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Abstract - This paper presents the first results of work in progress within a project  on “SUpervision and Mastery for Functioning of Space Operations” called SUMO. This project is developed for CNES (French Space Agency) by IRIT (Institut de Recherche en Informatique de Toulouse), Alcatel TITN Answare from Toulouse and Alcatel Corporate Research Center from Marcoussis. The goal is to validate the contribution of new technologies to improve the control and the supervision of space systems. In this context, the technologies proposed must be used together in a well-integrated and co-operative way. The first part of the SUMO project consists in setting up a management information model to manage all the elements that realize a space mission. Among the technologies known as emergent and which could contribute to systems management integration, the Common Information Model of the Desktop Management Task Force, Inc. (CIM/DMTF version 2.0) and the associated technologies (UML, MOF, XML) impose an investment (knowledge, tools...) and experiments. Nevertheless, the CIM Model offers a common object oriented abstraction of managed environments which is essential for designing integrated complex distributed systems (taking into account structural and dynamic modeling requirements and other ones more specific like object identification, event management and organization). In the context of the SUMO project, CIM is used to define a common framework of CNES Space Systems, to eventually validate the use of CORBA technology for supervising complex space systems. The first results enable us to evaluate the potential of CIM Model for the representation of the resources (their dependencies, their behavior, and their constraints of operation and/or use). The implementation of supervision services (such as the planning of treatments) can be made only after having set up an infrastructure providing the basic supervision functions.
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I. Introduction

Nowadays, ground networks federated around Internet technology are in constant evolution (size and complexity). This requires regularly new resources  integration (physical and logical). Several consortia (manufacturers and organisms of standardization) have been created in order to support these organizational and dimensional transformations, and unify the interworking requirements of heterogeneous communication environments. , . 

Since 1997, consortium DMTF has developed a common approach for global management information modeling : Common Information Model (CIM) [DMTF 98a]. 

CIM is an object-oriented model allowing the representation of the whole management information following a standardized and formal method. It introduces a meta model (represented by Meta Schema) able to express the semantic of management standards specificities (identification, event...). The CIM approach is based on three levels of abstraction : Core, Common and Extensions. 

At CNES (French Space Agency), infrastructure for satellite management (ground segment) is facing new needs: Projects such as satellite’s constellation, micro-satellites or satellite’s family, imposes to have a common control centre for several satellites. Moreover, several control centres have to share ground resources (i.e. : Tracking station). 
Thus, in this context, increasing management capabilities must provide an optimal and efficient share of common resources (i.e. : distributed tracking station, distributed machines in a control centre, ...). Building these capabilities can be done by managing all elements that compose a space system (including network, OS, application, equipment, device and space vehicles). 
Management Facilities should be generic as possible. Technologies such as CORBA, Java and XML has been chosen to meet a low cost objective (reusable components, easy integration and deployment phases). 

This is why the SUMO project (SUpervision et Maîtrise du fonctionnement des Opérations) is investigating a global management approach needed to provide a better-faster-cheaper management applied to space systems. 

 This CNES project gathers complementary competencies: Alcatel TITN Answare (Toulouse, France), Alcatel Corporate Research Center (Marcoussis, France), and the Computing Research Institute (IRIT - University P. Sabatier, Toulouse, France). 

In addition to implementation issues (for which we give an overview in fourth part of this paper), first investigations deal with the informational aspect of project SUMO. The paper is organized as follows: chapter 2 presents the CIM model, introduces five main points related to this model (interoperability, the CIM solution, the CIM modeling, the CIM naming and mapping for integration issues). A first approach CIM of the supervision of space systems is presented in chapter 3. The last chapter focuses on architectural aspects and MIB implementation issues . 

II. CIM modeling Overview

The DMTF Common Information Model (CIM) is an approach for global management purposes (System, Application, Device, Network, User). It provides CIM aims at unifying and extending the management standards (SNMP, DMI, CMIP, etc.) using the object-oriented paradigm.

This chapter presents the main CIM principles and concepts..

II.1. Interoperability through management information

During the last years, numerous works were developed in the area of management system interoperability through management information . The main drawback that we can make is that most of them are one-to-one models.

