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Grid-GMPLS network interfaces specification

Abstract

This report details the Grid-GMPLS G.OUNI, G.E-NNI and G.I-NNI Network Interfaces that enable the concept of Grid Network Services
(GNS). The document also describes the PHOSPHORUS control plane architectures (overlay and integrated) with regards to interfaces
and an overview of the procedures and services supported on each of them in terms of Grid and network services, Grid-based semantics,

supported protocols and specific protocol extensions needed.
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o Executive Summary

This document is the final specification document of the Grid-GMPLS Network Interfaces (i.e. G-OUNI, G.E-
NNI, G.I-NNI). It provides all information included on the preliminary document (submitted on M12) that was
detailing G.OUNI in terms of Grid and network services, Grid-based semantics, supported protocols and
specific protocol extensions. Apart from some limited extensions to the G.OUNI section this final specification

document reports also on G.E-NNI and G.I-NNI interfaces.

In Section 1 the objectives of this document on G’MPLS Control Plane Network Interfaces are stated, as well

as the scope of the deliverable in WP2 framework.
In Section 2 the terminology and abbreviations relevant to the G*MPLS Network Interfaces are presented.

Section 3 provides a brief summary of PHOSPHORUS G°MPLS Control Plane architectures (Overlay and

Integrated) with focus on network interfaces.

In Section 4 Grid Optical User Network Interface (G.OUNI) functionalities, services, supported protocols and
related extensions are presented. The role of G.OUNI in Grid Network environment is described with main
reference to the OGF-G.OUNI informational draft that the team is discussing in the framework of OGF GHPN
RG. Description of Grid and network services as well as the protocol extensions required to realise them are

reported.

In Section 7 Grid External Network-Network Interface (G.E-NNI) functionalities, services, protocol extensions
and message flows are presented. G.E-NNI reference point is defined to exist between control domains. G.E-

NNI is based on E-NNI and is been extended to support both network services as well as Grid network

services.
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Section 6 abstractly reports on Grid Internal Network-Network Interface (G.I-NNI), since the main services

supported have been covered on previous sections.

Section 7 finally concludes the deliverable.
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1 Objectives and Scope

This is the final release of the Grid-GMPLS network interfaces specification document. In provides the detailed
description of all the G?MPLS reference points, the G.OUNI interface reported on the preliminary version (M12),
together with G.E-NNI and G.I-NNI.

The advent of Grid Computing and Optical Networks has necessitated the development of interoperable
procedures for requesting and establishing dynamic network (via GMPLS Control Plane) and non-network
services (via Grid Middleware) between clients, applications and computational resources (e.g. CPUs, storage,
etc.), all connected by the transport network. The development of such procedures requires the definition of
interfaces at the G°MPLS NCP level able to support connectivity services through the multi-domain transport
network for Grid end-points, signalling protocols used to invoke the Grid and network services, and auto-
discovery procedures to aid signalling. All these procedures are required to facilitate on demand as well as in-
advance Grid and network services over G°MPLS.

The document here describes the PHOSPHORUS control plane architectures (Overlay and Integrated) with
regards to G°MPLS reference points. A high level description of the roles, procedures, and services supported
on each of the interfaces is provided. Starting with the G.OUNI, a description of its role to the broader Grid
Network environment and how this is reflected on an Open Grid Forum Standardisation Informational Draft is
provided. The need for a generic G.OUNI interface to serve any type of Grid Middleware and any type of

Network provisioning system is also reported.

The aim of this document is to provide a description of Grid and network services that should be supported over
G.OUNI, G.E-NNI and G.I-NNI and report on the protocol extensions required to realise the G*MPLS Control
Plane. A high level description of Grid and network services offered over G.OUNI, G.E-NNI and G.I-NNI is
provided. During this stage, a hierarchical description of existing services is mentioned as baseline and
prerequisites to comply with already standardised interfaces (e.g. [OIF-UNI1.0R2-COMM], [OIF-E-NNI-Sig-1.0],
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[OIF-E-NNI-Rtr-1.0]) towards network and Grid extensions to support the PHOSPHORUS overlay and
integrated approach accordingly. Following the structure of the OIF-UNI reports, G.OUNI service invocation
configurations, signalling configuration, addressing, Grid Neighbour discovery and Grid Service Discovery is
provided. The role of atomic and complex G.OUNI services required supporting resource reservation and co-
allocation accordingly are identified based on WS-Agreement specifications. This identifies the messages that
have to be translated to G?MPLS protocols for the Control Plane to support such services. A first attempt of
G.OUNI Policy and Security information is provided in terms of a proposed Grid AAA-AuthZ solution for policy
based access control and enforcement at G.OUNI. The document provides the G.OUNI abstract message
description for signalling, routing and discovery procedures. The protocol extension section begins with RSVP.
The main scope here is to identify the RSVP extensions necessary to satisfy requirements for G.OUNI
signalling mechanisms. As a base for further Grid extensions, according to the deliverable [G2MPLS-ARCH],
the UNI-RSVP-TE signalling protocol was chosen [OIF-UNI1.0R2-COMM, OIF-UNI1.0R2-RSVP]. To make
transformation from JSDL elements into RSVP objects possible data types of all mandatory elements are
described and mapped. The document, then, abstractly reports on LMP as an alternative approach to support
Grid resource capabilities and availabilities but mainly focuses on OSPF extensions as the main
PHOSPHORUS development method to represent Grid resources on G*MPLS control plane. Grid resource
description extension can be based on GLUE schema [GLUE] that is abstract modelling for Grid site resources
[G2MPLS-ARCH]. Thus, Grid resource description objects and properties as well as Grid resource availability
calendar based on GLUE schema is provided. Then, Grid related OSPF extensions can be applied to GMPLS
routing protocol using new types of the OSPF Opaque LSA [IETF-RFC2370]. Low level description of protocol
extensions are provided on [G2MPLS-EXT].

