BETWEEN GRIDS AND NETWORKS: GRID-ENABLED NETWORK
CONTROL PLANES

Bartosz Beltef', Artur Binczewsk?", Gino Carrozzd, Nicolla Ciulli¥, Eduard Escalond, George Markidi<,
Reza Nejabati, Dimitra Simeonidou’, Ma c i e j* Asha Tzanakals ®dorgios Zervas

APoznan Supercomputing and Networking Centeflaskowskiego 10, 6104 Poznan, Poland
Email: {bart, artur, stroins} @man.poznan.pl

Y Nextworks, Corso ltalia 116, 56125 Pisa, Italy
Email: {g.carrozzo, n.ciulli} @nextworks.it

* Department of Electronics Systems Engineering, University of Essex, Colchester, CO4 3SQ, UK
Email: {eescal, rnejab, dsimeo, zerva@jessex.ac.uk

® Athens Information Technology.O. Box 68Varkopoulo Ave.GR- 19002 Peania, Athens, Greece
Email: {gmar,atzg @ait.edu.gr

Abstract

Grid-GMPLS is a Network Control Plane architecture that implements the concept of Grid Network Services. In the
PHOSPHORUS framework, GNS is a service that allows the provisioning of network and Grid resources instegingle
through a set of seamlessly integrated proceduBgsproviding a unified network/Grid infrastructutbe control plane

can flexibly adapt to the demands of applications havensiverequirements orboth computational resourceand
networkresources

This article introduces the concept of the GI@&MPLS control plane architecture with particular focus on new services,
deployment modeland interoperability issues of GR@MPLS and GMPLS control planes.
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Introduction

Todaybés high capacity o théeénostddmandirgtapplicatignsrequiranmentss Reteimmitny (e.@ v e n
guaranteed Qo0S), shared data spaces, tateransfer odow latercy are achievable through dedicated optical channels
(lambdas).The subject of using the networking infrastructure in an automated way remains in the focus of many research
projects. Starting from Layer, &ere is an effort put towardkis goali the GN2AMPS enables authorized engsers to

make a single reservation for Premium IP bandwidth that is effective across a chain of participating RatiRiee06)

Going further, bandwidth provisiorgnfor lower layers (from Layer O to Layep 2re in the sgpe of many projects,
includingeUf unded ( PHOSPHQQRABEand neEA(BLJ. PRAGON/OSCARS from Internet2).

Accordingly, there has beeatremendous amount of research and development in the Grid community in terms of Grid
services infrastructurend Grid application development. However, there is still a missing gaphallenging issue in the
area of using network as a fidass Grid resourc&€urrently hereis no existing implementation that can demonstrate the
power of exploiting the opticaletwork as a firstlass Grid resource and the challenges that arise in provisioniAg-end
end lightpaths across different management and control plane technologies spanning multiple administrative domains.

By providing a unified network/Grid infrastcture the Grid-enabled control plan@Markidis,2007)can flexibly adapt to
applicationdemandsavingintensive combined requirements on CPU, memory and storage resources as well as on the
communication network. The main innovation introduced here ésreept where the networkight-paths) and Grid
(computational, storage) resources are provisioned in a stepéFiguerola 2007) network and Griespecific resources



are controlled and seip at the same time and with the same priority with a se¢arhlessly integrated procedures. From a
user 6s perspect i v dgnode teplsymeneoseddmans Gridservices.a | node

Grid -enabled Network Control Planei G?MPLS

G®*MPLS [3] is a Network Control Plane architecture that implements the cont&rid Network Services (GNS). GNS

is a service that allows the provisioning of network and Grid resources at the same time and with the same priority (single
step) through a set of seamlessly integrated procedures. Je@tibcation of Grid and netwk resources allows to
configure network connections in the same tier of Grid resources by guaranteeing enhanced service availability (advantage
for the user) tailaed to the user requirements (advantage for the user and the network operdi?).S3uncionalities

comprise discovery and advertisement of Grid resource capabilities and availabilities, GNS setup including resource
localization, advance reservatidaNS monitoringandrecovery.

