
45 T3 2z MIUEE dxF Fda gle] dE
AIRE ko] F&E #Ho|x] Agle] A2 HolH
E Yotk awiA, 7\lA] Agdoez <l AR
2717} AdE o] 7] %ol HadeE AE TE F
Ak A, SSRE HE AZRE 227 23S A
gIEz Jo] 2715 A "tk 19 1(h)= AaYE
1791 SSRE AMg3tY Pi~Ps oAl 7 so|AE &=
AL HAFY AOHE 179 Folde Fa3 #H o)X
E2 Q8 AR} 227] 83o] Py, Ps, Ps~Ps Al 719
»7) @3 o7 R

3.2 Flash Friendly File System

B edXde 21 72 FIA2HF sl F2FS

£ AHgste] B ThA s FESITh F2FSE
A wlele] S0 stFo] A" sdAsHoR
A AFFA NN =2 Ao BRItk F2FSe] 7
7] @9= 4KB £50l1, 959 512709 £59]

A MAMEES T wolx] &3 2715 gk
F2FS+ 7|1& 21 3% gdA|2EHy g
OJHES T2 HeolHER TRt #Edth F2FSw=
ag 204 RAAFE ZAF WE HolHES Y A
2Ee] R TSt Aggth A 2R 7
L= (Super Block), AZXEE %9 (Checkpoint Area),
AIRMEESY gt ARE 73 = SIT(Segment
Information Table)9} SSA(Segment Summary Area),
o digk ARE 7IA3 = NAT(Node Address

e



w5 hHA AYAS o] &

In-Place Update Out-of-Place Update

Check
polnt SIT | NAT | SSA
Area

Super

Block Main Area

% 2 F2FS /le
Fig. 2 F2FS Overview

Table)E°] The HolHEFH TEH AFHTh o]
Bl dlelEHELS Azt fJHolE wWAoz AFEnh 1
9] dlelHEL F2FSe F 99(Main Area)o] ThE X
g fulo|E As ARESte EAH o R AT
u, dlolEle fHClE W=/t B SAUE 8
(Warm), S= EQo 2 EFEHO Mz o Aad
o 715k /IR YA Ao BEAMEE fag &
£ AF QUclE HA gevha ddEolx & A
IWER $AZG

F2FSE 21 T2 dYAado|lug 7|RFog 2y
AIAEE R3] 95 7HHIA %ﬂl A AHgafof &
o} F2FSe ¥olagte=sl wiages F 71x] 7uA
ZAAAE A 42 b2 A Hll‘?ilé Mg g3
gdE5S L3 @9 e JadEES ¢ Aed A=
g AIYUEE 3 ol Fe xg MIHE
~°4 #7}

bl

A

J}m 1mni9

g e,

vl AolE gun A48 3
FA4e AT Tol1eke
mlzl Aege] emsl=z Qs 2717} A
#23} 5] 98 e ow/lzo A}%aoq fED
solA7} 7V AL ATNES H4 ATRER A

ril‘
M

Wagkes A Fade SAAzEdN Aol
g o Wagkesels Yojun vig e HawE
g Sudth ot g e AINE} Bad 47
o] B CB QueZES At 54 ATHES
e, Folaciss Masis A Ak
AR, B ATRE Qo] delgle HET 255
& w Be AaTER o5AA mA AaRES B
ek o, F= AIRES g AIET opdrE
ged, e KA HAolAES 2= AavEd §
Fagel Bt BALG:

o]

FAE F2FSE Xolagke= 7MH|A] ZyMe] oW
=g Qi 7] o] Zaste AS 2] 98 =&
AIRES] M7t 2 9ol vlg] SSRE ARggth
=g *ﬂ:l“*EE AMZ T g o F2 =g AanE
74 vl Ao¥ 2w =Z Z8]H(Over-Provison) ZHE.TH
g 73‘% SSREERZ 27| AlFet), A, Z] A2
HE Al HE| AOUES &3 tolr o] 27)E &
A "ot olw] e ZER]A e ¥olagle= JHH|A|
AAAE AR AlFRE gEY At adEg
SSRe] 7HIx] ARG WA AMEEI, 7R 2

m[o =2

3 20 Tz gAdxAEHe 27 A% AA 1029

Aol eHF=ER A3 277t AdEe AL weth
Alz="o] A2HA FEEHE, A Jol
= 2 RS FdEol g%@o}ﬂl P FeE Al=H
o] £83 4 Utk 1A, F2FSe AFZAR(Check-
pointing) 2.2 A9} FAA|~FZ ] dBAFS
Agt). AAEAHL wm A AFFR A 715E A
B2 tlolEls} HE HelHES EF AR A%
goh, ag)a, vpRgo R 2o AlIHES HHel 1
AIREES 7HE)7le ERIHE AIZJE o A%
gt agA, AAIQNE 95 Fxste 7P H2e
AAZJNEE 2 HEobd & vk ATIZI"EL
HgA|2glo] AnteE H o AREEW gt A]xF o]
WEE 2 o AIXJE FAES golA HAA]=F o]
TEIY HHE skt AFOQD}. 2N, Al=H
o] WA=YHA FEE AAXEQ { YA 25 o]
ZTEH49, UW‘%‘QE AZZ
A 2R T AFGA ] LB
Az @ FHE Fo3kEs
A= 7R A AE }%'E
£ 3 Fart ok ]i 03
3 BEESo] Ealx o]
ol A7g3HA Eo}i YA 2lo] Fud
g, FastE £50 2L He] %ﬂ
YA 2=Hlo] BEFEAS o
I Jerz ZEH HolHE 7}?471741 QE} A,
F2FS& 7lvx] Y02 shie] 22 AIHES &
2 writh AIzdEs AR pR7EAE, SSR
< AFgste] FastE BE Ao & WE 2L 4
7F @ASt a4, SSRe 7MY FHEY A= ERIE
Ao Fas}t @ E559 Aot 7] 23S At

=

4. 22 X ZHAM

4.1 SSRI} J7HH|X| HaM
SSREER 2715 A2 o e AR Ee] Holsl
frag BE50] A, AR o9 2] Ao
<} of B3] A Frhd SSRES AMESIA] &
3 7R ARG sk Aol 7] Aol o £S 4
Atk 2y 39 JYPEZ= F2FSE ntEH Al 714 A
AR A SSRE AFE3 227 AS3 SSRE AMR-3}
A g 7hlA) AERL AR 2] %L vl R

FEZ B22] H]&o] 30% Aol 2
7] Aol g F¥<2 2 SD k= A9k F8l2 10 SD

A APk SD 7k= AdlHEe SSRE
AMEEro 24 7M1 AR 2&7] Feo] T o]
o|xd, & wat SSRE At

2311 &= Ao 7] A5o] ¢ L 2 Yk

- =

27| A

A
ol

Lo



1030 ARAETI =R A1 A1235.(2014. 12)

MB/s mSSR MGC
14
12
10
8
6
4
2
0
SD card A SD card B SD card C

segment 21 segment 6

[ imvalid Block []] valid Black

(a) SSR

ileleiAs s,

a9 3 SSR¥} 7181A] A4
Fig. 3 Write performance of SSR and Garbage Collection
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Fig. 5 Write performance by write request size
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