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Abstract. Clusters became the de-facto standard in modern high performance
computlng. At prcsent it is rather often when a single organization has a few
clusters and wants to connect them inlo a multicluster to beneflt from reduced
task waiting time and increased total available processing power. This paper
studies one of possible approaches to the problem of uniting the computing
resources which addresses exactly the case of owning clusters by a single
proprietor. Such approach was implemented in Metacluster system of Nizhni
Novgorod State University, Russia. Current state of Metacluster was reviewed.
Key features, component-based architecture and main functions implementation
details were described.
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1 Introduction

Cluster.technologies play a leading role in high performance computing world ([1]).
According to the curent (as of November, 2009) TOp 500 lisr ;f supercompuung
sites clusters occupy 417 positions which are g3qo of installations ([g]). In most cases
clusters off'er an optimal ration of price/perfbrmance for solving a wide range of
computing insensitive tasks such as finance math, physical modeling, new medicine
discovering etc. Cluster systems are easy to upgrade, there are a loiof off_the shelf
hardware components available and administration can be done by technicians who
do not have deep knowledge in the field of high performance computing. These
factors have led to a massive spread of clusters in the scientific community. in
industry; and even individual researchers often can afJbrd to purchase or buildiheir
own a  smal l  c lus te r .

Increase in the number ofclusrer systems makes attactive the idea ofclusters sharing
to lncrease the total available processing power, as well as to reduce the average waiting
time of tasks to start. The latter is achieved through the use of advanced scheduling
stategies that take into account temporary fluctuations in workload of vanous clusters
(ifone ofthe clusters is idle then tasks from the most loaded cluster can be transtened to
the idle one) and at the same time flexibility in allocation of resource (for example, tasks
ofcluster owners might have higher priority etc.).
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ofiigh performance computing a wide range of users. At present, most of the reading
sofiware manufacturers for cluster management also support Windows (plattbrm
LSF, Condor, Microsoft HpC 2008 and oth;rs).

The next version of Metacluster was presented in 2005 and was armed atsuppofiing of multiclustering _ the_abil iry to manage simulraneously multiple clustersproviding a single access point to all connected compuring ,.rou...r. This 
-has 

openedgrcat opportunities for users, as they can run the job on a wide range of computing
resources united in a multiciuster 1or so_calied integrated hiin pertormance
computing environment) as well as to improve the overal e-ffi.ien.y ir clusters due todynamic load balancing between them.

The newest version of Metacluster was developed in 200g with support of Linux
clusters as well as integration with third_party clui 

", 
^unug"-.ni ,ystems including

Microsoft High Performance Computing Server 200g.
The key features of Metacluster are the following: multicluster management!

ability to work on different operating systems, integrition with thiro_party cluster
management systems. Consider each of the characteristics in detail.

2.1 MulticlusterManagement

Metacluster allow-s connecting to. the integrated high performance computing
envrronment an arbitrary number of clusters, possibly rem;te and not in the sami
network. The system takes over the problem of delivering necessary input tiles to the
requ-ired cluster and to copy results of calculations on 

-a 
virtual user desktop. This

allci*s users not to think about where the tasks physically are being performed. In
case of.temporary unavailability of a particular cluster, as wen as in'tne case of new
computtng resources being connected to Metacluster there is nothilg changes forusers: the system finds out itself which resource it is more effectiye to resend the tasks
to. All the user needs to do is to specity requirements for a task: architecture and anumber of processors, RAM, free space on hard disks and other charactenstics. Ifnecessary it is possible to explicitly specify a cluster and rater its nodes. But in thiscase a user will have to restart the tasks by him,/herself in case the selected resources
are disconnected.

2.2 MultiplatformClusterlntegration

Metacluster enables integration of clusters running different operating systems. .t.his 
isachieved through specific implementation of platform_speciic 

"od-e 
and the use ofopen protocols for component communicatio_ns. Currently major versions of operating

systems Windows and Linux are supported. When formuiatinpia problem user selects aBrger 
.operatlng, system and implementation of communication mechanism (for

example a specifia implementarion of MpI) required by the application. .t.he 
task of

Metaduster is to choose appropriate resources and to launcl'the application in asperificJbr selected operating system and MpI implementation manne..'

