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Design and implementation of a Shared-Concurrent File System
in distributed UNIX environment

Si Woong Jang' - Ki Dong Chung "'

ABSTRACT

In this paper, a shared-concurrent file system (S-CFS) is designed and implemented using conventional disks
as disk arrays on a Workstation Cluster which can be used as a small-scale server. Since it is implemented on
UNIX operating systems, S-CFS is not only portable and flexible but also efficient in resource usage because it
does not require additional 1/O nodes. The result of the research shows that on small-scale systems with enough
disks, the performance of the concurrent file system on transaction processing applications is bounded by the
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bottleneck of CPUs computing powers while the performance of the concurrent file system on massive data 1/0s
is bounded by the time required to copy data between buffers. The concurrent file system, which has been

implemented on a Workstation Cluster with 8 disks, shows a throughput of 388 tps in case of transaction

processing applications and can provide the bandwidth of 15.8 MBytes/sec in case of massive data processing

applications. Moreover, the concurrent file system has been designed to enhance the throughput of applications

requiring high performance 1/0 by controlling the parallelism of the concurrent file system on user’s side.
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3= (Item) #Values)
Random Average (read) 11.5ms
Random Average (write) 13ms
Average Rotational Latency 6.67ms
23 =gle)H o AE SE 4 MBytes/sec
SCSIH 2 A4 & 10 MBytes/sec
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IVEHZS] 4 R Ul E 2H
4712 YAazdoldg AA37] 9 AL FUE
A3 Pule 71& A2 dx)= o] 9l Ethernet
Aol glel o) &3] dHlolelE Az sty ¢l
o FDDI, ATM §3 22 2 g Z9 YEY
A A7l A7 B AP E & dgE 9]
Eg3a Fug A2 A3 ¥ UEYI Zu)
9] tj 9 Zo] FDDIY} ATM T3} o] E& g%
7H¥g 1 7 sk o

FDDI9] A4 9 =%g 713 3}7] 918 FDDIS] &
% 9 Zo] Ethernete] Af thgZo] 100l
3} YEYA EHNZ PuIE AH dolelg A$
& o dolel 271E 1/102 9 A4t Y& A}
£33tk vl RE ATME] A$ A4E7} 62208
Mbits/seco] 22 ATM YIEQZE 71A 37 $3td
WESAE B¢ dole A4 deoletey a7E If
622 o A4

4.1.2 YA 2=l9] 74 9 3 Y4

AZo2 HFE B43l7] 98 S-CFS AAM 9
BAAN 2 WA 5T flushd®} ofsd HE ZT2H2
E€ TFA1A S-CFS7t AMg-#t A 78 AMul2g ¢
AEE & F A2 Y 44 2 39 9719
2718 Y3} 3.

B =2 e ERQAA A2 Ul AyL
3}7] f13t 20 MBytes 31 24718 A3, o
&% dlojeloll tig HES 5337 913t 30 MBytes
gd 4718 A3 31 Y4 A5t S-CFS
oA A F3te Za)o)E]HQl ofs creat®} cfs_write X

U B & AE-3 A ot

4.2 ERZM 2|0l Chet M B4

EJAH &8 2ol dh3f 2o 2719 22 ¢
71E 873 $801BR2 AP 23 Fo gt
o 3 AL FA &78te AHEA 479 W)
o mE 9 AT ERAA M £& AN
ot EAAA Ao ¥ 452 43 A%z 4
st

42145 ¥4

3 Q&Y L 3 9719 ol PR g
o] B8 T 7k 2E {FARE A g E Jehl A
& Y2z B4 met N2 o guE Jdehle
ZAYE Qo B AP e gwtHel 2 Y29
o] e BH ¥ & Fadong A4y vl
g 915t 31 gl & e st

3 ¢i71e APL 41280 AFH AYS
et A& & AlRA7 A2 o 3YL ayst
A Fol 7 H00008)HE Y2 H L FYsI=E 3
o ¢l Y& ol i HANEANE PF F ALS
A F9 YA gl whE GYAI 7Y EF A A e
+& A% dr1M HEngAe & e
9] 428 F <ol AQlo] B F g Aol A
A vl A wj7tx) o] HAFA7HE 9w o)

(49} 1] Workstation Clustere] AA] tjA=2] &
d(wd,, wdy,...wd,)e] Hel2 Aol wd;& A WA
Workstation?] T3 £& 903l wd,& nHA
Workstation?] t]23 =& ¢lo] gt}

