2010 7} sttt =%3 Vol.37, No.2(A)

:|:

SCM= fst MAtel AJ] I8t AHHA
012X° Ra& &S

AN20stn HEH

{ejlee, shyoo, jejang, kernkoh}@oslab.snu.ac.kr

Designing a Write In—place Snapshot File System for

bl
[0
S
IS

St
S

0 KJ
Y

0H

Storage Class Memory

Eunji Lee® Seunghoon Yoo Jee—eun Jang Kern Koh
School of Computer Science and Engineering, Seoul National University

LA &

2EZA 2 o 2ESCM, Storage Class Memory)= FeRAM, MRAM, PCMz} o] w]3]ubAjo]d
Al vlolE @9 HIo] 7hed WY Tes AT AAZAE SCMY £ 7HFH R s A%
SCMe A5 2 AFA FFS 9t 852 Al&ste o] F= 0351510401,} HICM FA = 7]

=9 F5 LAY A EFAA WEYE dAste 2EGA HEolX SCMe &&= Wete] A+
Ha ol #H Aol w2d fE&Fsr 7hAskEA Jl=PCM S0 dE B I3t EAE @A
Ao F0E DRAMY sl=tjx~=39] A AZuAZ AMSE Aoz AWxi o]

olo B =EFXE SCMo] 2EZAZE AME3te A F&FHoE FZAsE AWAE FAA2H
= AT DU RAA LTS A AF e dAAS BAs A B Y3 HIs Adst=
ol ol @A AW EANA de] AMRHI ok i A o2 WAFL, btrFS, ZFS 5ol o]d sid=

Ty ol 2WUAF RAAETELS Haa 7IRE A0 BHA HAHo glo] steriA e

L

g 545 AYe SCMY S AE &8&stx] Xt @ilo] Aok FAF R, A YA

HdA2ge HolH7E JUlolE & W AEE tlo]HE A HelEZE AY ol 2R gl JEF 9

2o 2E  “Copy-on-write(227] Al EBAP” HAL Agaic) o] AL =]~ UEFAHL o] L3

= olFe ME= FAANE HALSFOZN TS FHAVEE AAE Holok 1y SCMS &

AAIZre] glar FUI HT AE AFsy] wWEo o] Copy-on-writed] &HE A3 23

¥ Copy-on-writee] A2 EAE JHOERZ A3 F7F ALE&F] Frie AUz oz HASCMo
o

3t
pul )
IR = o b R = ol @ & A & =M= SCMe T3 9 dFF o] 7hes
a3 S =
o = 3T

e EA4S &8st 30 3845 =ole 2 ddAzHE dA8d 33 A Sy F
H Qo] “v& Ag] 227](Out-place-update)” o o]k A& FAE JUCEJS st £ =
ToAM=  “Axtg] 27|(In-place-update)” o 7]¥kst 2~W@AF A wlAYEF WISP(Write In-place

Snapshot Policy)& # ¢} 3t}

2.8 8

WISPL A2 dHlolHE daie fxd 23, tial g9 blolHE MZE X &4 o wEhA

AUolE o] Fox HolH7} TS E2]F KXo EA5H7] W AHF U lER Qg I AH]
5 AT F ok a8 12 B =T AQks WISPZE Copy-on-write® 2] o 715kt =~ AF 11g)
A" 33 354 SHAdA Hlug Aotk EfFxe HAdALEA gZE D7} {dulolE =
uj, Copy-on-writex= ] € %% D, inodeEZ, rootE=29 A ==o] 3t F7te] TR why H
=EoA Aot® WISPL dlojE] EEDo] HQ3 3 == FIHeS A3t o]= Copy-on-write &
b A e 1/34) st A ;(1]0}5] WISP st A ~"2 3 A 2 WlAF W ol g sk H2& X U317

153



20101 7F& e E=w3 Vol.37, No.2(A)

I inode | | inode I Iinode'l m m

Ca e Ced o] o [adle ) le o]
4
Snapshot List —/‘E’

1Y 1. Copy-on-write$} WISP2] & 7hAl&3 Blw

Aade F7HHQ Ef EFAYS TR ok 28" 1A BEoFxo] 7]E9 Copy-on-write<
old WA HAAxH] W FEEZ ZVIvE s A WAk dig FHIol tedd 2y
WISP2 28 FeZ AGH dHolHe 3|2EYE o83 SHH HHY FUALES AFo =z A4
3t Aol "o sith Ad B wAYEL “Reverse copy-on-write(8 Hek 227] A] EADP” <l 4],
ol AL utx] A HAA2H HolEH7 FA MHpoz JuolEHE AXH o 7)m Copy-on-write
Hg3te= Aolth ol WA FE EF nEEE Fd 2YAF HZES 3]83h= Copy-on-write
Aol vl YA HT A ADAIZ F o AlEEl B e Ay AYada 2 o9
¢l oMt A et] wEo] Tt AEAS AT 2N HS ATY As 1Y EFol= @
g AHolgt & 4 Utk o] oA E WISP(Write In-place Snapshot Policy)ol A 7]E ¢ AHE 9
AA QA A Hapel @ o] WSS ol A HT Wl st dd gt

Egol2 7HF A EH o] AS T3 Copy-on-write W22k AFE WAk 7 e FIHALEFS H]
3tA k. Varmail, File server, Web server, Video server, Proxy server < tX 7% fa=z=
oo Hdl 2¥sk A = btrFSeE FUsHAl 256702 7P ATE 2EAF WA HY
A w) @Ak old] HiEe HY FEY Fd FHFS v o WISPL Copy-on-write W
2o wis] i 19.8~47.3%, Hoh 0.8~47.3% o IAEZS YEATE 7€ dHolHel| gk Aol
E dilo] B Web Server Edlo]2oA WISPo] 71 & A<= Ut ti&=F sd2A
A4to]l B2 Video Serverdl A= WISPe] &7} & faz =9 vls] 2A Yelsth

-

3z

—u oo o

3.2 8

B =RoAE SCM 2EZAE A A2 29sk A 7HS AAIRTE SCMY J9] uHlo]E e
o] Ho] 7hsdlthe §AS 83ty HAo xv|Fom AYakS AAFoEH F AEAT T
S FAANATE 7IE SstEY2A oA FAAZES Fol7] 98] A =AY Copy-on-writed] 218 A
k8] 7] 7|dke] WA o2 st AAAR] HArE JUo|EE A A AT YA AdLe g3t
Copy-on-write®y ¥ S F3l] o] Fojxth o]t W2l Wik digh HTA|ko] AAEYgE @A
RO} 2 HAF FUA| 2" o3 H e HIWE] dojubr] 9] wjiEo] A F J%‘QA]*E#_H *3%8

gdEvy & &
o] ML
olElol thak H WHE d7E dart 9

A1 B¥

[11 A-. A, Wang, G. Kuenning, P. Reiher, and G. Popek. “The Conquest File System: Better
Performance Through a Disk/Persistent-RAM Hybrid Design.” ACM Transactions on Storage,
Vol. 2, No. 3, pp. 309-348, 2006.

[2] R. Freitas, W. Wilcke, B. Kurdi, G. Burr, “Storage Class Memories,” Tutorial at the 7th
USENIX Conference on File and Storage Technologies, 2009.

154





