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Abstract

Storage snapshot technology allows to preserve data at a specific point in time, and recover and
access data at a desired point in time. It is an essential technology for storage protection application.
Existing snapshot methods have some problems in that they dependent on storage hardware vendor,
file system or virtual block device. In this paper, we propose a new snapshot method for solving the
problems and creating snapshots on-line. The proposed snapshot method uses a method of extracting
the log records of update operations at the virtual file system layer to enable the snapshot method to
operate independently on file systems, virtual block devices, and storage hardwares. In addition, the
proposed snapshot mehod creates and manages snapshots for directories and files without interruption
to the storage service. Finally, through experiments we measure the snapshot creation time and the
performance degradation caused by the snapshot.
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create_snapshot(source_path, snapshot_path, mount_path, cow_path, create_time)
//create_time : create_snapshot2 SEEMHO| A2t source_path2t 26t snapshot nameO| E.

add_log(log, START_COPY_DIR_HARDLINK, source_path, snapshot_path, mount_path, cow_path, ss_datetime);

source_path?| ClAER2| 2 MRS snapshot_path®] SAKIIYS hard link2);
snapshot_path & mount_path 0 mount;

log(END_COPY_DIR_HARDLINK, source_path, snapshot_path, mount_path, cow_path, create_time);

redo_log(log, source_path, snapshot_path, mount_path cow_path, create_time);

log(END_CREATE_SNAPSHQT, source_path, snapshot_path, mount_path, cow_path, create_time);
}

redo_log(LOG, source_path, snapshot_path, cow_path, create_time)

{
log=get_log(START_COPY_DIR_HARDLINK, source_path, create_time);

while(1)

{
log = get_next_log(log, source_path, create_time);
switch(log—)type)l{

case CREAT, LINK, SYMLINK, MKNOD : //m AN 213 MM
adjusted_path = snapshot_path + log-)path[len(source_path):];
if(is_file_exist(adjusted_path) == FILE_NOT_EXIST)

link(log—path, adjusted_path);

case MKDIR : //CIHEZ| My
adjusted_path = snapshot_path + log—)path[len(source_path):];
if(is_file_exist(adjusted_path) == FILE_NOT_EXIST)
mkdir(log—Ypath, log-Ymode);

case UNLINK @ //m Atx|
adjusted_path = snapshot_path + log-)path[len(source_path):]:
if(is_file_exist(adjusted_path) == FILE_EXIST)
unlink(adjusted_path);

case RMDIR : //CIHEZ]| AK|
adjusted_path = snapshot_path + log-)path[len(source_path):]:
if(is_file_exist(adjusted_path) == FILE_EXIST)
rmdir(adjusted_path);

case RENAME : //mY 3 CJAE2| MY 3 0|5
adjusted_path = snapshot_path + log—)old_path[len(source_path):];
if(is_file_exist(adjusted_path) == FILE_EXIST)
unlink(adjusted_path);

adjusted_path = snapshot_path + log-)new_path[len(source_path):];
if(is_file_exist(adjusted_path) == FILE_NOT_EXIST)
link(adjusted_path);

case END_COPY_DIR_HARDLINK: // multiple snapshot O] S{2E|11 create_snapshot()0] A2
// overlap 2 WE create_timeS Z0| &QIoH0F &
if(log-)source_path == source_path && log-)create_time == create_time)
break;
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ss_path cow_path chunk_list Org_file_size old_s_path | new_s_path
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Snapshot Directory & CoW Directory”7} BAH
o]t o] I=ollA 3 F7]= 200byte ©]L fd1
2 AR S/A/NY oY TleAE vehdo. A=
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Source Directory 9 S/A/N TdS AT
write(fd1, buf, 100) 7} &A35lH CoW Manager +
AEolA AA| AikE $5l7] Hof| write A4to] o
St 238 At [O9 4944y 2 3= |
22 {WRITE, S/A/N, buf, 0(offset), 100(length)}
3t 2t}

Feh B S/A/NOA write A4kl QJ8fA] HAE]
= B3E gRleta o FAE U S/A/NOIA ol
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When chunk sizeis 200, fd1 means S/A/N, the size of S/A/N is 200byte
Hook : write(fd1, buf, 100)

Get LOG : WRITE, S/A/N, buf, O(offset), 100(length)

