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Abstract

Thereareseveralapplication elds in which parallelprocessindgs anessentiatool.

Using parallelarchitecturesit is possibleto solve very complex problemsthatneed
high computingpower. In this contet, clustercomputinghasbecomean excel-

lent alternatve to mainframesusually much more expensve. In orderto exploit

all availableresourcesndto try to achieve optimumperformanceef cient cluster
managemertbols areneeded Whenlooking for sucha managefor the clustersof

our researcHab we were not satis ed with the servicesandlevel of con guration

provided by the mostpopularsystemdike ComputingCenterSoftware, DQS, and
PortableBatchSystem. Althoughvery powerful andcon gurable,thesesystemare
reasonablgomplecto installandcon gure. Thereforewe decidedo implementour

own managemergystema highly con gurableone,but easierto install andto use.
CRrRONO is beingusedfor the last6 monthsto manageour threeLinux clustersand

it is alreadyvery stable. Eachclusterhasits own peculiarities,having a different
numberof nodes(4, 16, and 32), differentinterconnectiometworks (combinations
of SCI, Fast-EtherneandMyrinet) andalsodifferentuserpro les. Althoughbeing

simpleto installandcon gure, CRONO is ahighly con gurablesystemallowing the

systemmanageto con gure theaccesgprivilegesindividually for eachmachineand

groupof users.

1 Intr oduction

Clusterarchitecture§l] arebecomingavery attractize alternatve whenhigh perfor

manceis needed.With a very goodcost/performanceelationandgoodscalability
big clustersystemawith hundredof nodesare becomingmore popularin universi-
ties,researchabsandindustries.Linux is usuallythe operatingsystenmusedin these



systemdbecausd' s free,ef cient andvery stable.Oneremainingproblemin sucha
systemis to managell thenodesef ciently asonemachineanddealwith issuedike
accessights, time andspacesharing,resenation andjobs queuing. Whenlooking
for suchamanagefor the clustersof ourresearchab! we werenotsatis edwith the
servicesandlevel of con guration providedby the mostpopularsystemdike Com-
puting CenterSoftware[2], DQS[3] andPortableBatchSystem[4]. Althoughvery
powerful andcon gurable,thesesystemsarereasonablgomplex to installandcon-
gure. Thereforewe decidedto implementour own managemensystem,a highly
con gurableone,but easyto install andto use.Althoughbeingsimpleto install and
con gure, CRONO is a highly con gurable systemallowing the systemmanageto
con gure theacces9rivilegesindividually for eachmachineandgroupof users.

This paperpresentshe CRONO clustermanagemergystemandis organizedas
follows. Section2 presentsomeadvantage®f managinglusterson Linux. Section
3 givesanoverview of themainfunctionalitiesof CRONO andsectiond describests
architectureandmaincon guration les. Section5 shavs how easyis to install and
con gure CRONO andsection6 discussthe useof CRONO in our lab. In section7
our conclusionsarepresented.

2 Cluster Managementover Linux

The CRONO systemwas developedto be a highly con gurable managerfor Linux

clusters. It hasbeencodedusingthe C languageandrely on several scriptsand
con guration les to be adaptedo speci ¢ administratiomneedsand machinecon-
gurations. TheLinux operatingsystemhasseveraladvantagegor the development
of a clustermanagemensystem(cms). Linux is an opensourcesystemand its

con guration les arevery simpleto readandmodify, thereforethe cms cande ne

ernvironmentvariablesandaccessestrictionseasily Anothermainadwantages the

possibility to modify the kernelto provide bettersupportto the cms. Thisis very

usefulwhen,for example,the cMs needso managenot only nodes but alsoother
resourcesike memory processoandnetwork adapters.

3 CronoMain Functionalities

CRrRONO providestwo basicallocationmodes,space-sharingndtime-sharing.The
rst oneis usedwhenthe userneedsexclusive accesdo allocatednodes,for ex-
amplewhen applicationperformances being measured.The secondoneis used
in situationswherethe usersareonly testingtheir programsand, therefore,do not
careaboutperformance.Space-sharings a very interestingalternatie in teaching
environmentsallowing largegroupsof studentgo usethe clusteratthe sametime.
Anothermain featureof CRONO is its e xibility to de ne accesgights. Using
con guration les the systemadministratoicancreateusercatejoriesandassociate
accesgestrictionsto thesecateyoriesor to individual users. Theserestrictionsare
de ned by the maximumtime and maximumamountof nodesusedin allocations
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andresenations.Thereis alsothe possibilityto de ne restrictionshasedon periods
of theday, day of theweekandtargetmachine.