^"^i!l?:!:, 
in selecring of operating system allows extending the range ofv le lac lus le r  u \e rs  and spec t rum o f  app l i ca t ions .  Ho,uever  Metac lus te ipar t ia l l y  re ta ins

its focus on work in Windows. Thus, the inregrator (dishibution if tu.k, u..o.,
clusters) and the remote access component work onlv in Windows.
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with uploaded applications and input files as well as results of previous calcuiations.
The virtual desktop suppofts all basic file management op;rations: creatlng of
directories, moving/ coping, renaming, zipping/ unzipping, loiding/ downloadirig of
files, etc. To add a new task a Metacluster user seliits in execuiable file and sets
properties of the computing problem: required computing resources, inpur parameters,
standard output file, task priority, etc. After adding the task its state is shown in the
task queue. The web intert'ace can also be used to draw dif'fbrent statistical graphics
and reports on the cluster usage ciuring selected periods ot time. Almost all of these
opelatrons can be pcrtbrmed from a user's program through the utilization of web
services - in fact, the web interface is just one of the web service clients.

3.2 Integrator of Clusters

The integrator of clusters is the central point of multicluster control. The intesrator
receiyes tasks from the renote access manage, distributes them among the clisters
and monitors task states. The integrator l iaises with each of the clusters included in
Metacluster. It is not required for cluster nodes and the integrator to be in the same
subnet, only communication between the integrator and the cluster manager ls
necessary. The integrator periodically checks the availabil ity of each cluster. in rhe
case of coDnection loss the integrator may decide to move jobs to another cluster. The
integrator stores a queue of all tasks running on the multicluster, monitors their states
and transmits the information to the remote access manaser.

The integrator selects only a cluster \r,hich runs the raiks; no,Jes are selected by the
appropri4b cluster manager. However, in case user explicitly sets a cluster and nodes
where he/she wants the task to run the integrator simply translates this iniormation to
the cluster manager.

For communication of the cluster manager and the remote access manager MS .NET
remotlng mechanism is used which assures high reliability and speed of data
transmission. The presence of an open source cross-platform implementation of MS
.NET remoting (ll ll) allows connecting the integrator with the cluster manager runnrng
on Linux and other operating systems. The integrator itself only runs on Winclows.

3.3 Manager of a Cluster

The cluster manager conponent is a cluster management system for a single cluster.
Job of the component is to distdbute tasks on the cluster nodes in accordance with
local planning strategy, to monitor of cluster computing resources and to provide fault
tolerance of individual sites. The cluster manager has a local task queue of tasks from
the integmtor aod tasks from local users. The cluster lnunug", tro.k, states of running
tasks and trlnsfers this information to the inteerator.

A specific cluster manager implementation can be used to connecl crusters under
control of ditTerent operating systems to Metacluster as well as clusters wrth thircl_
party ctuster management systems. 1n the latest case the cluster manager acrs as a
communicator of the integrator and the cluster management system by converting
rntegrator command into the local ciuster management system commands. Cunentiy
Windows and Linux native cluster managers are implemented and a communlcator
for Microsoft High Pertbrmance Computing Server 200g.

i



-Y-

:3ur,&ollo.l Jql e.m urcts^,{sqns Suuotruour .rots^nl.irt.lN .q1 lo sqof urrLrI iqJ

salrnosau EullnduoJ Jo tulrolluotr{ z't

'{tl ur eldurExe
JoJ poluesord eJe uortcJ8elur.lo slrrlsc (lZll) loJotojd l)lAA ur se;f,ssetu slellos