Get chunk to be updated : 0 (chunk num)

Read chunk 0 from S/A/N, write chunk 0 to COW/A/N

old_s_path | new_s_path ss_path cow_path chunk_list Org_file_size
SS/AN COW/A/N 0, 0)

38 4. write A0l T3t CoW X2| HXx}

(2% 51% wirte(fdl, buf, 50) 94to] LAIHS
£ Hoj&r} CoW Managers A AgoA AA| A
/\]-0 /\*ﬂo]-7] X—]Oﬂ write CE/'LM] T;H‘B—]— 2= AHA']‘ET]-
oh (38 SlelMAE 2adFE9] Y82 {WRITE,
S/A/N, buf, 200(offset), 50(length)} =} Zt}.

o2 oiF mUolA HAEE HAE Fopdrt
A= =717} 200byte |2 & o] AL HF AT 1¥
o] €t} siAgt, o] 9ol mhe] F7]7} 200byte ©]
22 writed4 appendol] i3t wEkA CoW
9] oA Qlal AHAF HIolE9] Org._file_size 2H
o M7 Td 371 2502 71E3IT

cow
directory

When chunk size is 200, fd1 means S/A/N, the size of S/A/N is 200byte
Hook : write(fd1, buf, 50)

Get LOG : WRITE, S/A/N, buf, 200(offset), 50(length)

Get chunk to be updated : 1 (chunk num)

Read chunk 1 (200byte) from S/A/N, fail, write the file size to $S_Table

old_s_path | new_s_path ss_path cow_path chunk_list Org_file_size
SS/AN COW/A/N (0, 0) 200->250

O3 5. append ALt X2| Hx}

[719) 6] rename 4ol ek Ag] HAE HojE
th. rename(S/A, S/AU)= HZE S/AS S/AUZ W7
Sl= HAto|th rename PAto] EHAYSE AL o]E 7|E
SHX] grom FZof CoW AAtolu} AWAF H A4t
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St ol§ Adst7| Hof| WA ol Higk R FEE
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AEEE ol 194 tEES HolEo| 7153t
t £ Hol&9 AT A2/ HAHE odof dish
Al CoW @Aibks FstAL 30 AWARE HIS
o ARg-ET.

When chunk size is 200, fd1 means S/A/N, the size of S/A/N is 200byte
Hook : rename(S/A, S/AU)

Get LOG : RENAME, S/A, S/AU

Insert entry (S/A, /S/AU) to DIR_Table

old_s_path | new_s_path ss_path cow_path chunk_list Org_file_size
/SIA /SIAU SS/AN COW/A/N 0, 0) 200

33 6. rename S0 gt CoW X 2| HX}

)
o
~J

12 =2go] HA4=H S/AU/NO| T3t write
A4l Y=l FXE HoF Itk CoW
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50(length)}9} &2 2 F=E AT
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When chunk sizeis 200, fd1 means S/AU/N, the size of S/AU/N is 200byte
Hook : write(fd1, buf, 50)

Get LOG : WRITE, S/AU/N, buf, 100(offset), 50(length)

Get chunk to be updated : 0 (chunk num)

Transform S/AU/Nto /S/A/N by scanning DIR_Table

don’t’ cow operationin chunk 0

old_s_path | new_s_path ss_path cow._path chunk_list | Org_file_size
/SIA /S/AU SS/A/N COW/A/N (0, 0) 200

a3 7. rename E IO CHSt write 0l TSt CoW
2| =Xt

V. 45947}
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File System | ext4 E—ﬂlEﬂ ‘;% "_i]'%_]' 1:4_-_({)4_0/] /\1@/}1:—‘% »ﬁﬂ;q /"]H]—é %\‘E}

Number of files : 20,000 o] st T 4= Qlrt. Altets AWAF WY
Data Number of directory : 1,000 —% ﬂ‘—/\ OOizﬂ;(ﬂE 7]H}_§ L,‘Lo:]o = A(—)L‘g_ 7}_«
Total size - 76 GB AA5to] AHAE AT AHAE GO QIS

Vdbench ::ir:fr:;zl;m, fileselect=random égﬁﬂﬂs}*— éﬂs!—oaq_:_ é éé-"]’ @f 13.5%9]_ }\é
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