To con gure the executionervironmentfor programs,CRONO suppliesscripts
for pre- and post-processingf requisitions. Whenthe usertime initiates, CRONO
will usetwo scripts:oneof themcontrolledby theadministratorandthe otherby the
useritself. This mechanisnis very useful,for example,to automaticallygenerate
MPI [5] machineles. Whenthetime of a useris over, two postprocessingcripts
will be usedin the sameway. Userscaninteractto the systemthrougha graphical
interfaceor usingcommandsn the shell (bash,tcsh,etc). Several servicesaresup-
portedfor usersandthe systemadministratolik e: informationaboutthe allocation
gqueueand on accesgights, submissionof executionjobs, requestdo releasethe
resourcesindcon guration of the executionervironment.

4 Crono's Ar chitecture

The CRONO's architecturds composedy the following four modules which will
be describedn moredetailin the following subsections:

The Userlinterface(Ul) is the mainentranceo the clusternodesandis com-
posedby severaltools;

The AccessManagenAM) is responsibldor the authenticatiorandthe veri-
cation of accessights;

The RequisitionManager(RM) doesthe schedulingof the userrequestsand
thepreparatiorof the executionervironment;

The Node Manager(NM) is the modulerunningon eachnodeof the cluster
andits mainfunctionis to block theaccesgo thenodes.

The communicatiorbetweerthe modulesis donethroughthe socletsinterface
[6], thereforeallowing modulesto bein differentmachinesMoreover, the modules
are organizedlike a chain, thatis, if the User Interfaceneedsto senda message
to the Node Manager the messagevill passthroughthe AccessManagerandthe
RequisitionManager

User «»| Access Requisition Node
Interface Manager Manager Manager

Figurel: CRONO's architecture.

4.1 UserlInterface

The User Interfaceis responsiblefor providing interactionto the system,through
a graphicaluserinterfaceor the UNIX shell erwvironment(like bash,tcshor csh.
Therearesevencommandswvailable:



crgview for displayinginformation of the requisitionsqueue,like usernames,
startingand nishing time, clustername humberof nodesavailableandallo-
cationmodus(space-sharingr time-sharing);

cralloc for nodeallocationin the casethe userwantsthe resourcess soonas
possible;

crrls  for nodereleaseor cancellatiorof anuserrequest;
crnodes to obtainalist of nodeswhichtheuserhasaccess;

crinfo  for displayinginformationaboutthe clusterswhich the userhasaccess.
Theseinformationincludeaccessights, numberof clusternodesspecialpe-
riodsof use,maximumvaluesfor allocationandresenation, etc;

crnmc to executeoperationdirectly on the nodesthat are allocated. The avail-
able operationsare provided by the administrator and the usersmay obtain
which commandsare availablealsowith this command.An exampleof user
operationcouldbekillp  tokill all processesunningonthenodes;

crsetdef  tode ne andsetervironmentvariabledor themostcommoncommand
parametersln thecaseparameterareomittedthe systemwill look for default
valuesin thesevariables.

4.2 AccessManager

The AccessManageris the moduleof CRONO responsible€for receving the user
requisitionsfrom the User Interfaceand validatethem, beforeforwardingthemto
the RequisitionManagey if necessary The AccessManagerdaemoncanmanage
mary clustersandmayusedistinctpoliciesfor eachthem.CrRoNoO allowsthesystem
administratoto attributeaccessightsto individualusersandgroupsof users.These
usersgroupsare not the samegroupsusedby Linux. For requestvalidation, the
AccessManagerusesthree les: thegroupsle, theusersle andthepriorities le.
Thegroups le is usedto de ne thegroupsandis shavn below:

# group <group name>
# <user>

# <user>

#

# endgroup

#

group master
lisa
bart
maggie
endgroup
group jedigroup
luke
leia
yoda
endgroup




Theusersle containgthe prioritiesfor the CRONO usersandusersgroups.For
usersotincludedin this le, thesystemwill usethe default priority. An exampleof
usersle is shavedbelow:

# priority <number>
# <user>

# <user>
#
#
#

endprior.i.t.y

priority 1
master
stelmar
homer

endpriority

default 10

Thepriorities le de nesthepoliciesfor clusteraccessontrol. Theadministra-
tor cande ne themaximumtime andnumberof nodedor allocationandresenation.
Furthermoret's possibleto de ne specialperiodsfor usingthe cluster henceeach
priority canhavetwo de nitions, onefor normalperiodsandtheotheronefor special
periods.For example,it' s interestingto extendthe time andnumberof nodedimits
at weelendandat night, whentherearefewer usersrequestgo theresourcesThe
following priorities le exemplify suchade nition:

number
T=> type(normal[n],special[s])
MTA=> max time allocation
MTR=>max time reservation
MNA=>max nodes allocation
MNR=>max nodes reservation

LR T

special
<week day> <initial time>-<final time>
<week day> <initial time>-<final time>

endspecial

HH o3 H o H 3

<PN>.<T>.<MTA>.<MTR>.<MNA>.<MNR>

Period of day and week that
has a special treatament

¥ HBERE

special
sun 00:00-23:59
mon 00:00-8:00
tue 00:00-8:00
wed 00:00-8:00
thu 00:00-8:00
fri 00:00-8:00
sat 00:00-23:59
endspecial
# Priorities
1.5.60.180.16.8
1.n.30.0.8.0
10.5.30.0.8.0
10.n.15.0.4.0

After the AccessManagerdaemorchecksthesesles, it forwardstherequesto
the RequesManagerif necessargr sendsa messagéeo the userinforming thatthe



userdoesnt have accesdo therequestedluster

4.3 RequestManager

The RequisitionManageris the CRONO moduleresponsibldor schedulingthe re-
questsauthorizedoy the AccessManagerandpreparingthe executionervironment.
This modulehastwo sub-modulesthe schedulerwhich allows space-sharingnd
time-sharing,andthe ervironmentsetup tool, which runs scriptsbeforeand after
the userallocationtime. The next subsectionslescribeesachof the sub-modulesn
detail.

4.3.1 Scheduler

Thereare mary schedulingalgorithmsalreadyavailable that could be usedin the
CRrRONO schedulerlike ShortestJob First (SJF),LongestJob First (LJF) or First
In First Out (FIFO). However, thesesalgorithmshave problemsto copeef ciently
with theallocationmodesavailablein CRoNO. The RequesiManagertriesto make
good useof available resourcegtime and nodes)that would be wastedusing the
First In First Out algorithm, but without injure the usersthat are alreadywaiting
for resourceslf anuserexpectsto be attendedat a speci ¢ time, this userwill be
attendedn the worst casein thattime. The schedulingpolicy implementedn the
CRONO schedulelis basedon the FIFO schedulingandcanbe understoodhrough
two examples.Theseexamplesarebasedon a requisitionssequencef eightusers,
asshawvn in Table1l. The systemadministratorde nes the maximumnumberof
usergthatcansharethe samenodeat the sametime (time-sharing) In the following
examplesthis valueis setastwo, andthe clusteris composedy eightnodes.

[ User | RequisitionTime | Requestedime(min) | Nodes [ AccessType |

Ul 8:00 15 3 Exclusive
u2 8:03 10 8 Exclusive
u3 8:05 2 5 Shared
u4 8:05 5 4 Shared
V3 8:18 10 5 Exclusive
ué 8:20 5 7 Exclusive
u7 8:22 7 1 Shared
us 8:22 10 2 Exclusve

Tablel: Exampleof usersrequisitions

Figure2 illustratesthe requestgjueuefor Tablelusingthe FIFO algorithm. In
this graphwe obsene the resourceghat could be usedwithout increasethe atten-
dancetime of the userswho still do not own the resources.The sequenc®f users
andscheduleoperationsareshovn in the Table2.

After 55 minutes,all requestswere attentedand the resourcesvere released.
With the intentionto reducethe amountof wastedresourcesthe FIFO policy was
modi ed to allow somerequestgo overtale a waiting requesbnly in the casethat
the expectedtiime of attendancef the blockedrequestwill not be exceededy this
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Figure2: Queueusingthe FIFO scheduler

behaior. Figure3 shavstheutilization of theresourcesisingthe CRONO scheduler
for thesamerequisitionsof Table1.

In this secondcasethe requisitionsof usersU3, U4, U8 and U7 overtale the
otherusersasshown in Table3.

As we cansee the resourcaevastewasminimized,sinceall the usershave been
takencareof in 40 minutesinsteadof 55 minutes.Whena requisitionis readyto be
attendedthe ervironmentshouldbe preparedo the users asexplainedfollowing.

