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A Disk Allocation Scheme for
High-Performance Parallel File Systems

KeeHyun Park’

ABSTRACT

In recent years, much attention has been focused on improving /O devices' processing speed which is essential in such
large data processing areas as multimedia data processing. And studies on high-performance parallel file systems are
considered to be one of such efforts. In this paper, an efficient disk allocation scheme is proposed for high-performance
parallel file systems. In other words, the concept of a parallel disk file's parallelism is defined using data declustering
characteristic of a given parallel file. With the concept, an efficient disk allocation scheme is proposed which calculates the
appropriate degree of data declustering on disks for each parallel file in order to obtain the maximum throughput when more
than one parallel file is used at the same time. Since, calculation for obtaining the maximum throughput is too complex as
the number of parallel files increases, an approximate disk allocation algorithm is also proposed in this paper. The approximate
algorithm is very simple and especially provides very good results when /O workload is high. In addition, it has shown that
the approximate algorithm provides the optimal disk allocation for the maximum throughput when the arrival rate of 1/0
requests is infinite.
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Let Ndisks be the total number o disks to be assigned
assign one disk to every parallel file |
d; = 1 for every parallel file i

Ndisks = Ndisks -~ 2, d;

aalculate ALd;) for every parallel file i
while (Ndisks > 0)
begin
let k be the parallel file which has biggest 4£d,)
among all parallel files
assign one more disk to parallel file k
dy= dp+ 1
Ndisks = Ndisks - 1
aalculate new A4(d;) for every parallel file i
end

(28 6) 2AL ¢22|F

(42 1] nAe) HAAEL mile izt @3
&= closed queueing system 730lA A=ooolW (2
d 69 A daE]FelM AN g, (b = 1, m)
E¢ 34 A8 B4 Azt



2832 St=¥EMEIRE =&KX M7HE A9z (20009)

[$98] A=cc0]7] o] RE HEIJUEY [0 &7
go] T AYHT Aok 7HEolEE, (2] 6)9] &
AL gaelFdM 78 4,80 43 Az BN AREYE

zoa] S8A, T=—(1): ;lF,,(dk), (k=1,2,

kid =m, 0<dy<m.)o] Htl FAAHALYE Ho|
W gtk oPTE HdsY id HY Az B S
A1 37 48 (29 69 24 LRGN T
aalgrolats &9, RE o BHA OPT,=d,IS 5
oj@ @t}

$4 nle WARASE 2o 2§, Z 149 ¥
g3y 8% ez p—170e WYY oz
et 1709 Wasd g £% BYe ¥dgy |
olgt Erlsha F& M 19 O &7 Hal vjg
olm F, & n—17) 98845 4 VO &7 A
7 vge yshdn F,_ & F, F,
| 03 go] gAs BEok

L P2 R

0 Z wE8d | (=2, 3, -, wol FHHA,
4:(1), 442), -, d{m)& T¥}

2 gJolM T8 (n—Dm7e 4,88 WEHELR
Waect o Wde Z,°(1), F,.12), -,
doo ((n—Dm) o2 T

@) Fy()) = —1, (i=m+1,m+2,~,(n—1)m)

4) F,- 1(0) =0, F,- 1(t+1)— . l(z)+ .2,
(i+1), (=012, (n—1Dm—1)

Fot ((n=D)m)= kZ::ZF,,(m)%TL F/‘,:l% increas—

ing concave Eje g7t Hk 3)FL AL g
Fol WEslY 1o mA o9 txag wMAY +
URE B}

OPT,=d+t (1<t<m—d) 7t4sAL &
ds1y 1& vle "aag o ggelor 5]’—‘5301 %‘4
I 7PgEt) B unz] n-14e $E8sy 1§ 3
g D, olta 7YY (OPT, + D,2i=m). o
ZA,

T = T3+ (3~ ddy+)

t

- 2 ADI - < Ty +d-(aa+)

~12,5,(D, )

VN Tt A2WS A AYAAGoln, T
=—51‘C‘(Fl(dl)+ F/‘njl( 5:1))01\:]. o)A Age 7}

Aol AN Tom> T 0122, 8] AN 4,(d,+1)>
2,(D, )0l 9k ad, old A%, 24 g3
g &o e HEIY 1& FHoE IUlY fA2aE
o #@gwg 5 YA HEZ, Zeolth OPT =4, -,
(1<KdD8 Afd= ¥ =gt Bge fed
F 9ok wE N OPT\ =40l 4, #HEsyd 19
e 3 28 #A4 Fzolrh

