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Abstracf“": les combine several disks to provide increased
parallel clity and fast data transfer between primary and

" morics. The use of parallel files by distributed
owever introduces new challenges to the parallel
which may inhibit the scalability of such

Gle system This work presents 2 study on the creation of a

pplica:ioglse' system _that facilitates the development of
paralle ed parallel applications with large amount of I/0O

dis"ib.u The proposed system was implemented and
g tools that integrate file system operations with
for process creation and distribution. The
he system shows the viability of its utilization
lability of a distributed parallel application.
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[ INTRODUCTION

[nput/output (/0) is a major bottleneck for several
distributed applications that manipulate large amounts of

data [OLD 98]. The process of storing and retrieving data
mory greatly reduces the performance of

(hese applications. In these cases, even the evo.lution. In the
rechnology used for the construction of hard disks, h.ke.the
jisk-arrays [KAT 89, CRO 89], brings only limited
contribution  to  increasing the p.erformance of tl.1e
applications, as the use of a centralized file system still
causes the requests to be handled serially. Distributed
parallel file systems —may combine the aggrggated
vandwidth and storage capacity of the disk-arrays with the
decentralization of accesses required for paral.lel
applications [STO 98]. The existence of independent disk
-ontrollers allows several 1/O operations to take place at the
same time. while still combining several disks for a single
large data transfer. The 1/O requirements of a parallel
application however can affect its scalability and efficiency,
even when a parallel file system is used. For distributed
narallel applications, a major problem concerns the
allocation and management of resources o minimize the
response times and maximize the throughput [MAC 99,

~ ARP99, ROS 98, AVA 94].

fom secondary me

Network contention problems and the wrong spatial
layout of jobs, for instance, can lead to poor performance
and inhibit the scalability of parallel applications.

In this paper we present a methodology for integrated
task.and data distribution using a parallel file system. First,
we Introduce the Network Parallel File System (NPES)
[GUA 99a, 99b], a parallel file system intended as a test
b.ed for mechanisms to improve the performance of I/O in
distributed applications. The performance of this file
system 1s presented and is used to discuss some of the
limitations of the use of a parallel file system by parallel
applications. We then present an NPFS mechanism that
allows the creation of parallel applications and automatic
distribution of tasks into the cluster. To illustrate how the
mechanism operates, a hypothetical parallel application was
developed using the NPFS primitives. The results obtained
show this mechanism allowed the scalability of a parallel
application using a parallel file system for I/O operations.

II. NETWORK PARALLEL FILE SYSTEM

Network Parallel File System (NPES) (Fig. 1) is a
parallel file system aimed at a distributed computational
system, namely a cluster of workstations. Reduced I/O
latency and greater storage capacity are some of its goals,
which are obtained by partitioning and distributing the data
among several storage servers on the cluster. File
fragments, called segments, are stored using each server's
local file system in a client / server communication model.

Three types of processes are defined in the NPES:

The Master process is responsible for starting the
system, and also for the activation and deactivation of
storage servers. A single instance of this process is used on
the entire cluster. It is also requested in a few centralized
operations, such as when opening and closing a parallel file.

The Server process, also known as storage server or
data server, is used for storing and retrieving the fragments
of parallel files. A copy of this process resides on each
workstation. It can be implemented either as a single task or

as a collection of cooperative processes.
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Application processes developed by the users arc :‘J:Sg
Client processes. Special NPES service routines prc o
the necessary communication between the Clients dh
cither the Master or the Server processes for the

manipulation of parallel files.
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Fig. 1: NPES architecture

Avoiding known bottlenecks and providing thc
independent operation of its modules were two of the main
concerns in the project of the NPFS. Enhanced parallel.nsm
and the capacity to handle several requests at the same time
were also considered. Good performance was sought by
allowing the maximum parallelism of the harf: ware
underneath. Fault tolerance against hardware failures,
however, 1s not yet incorporated to the system. .

Some of the optimizations adopted in the project of the
NPES protocol include the possibility to have syncbronous
and asynchronous operations. Asynchronous operations do
not require the Clients to block until they are comple.te.

The NPEFS protocol guarantees data consistency.
Acknowledge messages and retransmissigns inhibit the
effects of lost requests and the faulty behavior of the NPFS
modules.

