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~Talk Summary

Development of Resource Broker Service:
— Architecture and design
— Behavior

Matchmaking algorithms:

— Latent Semantic Indexing
— ClassAd
— Integrated LSI-ClassAd

Application to on demand weather forecasts
Conclusions and future perspectives



P ——g——

—

4ol Resource Broker Service (1/3)

IASCIENZE APPLICAT

The resource broker is a key component in grid-aware applications
— It is responsible for the efficiency of the grid
— Performs the resource collection through an Index Service
— Mediates between user needs and resource availability

Our RBS answers to user requests as:
“where in the grid can | run my model needing 24 PA@3.0GHz CPUs each
with at least 512MB of memory?”

or

“where in the grid can | find initial and
boundary conditions data to feed my
weather forecast model?”

Grid-enabled Application

The resource broking process is performed
In 2 steps
— Resource discovering

— Resource selection

Grid-aware Application Middleware The Grid




/... Resource Broker Service (.

Based on 2 components: Collector

Component

— The Collector e =

— The Matchmaker

» Discovery Algorithm
» Selection Algorithm

Only unclaimed
resources

'1 VO Index Service

Discdvery

(strict selection)
Both components N T,
are fully configurable S | e | | [ S22 [t
— Algorithms coernr | [ —— -
TR ] [,

Test bed matchmaking algorithm implementations:
— Latent Semantic Indexing

— Condor ClassAd

— Integrated ClassAd-LSI



© The Collector

- <N LMD Se VILeER RS
<ns15:Address
sminsins 15="http:/ /schemas xmisoap.org/ ws/ 2004/ 03/ addressing>https:// 193.205.230.23: i yServi 15:Addre
- <ns16:ReferenceProperties xmins:ns16="http:/, ws/2004/03 )

/
<ns1:ResourcelD xmins:ns1="http:/ /www. gluhus urg/nnmespnce§/2ﬂﬂ4/lﬂ/gram/]uh“>Fork</nsl ResourcelD>
</ns16:RefarenceProperties>

<ns17:ReferenceParameters xmins:ns17="http://sch I 'ws/2004/03, ing" />
</ns1:MemberserviceEPR>
- <ns1:Content xmins:ns5="http:/ /mds.glob ypes" xsi:type=" Content’>

- <ns5: AggregatorConfig>
ns5: GetResourcePropertyPollType >

» Periodically contacts the VO

Index Service =
Collector s

</nss: Aggregaturcunfg>
- <nss:AggregatorData>
- <nS1:GLUECE xmins:ns1="http://mas.globus.org/glue/ce/1.1">
al wvalon.uniparthenope.it” niqueID="avalon.uniparthenope.it’>
SubCluster ns1:Name="main’ ns1:UniquelD= >
- <ns1:Host ns1:Name="aval it' ns
<ns1:Processor ns1:Cachel 1=
ns1:InstructionSet="x86" />
<ns1:MainMemory ns1:RAMAVailabl
<nst. ns1:Nam
<ns1:Architecture ns1:SMPSiz
<ns1:FileSystem ns1: Ava\\ab\espace "194410" ns1:Name="entire-system’ ns1:Readonly="false’ ns1:Root="/"
ns1:Size="247897" />
<ns1:NetworkAdapter nsi:IPAddress="193.205.230.23" ns1:InboundIP="true" ns1:MTU="0" ns1:Name="avalon.uniparthenope.it'
ns1:0utboundIP="true />

:UniquelD="aval i it'>
0" ns1:Cachel 11="0" ns1:Cachel2="0" ns1:ClockSpeed="2133"

="70" ns1:RAMSize="2027" ns1:VirtualAvailable="1124" ns1:VirtualSize="3128" />
.6.16-1.2133_FCSsmp’ />

VO Index Service

Colleptor Cluser Oriented Processor Load
Algorithm GlueCe Resource

Properties

Configuration Aggregation Classification
and/or (host,nodes,min,max,average) (Hidle, Busy)

Customization

Property/SubProperty names
Using the “dot notation” as in OOP




Analyze the user request
Interact with the Collector
Discovery the compatible

Tt wpen The Matchmaker (1/2)

User Request

Matchmaker

A 4

resource in the set of

¥—— Matchmaker
Collector >

available resources
Select the best resource

Discovery and selection
algorithms performances
affect the resource broking
behavior