%g, n-1709 YA WEsd D§ES 94 F
2FEEHY 2 2F ¥ n-209 Uvx HE5Y 2

ez Bt YoM AFE =g v 2y
22 OPT,=dy¥& T9E 4 Uth o]d Hoz
43 n-1 253 BE8Y n 2522 oA g7}
A A43q OPT,.,=d,-, ¥ OPT,=d, 9% %

gy aee, A4 3dHAF T=
et W

& B Fdd

4. 48 "ol

(19 6)lA Mg 24 dueEe 4%5¢ A7)
87 flsted 270 4 3/0e HEGASEN T &Y
8750 Ao AHEEHe A2 59M n=273)
& AAgch ¥38 daa ¢ g2 P Flow
balance equation< °]-&38td AMG HHgH (19
6)8 AL ¢uEFAM T SAE S vwEE
1 ¥ 4714 0.8 122 A B 1944 &
F ARel, A 4 A AAAAHTPUDIES M2
e W, 25 4% 9w 4o o8 BAE 53,
4 =50,100 ® 300 4 Wole BE}LE 54
Agle], AAgt FLF 2AES d€ F US
BHoj@rh oA YA AFE HE 19 WE&e
Ao dFse 47 4 4+ 9ok & 2€ 0.8 1
2 H4AUL A5 A 2 2ARREN dig y|
478 B FE

o o

El



<E > ¥ <X &

37He] WEUAES] Y&d

B350 FAd HEE H4 FH% 2L S2ARE
g vx 238 BoFEg <HE 1> 9 <E 2>dM9)

mha7hA 2,

W2 478 =% vlgo|

ZAgECl AP sl H2HE ¢
£ 989 879 EF HE

F{dy9 71&717

o

A=
FE€TE,

Atk

=e4E HYw

T=E T,

ES &oA B taa 893
B Aol HHd g AYAFFE 2 7 U

& F gl
(B 1) EH ¥ AU nE
(M3 EY =2 0.=12)
I IE I IEER EEIESNEIEEEE
(k21k22) | ¥l & | (d1d2) | TPUT|(d1,d2)| TPUT| (TPUT)
01] (26 [0100] (26) | 0100 [ 0.0%
0502) 03] 35 | 0208 ] 26) 0208 ] 0.0%
©0205) |10l @6 |0945 | (26) 10945 | 0.0%
’ 100] ©26) [ 3469 | 26) [ 3469 | 0.0%
300| @6 |40311{ 26 | 4031 ] 00%
01] 26) | 0098 | (53) | 0096 | 20%
0502) 03] 4® |02714] 653 0263 ] 4.0%
02500 L0 (45 | 0688 | (53) | 0665 | 3.3%
’ 100] 53) |1.387 | (53) | 1.387 | 0.0%
300] 63 |1518] 53 | 15181 0.0%
01| 26) 10099 | (7.1) {0098 | 1.0%
©205) 03] G8 |o0282[ (7.1 0280 ] 0.7%
02500) 10| (86 | 0802 | (7.1) [0794 | 1.0%
’ 100] 70 |27t @D [ 2711 | 00%
300 (7.0 | 2802 (7.1 [ 2802 | 0.0%
CE 2 27 % BARL Y| nE
(HEAEY =2 0.=15)
k11k12)| =2 A | Hd) | ZAF | 2AF (AL
| (k21 k22)| ¥1& |(d1,d2)| TPUT|(d1d2)| TPUT | (TPUT)
01] 26 [0100] 26 ]0.100] 0.0%
0502 03] 35 0298 26 |0298[ 0.0%
0205) 101 26) 10945 ] 26) | 0945 | 0.0%
“V971100 ] 26) {2982 26) | 2982 ] 0.0%
300 ] 26) 13314] 26) | 3314 | 00%
01] 26) | 0098 | (53) {0096 | 2.0%
0502 [ 03] 26) |0273] 53) 0263 ] 3.7%
) 10| 45 | 0688 | 53) | 0665 | 3.3%
02500 100 | 53) [ 1142 | (53) | 1.142 | 0.0%
3001 63 [1227] 653 [ 12271 0.0%
01 26) {0099 | (7.1) | 0.008 | 1.0%
0205 | 03] 58 |02 | 7z | 0280 ] 0.7%
) 10| G o704 | zp 0794 | 00%
02500100 [ 1) [ 1987 | (71 | 1987 | 0.0%
300 7D | 2284 | 2D | 2284 | 0.0%

