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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 in a single-step 

through a set of seamlessly integrated procedures. By providing a unified network/Grid infrastructure the control plane 

can flexibly adapt to the demands of applications having intensive requirements on both computational resources and 

network resources. 

This article introduces the concept of the Grid-GMPLS control plane architecture with particular focus on new services, 

deployment models, and interoperability issues of Grid-GMPLS and GMPLS control planes. 
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Introduction  

Todayôs high capacity optical networks can satisfy even the most demanding application requirements. Determinism (e.g. 

guaranteed QoS), shared data spaces, large data transfer or low latency 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 3, there is an effort put towards this goal ï the GN2 AMPS enables authorized end-users to 

make a single reservation for Premium IP bandwidth that is effective across a chain of participating domains (Patil, 2006). 

Going further, bandwidth provisioning for lower layers (from Layer 0 to Layer 2) are in the scope of many projects, 

including EU-funded (PHOSPHORUS, G£ANT2-JRA3) and non-EU (e.g. DRAGON/OSCARS from Internet2). 

Accordingly, there has been a tremendous amount of research and development in the Grid community in terms of Grid 

services infrastructure and Grid application development. However, there is still a missing gap ï a challenging issue in the 

area of using network as a first-class Grid resource. Currently there is no existing implementation that can demonstrate the 

power of exploiting the optical network as a first-class Grid resource and the challenges that arise in provisioning end-to-

end light-paths across different management and control plane technologies spanning multiple administrative domains.  

By providing a unified network/Grid infrastructure, the Grid-enabled control plane (Markidis,2007) can flexibly adapt to 

applicationsô demands having intensive, combined requirements on CPU, memory and storage resources as well as on the 

communication network. The main innovation introduced here is a concept where the network (light-paths) and Grid 

(computational, storage) resources are provisioned in a single-step (Figuerola, 2007): network and Grid-specific resources 



are controlled and set-up at the same time and with the same priority with a set of seamlessly integrated procedures. From a 

userôs perspective, this results in real node-to-node deployment of on-demand Grid services. 

Grid -enabled Network Control Plane ï G
2
MPLS 

G
2
MPLS [3] is a Network Control Plane architecture that implements the concept of Grid 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. Joint co-allocation of Grid and network resources allows to 

configure network connections in the same tier of Grid resources by guaranteeing enhanced service availability (advantage 

for the user) tailored to the user requirements (advantage for the user and the network operator). G
2
MPLS functionalities 

comprise discovery and advertisement of Grid resource capabilities and availabilities, GNS setup including resource 

localization, advance reservation, GNS monitoring, and recovery. 

G
2
MPLS Control Plane models 

G
2
MPLS Control Plane models concern the layering of grid and network resources. Thus, they have a different meaning 

and scope with respect to the IETF definitions for GMPLS Overlay, Augmented, and Peer/Integrated models (Ciulli, 

2007a).  

G
2
MPLS Overlay model 

In the G
2
MPLS Overlay model the Grid 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 process. 

G.OUNI

G.I-NNI

G.OUNI

Grid 
MW

Grid 
MW

Grid user Grid 
Resources

Grid user Grid 
Resources

GRID SERVICE LAYER
(GRID INTELLIGENCE)

G
2

G
2G

2

G
2

G
2

NCP
(NETWORK INTELLIGENCE)

 

Figure 1 G
2
MPLS Overlay model 

Each involved Grid site is responsible for the scheduling, configuring, and monitoring of the job part to be run on its 

resources. This functionality is provided by the Local Resource Management System (LRMN).  

The G
2
MPLS is responsible for the scheduling, configuring, and monitoring of the job part related to the network, thus 

implementing advance reservations, recovery, and connection monitoring mechanisms. 

G
2
MPLS Integrated model 

In the G
2
MPLS Integrated model most of the functionalities for resource advance reservation are moved to the G

2
MPLS 

Network Control Plane, and G
2
MPLS is responsible for selecting the job segment providers and coordinating the co-

allocation process (Figure 2). 
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Figure 2 G
2
MPLS Integrated model 

Each involved Grid site is still responsible for the scheduling, configuring and monitoring of the job part to be run on its 

local resources. This functionality continues to be provided by the Local Resource Management System (LRMN).  

On the contrary, G
2
MPLS is responsible for the co-allocation of all the job parts, those related to the Grid sites and those 

related to the network. Therefore, Grid and network resources are seamlessly allocated in one step, under the coordination 

of the G
2
MPLS NCP.  

The Grid and network localization service is included in the G
2
MPLS integrated model in order to have knowledge of the 

capability and availability of all the resources that can be involved in Grid Network Services instantiations. The Grid 

middleware/application could just declare the identity of the Grid site involved in the job, while it is up to the G
2
MPLS to 

resolve the network attachment end-points for these sites. However, it could be possible for some applications to declare 

just an anonymous service requirement (e.g. an amount of storage or CPU) despite its location. In this case G
2
MPLS is 

responsible also for localizing the best resource candidate for that service and the best network attachment point. 