The NPFS operation is initiated with the activation of
the Master process. It is the Master’s responsibility to
Initiate the execution of a Server process on each of the
machines specified; servers can also be activated and

Stopped dynamically. Once the Master is up and running,
Client processes can start using the system by requesting
the opening of the desired files. Clients read from and write
‘0-an open paralle] file by sending requests directly to the
required storage Servers, The Master needs to be contacted

again .for closing a paralle] file, as well as for deleting or
fenaming a closed file.
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be specified. Data distribution is done in
fashion over the fragmenFs. .

Data manipulation is provided 1o
through a set of primitives, which include:

d round. robip

Client Processec

p_open: opens a parallel file

p:close: closes a parallel file

p_read: reads data from a paralle] file
p_write: stores data on a parallel file
p_Iseek: sets the current offset position for
p_rename: changes the name of a file
p_unlink: removes a file

a file

A subset of the SIO Low-level AP] [COR 96 ;s also
implemented. |
Most of the file manipulation routines are accomplishe,
by sending requests from the Clients to the Master. Which
handles the communication with the Servers. In p read ang
p_write, requests are sent from the Clients dirccT]y 0 the

required Servers. p close, p_rename, and p ypjink o b
realized synchronously or asynchronously. ©

[1I. IMPLEMENTATION OF THE NPFES

A complete version of the NPFS Was implemeneq
using the C language. Inter-process COmmunicatigp was
achieved through message passing using the Socket related
system calls. Performance optimizations made UDP a 1,
transport level protocol of choice due tq Its reduced
communication overheads, Acknowledgemen
and a timeout mechanism were used to p
reliability.

The primitives for file manipulation were

via a standard Fast-Ethernet network. All mach;
running the Linux operating system,

In order to better understand the behavior
file system, the performance of the NPFS was
read and write requests over consecutive fj
transfer rates obtained correspond to the re

the amount of data transferred and the total ¢
data access and the requ:

of a paralle]
Veriﬁed for
€ offsets. The

alion between
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/’F’l; Performance of the NPFS for reading
The figures above present comparative data about the

hehavior of NPFS, NFS and a local Unix file system. As it

- onded only for providing a better understanding of the
e llel file system, no information is

d hard disks used in the

i d. the performance of the parallel

As would be expecte |
§ more Servers are used. In the write

formance exceeds the results
shained with a local disc. In the read operations, however,
ihe sequential access pattern used in the tests fav?red the
performance of the standard local file system, which uses
n aggressive prefetching policy. Different random access

tests are still to be realized.
Network contention is the main bottleneck for the

rerformance of a distributed parallel file system. It can .be
observed that the performance for both read and write

operations drop for requests bigger than 64KB when using
more than 4 storage servers. The socket maximum request

fle system increases a
operations, the NPES per

h PeiorMQ,zCe CO’LIQ : E

The imp] '
Plementation of the data servers, if not stateless.

sh |
ould be Independent of the data distribution

mechanism; this facil; .
: ; acilitates the introduct;
| R ; ction
distribution polices in the system: ol

The T
involdveetden-mnauon of the file segments and data servers
In each read and write operations should be

; n‘:g:dg;dtheinamilgzanon code. In the NPFS, this is
user primitives and occurs
trans e
ransparently to the applicati Thi
Implementation provided e ol
ALy Masterp rol ed better performancg than
gervers st gra[gess I\\j;'as.used to determine the
T r[; 1on. akxqg every data Se{'ver to
quests (sent in broadcast) did not
produce good performance either:
The performapce o.f an application with extensive use
of I/O operations is a result of choosing appropriate
values fo.r the number of data segments and disks,
buffer. sizes, and striping units; the automatic
detex:ml{latlon of these characteristics for each
application should provide significant performance
gains, as does the AutoPilot project [SIM 99];
The asynchronous operations of the storage servers, i.e.
the ability to handle several requests at the same time
without having to wait until a previous request is
complete, produced reduced response times. On the
other hand, this characteristic made the consistency
protocol much more complex and unpredictable in the
sense that variations in the operation of any disk or in
the network response times caused unneeded
retransmissions;
Prefetching with the use of buffers and caches on the
application and on the data servers have showed this
mechanism to be extremely fruitful in reducing the
response time of the read and write requests,

Faster processors reduce the processing time embedded
in the I/O operations; scalar distributed parallel file

systems however will not be possible until the network
bottleneck is eliminated.