A strong idea consisting on a SINGLE  model that can integrate any existing management model is born with the object-oriented emphasis. With CIM, the DMTF proposes a solution based on a META model approach. CIM is independent  of any technology and then makes easier management information sharing between various management platforms. The management information is described with a language based on Interface Definition Language (IDL-DCE) and called Managed Object Format (MOF-DMTF). The management knowledge  shared between managers (or platforms) consists in MOF files containing the  model definitions(object classes) and/or management information (instances). Exchange is made through  EXPORT/IMPORT mechanisms.

To make this exchange relevant, we have to understand the semantic and structure of CIM.

II.2. CIM as a unifying approach

To unify and extend the existing management standards (SNMP, DMI, CMIP, etc.), CIM defines three major concepts :

· A Meta Schema providing elements of Modeling.
It defines the terms used to express  models, their usage and their semantic.  Modeling Elements are Schema, Classes, Properties and Methods. The model also supports Indications and Associations (as types of Classes) and References (as types of Properties).

· Three conceptual levels of abstraction providing  a unified modeling approach.

· The Core Model captures concepts that are applicable to all domains of management.

· The Common Models capture concepts common to a particular management domain. These models are technology- independent.  Fives Models establishing a common conceptual framework for a description of the managed environment.
Various "Common Models" are being created to address System, Devices, Network, User and Application problem spaces. These problem domains are interrelated via associations and derive from the same fundamental objects and concepts (defined in the Core and Common Models). 

· The Extension Models represent technology-specific extensions of the Common Models. These models are specific to environments, such as operating systems (for example, UNIX® or Microsoft Windows). They are derived from Common Model classes. 

· Three Mapping  techniques and a Repository to integrate existing management models:

· Existing models have their own meta model and model. Three types of mapping can occur between meta schemas : technique, recast and domain. Domain mapping is directly expressed in object class definitions. 

· A repository stores Meta Models and Information Models and allows definitions to be imported into and exported from the repository in multiple forms.

II.3. CIM Modeling

The CIM Meta Schema notation is based directly on the notation used in Unified Modeling Language (UML). But UML expression means are not completely used (precisely, the behavior). We summarize in the table 1 the UML/CIM structural and behavior elements mapping.
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 Weak Component Association



Static Elements
Object
Objet
(to be exchanged)


Class
Class



Relationship
Association




Dynamic Elements
Intra Classes
Trigger
Indication


Inter Classes
<< empty >>

Table 1 : The UML/CIM structural and behavior elements mapping

The semantic is reinforced by the use of qualifiers that provide additional information about classes, associations, indications, methods, method parameters, triggers, instances, properties and references. For example, the qualifier KEY indicates that the property or the reference is part of the namespace handle. “Keys” qualifiers are used to provide a way to identify an instance within a given namespace.

The MOF syntax allows to specify new qualifiers. This is the means to improve the CIM model, through integrity constraints on properties (for example expressed in OCL).

II.4.  CIM Naming Concepts

The CIM Naming addresses the unique identification of both the managed object class descriptions and the instances.
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Identification of Managed object class descriptions

A schema has a name and is a collection of classes. A class belongs to only one schema. In CIM, schemas are used for administration and class naming. All class names are unique within a particular schema. The schema name is the determining factor in differentiating classes and properties from others that may have the same name. The naming of schema, class, and property follows this syntax:

Schemaname_classname.propertyname

Anyelements has a Domain relationship with only one other one, in order to name them uniquely. (cf figure 1. Domain property relationship of Meta Schema).
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b) Identification of the instances

The KEY qualifier is the CIM Meta Model mechanism used to identify  properties that uniquely identify an instance of a class (an indirectly an instance of an association). CIM Naming enhances this base capability by :

· Introducing the WEAK and PROPAGATED qualifiers to express situations in which the keys of one object are to be propagated to another object (cf. figure 2. Weak Component Association).

· Introducing the SOURCE pragma  and qualifier ((namespaceType://namespaceHandle() to allow details about the implementation source to be recorded in a MOF file.

· Introducing the NONLOCAL qualifier ((namespaceType://namespaceHandle() to refer an object instance kept in another implementation.

The namespace path is used to locate a particular implementation. An example of identification is :

In figure 2, the CIM_LogicalDevice instances are in the scope of only one instance of the CIM_System class. The last object is named the Top Level Object (TLO). All model object instances are arranged in directed graphs with TLO’s as peer roots.