G?MPLS Control Plane models

G®MPLS Control Plane models concetre layering of grid and network resources. Thus, they have a different meaning
and scope with respect to the IETF definitions for GMPLS Overlay, Augmeatetl Peer/Integrated model€iulli,
2007a)

G°MPLS Overlay model

In the GMPLS Overlay model the @l layer is supposed to have Grid and network routing knowledge in order to provide
Grid resource configuration and monitoring (as in its standard behaviour) plus network resource configuration and
monitoring (Figure 1). Most of the computational and service intelligence is maintained on the Grid layer and, upon the
occurrence of a Grid job request from a user, it is up to the Grid scheduler to initiate and coordinate the reservation proce
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Figurel G°MPLS Overlay model

Each involved Grid site is responsible fine scheduling, configuringand monitoring of the job part to be run on its
resources. This functionality is provided by the Local Resource Management System (LRMN).

The GMPLS is responsible fothe scheduling, configuringand monitoring of the job part related to the network, thus
implementing advance reservations, recoyangl connection monitoring mechanisms.

G°MPLS Integrated model

In the GMPLS Integrated model most dig functionalities for resource advance reservation are moved to’MRLS
Network Control Planeand GMPLS is responsible for selecting the job segment providers and coordinating-the co
allocation procesfigure?2).
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Figure2 G?MPLS Integrated model

Each involved Grid site is still responsible thie scheduling, configuring and monitoring of the job part to be run on its
local resources. This functionality continues to be providechbyLbcal Resource Management System (LRMN).

On the contrary, &/PLS is responsible fathe coallocation ofall the job parts, those related to the Grid sites and those
related to the network. Therefore, Grid and network resources are seamlessly alfooatedtep, under the coordination
of the GMPLS NCP.

The Grid and network localization service is includethmG*MPLS integrated model in order to have knowledge of the
capability and availability of all the resources that can be involved in Grididvle Services instantiations. The Grid
middleware/application could just declare the identity of the Grid site involved in the job, while it is up ttMRe%5to
resolve the network attachment goaints for these sites. However, it could be possibleséane applications to declare
just an anonymous service requirement (e.g. an amount of storage or CPU) despite its location. In thMRaSesG
responsible also for localizing the best resource candidate for that service and the best network gftairtimen

G*MPLS network reference points

The deployment of the enhanced GB#1PLS Control Plane sets analogous reference points with respect to the
ASON/GMPLS onegCiulli, 2007b). The resulting network interfacesnstituteGrid-aware evolutionFigure 3) of the
standardinterfaces (UNI, INNI, E-NNI) with a set of procedures that maintain the backward compatibility wih th
original ASON references

e G.OUNI, i.e. the Grid Optical UseXetwork Interface that supptsrGrid and network signalling and discovery
between the Grid site and théMPLS domain

e G.I-NNI, i.e. the Grid Internal NodMode Interface (G:-NNI) that supports the routing and signalling procedures
between adjacent nodes

e G.E-NNI, i.e. the Grid Extaral NetworkNetwork Interface that propagates Grid and network topology
information across different Control Plane domains and supports thelom&in signalling mechanisms

e SBI, i.e. the Southbound Interface that retrietbe resource status from theecific Transport Plane and
translates Control Plane actions into appropriate configurations of those resources

e NBI, i.e. the Northbound Interface that groups two interfaces towards upper layers: one towards the Grid layer
(G.NBI) and one towards the Natvk Service Plane (including NRPS, N.NBI).
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Figure3 G®MPLS network reference points

G?MPLS Use Cases

In this chapter some usases for the ®MPLS architecture are provided with the aim of identifying the roles and
requirementsdr the system component3hose use&ases involving local and remote Grid resources are described under

the assumption of just one call in one GNS transaction. This does not compromise the scope and general applicability of
the architecture, since more cplex usecases can be obtained by the composition of these basic ones.

Loopback GNS transaction

The first usecase provides the details of the Loopback GNS transaction. In this scen@rid aser configures and
requests the execution of a job that inwes\Grid resources located only athéslocal grid sitei Vsite A (Figure4).
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Figure4 Loopback GNS transaction



As a triggering actionhe Grid user defines the job in the Client Apgadtion and issues the requelie Client Application
sendsa request to local Middleware at Vsite Next, the Grid broker in the middleware resolves the local availability of
Grid resources needed for the j@mdschedules and configures the local Gadources via Local Resource Management
System(LRMS). After that he middleware sends job request confirmation to the Client Applicafitent Application
notifies the Grid User of the job request confirmati@ptionally, when advance reservation égjuested, # middleware
sendsajob execution notification to the Client Applicatiamd then the Client Applicatiomotifies the Grid User of the job
execution.

