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Abstract Recently, there have been large storage demands for manipulating multimedia data. To
solve the tremendous storage demands, one of the major researches is the SAN(Storage Arca
Network) that provides the local file requests directly from shared-disk storage and also eliminates
the server bottlenecks to performance and availability. SAN also improve the network latency and
bandwidth through new channel interface like FFC(Fibre Channel). But to manipulate the cfficient
storage network like SAN, traditional local file svstem and distributed file system are not adaptable
and also are lack of rescarches in terms of a metadata structure for large -scale inode objeet such as
file and directory.

In this paper, we describe the architecturc and design issues of our shared-disk file system and
provide the efficient bitmap for providing the well formed block allocation in cach host, extent-hased
semi flat structure for storing large-scale file data, and two-phase directory structure of using
Extendible Ilashing. Also we describe a detailed algorithm for implementing the file system’s device
driver in Linux Kernel and compare our file system with the general file system like EXT2 and shared
disk file system like GFS in terms of file creation, directory creation and /O rate.
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22 7B @92 3 EE @99 A8 #AE 9 E #slod wHE 2y de we de uiy

3 VEsel A=l e A4 32E Hz dA" Adso. FAded dueise a3 129 gt

tjoelell tigh oje] o] EAet Frh. ARkHA ¥ 44 59 TAEV g¥shs FFo] SHAREDY
Hol coherenceS PFH7] & 719l e wME  EXCLUSIVES] u} WrolAn, & o2 SITAREDS!
218 & RE HHE [pvalidatedshis Wyely ol ¥ Aol AY] Ale) 71E9 SHARED #3& 71x1
7188 & 4' AT WA= E 58 VO enEs flen AAE-S s tE Z2EVE ZEAE dede
2 29 5 A Bk 7)E A7 (FSZE A9 SHAREDE 7HAZF 299 EXCLUSIVEZ 2tz o
O243g 58 984S fA%G. & 32E7 W3 o] B 4 gtk WA SHAREDZ 7147 ASols E

if{ SHARED ) // BIHE 22! 251 B S~E9 2 Q0| SHAREDY &2
{

if( Hold the SHARED LOCK ) // K21 IO SHARED LOCKE JHAID UEsE 3R
{ 7/ 0l A2& OlHM0 SHARED LOCKE 202 F0IH Ol2et T2 SAENN CALLBACKS Sofl %X a2 AEjoICH
Read the local host's buffer // K21 X0l JHXID Qs WHE M AMESICHL

¥
else [/ REJ1 RHAION SHARED LOCKZ JtXLD UKW %S AL
{ /1 Ol AR 0180 &2 QEOCI AUNLF TE SAEY JtH2 AEHOICH
Request the SHARED LOCK // M EHIF AUiM 238 &
it{ NEW LOCK ) // O1E0Il Cile 250 RE¥sle E52 B33 st gI¥otA B2 3%
{
Store the LOCK information /MR 3 MUK 222 MESD HHE $1E 880
Read the local host's buffer // KJ| Xtal0l HIHE HS HOA AHESICH
}
else // CTHE SAED} SHARED LOCKOILF EXCLUSIVE LOCKS J1R2H 3R
{
if( Other hosts hold the SHARED LOCK) // 1 ZAED} JtH2E H SHARED LOCKS! 2
{
[/ 2 SAEMN CALLBACKEZ Sall Q&S SAENH HHE &Y HEoicls HAXNES 2L
Caliback request the holden host
The holden host send the butfer fo the requested host
}
else 1 OHE SAEDF JtH2 Hl EXCLUSIVE LOCKe! 2%
{
J/ JtHRE ZAENN CALLBACKE Sof JIHZH SAED EHMMAZ 28 £ QS SAEWH HHE
/1 HE MEEtete MANE 22U
Callback request the holden host and waits for ending the transaction
The holden host send the puffer to the requested host
else /e aAEL BZ RFO! ZXCLUSIVER! 3%