IV. INTEGRATED TASK AND DATA ALLOCATION

Transfer rate and response times are commonly used to

measure the performance of a file system; most of the
de to optimize these




334 SBAC-PAD'2000 12° Symposium On Comput

' by a

paramciers. A< a result, when a parallcl file 18 used r)]lsc
sPO

sequential application, the transfer rate and thcdrcf.p i
time should improve as more servers arc uscd 10T

storage and retrieval of the data.

As we analyze the performance of the NPES, however,
we can observe the system docs nol scale well for more
than 4 data servers. When several processes of a same
application simultancously access 3 sharpd parallel file, the
network contention becomes mOre evident, due to new
interference between the distributed file system and the

INter-process communication mechanism. .
parallel programs result In

The 1/0 properties of many | sult
be partitioned 1nto disjoint

an exccution behavior that can bt
tervals. each consisting of a single burst of I/O‘ activity
followed by a single burst of computation [ROS 98]. In this

programming model, data can usually be partitioned among
several processes that can be exccuted in parallel. Inter-

process communication usually occurs between eac

manipulation phase. |
In this way, by devising a process allocation strategy

that is sensitive to parallel I/O traffic and network
contention. we can tune the layout of these processcs and

improve the performance of parallel applications.

Thus, special NPES primitives were developed to allow
the creation and automatic distribution of parallel
applications. This is achieved by exploring the data locality
of tasks as they select a parallel file to work on. Using this

strategy the network traffic is reduced as well as the
interference between the application and the distributed

parallel file system.
Besides allowing the creation and allocation of parallel

application, NPFS provides primitives for inter-process
communication. These primitives include:

h data

int spawn(char *path, char **param, int n_proc, int fd);
int get_pind(pid 1 pid);

int get_group(pid _t pid),

int *g_query(int gid, int *n_proc);

int p_Kill(pid ¢ pid);
int g_Kill(int g1d);
int g_free(int gid);

int p_send(int dest, char *msg, int len, int ack);
int p_receive(int source, char *msg, int len, int t_out);

Spawn 1s used to start the execution of a parallel
application. Path contains the name of the program to be
executed, while param lists the command line parameters
o be passed during the initialization of this program.
N _p.roc.contains the number of processes to be used in the
application; it is usually equal to the number of segments of
the parallel file to be manipulated. Fd is the descriptor of
an open parallel file. It is used to find out about the number

or Architecture and High P erformance Comgutiggy\
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of segments and the localization of each of
primitive, an instance of the program em. ,USing "
initiated on each station on each a segme Path g “Suanm
file fd resides. Data access is automatica nt Of the para y
local segment of the parallel file thys A erlrcch e
and reducing the network contention.
Get_pind provides a logical id of BrOcess
to a process group created with the spawn Cess
used in a collective data access primitjye
the local segment of a parallel file using a Sor
Get_group is used to obtain the cpro
ces

1dent1ﬁcat!on and g_query allows a process to g 8roup,

processes in a group. 0w all the
P_kill and g_Kkill are used to lerminate th

a process and of a group of processes respe '€ Executjop of
P_send and p_receive provide o ety

asynchronous communication facilities f; s

a parallel application. el

V. PERFORMANCE EVALUATION

chronous and

In order to verify the viabilj

strategy, a hypothetical paralle] a[t));;li(c):fat;(l;e s
using the NPFES primitives. The applicatiq :
a database update operation executc:dn
implemented by executing the actual read
par.a!lel file and simulating the data :

waiting a.ﬁxed time interval before the da(r: D ulation },
to the disk. The performance of this < \-mt.te" back
measured for 4 different implementations ( F?ipgpll:)auon Was

auocatio

Was deVC]Opeg
» Which ¢oy14 be
' paralle], ;;
OP€rations 2

A. Using a sequential application
pplication -
: parallel (NPFS) file: that Manipulateg a
. Using a parallel application in whi
: which
simultaneously manipulate the sam:e\;ﬁral Processes
(NFS — Network File System) file: ared remqyq
C qsmg a parallel application in which several
simultaneously manipulate the same sh processes
(NPFS) file: ared para]je|
D. Using a parallel application created witp, th
allocation mechanism of NPFS (spawn) € process



Application
B.

ad

NPFS

Procl Proc2
Application

D.