Multiple algorithms support is
needed

Algorithms

Only unclaimed resources l

Discovery
(strict selection)

'

Selection
(optimization)

Set the selected resource as claimed

Selected Best Resource
Reference




e The Matchmaker (2/2)

SCTENZE APPLICATI
Collector
Only unclaimed

resources

Only unclaimed resources take
part in the discovery process

When a resource is selected it is
tagged as claimed

The resources status is updated _
each time the collector Discovery
component retrieves data from (strict selection)

the Index Service

Starvation: : Selection Starvation
If no resource is selected the e e
ts)grhval‘(\:/ieolr?srpwdes two dlﬂ:erent (exception, availability
. notification)
— Signaling the exception
— Notifying the resource
availability within a time /

threshold waiting
Selected Best Resource

Reference




. Resource Broker Service (3/3)

* Design requirements

GT4 Integration

Web Service Resource
Framework
» Resource Properties
» Notification

Resource Broker

Service

Collector
Algorithm

Matchmaker
Algorithms

Collector

Matchmaker

 End Point References

Globus Toolkit 4

Index Service
Grid Security Infrastructure

Customizable and extensible
collector component

Multiple matchmaking
algorithm support




 We focused on two algorithms:

— Latent Semantic Indexing

e Developed from scratch
» An approach largely used in information retrieval systems and
internet search engines

— Classified Advertisements
» Developed at the University of Wisconsin inside the Condor Project

 The “ClassAd” is worldwide considered as the “lingua franca” of grid
resource representation
« Java implementation is freely available under the PGPL license

e ...and then we performed and integration between
ClassAd and LSI...



» A preliminary resources selection

Is performed using strict criteria
as heavy requirements

* The requested resource and all
discovered are mapped in a
hyperspace with as many

900
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dimensions as the properties of

the query

 The hyperspace could be
anisotropic because of different
properties’ units
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Globus.Service=="ManagedJobFactoryService”
Processor.InstructionSet.Host=="x86"
Cluster.WorkingNodes>=16
MainMemory.RAMAVvailable.Average>=512
ComputingElement.PBS.WaitingJobs=min

Resources (NumNodes, CpuSpeed, Memory)
in the property unit space (value, MHz, MByte)

Query in the same unit space

Sample query
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 An adimensionalization t
process is performed in order
to project resources in an
adimensional isotropic space

Computing Resources
(isotropic space)

 The Euclidean distances
between each available
resource and the requested
resource is computed

 The shortest distance identifies
the best selectable resource

ks

Resources (NumNodes, CpuSpeed, Memory)
in the property adimensional space

Query in the same unit space
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T emcan ClassAd (1/2)

The main issue on the Classified Advertisement based
matchmaking algorithm is the mapping between GT4
Index Service and ClassAd representation

We developed a reusable, customizable and extensible
mapping component

In this iImplementation the resource Rank property plays
a main role in the matchmaking

Sample query



o ClassAd (2/2)

ACIENZE APPLICATI

Collector

Only unclaimed resources

« Each resource is mapped in the
ClassAd representation

» Using the ClassAd library, the

matchmaking is performed and ClassAd Mapper

the resource is eventually

discovered ClassAd Match
(provided by the ClassAd library)

« |f the query and the resource
match, we have the two side Rank

values Rank Maximization
Other.Rank, Self.Rank

« Between all discovered resources,
IS selected the one that maximizes

both Rank values is selected.
Set the selected resource as claimed

Selected Best Resource
Reference




Wi Algorithm Comparing (1/5)

* About the test suite
— Virtual grids from 10 up to 5000 resources
— Each resource characterized by 10 integer properties

— Each test performed 1000 times with different
randomly chosen:
« 3 properties for discovery (strict selection)
» 3 properties for selection (optimization)
e 6 values

 The test mode Is integrated in our developed
matchmaker component
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M. Algorithm Comparln ( 2/5) -

Tmp r Match

 The LSI (continuous line) algorithm
is faster than the ClassAd (dotted
line) based especially in the case of | : ClassAd
a low resources count.