4.3.2 Environmentsetup tool

It'sinterestingto executesometaskswhenthe usertime startsandwhenit nishes.
This sub-modulef theRequesManageiis responsibldéor doingtheseasksthrough
four scripts:

The mastempre-processingcript(MPREPS)is usedby the administratorand
de nesthe operationghatareexecutedvhenthe usertime starts;

The masterpost-processingcript (MPOSTPS)is usedby the administrator
andde nestheoperationghatareexecutedwvhenthe usertime nishes;

The userpre-processingcript (UPREPS)s usedby the userandde nesthe
operationghatareexecutedvhentheusertime starts;

The userpost-processingcript (UPOSTPS)s usedby the userandde nes
theoperationareexecutedvhentheusertime nishes.

Both the usersandadministratoiscriptsarede ned for eachclustermanagedy
the system. This is very useful,for example,whenmultiple clusterswith different
interconnectiontecnologiesaremanagedijk e Fast-Ethernetvyrinet [7] or SCI[8].



[ OSTime | Operations | AttendanceTime |

8:00 U1l makesarequestaindU1 is attended 8:00
8:03 U2 makesarequestndwait 8:15
8:05 U3 andU4 male arequestindwait 8:25
8:15 U1 releasesheresourcesindU2 is attended -
8:18 U5 makesarequesandwait 8:30
8:20 U6 makesarequestndwait 8:40
8:22 U7 andU8 male arequestindwait 8:45
8:25 U2 releasesheresourcesindU3 andU4 areattended -
8:27 U3 releasesheresources -
8:30 U4 releasesheresourcesaindUs5 is attended -
8:40 U5 releasesheresourcesindU6 is attended -
8:45 U6 releasesheresourcesindU7 andU8 areattended -
8:52 U7 releasesheresources -
8:55 U8 releasesheresources -

Table2: Operatiorusingthe FIFO scheduler

[ OSTime | Operations | AttendanceTime |
8:00 U1 makesarequestindU1 is attended 8:00
8:03 U2 makesarequestndwait 8:15
8:05 U3 andU4 male arequestindovertale U2 -
8:07 U3 releasesheresources -
8:10 U4 releasesheresources -
8:15 Ul releasesheresourcesindU?2 is attended -
8:18 U5 makesarequestndwait 8:25
8:20 U6 makesarequestndwait 8:35
8:22 U7 andU8 male arequestindwait 8:40
8:25 U2 releasesheresourcesiJs is attendedlU8 andU7 overtale U6 -
8:32 U7 releasesheresources -
8:30 U4 releasesheresourceaindU5S is attended -
8:35 U5 andU8 releaseheir resourceandU6 is attended -
8:40 U6 releasesheresources -

Table3: Operationusingthe CRONO scheduler

Hence,it's necessaryo createspeci ¢ machineles for eachervironmenttheusers
programsanuse.

Besidesexecutingthe pre-processingcriptsat the startingtime of a allocation
request,CRONO sendsa messagéeo the usersthroughthetty terminalinforming
thattheresourcesreavailable. Becausaisersareusuallyaccessingvith morethan
oneterminal, CRONO usestheutmp le to discovertheterminalwith theleastidle
time, andsendghe messagéo thatterminal. Thisis donebecausé¢hereis a greater
probabilitythatthe useris readingthatterminal.

4.4 NodeManager

The Node Manageris the CRONO moduleexecutedon eachnodeof the managed
clusterandit is responsibldor the accessontrolandthe executionof someopera-



U4 U6

7 —
|:| Exclusive

u7

6 L |:| Shared

uUs

57 |:| Shared

Nodes

Ul

IR I [
8:008:058:07 8:108:15 8:25 8:328:35 8:40

Time

Figure3: Queueusingthe CRONO scheduler

tionsonthenode.

4.4.1 AccessControl

Sometimesusersare only dehuggingtheir programsanddo not needthe exclusive
accesdgo the allocatednodesand sometimeshey needexclusive accesgo make
someperformancenalysis. Thereforejit's necessaryo provide space-sharingnd
time-sharingallocationsto make a betteruseof the availableresourcesTo control
the accesdo the nodesin both cases,CRONO modi es the login.access and
hosts.equiv les whenauserallocationtime startsandwhenit nishes. When
alogin processs doneonanode thelogin.access le isveri ed to allow or to
block the useraccess.However, modifying the login.access is not enoughto
protectthe acces®n a nodebecausédhe userscanexecutethe RemoteShell client
(rsh ) to executecommand®n thenodeswithoutthe completdogin processin this
casethelogin.access le isignored.To solwe this problem.,it's alsonecessary
to modify the hosts.equiv le on the nodeand usethe option to ignore the
.rhosts  le in thehomeuserdirectorywhenstartingthe RemoteShellsener.