GNS transactioni direct invocation

A Grid User configures and requests the execution ol ahjat involves Grid resources located atheslocal Vsite A and
Vsite B (Figureb).
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Figure5 GNS transaction direct invocation

It is assumed thabrid Middleware at Vsite A and V&tB thelocal Grid scheduler in particular) are aware of the types
and numberof Grid resources located at their own site (directly) and at remote(gite§&.OUNI service and resource
discovery).

As the triggering action,he Grid user defines the jobnithe Client Application and issues the requédste Client
Application sendsa request tathe local Middleware at VsitéA. The Grid broker in the middleware resolves the Grid
resources needed for the job (local and rejnatelrequests the localervice G.OUNI GW)to build a GNS transaction
betweerthe localVsite A and remote Vsite BThe gatewayschedules and configures the localdamsources via LRMS
on Vsite A and afterwardsitiatesa GNS transaction the GNS transaction request is sent throlngimbdestowards the
selected egressode The egressiodesends the GNS transaction request to the peering G.OUNI gatéhays.OUNI
gateway on site B requests its LRMS in the middleware to schedule and configure the local Grid rée&bemeane, e
G.OUNI gatewayat Vsite Bsends a GNS transaction response to the selected imglgssnodeThen the ingressnode
sendsthe GNS transaction response to the G.OUNI gatewéne. GNS transaction response is sent back by the G.OUNI
gatewayat Vsite A to theGrid broker.The middleware sendbejob request confirmation to the Client Applicatiaich
notifies the Grid User of the job request confirmation.

GNS transactioni indirect invocation

A Grid User at Vsite C configures and requests the execution af éhat involves Grid resources located remotely at
Vsite A and Vsite BFigure6).



Figure6 GNS transactionindirect invocation

It is assumed that Grid Middlewaed Vsite A, Vsite B and Vsite C (local Grid scheduler in particular) are aware of the
types and amount of Grid resources located at their own site (directly) and at remote sites (via G.OUNI service and
resource discovery).

As the triggering actionhe Griduserat Vsite Cdefines the job in the Client Application and issues the reqiést.Grid
broker in the middleware resolves the Grid resesrneeded for the job.rkkquests the local G.OUNI gateway to build a
GNS transaction between Vsikeand VsiteB.

Next, the G.OUNIgateway initiate® GNS transactioand he GNS transaction request is sent througmtestowards

the selectecdtdgenodepeering with Vsite AThe edge node sends the GNS transaction request to the peering G.OUNI
gateway.The G.OUNI gateway at Vsite fequests the LRMS in the middleware to schedule and configure the local Grid
resources for Vsite AWhen done, LRMS responds back with a confirmation to the G.OUNI gateway. The GNS
transaction request is then sent through the network nodes towards ttedsetress node, peering with Vsite e
egresmnodesends the GNS transaction request to the peering G.OUNI gat€hays.OUNI gateway requests the LRMS

in the middleware to schedule and configure the local Grid resources for VsiteeB.RMS at Vsi¢ B schedules and
configures the local Grid resourc@hie LRMS at Vsite B sendsjob request cdirmation to the G.OUNI gateway anlet

GNS transaction response is sent back throughehgork nodesowards the selected ingressde(the onepeering wih

Vsite A). Afterwards, the node peering wilfsite A sends a remote GNS transaction response tedfje nodgeering

with Vsite C. This is a 8MPLS ISI (Internal Signalling Interfacelhe GNS transaction response is sent back by the
G.OUNI gateway at Mte C to the local Grid scheduleFhe middleware sendsjob request confirmation to the Client
Applicationwhich notifies the Grid User of the job request confirmation.

G*MPLS control plane deployment

The deployment of th&°MPLS control plane irresearb networksimplies a set ofequirements in terms of management

of the resourcegartitioning and virtualizationThis chapter provides the results of analysis of the deployment models of
G°MPLS mntrol planewith particular focus put otthe abovementiong requirementsThe poposedframework for
resource partitioning, integration with the existing Network Management Systems (N&h8) existing Data
Communication Networks (DCN) are carefully examinaitning at providing the specification of the requiretador the
deployment of the @PLS control plane.