In order to support deployment of a G’MPLS control plane into heterogeneous Grid Network environment, it is
then essential to support the concept of control domains, and in particular, the specification of the signalling
and routing information exchanged between such domains as defined in [OIF-E-NNI-Sig-1.0, OIF-E-NNI-Rtr-
1.0]. However, extensions to standardised protocols and procedures are defined and described in order to
support GNS services among different domains. The G.E-NNI reference point is defined to exist between
G’MPLS control domains. G.E-NNI is instantiated by signalling and routing protocols and as such it becomes a
G.E-NNI signal and routing interface. The signalling and routing extensions to support GNS services are
reported through detailed description of protocol extensions and message flows. The compatibility with G.OUNI
interface is also identified. Finally, G.I-NNI is abstractly described since all services and functions supported by
it are covered by the G.OUNI and G.E-NNI sections.
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> Terminology

Grid middleware

(Mw)

OGF

Grid technology (a.k.a. middleware) is employed to facilitate
formalizing and complying with the Grid context associated with an
application execution. Middleware is computer software that
connects software components or applications. It is used most often
to support complex, distributed applications. It includes web
servers, application servers, content management systems, and
similar tools that support application development and delivery.
Middleware is especially integral to modern information technology
based on XML, SOAP, Web services, and service-oriented

architecture.

GLUE schema

[GLUE]

An information model that provides a description of core Grid
resources at the conceptual level by abstracting real world
resources into constructs that can be represented in computer
systems (e.g. objects, properties, behaviour, and relationships).
The GLUE schema is not tied to any particular implementation and
can be profitably used to exchange information among different

knowledge domains.

Job Submission

Description
Language
(JsSbL)

[OGF-GFD81],
[JSDL]

A language for describing job submissions, including details of their
required execution environments. See

https://forge.gridforum.org/projects/jsdl-wg for more information.
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A network service (e.g. management of QoS classes, policy
enforcement points, topology data, network usage metrics, AAA,
etc.) with roles and/or interfaces that are deemed to be specific to a
Grid infrastructure is a Grid Network Service [OGF-GNS]. Network
Grid Network [OGF-GNS] Services belong to the class of the base resources of the OGSA
Service (GNS) Architecture [OGSA]. Base resources are those physical or logical
resources that are supported entities out of the context of the
OGSA. Examples of such entities include CPUs and memory in the
physical case and licenses, contents and OS processes in the

logical case.

In OGSA, a resource is an entity that is useful in a Grid
environment. The term usually encompasses entities that are
pooled (e.g. hosts, software licenses, IP addresses) or that provide
Grid Resource [OGF-GFD81] a given capacity (e.g. disks, networks, memory, databases).
However, entities such as processes, print jobs, database query
results and virtual organizations may also be represented and

handled as resources.

In general use, a Grid service is a Web service that is designed to
Grid service [OGF-GFD81] operate in a Grid environment, and meets the requirements of the

Grid(s) in which it participates.

A user-defined task that is scheduled to be carried out by an
execution subsystem.

Job [OGF-GFD81] o
In OGSA-EMS, a job is modelled as a manageable resource, has

an endpoint reference, and is managed by a job manager.

The network Control Plane performs the call control and connection

control functions.

Network Control [ASON-ARCH, | Through signalling, the Control Plane sets up and releases
Plane (NCP) ASON-DEF] connections, and may restore a connection in case of a failure. The

Control Plane also performs other functions in support of call and

connection control, such as routing information dissemination.
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TE-link

[IETF-RFC4201,
IETF-RFC4202]

A traffic engineering (TE) link is a logical construct that represents a
way to group/map information about certain physical resources
(and their properties) that interconnect LSRs with information that is
used by Constrained SPF (for the purpose of path computation)
and by GMPLS signalling.

Vsite

UNICORE

architecture

A Vsite identifies a particular set of Grid resources at a UNICORE
site (Usite) and is controlled by a Network Job Supervisor (NJS).
Vsites may consist of a single supercomputer or a cluster. If more
than one resource is operated by an organization there can be one

Vsite for each resource inside one Usite.

Authentication
Authorization

Accounting

WP4 D4.1

A term used to refer to a framework for intelligently controlling
access to computer resources, enforcing policies, auditing usage,
and providing the information necessary to bill for services. These
combined functions are considered important for effective network

management and security.

Authentication is the process of identifying a user or an access

subject, based on identity credentials which examples are
username and password, digital certificates, one-time-tokens, etc.
Authorization refers to the confirmation that a user/subject who is
requesting services is a valid user of the resources or services
requested. Accounting is the process of keeping track of a user's

activity while accessing the resources or services.

WS-Agreement

[OGF-GFD.107]

Web Services Agreement Specification (WS-Agreement), a Web
Services protocol for establishing agreement between two parties,
such as between a service provider and consumer, using an
extensible XML language for specifying the nature of the
agreement, and agreement templates to facilitate discovery of

compatible agreement parties.