4.4.2 Execution of Operations

The administratorcande ne a setof operationsvhich canbe executedby the users
throughthe crnmc command. The usercan executethe operationon all allowed
nodesor a groupof de ne nodes. An exampleof suchoperationcould be killing
theprocessesnthenodes,nstallinga kernelmodule,or someotheroperationonly
doneby theadministrator



5 Cronolnstallation and Con guration

Whenimplementinga clustermanagemensystem,a dif cult issueis to provide a
good level of con gurability without increasingthe complexity of the installation
andcon guration procedures.One of the major advantagesof CRONO is the sim-
plicity of theseproceduresnaintaininga goodlevel of con gurability. To shav how

simpleis to installandcon gure CRONO, we describdn thefollowing sectionthese
proceduredor a typical ervironmentwith two clusters(two of the threeCPAD [9]

clustersfrom Figure4, the 16 nodesclusteramazoniaandthe 4 nodesclusterpan-
tanal). The systemmodulesfor the exampleervironmentarealsoshavedin Figure
4. For this casewe will have one AccessManagerrunning on the frontend, two

RequestdManagergonefor eachcluster)and one Node Manageron eachnodeof

theclusters.Thefollowing itemsdescribeghe con gurationandinstallationstepsfor

this example:

1. Downloadthe le from http://www.cpad.pucrs.br/crono/crono-
vXXX.tar.gz ,whereXXX isthe CRONO version;

2. Unpackingthetar le shouldproducea singledirectory called crono-XXX,
containingthe GNU GeneralPublic Licence,Changelog , INSTALL les,
andthebin , docs , etc , shin andsrc directories;

3. Before the compilation,somedefault con gurationscanbe modi ed in the
src/misc/misc.h . AdjustthemasnecessarylTo compile CRONO change
tothesrc directory typemake to build andmake install to installit;

4. After that,youwill havethefollowing programs:
The User Interface programsin the bin directory The AccessManager
(cramd ), RequesManager(crrmd ) andNodeManagercrnmd );

5. Assumingthat CRONO wasinstalledin the/usr/local/crono directory,
thecon guration les will bein /usr/local/crono/etc/ directory and
we'll call it DIRCONFE The DIRCONF structureis:
<dirconf>/
amconf -this le containghehostnameandportnumberof the AccessMan-
ager
<cluster1>/ - con guration les for clusterl
<cluster2>/ - con guration les for cluster2

For eachclusterdirectorywe have nine les, which will be explainedin the
following items.

6. In theconfig le arede ned the sener portsandhostnamesthe shareop-
tion, which de nesthenumberof userghatcanshareanodeatthe sametime,
the singleoption, which ignoresthe function callsthatcommunicatewvith the



10.

NodeManager(usefulfor testpurposeswhena functionalclusteris not avail-
able).File locationsof queueog andresene mustalsobede nedin this le.
An exampleof config le couldbe:

HiHE H#

# CLUSTER: amazonia

HHHH HiH HHHH ? H H#

# Server ports

amport=7001

rmport=7022

nmport=7004

# Server hosts

amhost=frontend

rmhost=frontend

# Share Option

share=4

# Single  Option

single=off

# Log File

logfile=/usr/local/crono/var/log/crono_amazonia. log

# Queue File

queuefile=/usr/local/crono/var/queues/crono_amaz onia.qu eue

# Reserves File

reservesfile=/ust/local/crono/var/queues/crono_a mazonia .reserve s
H HiH HHHH HiH H H#

. Thegroups , priorities andusers les weredescribedn sectiord.1;

. Thenodes le hasthehostnamesf theclustemodes.Thelogin.access

andhosts.equiv les aretheoriginal les of theLinux system;Thempreps
andmposts les arethe MasterPre-Processincriptand Post-Processing
Scriptrespectiily. Ourmpreps hasprogramgo createtheusermachinele
for MPI ervironmets:

#1/bin/sh

# Master Pre-Processing Script

# $l=<user id>

# $2=<cluster name>

Jusr/local/crono/bin/crmachmpiether -u $1 ¢ $2
Jusr/locallcrono/bin/crmachmpigm -u $1 ¢ $2