2.00 S~

Seconds

e The LSI distances between the
guery and the selected resources -
are shorter than the ClassAd ones




WSCITENZE APPI

Both LSI (continuous line)
and ClassAd (dotted line) |~

have the same behavior

regarding starvation events

15

8

The ClassAd queriesare |*
more expressive and
should be more complex

Starvation

LSI

than the LSI OneS o N e ——
- 3 § S S LS LSS S N S S
sources

Latent Semantic Indexing is a valid approach in matchmaking

The ClassAd is more suitable because it represents a sort of
standard in the grid computing world

— The discovery is performed using the Requirements property
— Selection phase both self.Rank and other.Rank are maximized

Using this approach, resources ranking could be tricky.
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. Integrating ClassAd and LSI algorithms:

— Discovery: ClassAd
o ClassAd provided APIs are used to perform the discovery process using
the Requirements property

« Rank property is not mandatory (default Rank=1)

— Selection: Latent Semantic Indexing

» Preferences property specifies the preferred value using the same
notation of Requirements

e The “~=" symbol means “as closer as possible to”
* New symbols for maximization and minimization are introduced

Looking for a ManagedJobFactoryService hosted on a cluster of
at least 64 computing nodes running Linux on the Intel architecture

o Example: specifying a CPU speed as closer as possible to 3GHz and
[ ImageSize=512; minimizing the PBS job queue
Preferences="other.ComputingElement PBS_WaitingJobs =min &&
other.CPUSpeed ~=3000"

Requirements= other.Type=="ManagedJobFactoryService " &&

other.NumNodes>=64 && other.Arch=="x86" && other.OpS ys=="Linux" ]



 The ClassAd-LSI (broken line) matchmaking algorithm performances are similar
to the pure ClassAd

~+ LSl weight is poor involving only discovered resources and not the complete
available set
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Distances between the queried and the selected resource are lower
Starvation: the ClassAd-LSI algorithm (broken line) acts as the LSI and ClassAd



L. Applications

UNIVERSITA' DEGLI STUDI
di NAPOLI

* We developed an enhanced
VI rtu .al I a.'b 0 rato ry for th e g rl d Home Struttura Amministrazione Ricerca Sezioni Laboratori Didattica Servizi [ n
ap p I I Catl O n d eve I O p m e n t* \venerdi 27 aprile 2007 .31 Servizi » Previsioni Meteomarine ::.. Register

Previsioni Meteomarine

— Job Flow Scheduler Service PG e am | . apric 2006 S

& Europa Mediterranea

lun  mar mer gio ven sab dom
(JFSS) CLEE 27 28 29 30 M 1 2

 Regione Campania 3 4 5 6 7 8 9
— Resource Broker Service (RBS) oottt 0w o o2 n m o

24 25 26 28 29 30
— GrADS Data Service (GDDS) 4 3 omnm m
- InStrument SGfVlce (IS) hﬂp:Mds.a_uniparthenope.it;fi\ﬂana.fmodelafbgl'.?OOGapr2721E}jfwwzs_iblﬁl_l_l;lﬁlj

Forecast: 19Z27APR2008

e Computational Environmental - N by

Science Application iy
— Numerical modeling =
— Air / Water Quality 15
— Extreme weather phenomena 10

simulation i
— Operational meteo-marine

forecast production

— High resolution on demand
weather forecasts

Universita' degli Studi di MNapeli "Parthenope"

*Recently funded by the Campania Region, Italy

REGIONE CAMPANIA
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7. On Demand Weather Forecasts”

e Using the MM5 mesoscale model

— Each MM5 module wrapped by a GT4
web service

— Dynamic nesting configuration

— Both one-way and two- way modes

— Up to five nesting levels

— Up to 333 meters of ground resolution

e Scenarios
— Civil Protection
— Marine safety
— Disaster prevention
— Sport events