2.1 Abbreviations

AAAT
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]

ASON i1 Automatically switched optical network
ASTN T Automatic Switched Transport Network
ATM T Asynchronous Transfer Mode

COPS'i Common Open Policy Service

CPi Control Plane

CRP1 Complex Resource Provisioning
G.OUNI T Grid Optical User Network Interface
G.OUNI-Ci G.OUNI - Client

G.OUNI-N1 G.OUNI - Network

G°MPLS i Grid-enabled GMPLS

GCDi Grid Calendar Database

GLUE i Grid Laboratory Uniform Environment
GMPLS'i Generalized Multiprotocol Label Switching
GNSi Grid Network Services

GRD1 Grid Resource Database

GSIi Grid Security Infrastructure

HOi Home Organisation

IETF 1 Internet Engineering Task Force
IPCC1 IP Control Channel

ITU-TT International Telecommunication Union - Telecommunication Standardization Sector
JSDL i Job Submission Description Language
LMP i Link Management Protocol

NCP i Network Control Plane

OGF i Open Grid Forum

OHRM i Obligation Handling Reference Model
OIF i Optical Internetworking Forum

OSPF i Open shortest Path First

PAP i Policy Authority Point

PBAC 1 Policy Based Access Control

PDP 1 Policy Decision Point

PEP i Policy Enforcement Point

QoS'i Quality of Service

RSVP i Resource Reservation Protocol

SDH i Synchronous Digital Hierarchy

SDTi Service Description Term

SLAT Service Level Agreement
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SLOT
SONET 1
STSi
TBN'i
TED i
TLV T
TNE T
TVST
VC1

VLT
VO'i
WS
WSRF 1
XACML 1
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eXtensible Access Control Markup Language
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. PHOSPHORUS G*°MPLS Control Plane:

Architecture and Interfaces

G?MPLS Control Plane sets analogous reference points (Figure 3-1) with respect to the ASON/GMPLS, with
evolved network interfaces capable of managing and advertising the semantic of both Grid and network

resources. Network interfaces in the scope of this document are:

e G.OUNI: Interface between Grid site/user and the G*MPLS NCP,
e G.I-NNI: Interface between G*MPLS adjacent nodes,

e G.E-NNI: Interface between different NCP domains.
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Grid site A

g1

Network
Management

Grid user

G2MPLS
domainA

G2MPLS

domain B '
Grid ; . Grid
Resources ] g Resources

......................................................

Figure 3-1: G°MPLS Network reference points.

The roles, activities, procedures and services of these interfaces depend on the network layering models
adopted for the G’MPLS Control Plane. In G2MPLS architecture, two control plane models have been identified
as mentioned in companion documents, deliverables [G2MPLS-ARCH] and [G2MPLS-DEP]. They are:

e G°MPLS Overlay model
e G’MPLS Integrated model

These models refer principally to the positioning between the Grid Service Layer and the Network Control
Plane and require different capabilities of the G’MPLS NCP.

In G®*MPLS Overlay model, the Grid layer has both Grid and network routing knowledge (ref. Figure 3-2).
G°MPLS provides automatic configuration just for the network service part; moreover, it acts as an information
bearer of network and Grid resources. Therefore, in this context G°MPLS basically implements the ASON
Switched Connections (SC) and operates as a slave of the Grid layer (the Grid scheduler, in particular), which
is the overall responsible for initiation and coordination of the (advance) reservation process through the
participating Grid sites and the network. In G°MPLS Overlay, the role of the network interfaces is mainly scoped
to the Network Service creation, but they also piggyback opaquely end-to-end Grid information concerning

resource availabilities, site capabilities (routing) and job description data (signalling).
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Figure 3-2: G°MPLS Overlay Model

In the G®MPLS Integrated model, most of the co-allocation functionalities are moved to the Network Control
Plane (ref. Figure 3-3). G’MPLS is responsible for scheduling and configuring all the job parts, those related to
the Grid sites and those related to the network. The Grid scheduler functionality is still needed to coordinate
workflow services, because G*MPLS NCP is capable of managing just the workflow elementary unit, i.e. the
Grid job. In this model, the role of the network interfaces is scoped to Grid Network Service creation, which
implies that Grid information concerning Grid resource availabilities (routing) and job description data
(signalling) become transparent at those interfaces in which a decision process needs to be provided: these are
the G.OUNI, by which a G®MPLS is entered, and the G.E-NNI, by which the border between domains is
traversed.

Abstract descriptions of the G°MPLS Network Interfaces have already been defined in deliverables [G2MPLS-
ARCH)] and [G2MPLS-DEP]. The next sections of this deliverable basically deal with the extensions required for

enabling Grid awareness over G.OUNI interface.
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Figure 3-3: G°MPLS Integrated Model
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+ Grid Optical User Network Interface

(G.OUNJI) interface and functionalities

This chapter presents the G.OUNI interface that interconnects the Grid layer to Grid-enabled GMPLS
(GZMPLS) at the Control Plane. Different types of services such as resource discovery, characterization,
allocation, and management services (middleware and connectivity services) need to be supported. All of the
above issues must be addressed by protocols and mechanisms that build an architectural model. This chapter
provides definition, architecture and protocol extensions of the G.OUNI to support PHOSPHORUS Grid
Network architectures described in [G2ZMPLS-ARCH]. This work introduced an informational draft currently
under discussion in the Open Grid Forum (OGF) for a generalised Grid User Network Interface (G.OUNI) able

to serve any Grid Network architectural model.