K
0z
oir

HEDY AMLHE 2T ClA3 2E Y 2833

(B 3 HEY W DAL HnE
(HERYEY #=3, 0.12)

sl =x| 43 | a9 | aa | 24 | gues
(k31 k32) H] & ((d1,d2)| TPUT|(d1,d2){ TPUT| (TPUT)

0.1)(1.16) [ 0.080 | (5.2,1) ] 0.064 | 20.0%
03 [(215)]0.192 | (621 | 0.170 | 11.5%
(0502) |_06[(224)] 0322 | (521)| 0308 | 4.3%
(0.205) | 1.0 [(323)] 0467 | (521) | 0.461 1.3%
(02,500) | 100 [(5,2,1) | 0988 | (52,1) | 0988 | 0.0%
200 (521)] 0621 [(52]1) ] 0621 | 0.0%
300 [(521)] 0377 [ (521) | 0377 | 0.0%

(E 4§ 2zt % TARL |8
(HERYES $=3, 0.=15)

Coawa) 24 | Au | 24 | @y e
(k31 k32) H]& |(d1,d2)| TPUT|(d1,d2) | TPUT | (TPUT)
0.1 |(1,16)] 0.080 ) (521)} 0.064 | 20.0%
03 (215 0.191 | (521) | 0170 | 11.0%
(0502) | 06 |(224)] 0319 | (6521)] 0307 | 3.8%
(02,05 [ 1.0](323)) 0458 | (521)| 0454 | 0.9%
0.2,50.0)| 100 | (5,21) | 0.801 | (52,1) | 0.801 | 0.0%
200 1(521)]| 0431 | (52,1 | 0431 | 0.0%
300 [(521)] 0.242 | (652110242 | 0.0%

5 Wi 9 gx AT

B ATe HEIUES B8R Uaa AAaY
o A% FAsy) g% dxa 99 $HE AldE
o} olE fste] WHU WA Ad L o]E V)
poz & AR A A FAA wyE Agsidd
HA 9 A5 i ARE FE £E o), wHEgY
59 F7 BoldAFE Al BisdAs] wid,
ZAEQ A EE ob&Y AUsdr. 53 gaz
A4 4759 =7 Hgo] A BAAME
AtE 24} dEFeol A AYHFE A FF
9 dza g9& ANE F USE FYsin, oE
REHoR HFsHrh BEif} AE B, d&Y
278 =R g 2&TE, SAIEC] HAZRE
o 7i7te]l HE2EE ¢ F al%lt}. £ ey a7
59 =3 Hjgo] 2E&FE, HEE F(d)9 7147
7t 28 870A Be taa @3dE Aol HAH
7P AYAMEFE 4% 5 USE ¢+ A

e, wHopl Alagle] mE|ge i nEE
oA g EeA olFe A £ dd F ¢ UL



2834 SrmIENeIEE =BX HT7E MI=(20009)

PHE ALY & UE Aol ARHER, ofd o
& A7t GO B o|FojHol & Hojth EE, AEF
oo} AA Alz"elxe] T oF A ¢m
9 4% BtE ¥ o]Fojxol & Ao

#agd

{11 P. M. Chen, et al, “An evaluation of redundant
arrays of disks using an Amdahl 5890,” Proc. of
SIGMETRICS Conf. on Measurement and Modell-
ing of Computer Systems, pp.74-85, May 1990.

[2] J.G.Choiand K. H. Park, “Performance comparisons
of processor allocation schemes using simulation
techniques,” Journal of the Korea Society for Sim-
ulation, Vol.3, No.l, pp43-54, July 1994,

[3] S. D. Conte and C. Boor, Elementary Numerical
Analysis © An Algorithmic Approach, 3rd. ed.,
McGraw-Hill, 1980.

[4] P. F. Corbett, “Overview of the Vesta parallel file
system,” Computer Architecture News, Vol.21.,
No.5, pp.7-14, 1993.

[5] P. C. Dibble, M. L. Scott and C. S. Eliss, “Bridge : a
high-performance file system for parallel pro-
cessing,” 8th Int. Corf. on Dist. Comput. Syst., pp.
154-161, 1988.