e B e baass

models used for the analysis of

. ution : :
Fig: 4t'hEx§;Fs task allocation mechanism

he different request sizes was measured
¢ varying from 64KB up to 1IMB. The
was made constant in all tests, which
f data to vary proportionally.
ults correspond to the time to execute
C. and D, in which the activities were
00 req” g ceveral processors, the total number of
s kept constant, but several processes ran a
equests ¥ of requests in parallel. Thus, when using 4
smaller number h process ran 250 operations, and using 8
ponsible for only 125 read and

'mpaCt of t

he amount O
iy CaSe A, the 1€S
ests. FOI' Ba

orvers each process Was res
§ '

write rﬁ‘l]l“it:ts the performance was measured using the
B Thus, smaller values are better.

use of the NPES task creation and
chanism. It was implemented in the form of
hat follow. The first one was used Fo open the
d to create the application responsible for the
¢ the data. Its source code 1s presented

JJlocation me

the programs |
paral el file an

manipulation O
hellow.

ine its global view (single file)
I/ Onens a parallel file using 1ts g
fdzg open(f_name,O_RDWR,O,V_GLOBAL,
~ n_seg,str_size, NULL);

| Obtains the parallel file data .
Jint f_query(int fd, s_pfile *pfile);
status=f_query(fd, &pfile);

-~

/lStarts the execution of the parallel application
sroup=spawn(PROG,param,pfile.n_seg,fd))<0);

il Queries the processes in the group
proc=g_query(group,&n_proc);

| file segment to yse
_Seg=get_pind(pid):

I/ Opens a paralle] f;

s le in its segmented view

open(f_name,O_CREATIO_RDWR,O,
V__SEGMENTED,n_seg,str_size,NU LL);

for(offs=0, i=0; i < n_req; i++) |

/] reads the data from the local segment
/I p_read(int fd, char *buf, size_t count):
n_byteszp_read(fd,buf,req_size);

/I Manipulates the data

/l Sets the current file offset
p_lseek(fd,offs, SEEK_SET);

/I Writes the modified data back to the disk
n_bytes=p_write(fd,buf,req_size);

/' Updates the current file offset
offs+=req_size;

}
// Closes the parallel file

p_close(fd,1);

// Informs the end of operation to the control process (the
// one that ran the spawn command)
p_send(dest,msg,strlen(msg),0);

The results obtained in cases A, B, C and D are
presented in figure Fig. 5.
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Fig. 5: Performance of the hypothetical sort application

For each request size, the same test was run for cases A,
C, and D, using either 4 or 8 storage servers. The same tests
were run for case B using a single NFS server, as would be
the case for a standard network application with no parallel
[/0 support. The performance comparison between the
NPFES and NFS can be found in figures Fig. 2 and Fig. 3.

When 4 storage servers are used with a sequential
application, 1000 operations (read, processing, and write)
are realized (curve A1). When this application is split into 4
tasks that manipulate the same NFS file (B1), there 1s a
significant  performance gain, as each task runs
stmultaneously a smaller number of operations.

The benefits of a parallel file system can be seen 1n case
C1. In this case, there i1s a significant performance gain
compared to B1 for most of the request sizes tested. The
use of a single file in case B1 made it possible for the NFS
server to fit the entire file in RAM thus improving the
performance for request sizes smaller than 256KB. Case a
different file were used for each task, the influence of the
Unix file buffer cache would be less effective.

The NPES spawn routine for task allocation (D1)
provided the best results for the parallel application when
using 4 data servers. The network traffic reduction obtained
with the locality of the data accesses improved the stability
of the parallel application. The speedup was also increased
in this case.

The performance of the sequential application using a
parallel file with 8 data servers (A2) is worse than the one
with 4 servers (Al). As expected, the network contention is
notorious for request sizes greater than 64KB as the number
of servers 1s increased.

Once again, there is a significant performance gain as
the total number of operations is accomplished in parallel
by the several tasks. The use of a shared NFS file (B2) also

provides a performance gain compared to the sequential

application, specially for request sizes thay Produc
file size than can be mostly kept in the cache. € a togy
The use of a NPES parallel file (C2) produc
performance gains than NFS. In this case, fumfs b
could be run to measure the effect of dividing thcc
server activities among a greater number of Process
processes are commonly used). :
Although a performance gain was obtained ;
parallel applications so far, the network Comemionn all the
still inhibits the scalability of the application. Thispmb]em
observed as the performance obtained with 8 seiy Can he
equivalent to that with 4 servers (C1 and C2). €IS was
The use of the NPFS spawn primitjye was
effective as more servers are used (D2). The localit ffnost
data accesses caused a significant reduction o b 3’ Of the
traffic and provided the best performance fetwork
application. Or the
The speedups obtained with the severa] forms of
execution tested are presented in figure Fig, 6, Paral]e]

