CIHED NYyE BT &2 TIUS9 20t A7) 718 275
DOI: 10.3745/KIPSTA.2008.15-A.5.275

HA e AQGAS BEF 22 dALdEe] 2ol 27] 7|4

o Z x'-ot 2 &' -2 » &

2 o

Fast File System(FFS) t£3°] 4% te5a #83ta) t &3 a9 ofe] £55E & Mol APtesA A 27] 458 &4
AR Qlek A FFSE a3t ©¥12 diojel§ A7) el 22 gtd £7] Y5 23 dqgFen 23 34 9@ g4 A 2
Al 9%e Ptk # RS FFSAA e i 2719 A% 32 98 o Jle] AL AUEL I Kol A= el 7]
(Co-Writing) 7|"& #I¢tale, o] 71Y& FFSel #-8¥ CW-FFS& T83t9ich CW-FFSe| Re} 227] 712 die{ & #83le] t¥Ege]
AL 7 e FL IUES Bopd d5AQ f2a YA & §9 daa 2712 AFP Hop 27 7|¥L 7 # dH= dse
E== R R %’5}5% oz A7) ool s 277 BE §4 T2aPelA e g 27] HFE AEAG EF 2
of 27| 7|e] FYU AR EF=E AYS %] d2a FH AR AGE ojdA F=F A& HY FF PAE A AL
et CW-FFSE 4% #52 918 OpenBSD & 4A 7124 FHAAL, postmark WAL E TG 45 F4 2= 71& FFS %Y
Alaginc 22 3l 27] g £ ZWoM 5~35%7HA NASHAEE HelFErh

JIRE  mAUNAH, RHYAH, 23, CIME X[4Y

Co-Writing Multiple Files Based on Directory Locality
for High Performance of Small File Writes

KyungJlae Lee' - WooHyun Ahn™ - JaeWon Oh™

ABSTRACT

Fast File System(FFS) utilizes large disk bandwidth to improve the write performance of large files. One way to improve the
performance is to write multiple blocks of a large file at a single disk /O through the disk bandwidth. However, rather than disk
bandwidth, the performance of small file writes is limited by disk access times significantly impacted by disk movements such as disk
seek and rotation because FFS writes each of small files at a single disk write. We propose CW-FFS (Co-Writing Fast File System) to
improve the write performance of small files by minimizing the disk movements that are needed to write small files to disks. Its key
technique called co-writing scheme is to dynamically collect multiple small files named by a given directory and then write them at a
single disk 1/0 to contiguous disk locations. Co-writing several small files at a single disk 1/O reduces multiple disk movements that are
needed for small file writes to one single disk movement, thus increasing the overall write performance of write-intensive applications.
Furthermore, a file allocation scheme is introduced to prevent co-writing scheme from having a negative impact on disk spatial locality of
small files named by a given directory. The measurement of our technique implemented in the OpenBSD 4.0 shows that CW-FFS
increases the performance of small file writes over FFS in the range from 5 to 35% in the Postmark benchmark.
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// Let b be a block in file cache being flushed to disk
find file f such that a block b € f
set fsize to the total number of blocks of f
if fsize > 12 then
store only the current block b to disk at one disk 10
store the metadata (i.e., inode) for f
return
end if
find cylinder group cg corresponding to directory d such that f € d
find a contiguous free space, cspace in o using the algorithm
shoun in Section 3.3,
il cspace does not exist then
store only the current block b to disk at one disk 1/O
store the metadata for [
retum
end if
get a dedicated buffer buf of the cspace size in memory
get the smallest file f5 in file cache such that fs € d
while buf is not full && fs exists do
move f5 into buf
get the smallest file fs in file cache such that fs € d
end while
stare huf to disk at one disk /O
update metadata for files being co-written to disk.
end

(3 6) 2ot 47| Yn2|F

CIHMEZ X¥de 388 M2 WMAUSS| 20t 47| 7|8 279

(298 6) & 39 3 7} 58 A 278 | A
Y= Rol 7] FungFolth 1 EF<] o] 137 o]
49 85 7Kt & HYoldtd FFSAY 1 85% ¢
232 AZ¥. 282 G2 Rop 27| Fio] Az
o 1 3Y9e X fYdEd ¥IFE HAAr 2§l
A Rol £7]7} #&de Hd A7]9 A4 W IS
gusten Alxstan 1 FHE Ry 5 Qe A¢ 333
o AF9 71¥e T3 R L AL FUE ¥
Bz goh 9l AL ¥l FIho] Qlokd Reol 2]
e T A9 2ArE E50 a3z JFgdEn. 93
v 2719 ¥l e F5IGE oA FYES vEd
A Roy] f8 1 2719 AE ¥HE ¥Ieed tE
T BE AL QUES Rof 272 AR AN A F
& 3719 AYES HE HH mah AL wHst o
HAHAY o o] Ro} 27]# HYo] gl o HE HH
o] FAES Eo} #J|2 Ao AF wix|goeR
a2 BYEY 548 B3 vEld o8 inoded Tl2A
2 ARg.

33 cHHalE ClAFollM 2o}l M7

Ro} 27]8 Hu Z7|WHE BUES FolA Rof 27|
7] I E $d 2 W 3ol a7Eh AW, f2art
g E ol d&HQl ¥l Fzho] Hof &7|7} e FH
i 2718t £58 Z e Hd 7|2 Re} 2V E ¥
T A "o o] EAE AEs7] A8A 9d AFE 75
Yol &% teEee] ¥FE ddY IFAAM Hd 279
9 FHe #REA BEPL A%, ano e W FiE
FoAA 7 2 Wl TS ARSH Kol 27|18 F3Yjir

(Z¥ Ne austd 238 3¢, 53 ¥ T
€ AAste ¢daeglFE Yehd o] ¢ngEFe dHsty
ta3dA (29 6) ¢SS AP o 55U W F3
< M8 S8 AHgE 2op 272 AFE fdo] &3
qAdee7 €39 AdY 2§dA S5 89 FRE

begin
// Let N be the maximum number of contiguous free blocks al-
lowed by one co-writing.
// Let CG be a cylinder group corresponding to a given directory.
A Ad N 271538 14 s o F3 Z4ac
Setnto N
while (n > 1)
block_address = ffs_hashalloc(CG, n)
if (block_address != -1) // n7] €% ZA7|2] A% 0l F3 A
4 9
return block_address and n
end if
Decrement n by 1
end while
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end
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