422 4% Az ¥4

£ A= EXAM A7]7} 4 KBytes, 0.5 KBytes
A ALl st 452 EXsin ER MM A
MEPALL oA e A|&FH TS BAH

DEANME A7)7} 4 KBytesQ) 3¢

(2 e g 23 o e ER Y A2l W3}
£ Vet a3 71 8 B S, AFER 571 8
Fo| ® AR 2 EAQ A Hal £ Yy
o3 sy AHeR 71 s8R 2 H 9o EA
A A 9 F7HE0 EAEE HA Ful

t23e 71 871d o ]2 o wE M &
o]l W Ao] £3E AL WES A HE A4 @
A7) oz BN 49 @AM A4S
Y ES) 3 Bv)= Etherneto]n] Ho A4 £x & 10
Mbits/sec(1.25 MBytes/sec)2] M 488 712 o~
A9 M7t 870l AL R 71 169 AL 29
272719] ERAAS Heldornz YEYIAE: 29
1.09 MBytes®| sl o]e}& M43 A7} ot
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bandwidth = 272transactions/sec X 4 KBytes{transaction
=1.09 M Bytes/sec

ol A% MENZ) HHEE The Aol 9 ol
872% 24 vESZY H) ¢ S50 Tl
WES Zo] P2 Ao BARSE L F Ach

1.09 M Bytes|sec

HESNZ Ffr&= 1.25 M Bytes/sec

=87.2%

300

1 2 4 8 16
AR 4 (concurrency)
(387) 23 2| F710f| THR CHA| 2 EGHM
X{2| 5(4 KBytes)
(Fig. 7) The number of transactions per sec according to
the number of disks (4 KBytes)

400
350
300

20 | o 4(1,0,0,0
:; —+—-d(2,0,0,0)
w 200 -x-d(2,2,0,0)
:1' 150 } ——d(2,2,2,2)

100 |
50}

1 2 4 8 16
A4 2k 4 (concurrency)

(8 8) Cla3a 2 Z710 ol A2t EIEY
2| $=(0.5 KBytes)
(Fig- 8) The number of transactions per sec according to
the number of disks (0.5 KBytes)

DEWRA 277} 0.5 KBytesq! 2%
(29 8)& (28 7ol & EAAAL A7 E 1/8

g2 & Aoz ERQARA] 27171 27] W] o
237} 8ull B9 = VES 2| W E2H o] LA
3x) et geld o] S CPUY ¥ Ed Ao
HAY g7z 23 59 Frtd wel GHAIG
EdGMd 9 Aa) §7} Alg Frte)

t2a 7} stjol e Abg-ate] 47} 8 Y w7t
€ ERAA Y A go] A&HAN MYHez F7}
3y 21227} 168 Y We ERAAME Ml & F)
7t 239 Y. oA AL T HWEF Y o
A2 g9 FvHgol Aghta 9SS vd Fof o}
A o] Feo e o2 o EH A dAES
Z7MNAE o o4 27 B EAAA A 7}
2718 # S8 RAErh mEkA o 52 EdA
Ao HFEE 47 sl tl2a 9 vEo]
CPU9| 4%-& FAI Ak gt

4383 HIO|Ele) M5 24

EWNA S8 F§ 3 Aol &= dlolE
o] ofo] A<l wid HE njciou} #3AT 889
A9 & Wl Y&l dolgre] A77t WS 2
th. o] 3 H3HAL 89 P & W J&Yst
£ tdlo]Ete] o] 100 KBytesoll A 1.5 MBytes 3= =
dlojetel Z7)7} o & av I Fe7 &34 & 7
FcHi2l.

ael 2 HEeigo] diolete] £ & W &
gale dolelel 8a7FFo] vluH AT A2
E4e welr & Ho Y& H3e delety AVE
ZAE F Utk wex] 8 =FdAMe HE Yo
83 Bt §-8ol s A=) Y5 ot 4
S HgsA ¥n ¥ AS ZFE d&F toletd
P&goz T3t 45& Prrgd.