Clter
r tCStg
gt()ragc

€S (lWQ

Speedup

Fig. 6: Speedup of the different paralle] application tested

The speedup obtained with a parallel applicat; '
shared remote NFS file was reduclt)ed by thg Elellffrt:iloigattlis(l)lr]ng ?
thg accesses. This inherent serialization of the requests :
thx.s form qf parallel execution reduces the performanclg
Ig;;n;s (efficiency) when more processes are used (B1 angd

When NPES parallel files are used (C1 and C2) the
pe.rformance of the application is improved. However, the
existence of a shared network still limits the efﬁcienc’y of
the application, as Increasing the number of servers does
not significantly improve the performance of the
application.

The scalability of the application is enabled with the use
of the NPFS Spawn primitive, as can be observed with the
comparison of D1 and D2 in figure Fig. 6. The integrated
data gnd task allocation mechanism not only facilitates the
creation of parallel applications with large amounts of I/O
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des the best performance among the
d for the creation of parallel tasks

ms provide greater storage capacity
mance 1/O operations than single disks.
ackages include special library routines
ulation of a parallel file by paralle]

periof
D [ el /0 p \
Gome ! e the manip
{ A

. ~qt1ons:
3Pptlcighcr.levetl

sulation ©
panipy ive file S

parallel file system interfaces allow the
data using collective requests [KOT 94,
riping is also used in the parallel file

Adap dynamica“Y configure the best parameters for
system t;)ication (SIM 99, HUB 95, MAD 96].

P ,ct of /O on program behavior and parallel
.. has also been addressed [ROS 98] for the
schedu mgd Jllocation of processor and disk resources in
el computer systems.
h-performance /0 in clusters of workstations has
qdressed i the form of a meclianism for data
o processing load balancing based on a

system [ARP 99].

- ueuing
ceﬂtfahz‘p’dq the spatial layout of jobs in parallel

impact of :
The 1mp died in [MAC 99] with respect to the

_scale parall

ines 18 StU
mactlenreof /0 and compute nodes, the network bandwidth,
r[Luemlayout of jobs and the read or write demands of
applications.

As of our knowledge so far, no system has presented an
.t mechanism for the creation of parallel applications
ask and data allocation.

VII. CONCLUSIONS

d a parallel file system, called NPEFS,
which provides 2 mechanism for the creation of efficient

parallel application with large amounts of 1/0.
NPFS primitives for file manipulation were

This paper presente

The basic
presented as well as the performance results of the
gtilization of the system. The comparison of NPFS with a

«andard local file, NFS, and with another parallel file
system [GUA 99aj shows NPES can provide the
applications with easy to use enhanced storage capacity and
higher [/O transfer rates.

As could be observed, however, the NPES does not
scale well for more than a few servers, mainly due to a
hottleneck found in the network contention. Distributed

parallel applications tend only to aggravate this problem.
In order to improve the benefits of parallel I/O 1n

clusters of workstations NPFS introduces a mechanism for
automatic task and data allocation. The use of this
mechanism enables the simplified creation of parallel
application and the automatic allocation of tasks on a
cluster of workstations.

In general, the mechanism developed aims (0 combine
the benefits of a distributed parallel file system with the

/
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locality of the data 2
and transfer rate of

The potential o
mechanism was e

ccesses. o improve the response time

parallel distributed applications.

f the Integrated task and data allocation

Thostiailts ot ‘valuatcd for a hypothetical application.

ccalahir alned. show this mechanism enabled the
ity of the application tested

n lo%:\afl;ctgough one may thirik a parallel file is not helpful
-4l access to data is provided to each task of a llel
application, the programmi | ok
ikialatici of 1 gramming ease prevrded for the
it UL large amounts of data without bothering

3 € creation .of several separate files is a strong plus.
beinge(\;évrgle:h:;l;ms for task and d.ata allocation are also
e p : or the cases in which there is not a clear
o n of the data, which provides the complete
ocality of the accesses. Different levels of granularity shall
also be considered.