4.1 G.OUNI definition and role in Grid Network Environment

The technological evolution shaped the promise for a new technological era and an emergent roadmap to the
Grid Networking infrastructure. This drives the need of a number of distinct layered architectural models across
geographical organizational boundaries, heterogeneous environments with different policies, service
provisioning systems, control and transport planes as well as security standards. In order to take advantage of
Grid resources (computers, instruments, sensors, data resources), network resources (bandwidth,
wavelengths, switches, ports), as well as storage resources, in a joint and seamless way, Grid and network
provisioning systems must be interfaced via a generic G.OUNI. The PHOSPHORUS project has taken the
initiative to create an informational G.OUNI draft on Open Grid Forum (OGF) under the Grid High Performance
Networking (GHPN) research group. This draft aims to provide a standard set of functionalities of a Grid Optical
User Network Interface (G.OUNI) to serve distributed heterogeneous dynamic Grid network environments. The

G.OUNI will act as a Grid network service control interface between Grid end points (e.g. users, applications,
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resources) as well as middleware with network service provisioning systems (i.e. GMPLS, G°MPLS, NRPS,

OBS) and thus broaden and generalise the PHOSPHORUS G.OUNI approach. The goal of this work is to
describe G.OUNI requirements driven from GNS use cases (i.e. PHOSPHORUS, Enlightened, G-Lambda, etc.)
and in turn provide specific G.OUNI capabilities to meet these requirements. The various functionalities
required to support Grid services and applications will also be determined. Key to the realization of this
standardization vision is to embrace the OGF and OASIS standards and provide extensions to already defined
UNI standards (OIF, IETF, ITU).

In the OGF draft point of view, Grid Optical User Network Interface (G.OUNI) comprises a number of
procedures to facilitate on demand as well as in-advance access to Grid services/resources by interfacing Grid
end points and any Grid middleware with any type of network resource provisioning system. G.OUNI is
conceived also to interoperate with current GMPLS transport network in a limited downgraded configuration, by
acting as a standard O-UNI. Interoperable procedures between Grid users/resources (e.g. storage, processor,
memory) and optical network for agreement negotiation and Grid service activation have to be developed. The
G.OUNI reference point described in OGF-G.OUNI draft acts as the interface between Grid End Points and the

Grid Network Service Provisioning Systems as showed in Figure 4-1.

Any Grid

Globus UNICORE Middleware

Figure 4-1: Grid User Network Interface with Grid End points as well as Grid middleware with Network
Provisioning Systems [OGF-G.OUNI]
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The rest of the chapter describe specific functionalities, services and protocol extensions that will be supported

by PHOSPHORUS G.OUNI to interface specific Grid middleware (e.g. UNICORE, Globus) deployed in
PHOSPHORUS and G°MPLS. Furthermore, in addition to high-level description of protocol extensions (such as
RSVP, OSPF, LMP), low-level detailed description of them is provided on [G2MPLS-EXT].

42 G.OUNI activities and roles in PHOSPHORUS

The advent of Grid Computing and Optical Networks has necessitated the development of interoperable
procedures for requesting and establishing dynamic network (via GMPLS Control Plane) and non-network
services (via Grid Middleware) between clients, applications and computational resources (e.g. CPUs, storage,
etc.), all connected by the transport network. The development of such procedures requires the definition of an
enhanced User to Network interface at the G?MPLS NCP level able to support:

e connectivity services through the transport network for Grid end-points
e signalling protocols used to invoke the Grid and network services

e auto-discovery procedures to aid signalling.

All these procedures are required to facilitate on demand as well as in-advance Grid and network services over
G*MPLS. The above mentioned description constitutes the Grid Optical User Network Interface (G.OUNI).

G.OUNI activities listed and described below represent the functionalities supported by G.OUNI in a very
abstract way.

Network Activities

Connection establishment
Connection deletion
Status exchange

Network auto-discovery
Use (traffic)

o M w DN

Grid Network Activities

6. GNS establishment can have subcategories based on type of service (e.g. publish, discovery, reservation,
co-allocation of resources)
GNS deletion
GNS status exchange

GNS auto-discovery
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10. Grid Use

The specification of the first five activities under the Network service cluster (1-5) is provided by OIF UNI 2.0
standardization document [OIF-UNI2.0-COMM]. The result of GNS establishment is the creation of Grid Service
such as publication, reservation or co-allocation of resources to/from G’MPLS NCP. The result of GNS deletion
is the destruction removal of a service. The result of the GNS status exchange is the discovery of Grid service
status. The GNS auto-discovery between Grid sites (client/application/resources) and the network consists in
the publication of the services available from both network and Grid sites and the transaction of Grid and/or

Network topology among Grid and Network layers.

For each activity, there is Grid Layer i Network Layer role. In all cases, G.OUNI-N agent provides the Network
Layer role and G.OUNI-C the Grid Layer role. The first five activities are specified in OIF UNI 2.0 as User 1
Server roles (instead of Grid Layer i Network Layer roles). G°MPLS enhances Activity 1 by implementing

advance reservation as an extra feature of connection establishment (Table 4-1).

Network Activities
1 2 3 4 5
Grid Layer Grid Layer Grid Layer Grid Layer Grid Layer
Connection Connection Status Auto U
se
Establishment Deletion Exchange Discovery
Network Layer Network Layer Network Layer Network Layer Network Layer

Table 4-1: G.OUNI Network Activities

For the activities starting from 6 to 10, client and server have two different roles based on the architectural

model used (overlay or integrated) and thus are separately described below (Table 4-2).

In the overlay model the Grid Network activities (6-10) are fully controlled and maintained by the Grid layer as
described in [G2MPLS-DEP], [G2MPLS-ARCH] and G.OUNI is the interface where all Grid messages are
encapsulated in the signalling protocol to carry Grid information to the other end of the network. Activity 9 is
though used from the client (Network) side to User (Grid layer) side to provide Network topological information

to Grid Scheduler which in turn can send detailed connection requests towards G°MPLS.