431 4% vy

W& diojel P& A2He] GeART A
288 2337 A & Wol a3t dvolg 2
71, 2Ez2to13 g9, ad Alg Aol A Foixe ¥ E
el e A 2" 4%s E4%c a7 dolekel
242 Ao 22 Yehit)

(A 2] 38U Y28 279 EA4L JUehyr] H$
71 &€ r(rs, su, rp) 2 VeI, se 83 Holg 2



7l(request size)& 217i3i3, sue 2Eglo]y ©g
(striping uni)& <& v)3te, e AR 7} 27 ske
WA S ougith p7) sEt Fe 9Y AHRAE 9
3 d2HS Y8 F M HEZ9 F7} YL 9
ki3

o9l 71% ool me} t}dst &Y 8 7Y &
Aol gt 48& FYSI 1s, su, rpe] BT AR
L ol ME AFE BMET d¥Ad txa9
Nee 82 A5kt

43.24% ¥4 2%

A M2 a7 volete] 2717] 64 KBytes, 256
KBytes, 1024 KBytes?] 4] 7}A) 792 Jire] £
#o.

1) 873 dlolete] 2717} 64 KBytes] 73-%-

(28 994 Be A, A 2] Hd X

< AM2A7E 168 Y Aol A M &S AE
2to] g @ 9ol AA &S & + Ut

2Ezlo] ¥ t97} 64 KBytesQ! A$- 3UA|2H)
o] At A2 &S 12.6 MBytes/secE JEN wid 2
Eglo]®g 97t 32 KBytesd 3%l 9 MBytes/
sec ©|3t2 lellA 64 KBytes?! 3¢9 75% FF
oo}, 16 KBytesd 7 -$-° = 6 MBytes/sec ] &+ 2 64
KBytesql 73-4-9] 50% 3o 24 A =He] &
AAzZ A g 2Ege|y v A L
W= Ao g vehytc

—
-

...
-

—
2

< —o—r (64, 16, 1)
sl e /" o r (64, 16,4)
i / . —ar(64,32,1)
g A —xr(84,32,)
i et P |0 r(sd, 84,1)
= 4 o & ,~°/
el -
) /" -

AL 23 (concurrency}

(32 9) rs =64 KBytes?! A2 th|A|ZHEt X2|R
(Fig. 9) Throughput per time unit with rs = 64KBytes
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2Egto|y &97t A& 39 AA HAA LR
A2 go] WA vehtes AL AA I T &
AAZtel HAXAA R gL VA 5] &
Aste vlgo] A7l YEoZ BEAd AEdo)y
@917k A el wel SAAET AR QALY §F
o] ApA|she Hl&o] FotNEmg FAAILF WA
A& I FENAE A% Frkshd 2E
glo]q @97t Al F713PA viH b vlolel o] F
ki BELIECL B EAGUA L Rt B R R Fat: B
Ho A gL o33 gadn) oA W FAF
ol Yy)g& 27 dlolel =77} 256 KBytes! 7459
Ao A ¥t

2) 87 dlo]e} = 7]17} 256 KBytes! 7%

(18 9)ollM BXEeo] 27 dloJe} 2717} 64 KBytes
(rs=64 KBytes, su=64 KBytes)ql 3¢ A% 9]
Aol A 2] &) 12.6 MBytes/sec2 e} vt (29
100914 &3 dlole}l =7]7} 256 KBytes(rs=256
KBytes, su=128 KBytes)Q! 7390 Al2de] Hd X
2]-80] 15.8 MBytes2A] Ho} A &L 25% 571
o). 28y AEdko] @97} 256 KBytesd! 2
W H 7t dlojel BAlo 2§ eWF = ujFol 2Eg}
o] ©$71 64 KBytesQ! - FRUIE A)|2"9] A
&o] Yotk makA Al=de] Ho Ma g 2E
2}o] 3 @417} 128 KBytes! 352 245 ct.

ad ALSALE A% A Ade] Ho WEAdE
Hl3l7] st 87 W@ Ae] 10194 Hol X &
€ 7HA & 2 $(su=128 KBytes, rp=1)9} a3 #d

—
~

| [—e-r(256,64,1)
—+ 1 (256, 64, 4)
—x—r (256, 128, 1)

I ,+’////7
] X
/// e  Fe

=3

A

22| & (MBytes/sec)

S & A o8 ™

2 4 8 16
AHg 4} 4 (concurrency)

(23 10) rs =256 KBytes?! 2| CHYA|ZIEH M| &
(Fig. 10) Throughput per time unit with rs = 256 KBytes
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4do] 491 73-9(su=64 KBytes, rp=4)2| A& ¥l
23(th. &7 WBAo] 49 Pl UM ="
A2 &2 5.9 Mbytesfsecol i a7 W@AAl 1Y F
$-ol& 2.3 MBytes/secol 2.2 €24 WEYL 26
o] €t