[6] L. W. Dowdy and M. R. Leuze, “On modeling par-
titioned multiprocessor systems,” Int. Journal of
High Speed Computing, Vol.5, Sept. 1993.

[7]1 D. L. Eager, J. Zahorjan, and E. D. Lazowska,
“Speedup versus efficiency in parallel systems,”
IEEE Trans. on Computers, Vol.38, pp.408-423, Mar.
1989.

[8] G. R. Ganger, et. al, “Disk arrays : high-Per-
formance, high-reliability storage subsystems,”
IEEE COMPUTER, Vol.27, No.3, pp.30-36, Mar.
1994.

[9] R. Karedla, J. S. Love, and B. G. Wherry, “Caching
strategies to improve disk system performance,”
IEEE COMPUTER, Vol.217, No.3, pp.38-46, Mar.
1994

{10] R. H. Katz, et. al.,, “Disk system architectures for high
performance computing,” Proc. of the IEEE, Vol.77,

No.12, pp.1842-1858, Dec. 1989.

[11] S. Kenneth and M. H. Garcia, “Disk striping,” Proc.
of the IEEE Data Engineering Conf,, Los Angeles,
CA, pp.336-342, Feb. 1986.

[12] M. Y. Kim, “Synchronized disk interleaving,” IEEE
Trans. on Computers, C-35(11), pp.978-988, Nov.
1586.

(13] L. Kleinrock, Queueing Systems Voll : Theory,
John Wiley & Sons, New York, 1975.

[14] E. K. Lee, “Software and performance issues in the
implementation of a RAID prototype,” Tech Report
UCB/CSD 93, Mar. 1993,

[15] S. J. LoVerso, M. Isman, and A. Nanopoulos, “sfs : a
parallel file system for the CM-5," Proc of 1993
Summer USENIX, pp.291-304, 1993.

[16] E. L. Miller and R. H. Katz, “RAMA : A File System
for Massively-Parallel Computers,” 12th IEEE
Symp. on Mass Storage Systems, pp.163-198, 1993.

[17] N. Nieuwejaar and D. Kotz, “The Galley Parallel
File System,” ACM ICS ‘9%, Philadelphia, USA,
pp.374-381, 1996,

{18] K. H. Park, Dynamic processor partitioning for
multiporgrammed multiprocessor systems. Ph.D.
Thesis, Vanderbilt Univ., Nashville, TN, 1990.

[19] D. A. Patterson, G. Gibson and R. H. Katz, “In-
troduction to redundant arrays of inexpensive disks
(RAID),” Proc. of Spring COMCON, pp.112-117,
Feb. 1989.

[20] P. Pierce, “A concurrent file system for a highly
parallel mass storage subsystem,” 4th Conf on
Hypercubes, Concurrent Computers and Applica-
tions, pp.161-166, Mar. 1989.

[21] T.W.Pratt, et. al, “A comparison of the architecture
and performance of two parallel file systems,” 4th
Conf. on Hypercubes, Concurrent Computers and
Applications, pp.161-166, 1989,

[(22] A. N. Reddy and P. Banerjee, “An evaluation of
multiple-disk I/O systems,” IEEE Trans. on
COMPUTERS, Vol.38, No.12, pp.1680-1690, Dec.
1989.



(23] A. N. Reddy and ]J. C. Wyllie, “I/O issues in a
multimedia system,” IEEE COMPUTER, Vol.27,
No.3, pp.69-74, Mar. 19%4.

[24] J. Rosario and A. N. Choudhary, “High-performance
I/O for massively parallel computers : problems and
prospects,” IEEE COMPUTER, Vol.27, No.3, pp.
59-68, Mar. 1994.

[25] K. Salem and G. Garcia-Molina, “Disk striping,”

Proc. of 2nd. IEEE Data Engr. Conf, pp.336-342,
Feb. 1986.

UEE SBESY ANLH-E 23 Claz 2w 2835

2 7] &
e-mail * khp@kmucc keimyung.ac.kr
19799 Z ety AAFsty
(AFH #AF) 24(EAD
1981'd F=837led AxALE
# 24 (XHAD
1990 5 Vanderbilt ™3t &
AR 2 (WAL
1819 ~HA AFden FFe 2 AR ap
B Lok HE/RAAE A2d, LFAA, A5 5