if( Hold the EXCLUSIVE LOCK ) /1 XD THAIOI EXCLUSIVE LOCKE DI U= a2
{ /] 0! Z2E& 01X EXCLUSIVE LOCKE 2012 ZL0IH OS2 TS SAEMH CALLBACKS Soh #IIX %S MEHOICE
Read the local host's butfer  /; XD K01 DIAD 2= HHE W AFESICH

else /7 A2L RAIO) EXCLUSIVE LOCK; XD AR e B
{ // 01 ARE OIFN &3 QA0 SUAANL UE SAE0 12 HTHOICH

Request the EXCLUSIVE LOCK /; 8% &= A0 ?—32% QESICH
. =

f ( NEW_LOCK ) /f OIROH OlME a2 RS TS 32 BIPT RGN 2 FL

{
Store the LOCK information DY HZ MBI EEE XNESD HIHE AIZRZ 388
Read the local host's buffer /] M2 TAIOl BIHE HS HOA ALRSICH

¥

else /T8 SAED NHA AR

{
/1 JIHZE SAEWH CALLBACKE S8 2tH2 ©2ED EUMNMEE Z28 F 233 SAEMN HIE
/) BE H&Slcte MAMXESE BWLh
Callback request the holden host and waits for ending the transaction
The holden host send the buffer to the requested host

}
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Adapter)7t 7Hd k] 2218 7S VEOE AR
A AF AW o) B4 Zad AFE Azt do]  SFAth Y ALl Folop g Hs| #n AT
S WS4 stk DoMe} zo] A A Awe  VIRASE Y AAHYY mkfstmake file system)

’T&mm sts_get_dev_size{commandiine_t *command)
{

uint64 device_size:
device_size = ioctl(command-~>td. BLKGETSIZE. &device_size): // CIHIOIA S 3JIE 2| B}
return device_size:

i
void sfs_create_filesystem{commandiine_t *command)
{
sis_comput_filesystem_layout{command): // CIHIOIAQl AIOIZE S5 242 229 2IXE HASHY
write_superblock{command.1): /IR HM SHESW HEE JISSTL
write_root(command): // BE BS0l e BLEE IS0
write_superblock{command.2): // Mirrored £IHES0 8LE IS0
write_extent_bitmap{command): // BIEY 288 =)(3t8iCh
write_journai(command): /M@ E2LZ2 RSB
}
int main{int argc. char = argv(l)
{
commandline_t command: 1/ AEXEZUM mksisE 28t S8 4FS A8 PEA
parse_arguments(argc.argv.&command): [/ S@ TyEs
command.fd = open64{command.device_name, O_RDWR | O_LARGEFILE | O_SYNC):
command.fs_size = sts_get_dev_size(&command): // RAWLIHIOIAS) AOIRE 2i=0
sts_create_filesyster{&command);
closelcommand.fd):
}

219 14 mksfs(SANtopia make file system utility)
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[ LPk © kBI SAEW 8t 22 Pivor
/] GPk : kBIWl SAE0 43t M Pivot
// OPB : 8 ZE0| JI&+ Az g2 222 I
/I M BIEIOl HIEW XHO2 &2 £ (s EE Hp
f( LPk == GPk = OPB ) // Qta} SAE k2] MHIZ0 & & AL
{

Read the bitmap index block [/ HIEDY QidiA S 9l=(}

Set the LPk, GPk. OPB, M /] LPk. GPk, OPB.M2I g2 A& S

Check the empty bitmap /BN ZAESLH OIOICIDL Sl M2 SAEN USHA S201 UEX HRE 2080

W XS M OINY SAEE R
ifl LPk=1 < ( GPk - M ) « OPB )

empty bitmap // 2. Jt& Q0 B2 SAEWA 20IR0H

M HEYSY S2E S 25 SHE 2GS

{
GPk-1 = GPk-1 ~ M // HIEY QHAE AHHIOIE &L
teturn block number // 222 SAEM MEE M Y
}
i/ QIESH SAENAM OREY HIEL
else
{
Check the nearest bitmap victim // 1. & 2188 SAEMNAN HIASICH
Obtain the host's bitmap which has large amount of
return block number [l =240 SAEN MEE &
I
}
else /) LetXQOl HIEY Y0l JhsE AR
{
return block number /)22 SAE0NM MEE B
}
}
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struct sfs_sinode {
/I HEES |AS HEIH0E HE B2 AXH
sfs_meta_header_t si_header:

/1 POSIXOIA REB LUE0I UFSOIAM MBSO B HESE e 2
uint32 si_mode: /g 2=
uint32 si_uid: /I AERID
uint32 si_gid: /8 1D
/1 HIOIBAH I Jte RS RIoH F2EE BEE e 3
uint16 si_height: /i MCIZY PEE I8 HeightR S XE
uint32 si_entries: /i D#&e] HERI® st WER M HE
uint16 semi_fiat_flag: // HDI& ®ejD
uint16 semi_flat_oftset: /] HDIBS 224
uint64 prev_virtuai_blkno: [/ RACHEE A& =CiF ES @
uint64 prev_virtuai_blknr: /NSRS /8 BoiX 88 dH
H
typedef struct sfs_sinode sts_sinode_t:
/7 HISEI BaH s GOEEY MRl TR BB s )
struct sfs_sinode_info {
uinté4 ssi_num: /1 288
atomic_{ ssi_count: /] OIOICE AR HHRE g
structu inode *ssi_vno: // VFSOtA 22ldk= o0l s HQIE]
sfs_sbi_t *Ssi_sb: /] Higtste MYAIABS ~HEE ZOIH
sis_sinode_t ssi_sinode: /1 OHILE A3 X BY

struct semaphore ssi_flock: // DIU=tE st NUIE 25
IS

typedef struct sfs_sinode_infa sts_ssi_t:

8 16 ofo)E FFA HR

int64 sfs_write_data(sfs_ssi_t *sip, /OOt S PEM EOH
const char *buf. // 2241 oi= Mt GIOIEL ZEOIH
uint64 offset. /) Mo A

uint64 size) /i 84l ot el FJ|
{
/1 bsize © BB AR (CIBE : 4KBIOIE)
// extent_factor + AABE & ( OIEE @ 16, I GIOIEHN et S 2LE 64Kt &L )
/1 meta_bh © EICIOIEMON CHE I PEM Z2IE
// real_blkno C ool =2iel i SF goi
/{ teal_blknr DAIABION BERE 2H 2/ 25 ¥l
// virtual_blkno . JI&MEE 918 EE g
/f vitual_blknr  : JINULE Eof 22 M =CIH 2K SH
reai_blkno = offset / bsize: /X SEEEY = Yo T4/ BE AMOIE ...
virtual_blkno = real_blkno / extent_factor; // Jtal EEEH = SN F/EH / YAHE KA |
if( real_blkno % extent_factor == 0 ) [/ eIEER B (/O LEBO ). e 3
{
error = sts_write_data_block(sip.meta_bh, virtual_blkno, &virtual_blknr): // YLE X S
prev_virtual_blkno = virtual_blkno:
prev_virtual_blknr = virtual_blknr: /1 Ol St ERat® HIE)
JOCHSOl HSE SEO O 401 IOt U W
J/ HES Bof AYER0 IR0 U2 g5 UN SO
/] extent_factordt 169 22 HE & S|O Cf&
/I AEER /OB H&St D LIHX 158 28 Jangs
/B g = ALK
¥
else /fJte BE BRSO 4
{
if( prev_virtual_blkno == virtual_blkno } // Jt&S2 & AT SEN O /Ot 28
{
vintval_blknr = prev_virtual_blknr:  // RE S20] MRS S8 @ 8% 5
else
{
efror = sfs_read_data_block(sip.meta_bh, virtual_blkno, &virtual_bikne); // BR &> & . b
}

real_biknr = virtual_blknr + seal_blkno % extent_factor; // 2I€ 2% dWH &%

return real_blknr: //2E BE W 24

Y 17 J2YE F0e) Y WY g
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A 7z AR Fo] EAsA Vo