IJo,\\tou.lo .;r-lrnq.\.r i(q piqsrld[ro.Jr] sr?^\ rnel^l qlrrr uorlrJSolul ssrJilod Surlnpaqls

lo s;-urllJs paJu]l,\Pll JrnirJuoa ot .rolr?rls I u rLu Pu ulr s,\\ollu rlPtr\l sLu31:_,{s re}snlo
uo .rJlnpsqls lsrt .rrludod r rnul l qtr^\ potl]i;olur oq url ro;uuou relsnlr aqJ

'peJnpel sr etuq 3ur]tu,\\ slsr! e3r?re^r oqt ̂qalaqJ JlnPaq.s
oqt ur slols aulrl eall Surzrlltlr,{q slset:ofutu .{tr.roud qSrq arolaq pelnlexe eq ol
slsct lluurs 1nq,{1.ror.rd ssel uuld utlJ relnpeqJs eq} uorlcuuolur srql Sursn qll6 eurl
LroltnJexa petredxe str dn les ot ,{lesseJeu sr 1 ),ro,1\ ol urqtr.ro3lr 3ur11r11cr:q eqt:og
'Jta {tuoud resn ',{tuoud qsut 'eunl Surlrr.u )sel :sreterur?Jed lere,les 1o runs pelq6re,r
u ,{q peqsrlqetse repJo rrr slspl selnpeqcs urqtrroip SCJJ Jlspq aql saltr]oud
qtrr\\ porllsur (po^Jis lsJrd suoJ lsJrc) slJl oql Jo rrorluJr-lrporu c sr ruqtrroSle
eqJ i-urqluo8lp iurlnpcqr.^ rctsnl. posn ,{Iepr,r pue lucrorJ.la l:-ou cql Jo etto
(ltl) Surtlr.llJ?q sr 1a,re1 ro8euuu Jclsnlr eql uo rurprro8yc iurlnpeqos ,(reurrrcl eq.;

'ssel

sr uorl.ldllroJ IsEl lo orurt pelrodxa eql q.rq[\ uo Juo .q] sr tcqt'uJsoqi sr ,{snq 1sur1
.rll uJrp 'stuourJrtnbo: csaql ,{;sr1us ,{lsnocu4lnrurs srJlsnl. Ipr.^is 31 scielred pue
soLlprqrl pil|?tsur 'urots,(s Surtr.rcdo '( .lJ 'irDds 

I:^rp 
!,{iorui)tll 'sros^sl.o.rd.Jo rcqarnu)

scoJnos ,{rpssarou :.rlsn e ,{q porlrrods s1u::[uc:rnbtj lunoaae olur so:lE] roltlSelur
rqt :olsn13-'r': Surstxrqr ucqrt6 lscl Jql .().I sipou Surtnduol sl1erol1n :cirueLLr
ralsnlo Surpuodse'tror aqt ueql puu')stl Sullnpeqrs aql rol latsnlJ elur.rdo.rddu tsoru
eql s^lleles lolnrielur eql tsrll lr :slenel o^\l lc lno per.illrJ sr rels-nlJctel l ur Surlnpeqc5

Surlnpcq)S IsE.l. l't

-s_llPlcP liolrl ul .l:llsnlaulJhJ

.]o suorlJunJ esaql .]o uorluluauraldurr Jrll roprsuoa s.1J.l JuJLLruoJr,\uJ pJlnqr.rl\^rp

,(lprrqdr:3oe8 snoeuaSoleleq ur llor\\ ot,{1r1qc pe:rnbe: e:c,{rqt sr tucilodlLrr J.rcLl
ue,re arr ,(eql relsnlJrtlnru e Jo esEr uI tuetueiBull[l JelsnlJ Jo suorlJun] lul?Uodrur
lsolu aqt Jo ol\l eje srrlels{r-qns Surjolruour pri? iullnpeqcs eqi 'snqJ uorlnJaxe s)sEl

Jo ourrl ezrrurutu llr,r 
'ulul ur 'qJrq,r\ 'po^erqJe eq urr urels,{s relnduor 1, Jo pr?olyo,r\

alqrssod urnrurxcur oql osuJ srqt ur ,{luO seJrnosoJ i:-urlnduro:r ?lqelie^r Jo esn

luarcrJ.Ie aql eJnsue ol sr lu?ru?SruDur Jelsrllc 1o se8uel11]q;r tueuodrur lsolu eql Jo 3uo