In the integrated model many of the functionalities for advance reservation and co-allocation of resources are

moved to the G°MPLS Network Control Plane although some of Grid scheduling functionalities remain in the
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Grid layer. Thus, a number of transactions between Grid and Network Layer will be required to compile the

one-step co-allocation of Grid and Network resource model as portrayed below.

Grid Service Activities

6 7 8 9 10
Grid Layer Grid Layer Grid Layer Grid Layer Grid Layer
Grid Service Grid Service Grid Service Auto-
) ) Grid Service Status ] Grid Use
Establishment Deletion Discovery
Network Layer Network Layer Network Layer Network Layer Network Layer

Table 4-2: G.OUNI Grid Network Activities

The Grid Layer and Network Layer roles for the G.OUNI-C and G.OUNI-N for these functions are described in
sections 4.6 (Grid Neighbour Discovery) and 4.7 (Grid Service Discovery). Services related to G.OUNI activities

are depicted in next section.

4.3 Services offered over the G.OUNI

The services offered over G.OUNI are divided into two main categories: the network services and the Grid
services. The network services are based on the ones already standardized in OIF UNI documents [1.0, UNI-
01.0-R2, 2.0] plus some extensions, which are required for PHOSPHORUS and are described below. The
network services basically refer to on-demand and in-advance connections, given specific parameters such as
bandwidth, ingress and egress access points. On the other hand, Grid Network Services include also
reservation and co-allocation as well as access to Grid resources such as CPU or storage. An overview of the
Network services and Grid Network services supported over the overlay and integrated models are provided in

sections 4.3.1 and 4.3.2 accordingly.

4.3.1 Network services offered over G.OUNI

A control plane consists inherently of different functional entities, one of which is concerned with the Reference
Point called the User to Network Interface (UNI). The UNI standards and definitions from OIF and ITU-T can be

used as a basic platform for the G.OUNI.
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The Optical Internetworking Forum (OIF) defines the UNI as the service control interface between user devices

and the transport network equipment from different vendors. Signalling over the UNI is used to invoke services
that the transport network offers to clients. The purpose of the UNI is to specify interoperable procedures for
requesting and establishing dynamic connectivity across heterogeneous networks defined by the Automatic
Switched Optical Network (ASON) [OIF-UNI1.0R2-COMM]. The development of such procedures requires the
definition of the physical interfaces between clients and the transport network, the connectivity services offered
by the transport network, the signalling protocols used to invoke the services, the mechanisms used to

transport signalling messages, and the auto-discovery procedures that aid signalling [G2ZMPLS-arch].

OIF UNI 1.0 Services

OIF UNI 1.0 focuses primarily on the ability to create and delete on-demand point-to-point transport network
connections according to bandwidth, signal type and routing constraints. These connections can be SONET
services of payload bandwidth STS-1 and higher, or SDH services of payload bandwidth VC-3 and higher

whereas their properties are negotiated during the connection establishment phase.

The procedures involved through messaging between a UNI-C and a UNI-N entity (i.e. UNI signalling) for the

invocation of transport network services are:

e Signalling actions
e Connection creation: Permits the creation of a connection under specific network constrains and
security procedures.
e Connection deletion: Identifies the disposal of an existing connection.
e Connection status enquiry: Represents the exchange of specific connection attributes allowing the
connection status discovery
e Connection types which is defined by:
e Framing (e.g. SONET/SDH)
e Transparency
o Section transparency
0 Line transparency
o Path transparency
e Signal Types
e Concatenation
o0 Contiguous concatenation

o Virtual concatenation

Furthermore the following supported procedures are defined under UNI 1.0:
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e UNI Neighbour Discovery (Optional): Neighbour discovery procedure allows Transport Network Elements
(TNEs) to discover their identities as well as the identities of remote ports to which their local ports are
connected and can be characterized as an essential procedure required for performing interface mapping
between a client and a TNE.

e Service Discovery (Optional): Service discovery is invoked after neighbour discovery is complete to allow
a UNI-C to expose to the transport network the client device capabilities and to acquire from the UNI-N,
transport network service information (i.e. the signalling protocols used and UNI versions supported, client
port-level service attributes, transparency service support, and network routing diversity support ).

e Signalling Control Channel Maintenance: OIF UNI 1.0 supports procedures for maintenance of the
control channel under different configuration possibilities. These procedures allow signalling peers to

continuously monitor and maintain control channel connectivity for UNI signalling.

UNI 2.0 Extensions

OIF work has been continued towards UNI 2.0, under which a connection can be a SONET service of
bandwidth VT1.5 and higher, or SDH service of bandwidth VC-11 and higher, an Ethernet service, or a G.709
service and the properties of the connection are defined by the attributes specified during connection
establishment. The following features are added in UNI 2.0 [OIF-UNI2.0-COMM]:

e Separation of Call and Connection Controllers
e Multi- and Dual- Homing for Diverse Routing
¢ Non-Disruptive Connection Modification

e 1: N Signalled Protection

e Sub STS-1 Rate Connections

e Transport of Ethernet Services

e Transport of G.709 Interfaces

e Enhanced Security

OIF UNI 2.0 is officially a working document in OIF Architecture and Signalling Working Group, but it has a
consolidated position towards becoming a de-facto Implementation Agreement, because of the wide vendor
support and the many interoperability events demonstrated worldwide in conferences (e.g. Supercomm) and
research projects (e.g. IST-FP6-MUPBED). The Phosphorus project has no formal liaison with OIF on UNI2.0,
but some partners contributed background know-how on the issue deriving from the participation in other

research projects (e.g. PSNC also partner of the IST-FP6-MUPBED consortium).