* Needs

— High performance
computing resources

— Huge storages
— Visualization tools



Over all performances

« Computing time averaged | _ N
O n 1 O ru n S dgbeodi.uniparthenope.it ‘:“ima'zp;)”"'p"‘“h""“"::t . dgmat2p.uniparthenope.it -
;.._ oCluster of 25 workstationsinodes + 1 master node -‘3 G'E?:eest.e;‘hz‘g GE@y:mzHGah:l Dlék _I{I f_;z'::‘?m";'%; ?35%;3 E:.z :L'k J{l
‘;'gc:'saw F::I\‘:\;u:; é@BZVSindHDyp?‘nhreadmg sNetwork @ 1000 MBit N oNetwork @ 1000 MBit L+ %
- o yte I, yte Hard Dis GRT R (T h r ':Fcrdora CoralLlnux 5 - oFedora Core Linux 4
e Operational model setup e — e rerine | Saer . Vgm0V
=External @ 1000 Mbit »256 MByte RAM, 40 GByte Hard Disk oIntel Compilers clntel Compilers
- - ‘F?dura ?urnL\:ux; x oNetwork @ 100 MBit -VMWare 5 Workstation i oVMWare 5 Workstation
— 4 fixed nested domains e N e Cos L s X P Sonn k2 | e P S k3
olntel Compilers oCertificate Authority
centered on the Bay of [ @ &
N ap I es _ spacina.na.infn.it — S
. storex.uniparthenope.it
— Max ground resolution o ts e o | A
o1 GByte RAM, 5 * 200 GByete Hard Disk o5
3000 meters S Eme ¢ onlas! ¥
oFedora Core Linux 3
- »Globus Toolkit 4.0.2 iF
e Only department grid e
resources (about 40 linux Laboratory
boxes and 4 beowulf
120 Processors Itanium 2 Madison @ 1.4 GHz
©RAM: 4GByteinode; Storage 36GByte/nade
. . oFnatwork Quatrics, Swilch QSNET2
e Under this conditions S o 1530 o 57

the use of grid

computing IS

convenient in both
— grid-enabled and
— grid-aware mode

R Certificate Authority

% Computational Elements
. Storage Elements

B! User Interface

4] sNetwork file system @ 1000 Mbit

dgbeobe.uniparthenope.it

oBeowulf 8 Conputing nodes + 1 masler node
oProcessor Pentiumd @ 1.5GHz

0256 MByte RAM, 40+200 GByte Hard Disk
oNetwork

node01 ... node08
dgbeobi.uniparthenope.it

oBeowulf 8 computational nodes + 1 master node
oProcessor Pentiumd @ 3.0GHz Hyperthreading
0512 MByte RAM, 120 GByte Hard Disk
Network
=Internal @ 1000 Mbit
=External @ 1000 Mbit
oFedora Core Linux 4
oGlobus Toolkit 4.0.2
oPGI High Performance Compilers
olntel Compilers

node0?.storex.uniparthenope.it

oWorkstation (2002);
o1 Processor Pentium 4 @ 2.6 GHz:
5256 MByte RAM, 60 MByete Hard Disk
oNetwork @ 100 MBit
Fedora Core Linux 3
oVMWare Workstation 5.5
oWindows XP Professional Service Pack 2

*Communications @ 1000 Mbit
=Externl @ 1000 Mbit

oFedora Core Linux 4

oGlobus Toolkit 4.0.2

oPGI High Performance Compilers

alntel Compilers

oMPICH

=

Starvation policy
The grid application waits until the requested
resource is available to the resource broker

The MM5Service wrapping the MM5 parallel
module is invoked requesting basically every time
the same (and only) 25 nodes Linux cluster




Results and
products

e Valencia

Port America’s Cup Area
333m on ground (90x90)
data stored each 15 minutes

5h21mO05s computing time for 24 simulated
hours

Rendered live on Google Earth with GrADS
integration

« Campania Region

Bay of Naples, Ischia, Procida and Capri
islands

3000m on ground (27x24)
Data stored each 60 minutes

00h12m21s computing time for 24
simulated hours

Web portal published using GrADS and
Google Map APIs)



Conclusions and future
perspectives

« We developed a Resource Broker Service fully
integrated in the GT4

 The Collector component works fine with
different kinds of resource as computing power,
storage, data and instruments.

e The LSI algorithm is more efficient than the
ClassAd one in both virtual grids and real
applications.

Model output is integrated with

 We implemented an integrated ClassAd-LSI ealtin S acan el darlGps

matchmaker joining advantages of both boat speed, heading, wind
algorithms limiting drawbacks. speed and direction, next mark
position), is shown by on board

. . . . instruments in a convenient

» Better integration with other developed or in form for the helmsman and the
development services as the GrADS Data crew.

Service and Instrument Service

* More tests and comparisons in a real production
grid environment with many kind of applications

| would like to thank Dr. lan Foster for his very
helpful suggestions and his support.