As the number of stations in a cluster grows, the
rleveloped task allocation mechanism becomes more
important. In these cases, processing load sharing can also
be obtained allowing the NPFS to automatically choose the
best servers to store the data. The determination of how to
allocate each task of a parallel application that uses a
parallel tile could then be naturally obtained with the
spawn primitive.

As a result, we expect to improve the adequacy of a
cluster of workstations for the execution of parallel
applications with large amounts of I/O operations.

VIII. FUTURE WORK

Processing, disk, and network heterogeneity are in the
current focus of this work. This includes automatically

adjusting the NPFS protocol timeout intervals to best cope
with different equipment present on a cluster of

workstations.

REFERENCES

[ARP 99] ARPACI-DUSSEAU, Remzi H.; et al. Cluster /O
with River: Making the fast case common. In

Proceedings of the Sixth Workshop on Input/Output in
Parallel and Distributed Systems, pages 10-22,
Atlanta, GA, May 1999. ACM Press.

[AVA 94] AVALANI, Bhavan; CHOUDHARY, Alok; FOSTER,
Ian, and KIRSHNAIYER, Rakesh. Integrating task
and data parallelism using parallel /O techniques. In
Proceedings of the International Workshop on
Parallel Processing, Bangalore, India, December

1994.

[COR 96] CORBETT, Peter F. et al. Proposal for a common

parallel  file system  programming interface.
September

http://www.cs.arizona.edu/sio/apil.0.ps,
1996. Version 1.0.

[CRO 89] CROCKETT, Thomas W. File Concepts for Parallel
1/0. In Proceedings of Supercomputing'89, p.574-9,

1989.




: : secture and High Performance C - o
338 SBAC-PAD'2000_12* Symposium on Compuzc Archi OMPUtig - Siio piy, :
WP

(GUA 99a] GUARDIA, Hélio C. and SATO, Liria M. Nl;f(‘;S: Ulr:)l
Sistema de Arquivos Paralelos em R de,
Proceedings of the 17th Brazilian Symposium 07

Computer Network ( SBRC), 1999.

Hélio C. Consideragoes Sobre as
ma de Arquivos Paralelos

Distribuido. PhD Thests,

[GUA 99b] GUARDIA,
Estratégias de um Siste

Integrado ao | 'rocessamento
EPUSP 1999
(HUB 95] HUBER, Jay ¢ al. PPFS: A high performance
portable parallel  file system. chhmcal. Bcport
UTUCDCS-R-95-1903, University of [Illinois at

Champai _January 1995.
Urbana Champaign g

[KAT 89] KATZ, Randy H.; GIBSON, Garth .
PATTERSON, David A. Disk System Architectures

for High Performance Computing. In Proceedings of
the IEEE. v.77, n.12, p.1842-58, December 1989.

KOTZ. David. Disk-directed /0 for MIMD
multiprocessors. Technical Report PCS-TR94-226,
Dept. of Computer Science, Dartmouth College, July

1994. Revised November 8, 1994.

(MAC 99] MACHE, Jens; el al.. The impact of spatial layout of

jobs on parallel /O performance. In Proceedings of
the Sixth Workshop on Input/Qutput in Parallel and

Distributed Systems, pages 45-56, Atlanta, GA, May
1999. ACM Press.

IMAD 96] MADHYASTHA, Tara M., ELFORD, Christopher L.
and REED. Daniel A. Optimizing input/output using
adaptive file system policies. In Proceedings of the
Fifth NASA Goddard Conference on Mass Storage
Systems, pages 11:493-514, September 1996.

(OLD 98] OLDFIELD, Ron and KOTZ, David. Applications of
parallel 1/0. Technical Report PCS-TR98-337, Dept.
of Computer Science, Dartmouth College, August

1998.

[ROS 98] ROSTI, Emilia et al.. The impact of I/O on program
behavior and parallel scheduling. In Proceedings of
the Joint International Conference on Measurement
and Modeling of Computer Systems, pages 56-635.
ACM Press, June 1998.

[SIM 99] SIMITCI, Huseyin and REED, Daniel A. Adaptive
disk striping for parallel input/output. In Proceedings
of the Seventh NASA Goddard Conference on Mass
Storage Systems, San Diego, CA, March 1999. IEEE

Computer Society Press. To appear

(STO 98] STOCKINGER, H. Classification of Parallel
Input/Output  Products. In Proceedings of the
PDPTA’98, 1998.

[KOT 94]