II.5 Domain mapping in the CIM MIB

A domain mapping takes a source expressed in a particular technique and maps its content into either the core or common models, or extension sub-schemas of the CIM. It is primarily a content-to-content mapping. This mapping is directly expressed in the CIM model by the MAPPINGSTRING qualifier associated to Class, Property, Association, Indication and Reference meta elements.

Example drawn out from file “CIM_Device2a.mof”

class CIM_Printer : CIM_LogicalDevice
{ ...

MappingStrings {"MIB.IETF|Printer-MIB.hrPrinterStatus"}]

uint16 PrinterStatus;

... }

II.6 CIM assessments

The Object Oriented paradigm makes the CIM model powerful.. But, this recent approach has to be adopted by the network and system management community. A lot of works have still to be done to cover the ambitious goal of CIM.

Based on CIM Dependency approach, investigations could be initialized in order to give more and more automation (and intelligence) in handling fault and events.

III. The CIM Space Framework

This chapter presents how CIM can be used to model an abstraction of a Space System supervision. The objective is to define a Space framework by extending CIM models.

Some knowledge on Space System can be found in [Rama 94][Kel 98].

III.1. TMN view of Managed System Elements

CIM models cover the two lower levels of the TMN view. The System level is introduced by the abstract CIM_System class.

Similar abstraction levels were identified by a study on CNES supervision requirements (see figure 3. TMN management view of Space Systems). These levels are :

· Resource level that gathers equipments of several types (network, system and space elements like respectively router, memory or antenna).

· Network and Space System level that identifies complex entities like constellations of satellites, ground stations.

· Service level that addresses an operational space level like operation scheduling.

· Mission level that is the higher organizational level of space industries.
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Figure 3. TMN management view of Space Systems

III.2. CNES Extensions of CIM Common Models

We adopted CIM approach to model our Space Framework. This consists in mapping UML generic framework specified by CNES and Alcatel experts [SUMOa 99] in conformance with CIM philosophy and extending new object classes.

In a CIM context, a system is composed of physical elements, which make up the physical realization of the system, and logical elements, which provide the rules, processes, and information needed to regulate and run the system. The emphasis of the system model is providing basic classes required to organize this level of information.

Examples of space classes derived from the CIM common models are given by figure 4. A ground station has functional Emission/Reception equipments that are realized by Antenna (physical element).
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Figure 4. CNES extension of the CIM Common Models

In the CIM, systems classify and present information in a functional-hierarchical graph with systems at the root.

CIM defines some specific patterns to model classical management aspects (setting and arrangement, dependency, system, object aspect, …). In respect with them, the modeling process has to be refined.

III.3. Conclusion

The DMTF initiates with the CIM model a powerful object approach to model any managed environment. The meta schema addresses integration issues of existing management modeling approaches, and gives us a common object framework that we can (or must) reuse in the same way of the libraries of programming language.

IV. Architectural issues

IV.1. Management Actors 

Usually, main actors of a management infrastructure are “Manager” and “Agent”. This imposes all complex functions are implemented through a “Manager” (as it is done in SNMP or OSI Management architectures). 

The feeling of the SUMO project team is that such an implementation choice is constrained by the architecture of the target managed system. That is the reason why SUMO proposes management actors which let the management architecture be driven by the target system architecture requirements. These actors are :

· Object Manager (OM) : a distributed actor that is entrusted with resource management. The managed resources have been described with the CIM Framework model and concepts.. More precisely, an OM has to be viewed either as a Resource Manager or a Domain Manager.

Resource Manager (RM) : a derived object manager that can access (instrumentation) real resources.

Domain Manager (DM) : a derived object manager that can provide a view on different object manager.

· Object provider (OP) : gateway providing the integration (and interoperability) of heterogeneous management domains.

· Discriminator: service that provides a distributed event handler capability.

The following figure presents relationships between management actors :
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Figure 5: Management Actors class diagram

Management functions have been introduced in the previous model. The following section deals with their integration in a TMN approach applied to the SUMO context (Space Domain).

IV.2. Management functions and TMN Mapping

Management functions are classified as follows :

· Basic management functions : State, Relationship, Object, Notification.
These functions represents a necessary basis for implementing more specific or complex functions. Thus, each Object Manager implements them. 

· Specific management functions: Redundancy, Security, Scheduling, ….. 
The implementation of these functions could differ according to the target managed resources. Moreover, they could be implemented at each management level (i.e. resource, system, service) depending on the scope of their complexity and/or their expected granularity. 