. Finally we have the commands le, which de nes the operationthat users

canexecuteusingthecrnmc commandln ourervironment,we have de ned
only thekillp  operatiorto kill theuserprocesses:

: HiH HHHH ##
# Commands file

# $l=<user id>

killp: skill -KILL  -u $1
Jusr/local/crono/bin/crmachmpigm -u $1 ¢ $2

After settingup the con guration les, juststartthedaemonsin frontendma-
chinestarttheonecramd andtwo crrmd :

$cramd amazonia pantanal

$crrmd  amazonia



$crrmd  pantanal
Ontheamazonianodes:
$crnmd amazonia
Onthepantanahodes:
$crnmd  pantanal

6 Using Cronoin Production Mode

For the last 6 monthsCRONO is beingusedto managehe threelLinux clustersin
our researcHab. Accessto the clustersis centralizedroughonehostmachinethat
runsone AccessManagerandthreeRequisitionmanagersonefor eachof the clus-
ters. Eachnodeof the clustershasits own Node Manager Eachclusterhasits own
peculiarities having a differentnumberof nodes(4, 16, and32) anddifferentinter
connectiometworks (combinationof SCI, Fast-EtherneandMyrinet) asshavn in
Figure4.
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Figure4: CRONO moduleson CPAD.

We alsosupportseveral programernvironments,including differentMPI imple-
mentationsandsomeown developedexecutionkernels.With simplecommanddik e
cralloc ,crcomp andcrrun userscanchoosehecluster the numberof nodes,
the target interconnectiometwork and the programmingervironmentthey want.
CronNoO will automaticallygenerateanachine les, choosethe right librariesfor the
compilation,load the processesind startthe program. Becausewne have different
typesof usersaccessightswerede ned for eachuserdependingn status project,
target machineand day period separately A studentmay have, for example,only
accesso the smallclusterduringthe peekhoursandto 16 nodesof the maincluster
duringthenight. The systemis runningovertheLinux Slackware8 distribution and
is alreadyvery stable.We developedthe systemin a way thatit canbe easilycon-



gured to work with otherclustercon gurationsanda differentsetof tools. More
informationaboutCronocanbefoundatwww.cpad.pucrs.br/crono together
with its sourcecodethatis distributedunderthe GNU license.

7 Conclusion

In this papewe describedhefunctionalityandthearchitectureof anew opensource
clustermanagemensystemcalled CRONO. CRONO wasdevelopedin our research
labto beahighly con gurablesystenthatsupportsmid-sizeLinux clusterswith dif-
ferentcon gurationsandnetwork interconnectionsBeingusedfor thelasté months
in productionmode CRONO is alreadyvery stableandis beingupdatedconstantly
with patchesandnew features We believe CRONO is alreadya very nicealternatve
to morecomplex systemdike CCS,DQS andPBSfor smallresearchabs,like ours
particularly whenthe mainfocusis on controllingthe accesgrivilegesof different
machinesandgroupsof usersindividually with alow maintenanceost.

References

[1] Buyya,R.,High PerformanceClusterComputing Prentice-Hall 1999.

[2] Keller, A. & Reinefeld,A., Anatomyof aresourcenanagemengystemfor hpc
clusters AnnualReview of ScalableComputing 3, 2001.

[3] T.P GreenJ.S. Dgs,adistributedqueueinggsystemAnnualReview of Scalable
Computing1993.

[4] OpenPBShttp://www.openpbs.com/.

[5] Gropp, W, Lusk, E., Doss,N. & Skjellum, A., A high-performanceportable
implementatiorof the MPI messag@assingnterfacestandardParallel Com-
puting, 22(6), pp. 789-828,1996.

[6] Sterens,W.R., UNIX NetworkProgramming\Vol 1: NetworkingAPls- Sodkets
and XTI. Prentice-Hall2nd edition,1997.

[7] Boden,N.J.,Cohen,D., FeldermanR.E.,Kulawik, A.E., Seitz,C.L., Seizwic,
J.N.& Su,W.K., Myrinet: A gigabit-persecondocalareanetwork. IEEE Micro,
15(1), pp.29-36,1995.

[8] IEEEstandartl596-1992New York, IEEE: IEEE Standartfor ScalableCoher
entinterface(SCI), 1993.

[9] CFAD - ResearctCenterin High Performance&Computing.
http://www.cpad.pucrs.h2001.