. sa.Inleed uolleluelualdlul JelsnlJBleN t

'pesn sr uisrucqrour irrrloruc:1951 911 :cirucru:c1sn1o cql qlr.{\ uortrJrunrtruroi)
JOC lSOrOlUr JO SJSSOJOTd 3lrrPdes .+O SalPlS SD Il3,\\ 5^U O]US pUC plX)lIJO,\\ 3pOU

.Io uorlcuuo.Jur Surpr,ro:d 'serrAros Sunq Jo UElsor 
'sesselord 

1o do1s71.rcls :3ur,ro114

3q1 ipnllur ,{uru spuuururor 3ql s3Pou o}oln3r uo pur?ururoJja;rucur .lolsnlr slnloxo

o1 sr qof s1y sopou .rJlsnlJ IIu uo polSrlsur oq tsnlu tuouodurol scpou 1o :olrodsur lq1

apoN €Jo JolJodsuJ t'c

J6 tuoll[()r^ug p]lrr3atul JdH .L{t turSrurl\ rol orcts{:,^.r.lsnlrlrt.n



92 V. Gergcl and A. Senin

Providing up-to datc information of dynamic cotnputing nodes metics: CpU
workload, amount of f iee RAM, amount of HDD fiee spaca etc..
Graphics with statistics of cluster workload in the Metacluster wcb interfacc.

The monitodng subsystenl must be cross-platfbrm and wor.k stable on heterogeneous
geographically distribufed multicluster system. We found that the Ganglia distributed
system for rnonitoring of high pertbr.mance computing resources (J5l) best suits to the
listed lequiremenls. It consists of the foJlowing main componenls:

Gmond is a service of node monitoring which must be installecl on each cluster
node-
Grnetad is a service ol statisl ics gather.ing which is installcd on cluster heacl nocle to
collect and store statistics into a cyclic database. In case of having multiple clusters
the service can accumulate statistics fronl ditlerent gmetad services.
Web interface is a visual part for graphic display of statistics.

Ganglia is open source software written in C programming language. The nodc
monitodng service has been pofied to a wide range of diffcrent operating systems, but
the service of statistics gathering is intended for use only on Unix_like systems. ln
particular, according to the developers gmetad does not compile on Windows.
Nevertheless, as a part of integrari,)n of Metirclusrer and G:rnqija rhe Metaciuster
devekrping team has ported gmetacl ro Windows see [6] fol mori t lerails.

The Metacluster scheduler r.eceives monitoring information fiom a specially
developed liblary qhich uses network sockcts to communicate with gmetad (lormat
of messages is XML). The Ganglia web itrterface provides convenient and intuit ive
means of displaying information about the workload of the cluster. Ganglia Web
interface was built into the statistics page of Metacluster web interface k) disDlav
cluster workload for selected intervals.

4.3 Managing of Different Task Types

Metacluster docs not restrict types of user applications. Those may be sequential
programs. parallel programs written with using different implementations of Mpl,
tasks which uti l ize packages installed on a cluster. Such tlexibil i ty is achieved by
moviug parts of the launching logic into perl sc pts, editable by a c)uster
administrator. An administrator determines what types of tasks are allowed to run on
a cluster. t irr example: sequential executables, scripts in python, MplCH2 programs.
OpenMPI prograns, Fluent tasks ([l3l) etc. For each type of task an administrator
binds its handling scdpr.

The handling scripts accept thc following parameters:

Module name. File selected in the Metacluster web interlace to rull. In case of
running self-written application it may be an executable or a script. In case of
uti l izing a package installed on a cluster this may be a nanre of input f i le with
model description and settings,

- Command line arguments,
- Standard output and standard error rcdirection,

Working directory. Full path to a directory which corrcsponds to the virtual fblder
fron which the user startcd his/her apolication.
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