Management functions are implemented at each TMN-SUMO level and could be nested (i.e. a management function could rely on a corresponding low-level management function).
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Figure 6: TMN Views applied to Management Actors

IV.3. MIB Implementation issue

a) MIB overview

As presented in the section IV.1,  the framework proposed by SUMO project is based on two main actors, the Domain Manager (DM) and the Resource Manager (RM), the Object Provider being just a translator ensuring  interoperability with heterogeneous systems.

So, Managed Information Base (MIB) are foreseen to be implemented at DM and RM levels :

· RM level : The MIB describes the different resources which are undertaken by the RM. The MIB also describes the composition link between these resources and the management methods provided by the resources so as to take into account their features. 

· DM level : The MIB identifies all the resources belonging to the domain managed by the DM. It defines all the associations between these resources so as to be able to perform the management actions required at DM level (for instance fault analysis, correlation and propagation). It defines some management strategy parameters (for instance alarm strategy).

b) MIB implementation workflow

The SUMO project aims at defining a MIB workflow which covers the whole MIB lifecycle, from its description until its building.

In order to ensure perennially, this workflow is based on languages or architectures issuing from standardization works :

· The DMTF : 
the description of the MIB is based on the MOF language, and the translation in XML (eXtension Markup Language) is done through the DTD CIM-XML which is also an issue of the DMTF activities,

· The W3C :
MIBs follow the DOM format which is standardized by the W3C.

This workflow is illustrated by the following figures :

· The following figure shows the fist step of the MIB workflow, which points out how the MIB descriptions are deduced from both the CIM reference models and the CIM extension model dedicated to space systems modeling,
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Figure 7 : MIB description 

· The following one concerns the second major step of the workflow which ends with the building of the MIBs.
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Figure 8 : Dynamic production of the MIBs

Nota : XML4J is a JAVA freeware (www.alphaworks.ibm.com). From a XML file, XML4J builds a DOM tree.

IV.4. CORBA Infrastructure issue

a) Actor implementations

All actors will be implemented as a CORBA server and could interact (as client) each others. 

b) Dynamic configuration and discovery 

Two specific repositories have been identified to address dynamic configuration and discovery capabilities. These repositories are introduced below.

() Repository of Static Resource definition

The CIM-CNES models define the whole of managed system elements. Each element (including associations, properties, qualifier) is described through a XML file validating the DTD-CIM (meta-model level). The Static resource Definition Repository is made of such XML-files. 
By providing a such “distributed and federated” repository, any Object Manager could access to the managed element “definition” allowing a flexible deployment approach.

() Repository of Management Responsabilities and Capabilities

A flexible management architecture approach makes that management actors may have different roles all along the system life. It is important to offer an entry point allowing to get knowledge about the managed elements an actor manages, and the management functions it provides as well. 

These repositories could be implemented in a LDAP approach with CORBA interfaces.

c) Discriminator and the publish/subscribe communication model.

CNES 
provides a distributed event handler service implementing the publish/subscribe paradigm upon the CORBA architecture. This service called GEM (Gestion d’Evénements inter-Machines) is a CORBA server that is based on the Naming and Event service of CORBA. The guiding principles of service GEM are the following: 

· publish/subscribe model,

· event filtering (based on the values and the name of the basic cells constituting an event), 

d) Fault tolerance & Security

Fault Tolerance and security will be studied for the CORBA environment in the second step of this project. In order to improve reliability of the management infrastructure, it will be applied to CORBA management actors and integrated in the CIM Management Model.

V. Conclusion

In this article the authors present a general vision of work which is in hand within Project SUMO, developed by the IRIT and Alcatel for the CNES. The goal of this project is to validate the contribution of new technologies to improve management capabilities of space systems. In this context, technologies brought must be used in an well-integrated and co-operative way.

Among technologies known as emergent, which are candidates to contribute to the integration of the management of systems, the CIM/DMTF Model and associated technologies, impose an investment (knowledge, tools...) and experiments.

The CIM Model offers a object oriented vision of the environment to be managed, which is essential like a standard from the massive adhesion of large companies in the development and the application of this model.
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Namespace in which the instance is handled

<namespaceType>://<namespaceHandle>

Name of the object class

Key property and its value

cim://root/default/Service.Name = \"mail\""