G.OUNI
The Grid enabled optical network needs to cope with various types of demanding users and applications and

thus is necessary to support different types of control plane architectures (overlay, integrated), service
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invocation scenarios (direct, indirect). In this scenario, G.OUNI is responsible for providing on-demand access

to Grid services by encompassing the interoperable procedures between the Grid users and the optical

network. To facilitate the support of Grid capabilities and to address the wide variety of requirements G.OUNI

must be implemented combining the various UNI standards plus some additional functionality. Towards this

direction new signalling and transport mechanisms in addition to the above mentioned must be developed. In

these the signalling will be responsible for requesting, establishing and maintaining connectivity between Grid

users and Grid resources while the data transport mechanism will provide traffic mapping between the Grid

service and the optical transport network [OGF-GDF36].

The introduced G.OUNI functionalities can be grouped in the following categories:

e Control Plane

(o]

Network Topology Enquiry and Restoration

G.OUNI must be able to provide network topology information to Grid users/services and
implement various protection and restoration schemes to deal with the diverse nature of transport
network failures.

Network Resource Availability

All available network resources (i.e. amount of bandwidth, links, cross-connects etc.) should be
discovered by the G.OUNI and facilitated to Grid services.

Network Resource Capability

For supporting different bandwidth demands for Grid users and services G.OUNI should introduce
flexible allocation mechanisms providing multiple wavelengths, single wavelength or sub-
wavelength bandwidth.

Network Advance Reservation

Through automatic service discovery G.OUNI will provide users the capability to automatically
schedule, provision and set-up lightpaths across the network, thus facilitating network advance
reservations. WS-Agreements are able to describe advance reservation and more info is provided

on Section 4.9 and section 4.11.4.2 reflects RSVP extensions towards advance reservations.

e Transport Plane

0

Traffic classification and shaping

G.OUNI should be able to map the user data traffic into the used transmission entity (e.g. timeslot,
wavelength etc.) performing traffic classification and aggregation.

Data plane security

A security mechanism able to support security credentials and policy information provided by any

agreement provider will be facilitated by the G.OUNI.
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Network services supported by PHOSPHORUS overlay and integrated models are:

e Connection creation

e Connection deletion

e Connection status enquiry

e UNI Neighbour Discovery

e Service Discovery

e Signalling Control Channel Maintenance
¢ Network Topology Enquiry and Restoration
e Network Resource Availability

e Network Resource Capability

e Network Advance Reservation

e Traffic classification and shaping

e Data plane security

4.3.2 Grid services offered over G.OUNI

In the same way as network services, Grid services are offered to clients over G.OUNI. Grid services mainly
allow on-demand access to Grid resources considering reservation, allocation, actual use and release.
Moreover, procedures such as discovery of capability and availability of computational resources are also
required in order to facilitate Grid resource management. WS-agreements, described next, will be used to

request services and map then into the G.OUNI.

4.3.2.1 Grid services offered by overlay G?MPLS NCP and integrated G?MPLS NCP

In PHOSPHORUS, services offered over G.OUNI depend on the architectural model chosen. Within the overlay
model, G.OUNI basically offers network services described in the previous section, however, information about
Grid resource capability needs to be exchanged through the G.OUNI and propagated by the G°MPLS NCP. In
this case, co-allocation is performed by the Grid Middleware. On the other hand, under an integrated model,
G°MPLS also supports meta-scheduling processing such as co-allocation or indexing, so G.OUNI services

should be extended and these operations can be done.

The overlay G°MPLS Control Plane architecture basically offers network services but information about Grid
resource capability and availability has to be exchanged between middleware modules. As no IP layer is used

for the interconnection of these modules, the information is distributed using the control plane. Therefore, the
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G.OUNI includes a new service that allows the flooding of information from one middleware module to the

others (Figure 4-2).

Grid Grid Grid
Client/Resources Client/Resources Client/Resources

G.OUNI G.OUNI G.OUNI

G2MpLS Emmmm oo\ p c W o)D) g

Figure 4-2: Grid information exchange through the G°MPLS NCP

G.OUNI offers:

1. Grid Service Discovery

2. Grid Resource Discovery

The Grid service and resource discovery mechanisms across the G.OUNI comprise the negotiation between

Grid client/application and the G’MPLS control plane. The negotiation includes exchange of information
describing resource capabiliti ess Thieinfgmatiof B then advertseddog e € )
the network and flooded by the G°MPLS control plane.

The integrated G°MPLS Control Plane architecture considers Grid resources as part of the network. In this
case, G.OUNI does not only offer network services such as end-to-end connectivity, but it also supports some
meta-scheduling processing previously operated by the Grid Middleware and now provided at the control plane

level.

G.OUNI offers:

Grid Service Discovery
Grid Resource Discovery
Grid Advance Reservation Request

Grid Advance Reservation Cancellation

a pr N ke

Grid Resource co-allocation
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Besides the services described for the overlay model, the G.OUNI must support the request of advance

reservations of Grid resources, in which resources are pre-reserved prior in time and allocated when they are
really needed. Moreover, the meta-scheduling processing has to be supported at the G.OUNI. All

abovementioned services are listed in Table 4-3.

Grid Service Discovery \'% \%
Grid Resource Discovery \% \)
Grid Advance Reservation Request X \
Grid Advance Reservation Cancellation X \
Grid Resource co-allocation X \

Table 4-3: Grid Services

4.3.2.2 Service Provisioning using Service Level Agreements

Today it is common practice to use Service Level Agreement (SLA) in grid resource management. SLAs
provide a flexible way to describe desired services, their properties, rewards (penalties) for successful
(unsuccessful) service provisioning, and the guarantees that must be met in order to fulfil service requirements.
Furthermore, SLAs provide a domain independent way to describe atomic services such as resource

reservation services, as well as complex services like co-allocation services.