olg}gt ojolx= T ARE T o|FolAE Aln|

QoM Apgslojale WSS dWHom POSIXelY & T 71 Wl did diFAd duese 1
143 F=Soln ojREL UFSY 8% 7Y Al~ g 173 2l 3de dHojeE & sfs_write datal)
dol FFHoZ FYHe RAECI[9] @A 4185 Fro] Dol|AMel Zol| o] HA LEME BEF Apo]
of A WeE Adshe MAAAe] DRYHE B 22 brE 44 =03 B UME 79 4 o
Ehle Aol Ajr] S FE2E A height, entrys A5 st =AY BE duld dlegg 2 Aol
3 22 2 AR AR YRS 7 AF offsetH ol2igk =AY EE WHE oA s EEEHE
olf ¥ WuEol ZAUTE 17 169) vhAg ololi= by 98] JAHE AGE e HYe 29 34
=9 wixe P& JRe AAshe 1Y Al2He olty. olFHA T} &5 HHES A O 49
3 ofelnE FRE wReld & &g e Fxouh FollA HA delets 27] Ag #AAFE HAA ok
U Grolmel £3 WuE Ashe Wi cloles 3ol ASode AU 85 990l AReiAel G sle
7b FxEE HEE W4 VFSHA #elste otelmz 2 A4 @8 45 sFe old s dnle 3
¥olE, delm AQtes BY Aagle) Haz omx BE »stﬂs-% 2ol AT} o]%o] A&E (oAHE
int sts_dir_e_add(sfs_ssi_t *sip. // OIS XX ZEOIH
struct astrx filename. // CR&E2l WELIW e 018 2
uinté4 ino. /1 GBI Gt 0101 E0 28 dY
unsigned int type) // DHER] dEe] BIE(IIY, UHEL, oS8 &3, 6=83,.)
{
grow_restart: /] BEGIE AR AU B HIED T RBLLQER THA AMSICHL i
hsize = 1 << sip->ssi_sinode.si_depth:
hash = sts_dir_hash(filename):
index = hash >> ( 32 ~- sip->ssi_sinode.si_depth }:
split_restart: // 2E0| Loili= AR SO0l MO UZES S8 2=l iz
error = sfs_get_leaf_nr(sip.index.&leal_nc):  // THLOIS0 H8t a4 B2 Sol QI9A AT S0HM EEQHE JINSC
while(1)
{
leaf_bh = (sfs_buf_t *)sfs_metabread(sp,leaf_no.leat_gl): // IZZZS HHNW 4020
ret = sts_dentry_is_remained(sip.leaf _th): // GIEEZR0 AELRIT &YISBIR BOIGHTL.
if( ret == FALSE ) // BTS20 WERIS AY0| JtEdtAl ¥2 AR, 20 XN NES L=l
// lES=2l 2010t M OB B2 AR
if( leat->If_depth < sip->ssi_sinode.si_depth )
sfs_split_leat{sip. index, leaf_no):
goto split_restart:
}
else if( sip->ssi_sinode.si_depth < 32 ) //ohH &S ZITH RUIES AMEBILL . ®
{
sts_grow_leaf(sip):
goto grow_restarts
}
else if( leaf—>(f_next ) /7 a4 3ol 32HIET 25 & ZS YOS 2AEZ MESICHL .
leaf_no = leaf->if_next:
continue: /T8 8IS 28 HSE JIND whie(0IA AIESGIN U8 AZS28 ¥=0h
else /1 MG BIE I2ER MEE 0 I8 SS9 0 RS0 ... &
{
leaf->If_next = MZ2 OIEIUIOIEt S8 ZHL0L MBS
¥
}
leaf_buffer_setting: et B
/I CIZES0 HERIS AUBHE
root_buffer_setting:
/1 OOl E0l RESE0 WEHHOIEHER AEL| Hae, BAAS Al S84, 224) S0 B B L3 JoIH
return 0:
} // End of While{1}
}
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