G
2
MPLS network reference points 

The deployment of the enhanced Grid-GMPLS Control Plane sets analogous reference points with respect to the 

ASON/GMPLS ones (Ciulli, 2007b). The resulting network interfaces constitute Grid-aware evolution (Figure 3) of the 

standard interfaces (UNI, I-NNI, E-NNI) with a set of procedures that maintain the backward compatibility with the 

original ASON references: 

 G.OUNI , i.e. the Grid Optical User-Network Interface that supports Grid and network signalling and discovery 

between the Grid site and the G
2
MPLS domain; 

 G.I-NNI , i.e. the Grid Internal Node-Node Interface (G.I-NNI) that supports the routing and signalling procedures 

between adjacent nodes; 

 G.E-NNI , i.e. the Grid External Network-Network Interface that propagates Grid and network topology 

information across different Control Plane domains and supports the inter-domain signalling mechanisms; 

 SBI, i.e. the Southbound Interface that retrieves the resource status from the specific Transport Plane and 

translates Control Plane actions into appropriate configurations of those resources; 

 NBI , i.e. the Northbound Interface that groups two interfaces towards upper layers: one towards the Grid layer 

(G.NBI) and one towards the Network Service Plane (including NRPS, N.NBI). 
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Figure 3 G
2
MPLS network reference points 

G
2
MPLS Use Cases 

In this chapter some use-cases for the G
2
MPLS architecture are provided with the aim of identifying the roles and 

requirements for the system components. Those use-cases 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 complex use-cases can be obtained by the composition of these basic ones. 

Loopback GNS transaction 

The first use-case provides the details of the Loopback GNS transaction. In this scenario a Grid user configures and 

requests the execution of a job that involves Grid resources located only at his/her local grid site ï Vsite A (Figure 4).  

 

Figure 4 Loopback GNS transaction 



As a triggering action, the Grid user defines the job in the Client Application and issues the request. The Client Application 

sends a request to local Middleware at Vsite A. Next, the Grid broker in the middleware resolves the local availability of 

Grid resources needed for the job, and schedules and configures the local Grid resources via Local Resource Management 

System (LRMS). After that the middleware sends job request confirmation to the Client Application. Client Application 

notifies the Grid User of the job request confirmation. Optionally, when advance reservation is requested, the middleware 

sends a job execution notification to the Client Application and then the Client Application notifies the Grid User of the job 

execution. 

GNS transaction ï direct invocation 

A Grid User configures and requests the execution of a job that involves Grid resources located at his/her local Vsite A and 

Vsite B (Figure 5). 

 

Figure 5 GNS transaction - direct invocation 

It is assumed that Grid Middleware at Vsite A and Vsite B (the local Grid scheduler in particular) are aware of the types 

and number of Grid resources located at their own site (directly) and at remote sites (via G.OUNI service and resource 

discovery). 

As the triggering action, the Grid user defines the job in the Client Application and issues the request. The Client 

Application sends a request to the local Middleware at Vsite A. The Grid broker in the middleware resolves the Grid 

resources needed for the job (local and remote) and requests the local service (G.OUNI GW) to build a GNS transaction 

between the local Vsite A and remote Vsite B. The gateway schedules and configures the local Grid resources via LRMS 

on Vsite A and afterwards initiates a GNS transaction ï the GNS transaction request is sent through the nodes towards the 

selected egress node. The egress node sends the GNS transaction request to the peering G.OUNI gateway. The G.OUNI 

gateway on site B requests its LRMS in the middleware to schedule and configure the local Grid resources. When done, the 

G.OUNI gateway at Vsite B sends a GNS transaction response to the selected ingress edge node. Then the ingress node 

sends the GNS transaction response to the G.OUNI gateway. The GNS transaction response is sent back by the G.OUNI 

gateway at Vsite A to the Grid broker. The middleware sends the job request confirmation to the Client Application which 

notifies the Grid User of the job request confirmation. 

GNS transaction ï indirect invocation 

A Grid User at Vsite C configures and requests the execution of a job that involves Grid resources located remotely at 

Vsite A and Vsite B (Figure 6). 



 

Figure 6 GNS transaction - indirect invocation 

It is assumed that Grid Middleware at 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 action, the Grid user at Vsite C defines the job in the Client Application and issues the request. The Grid 

broker in the middleware resolves the Grid resources needed for the job. It requests the local G.OUNI gateway to build a 

GNS transaction between Vsite A and Vsite B. 

Next, the G.OUNI gateway initiates a GNS transaction and the GNS transaction request is sent through the nodes towards 

the selected edge node peering with Vsite A. The edge node sends the GNS transaction request to the peering G.OUNI 

gateway. The G.OUNI gateway at Vsite A requests the LRMS in the middleware to schedule and configure the local Grid 

resources for Vsite A. When done, LRMS responds back with a confirmation to the G.OUNI gateway. The GNS 

transaction request is then sent through the network nodes towards the selected egress node, peering with Vsite B. The 

egress node sends the GNS transaction request to the peering G.OUNI gateway. The G.OUNI gateway requests the LRMS 

in the middleware to schedule and configure the local Grid resources for Vsite B. The LRMS at Vsite B schedules and 

configures the local Grid resources. The LRMS at Vsite B sends a job request confirmation to the G.OUNI gateway and the 

GNS transaction response is sent back through the network nodes towards the selected ingress node (the one peering with 

Vsite A). Afterwards, the node peering with Vsite A sends a remote GNS transaction response to the edge node peering 

with Vsite C. This is a G
2
MPLS ISI (Internal Signalling Interface). The GNS transaction response is sent back by the 

G.OUNI gateway at Vsite C to the local Grid scheduler. The middleware sends a job request confirmation to the Client 

Application which notifies the Grid User of the job request confirmation. 

G
2
MPLS control plane deployment 

The deployment of the G
2
MPLS control plane in research networks implies a set of requirements in terms of management 

of the resources, partitioning and virtualization. This chapter provides the results of analysis of the deployment models of 

G
2
MPLS control plane with particular focus put on the abovementioned requirements. The proposed framework for 

resource partitioning, integration with the existing Network Management Systems (NMS), and existing Data 

Communication Networks (DCN) are carefully examined, aiming at providing the specification of the requirements for the 

deployment of the G
2
MPLS control plane.  

 