3) 8 7 dloJe} 2717} 1024 KBytes) A%

(2 1003 (2" 1)E ¥lastd Bd 83 blo]
E}e] 2717} 256 KBytes?! 759 1024 KBytes2! 7
Lo spPA| 2" A2l &L ¥%3tA YEs of
£ 87 dlojete] =7)7} 256 KBytes ol 4% 7 -$-ol
£ &7 diojete] =719} #A) glo] 2EF oY ¢
of 2]&3led A)2wlo] Ho) Hel&o] AFEE et
Jc}.

 r (1024, 64, 1)
—x- r (1024, 64, 2)
—or (1024, 64, 8)
—ar(1024,128, 1)
—o—r(1024,128,2)
—e—r (1024, 128, 8)

A2) § (MBytes/sec)

A}g-a ¢ {concurrency)

(218 11) rs = 1024 KBytesQ! 22| ChAIZIE X2|&
(Fig- 11) Throughput per time unit with rs = 1024KBytes

agu, AL 389 Fdle F2 A5 A
£27 14 JE¥E a7 A9/ BoeRzZ 8
A dolele] A& A sk 3 A2 He ¥EA
€ Eole Aol "Wasit

@ ALgz @AM 87 HHAe] 1(su=64
KBytes, rp=1)9 3¢ sdA2=do] @A A
&2 2.6 MBytes/sec1dl ¥]all, 27 WA ol 8(su
=64 KBytes, rp=8)<1 2% AA 2 EAAL
9 )& 11.2 MBytes/secEA AAFQ W@
4.3u] Z7}3kAch.

ol]AL /7 dHolgl =77} 256 KBytes(rs=256
KBytes, su=64 KBytes, rp=4)d 32 10 =)

o Hd) WEAol 2.6 A vlwsA &d AHE3
of & HAAL A F7HE Aot

4.4 CHR HAFA0| &5 Hj

71& 4 A2 B =59 S-CFSE Huj
NYE 9 G0 ERNA e £8§ FHe=
Hzgo vm WA YA 2HE 3 sfs9} RAID-1
' 271349 H/W R=g ¥Hsln o) Vesta,
Intel9] CFS, S-CFS& £4= S/WZ FA = o] i} z}
Zte] Y& vlushd (X )9 g

Compute nodeo| X A& 9] ALg27t A& &
WA S wol] A A B A2 Well A 2E
ALg RO A Fol7 HAEE 2F 3 @GS FH A
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o &L F3 A E F 71 2 g ot

Intel®] CFS& 1/09] & 7} 80|12 I/O =23
1ol t2ag FRsgS W Hd G ZFo] 6~7
MBytes/sec2 UELIA OFE2 3} Al 250 v]&) <]
29 g Eo| 2A Y} 2 o)f+ Intel CFSol M &=
839 A7 16 KBytes o}3t2 A& )22
o] gaAztal AR AAIZEe] AR v o] A
7] j&ojc},

sfs= tl2=A7) 8t ® 12 MBytes/sec2| &
£ AFsle Ao 2 Veh}A & Ay ulnd o o
239 GF 9F2 ¢ Aoz 2AMgch RAID-1I
M E t23a7t 2470 W 20 MBytes/sec®} T
HEE A Fste Aoz Jegus B A7 A9 v
B8 o g3y dF d9gEe 3 Jeg E4d
ot @A ER AN M £ 157] g 230N
44ERYH L JeEhHE 2 S-CFS9 d2agd EUR
A Al Rt} Q). Vesta 1A A| 28 L 95)¢] ]
230 A Huf| o o ZFo] 20 MBytes/seco] 2.2 871 2]
tj2Ao) A 158 MBytesQ! S-CFSET} O 233 o
o] ¥l

S-CFS¥ 4.23 3 433N BN A5 Aol
S-CFSE Intel?] CFSe} ¥]matd He = 2 &
& Y EL A Frhs FHo] 3o, sseh RAID-1
ol vlSM = HWEe H/W AA glo] 71&9] H/W A}
FRore H2 Y Eg AT FHol Ak
S-CFS+ Vesta S} A £25lof] H]3] v} 23 o alE
Ho) o Z e vt} 284 Vestar =23 19 T
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(E &) HUA2He MsH|R
(Table 4) Performance comparison among file systems