The Web Service Agreement specification of the Open Grid Forum (OGF) became a standard way within the
grid community to use SLAs. Therefore, the WS-Agreement specification defines a term language to express
the different aspects of a service level agreement and a protocol to create SLAs based on templates and to
monitor the state of the SLAs and of the given guarantees. Below there is a list and a brief description of the
common features that atomic and complex services should provide over G.OUNI. More detailed information

regarding these services is provided on section 4.9.

o Definition of Reservation Times

0 Restriction and Validation of SLA Offers
A Restriction of the Agreement Offer Structure
A Restriction of Value Facets

o0 Negotiation of agreement templates

0 Agreement creation

Project: Phosphorus
Deliverable Number: D.2.7
Date of Issue: 29/02/08

EC Contract No.: 034115
Document Code: Phosphorus-WP2-D2.7

34



|

Grid-GMPLS network interfaces specification
Definition of Reservation Times

A guarantee expresses a Quality of Service (QoS) level that a service must fulfil. In general guarantees in WS-
Agreement are expressed in the form of Guarantee Terms. A guarantee term applies to one or more services in
the agreement. The services of the agreement are described by their service description terms. Compute
services that support advance reservations may expose this functionality by using SLAs. Services that support
advance reservation of resources expose a special guarantee term in the agreement template.

Restriction and Validation of SLA Offers

Besides describing a service and the associated guarantees, it is also important to define the structure and the
value facets of a valid SLA offer. This applies to the service description terms and their content as well as to the

guarantee terms. Such a restriction can be included in a SLA template by using Creation Constraints.

Restriction of the Agreement Structure

Services defined by an SLA are described by service description terms using a certain description language.
These description languages usually aim to cover the purposes of a certain domain. Therefore, they are
normally quite flexible in the way they can be used. For instance the job description language JSDL allows
specifying the total number of CPUs required for a compute job by an upper bound, a lower bound, an exact
value and a value range. Usually only a subset of these options should be used. E.g. a user may only specify
the exact value of the needed CPUs. Therefore Creation Constraints are a way to restrict the structure of valid

agreement offers.

Restriction of Value Facets

Besides restricting the structure of a SLA offer, there is also the need to restrict the value facets of the offer. A
typical example is a compute service, where the maximum number of available resources (e.g. compute nodes)

needs to be restricted to 128 and the number of individual available CPUs to 2.

Negotiation of agreement templates

In a co-allocation process scheduling services need resource availability information of the involved systems in
order to efficiently calculate a common reservation time. In the easiest way the availability information is
provided in an agreement template, e.g. by including appropriate creation constraint. Alternatively, availability
information can be provided by a separate service. However, for a specific resource provider or specific types
of resources availability information may only be partially or not even available at all. Network resource
management systems are a good example for systems, where availability information may not be expressed in

a convenient way. In order to co-allocate this type of resources, negotiation mechanisms are required.
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Agreement creation

After the negotiation of an agreement template, a client wants to create an according agreement. Here a
transaction problem arises for co-allocation scenarios. A grid scheduler needs to create a set of SLAs with
different resource providers in order to provide co-allocated resource. Therefore, the scheduler first negotiates
a set of templates with the providers and identifies the possible reservation times of the required resources.
Since the negotiated templates are not binding, a situation may occur in which one of the service provider

cannot deliver the negotiated service. To overcome this problem two approaches exist:

1. to use transactions to create the SLAS, or

2. to create each SLA within one step.

These two approaches will be explained in detail in section 4.9.

Atomic G.OUNI Services (Resource Reservation Service)

Resource reservation services are atomic services. They provide the basic functionality for complex services
such as co-allocation services, e.g. they enable complex services to reserve resources in a certain timeframe.
These resources are then available at the reservation time. In that way scheduling services can coordinate
multiple resources in order to create higher-level services. Atomic services typically encapsulate low-level
scheduler, local scheduler, or local resource management systems. They are located close to a resource, and
control for example a cluster, a supercomputer, or a network of workstations, Atomic compute services can
usually provide guarantees like execute a job at a specific time, finish a job execution until a certain time,

execute a job exclusively on a resource, run a job until completion (no preemption).

Complex G.OUNI Services (Co-allocation Services)

Complex services as grid scheduler, super scheduler, and resource broker work on top of lower level
scheduler. They use grid functionality to discover resources that meet job requirements and orchestrate
resources in order to provide non-trivial quality of service. A service that co-allocates compute resources at

different sites is an example for a complex compute service.

It is obvious, that atomic services provide the basic functionality for complex services, and that the
functionalities of both, atomic and complex services, differ a lot. However, service level agreements may be

employed in order to provide atomic services as well as complex services.
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Figure 4-3: SLA Layered Model

In Figure 4-3 a simple abstraction of grid infrastructure is given. A grid scheduling system manages a set of
compute systems (e.g. 3 different clusters) in a certain domain. It uses the atomic SLA to coordinate the
resources from the different systems in time. This is done transparently by the scheduling system behalf of a

user.

If a client wants to submit a complex compute job, it queries an SLA template from the grid scheduling system.
An application consisting of several modules is a sample of such a complex compute job. Each component of
the application may be executed on a different compute system, and a certain network bandwidth between the
compute systems may be required by the application in order to run optimally. The components of the
application communicated with each other. This means that the resources of the different compute systems
must be co-allocated. This also applies to the network resources, which must be available at the application
runtime. Furthermore, the required bandwidth may depend on the number of compute resources available to
the application. Moreover, not every possible combination of resources may result in an optimal application

performance.

Therefore, the grid scheduling system provides the user with a set of templates that comprise sensible
application configurations. The user can choose one template and modify its content according to his/her
requirements. It is up to the grid scheduling system which degree of freedom to change the content of the SLA
template it gives to the user. Some systems may allow a user to change the content of a template according to
the physical constraints of the underlying systems. Other systems, which are more restrictive, provide the user

with a set of templates. The user may then choose one of the provided templates, which serves its purposes
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best. In such templates the user may only specify a very limited number of properties, e.g. the location of input

files for the compute job. The mechanisms to constraint the structure of an agreement and its valid value facets

were already described for atomic services and apply also for complex services.

4.4  G.OUNI service invocation configurations

As the G.OUNI is used to trigger Grid and network transactions, it must support the invocation of both transport
network services and grid resources services. Under the G.OUNI, services may be invoked in two models:
direct and indirect invocation [OIF-UNI1.0R2-COMM]. In the direct invocation model, the G.OUNI-C
functionality is implemented in the client itself while under the indirect invocation model an entity called the
Proxy G.OUNI-C performs G.OUNI functions on behalf of one or more clients. The invocation of grid and
network resources services will be supported by a component called GOUNI-N Agent which is located on all

the edge network elements of the GMPLS cloud.

GOUNLC | boecdeeeeae G OUNIN —— G.OUNI-N GOUN'-C ----- G.OUN'-N 1 G.OUNl-N
Agent Agent

X X

Client TNE :
(a) Client (b)

Figure 4-4: Direct Service Invocation Configurations

Different configurations of direct and indirect invocation can be obtained depending on the implementation of
the G.OUNI-N functionality. The G.OUNI-N functionality can be implemented in the TNE as shown in Figure

4-4.a and Figure 4-5.a or as a proxy as shown in Figure 4-4.b and Figure 4-5.b.
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G.OUNI-C J|G.OUNI-N — GOUNI-N G.OUNLC 5 OLN-N —1 G0N
Agent Agent
. -+ T
1 | |
Client (a) TNE Client (b) TNE

Figure 4-5: Indirect Service Invocation Configurations

In D.2.1 a number of use cases for the G?MPLS architecture were provided to indicate invocation services
offered by the G.OUNI. The terms direct and indirect invocation are used in a different way than that identified
in [OIF-UNI1.0R2-COMM] and represent different application use cases. Under the direct invocation use case
the user configures and requests the execution of a job that involves Grid resources located at his local Grid
site (Vsite A) and a remote Grid (Vsite B). During this direct invocation model a G.OUNI is required to build a
Grid Network Service between those two sites as depicted in Figure 4-6. An overview of the role of G.OUNI in

the indirect use case is provided on the table below.

Steps
1. The G.OUNI schedules and configures the local Grid resources via LRMS on Vsite A.

2. The G.OUNI sends a GNS transaction request to the G.OUNI-N on the peering G*.LER.

3. The egress G°.LER sends the GNS transaction request to the peering G.OUNI gateway.

4 The G.OUNI gateway on site B requests its LRMS in the middleware to schedule and configure the
' local Grid resources.

5. The LRMS at Vsite B sends job request confirmation to the G.OUNI gateway.

Table 4-4: G.OUNI transactions for PHOSPHORUS direct use case
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Figure 4-6: PHOSPHORUS direct invocation use case ([G2ZMPLS-ARCH])

The indirect invocation involves requesting Grid resources all located remotely from the user. It follows similar

steps and the ones that involve G.OUNI are reflected below.

Steps
1. The Grid broker requests the local G.OUNI gateway to transact GNS between Vsite A and Vsite C.

The G.OUNI gateway sends a GNS transaction request to the G.OUNI-N (acting as a proxy) on the
peering G2 LER.

3. The G°.LER peering with Vsite A 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.

5. The LRMS at Vsite A sends job request confirmation to the G.OUNI gateway.

The G.OUNI gateway sends a GNS transaction response to the G.OUNI-N on the peering G°.LER.

7. The egress G°.LER 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.

9. The LRMS at Vsite B sends job request confirmation to the G.OUNI gateway.

The G.OUNI gateway sends a GNS transaction response to the G.OUNI-N on the peering egress

0. |
G®LER.

The G°.LER peering with Vsite A sends a GNS transaction response to the G.OUNI gateway at Vsite
A.

11.
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The GNS transaction response is sent back by the G.OUNI gateway at Vsite C to the local Grid

12. scheduler.

Table 4-5: G.OUNI transactions for PHOSPHORUS indirect use case

Complete description of both direct and indirect use case is provided in [G2MPLS-ARCH]. However, the OIF

UNI invocation models can be always applied for all of the identified use-cases in D.2.1.

Figure 4-7: PHOSPHORUS in-direct invocation use case ([G2ZMPLS-ARCH])

45  G.OUNI signalling configurations

G.OUNI supports both in-fibre and out-of-fibre Control Channel configurations between the G.OUNI-C and the
G.OUNI-N. Under the in-fibre configuration the IPCC is embedded in the data carrying optical link between the
client and the TNE. This configuration applies only to the direct service invocation model depicted in Figure
4-4.a. The out-of-fibre configuration involves a separate dedicated communication link for signalling messages
between the client and the TNE. This type of signalling applies to all the invocation configurations shown in

Figure 4-4 and Figure 4-5.

Project: Phosphorus
Deliverable Number: D.2.7

Date of Issue: 29/02/08
EC Contract No.: 034115

Document Code: Phosphorus-WP2-D2.7

41