A 2= 9y 5715 H/W A A EZ g ERAME e &
CFs E78°3 6~7 MBytes/sec
(8 compute nodes, 8 I/O nodes, 8 disks)
sfs DSN Board 12 MBytes/sec (8disks)
SDA Controller 18 MBytes/sec (12disks)
RAID-1I X-Bus Board 20 MBytes/sec (24disks)
Couglar Controller 424 transactions/sec (15disks)
Vesta e o} 20 MBytes/sec
(3 compute nodes, 9 I/O nodes, 9 disks)
S-CFS AL 15.8 MBytes/sec
(4 compute node & 1/0 node, 8 disks)
388 transactios/sec
(4 compute node & 1/O node, 8 disks)

238 AFEYP D S-CFSe =23 2U9) ty23E
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- A2z 87] 98t AHg-Ae B 3P L o] o

2 & FRI=E A

FF R g Alese A, sde 23 E A}
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e AFEH Al 2oy dx o H/W REE A7
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HElr|T]o] qul2e] Aoy, t23 Y49, dl
ole} & R F7Islet 22 AWt AHgS n@istoio}
e FFoe olgt gL 8AEE Fri2 A3
o 7EE ¥ JAA 2L HeJud)o] R AL
48 FUSE 33Y AF ol

g EH

[1] J. Ousterhout, F. Douglis, “Beating the I/O
Bottleneck:A Case for Log-Structured File
Systems,” Operating Systems Review, Vol. 23,
No. 1, pp. 11-28, Jan. 1989.

[2] J. Hennessy and D. Patterson, Computer Architec-
ture : A Quantitative Approach, Morgan Kaufmann



630 S YIHEISY =X H 3R K 35(96.5)

Publishers, 1990.

[3] M. Livny, S. Khoshafian, H. Boral, “Multi-Disk
Management Algorithms,” Proceedings of the
1987 ACM SIGMETRICS Conference on Mea-
surement and Modeling of Computer Systems, pp
69-71.

[4] D. A. Patterson, P. Chen, G. Gibson, R. H. Katz,
“Introduction to Redundant Arrays of Inexpen-
sive Disks,” Proceedings of IEEE COMPCON,
pp. 112-117, Spr. 1989.

[5] M. Y. Kim, and A. N, Tantawi, “Asynchronous
Disk Interleaving : Approximating Access Delays,”
IEEE Transactions on Computers, Vol. 40, No.
7, July 1991.

[6] R. H. Katz, G. A. Gibson, D. A. Patterson, “Disk
System Architectures for High Performance Com-
puting”, Proceedings of the IEEE, Vol. 77, No.
12, Dec. 1989.

[71 D. G. Feitelson, P. F. Corbett, J. P. Prost, “Per-
formance of the Vestd Parallel File System,”
Proceedings of 9th International Parallel Processing
Symposium, pp. 150-158, 1995.

(8] P. Pierce, “A Concurrent File System for a Highly
Parallel Mass Storage Subsystem”, 4th Confer-
ence on Hypercubes, Concurrent Computers and
Applications, Monterey, CA, pp. 155-160, March
1989.

[9] Peter F. C., “Overview of the Vesta Parallel File
System,” Computer Architecture News, Vol. 21,
No. 5, pp. 7-14, 1993.

(10] Susan J. L., Marshall Isman, Andy Nanopoulos,
“sfs: A Parallel File System for the CM-5,"
Proceedings of 1993 Summer USENIX, pp.
291-304, 1993.

{11} A. L. Drapeau, et. al, “RAID- [l : High-bandwidth
Network File Server,” Proceedings of 2Ist
Annual International Symposium on Computer
Architecture, pp. 234-244, 1994.

[12] P. M. Chen, D. A. Patterson, “Maximizing Per-
formance in a Striped Disk Array,” The 17th
Annual International Symposium on Computer
Architecture, pp. 322-331, May. 1990.

3 A8

19843 AUt ANEA
ot 2ACGHD

1993 FAdta ojdtd A
A G Ede1s
44D

1996 Feidta it A
AA et E4(o)%
2HAh

1986:3~19933 o $-FAUFFLT4 FUA 7Y

1996 3~8A Feolista AAFASH AAZA

BHERBE AN 24, FETn o

3 72 &
1973 A &digta 24(3HAD
19759 AM2dista o3t 2
(XA
1986 AMgdistm hatgl A
- AP A R Z2AAD
199013 ~1991'd  MIT, South Ca-
rolina ™3 ot
Pduwp
1978 3~8A R sw AxA 4t 34
1995 ~@AA) K2t & A A Ak
ARk P A, HEvigo



