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1 Foreword

The goal of this document  is to define what could be a Configuration and Deployment (C&D) Metamodel for Software Radio and to assess possible directions to follow regarding the elaboration of such a metamodel inside the OMG.

First, the paper remind what a general metamodel is, and what are the possible benefits. Then the OMG efforts in relationship with Configuration and Deployment Metamodeling are summarized. After, some market’s metamodels are briefly reviewed. Then a C&D metamodel is sketched for Software Radio. Finally, future directions for a C&D metamodel are assessed. 

At this step,this document is only a work paper. This document is only for work purposes and comments. The information herein may contain errors and/or omissions and does not commit either the author’s liability , nor it commit its company’s liability, Software Radio DSIG’s liability or any else liability.

Inside this document, places where information is planned to be completed are denoted TBC ( To Be Continued ).

Not only comments are welcome, but they are seeked too.

2 Metamodeling

2.1 Introduction

Metamodeling is a simple concept, yet difficult to understand (because it raises questions about the way we are thinking ?) and even more difficult to apply.

First, let’s take an analogy :

It is quite common that documents contain a glossary. The glossary explains the wording used through the document. Also, it commonly defines concepts wording. But defining concepts in a natural language is always error-prone because of ambiguities, conflicts with readers (private) understanding and a lot of other reasons.

A model is also a document that need some kind of glossary. But, even more than any other document, a model needs a formal glossary that accurately assess underlying concepts meaning and relationships. This formal glossary is a metamodel.

Then let’s take an example :

Modeling in UML uses concepts like Objects, Classes, Attributes, Diagrams ….

The UML metamodel describes the above concepts concepts along with their relationships :

· An Object is an instance of a Class (i.e : a Class may instanciate 0..N Objects ),

· A Class may have 0..N Attributes,

· …

The UML Metamodel itself may be described in UML.

2.2 Metamodel Definitions

The meta-metamodeling layer forms the foundation for the metamodeling architecture. The primary responsibility of this layer is to define the language for specifying a metamodel. A meta-metamodel defines a model at a higher level of abstraction than a metamodel, and is typically more compact than the metamodel that it describes. A meta-metamodel can define multiple metamodels, and there can be multiple meta-metamodels associated with each metamodel.( 1 If there is not an explicit meta-metamodel, there is an implicit meta-metamodel associated with every

metamodel). While it is generally desirable that related metamodels and meta-metamodels share common design philosophies and constructs, this is not a strict rule. Each layer needs to maintain its own design integrity. Examples of meta-metaobjects in the meta-metamodeling layer are: MetaClass, MetaAttribute, and MetaOperation.

A metamodel is an instance of a meta-metamodel. The primary responsibility of the metamodel

layer is to define a language for specifying models. Metamodels are typically more elaborate than

the meta-metamodels that describe them, especially when they define dynamic semantics.

Examples of metaobjects in the metamodeling layer are: Class, Attribute, Operation, and

Component.

A model is an instance of a metamodel. The primary responsibility of the model layer is to define a

language that describes an information domain. Examples of objects in the modeling layer are:

StockShare, askPrice, sellLimitOrder, and StockQuoteServer.

User objects (a.k.a. user data) are an instance of a model. The primary responsibility of the user

objects layer is to describe a specific information domain. Examples of objects in the user objects

.

Layer
Description
Example

meta-metamodel
The infrastructure for a metamodeling

architecture. Defines the language for

specifying metamodels.
MetaClass, MetaAttribute,

MetaOperation

metamodel
An instance of a meta-metamodel.

Defines the language for specifying a

model.
Class, Attribute, Operation,

Component

model
An instance of a metamodel. Defines

a language to describe an information

domain.
StockShare, askPrice, sellLimitOrder,

StockQuoteServer

user objects

(user data)
An instance of a model. Defines a

specific information domain.
<Acme_Software_Share_98789>,

654.56, sell_limit_order,

<Stock_Quote_Svr_32123>

Tableau 1 : Four Layer Metamodeling Architecture
The UML metamodel has been architected so that is can be instantiated from the OMG Meta

Object Facility (MOF) meta-metamodel.
2.3 Metamodel’s benefits

Abstract from underlying technology : each technology brings an implied model with it. Building on that model pins the result with this technology. Doing a metamodel help to better identify technology-model dependancies and so to assess more generic domain models. Being more generic leads to better reuse.

Also, the metamodels concepts can be captured into a development workshop (i.e : UML). Reusing those domain concepts increase developpers productivity.

Finally, a metamodel helps to partition the problem domain.

2.4 Metamodel’s limitations

It is rather hard to design a good metamodel since it require a very good knowledge of the (meta)modelled domain. Usually, a comprehensive metamodel can only be obtained by merging knowledge of several domain’s experts (which is also a challenge since they rarely agree on common definitions !). A first step is to analyse distincts models, then a metamodel can be sketched. This sketch can then be validated and refined. This process takes time but potential benefits in terms of reuse can be high.

A metamodel may itself be described by a Meta-metamodel and so on … Except that at each meta-step, concepts become very generic and the number of concepts decreases. So a meta-meta model appears to be the ultimate reasonnable meta level. As a matter of a joke, some have said that the ultimate metalevel is God itself ! It would be more near truth if the scope will be the whole universe instead of a small subpart. 

3 OMG Approach

OMG concern for metamodeling is not new since it is an UML concern from the beginning but metamodeling in OMG was recently boosted by the advent of the MDA concept.

Since its inception, UML has a metamodel. This metamodel can be extended through an UML profile to more closely support and enforce some domain meta-concepts.

3.1 Model Driven Architecture : MDA

When compared with OMA, the MDA’s cutting edge is to put the emphasis on the modeling instead of the technology (i.e : Corba, Java, XML or other). The MDA’s motto is « Let’s abstract architecture from technologies ».

The following figure summarizes the MDA metamodel :
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Figure 1 : MDA Metamodel

Meta Object Facility : MOF

MOF provides the basis for model/metadata interchange and interoperability, and is the mechanism through which models are analyzed in XMI. MOF also defines programmatic interfaces for manipulating models and their instances spanning the application lifecycle.These are defined in IDL and are being extended to Java.

3.2 UML 1.x Metamodel

To support Configuration and Deployment, UML features the following diagrams :

· Component Diagram,

· Deployment Diagram.

The Component View describe the system’s components, their 

3.2.1 Component Diagram

Component diagrams provide a physical view of the system. A component diagram shows the organizations and dependencies among software components, including source code components, binary code components, and executable components. These diagrams also show the externally-visible behavior of the components by displaying the interfaces of the components. Calling dependencies among components are shown as dependency relationships between components and interfaces on other components.

3.2.2 Deployment View

A Deployment diagram shows the configuration of run-time processing nodes and the components, processes, and objects that live on them. Components represent run-time manifestations of code units.

Since UML 1.0, the deployment rely on the Component and Node concepts.
The Node concept

A node is a run-time physical object that represents a processing resource. Generally, having at

least a memory and often processing capability as well. Nodes include computing devices but

also human resources or mechanical processing resources. Nodes may be represented as type

and as instances. Run time computational instances, both objects and component instances, may

reside on node instances.
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Figure 2 : UML: Example of Deployment Diagram

Note that UML can be extended through 2 ways :

· the light extension way which uses stereotypes and tagged values,

· the heavy extension way that extend the UML metamodel itself.

3.3 The CCM Metamodel

Information assessed here is extracted from the document orbos/99-02-05.

The Corba Component Model (CCM) introduces several significant changes relative to the Configuration and Deployment model of UML 1.x. Amongst other changes, several new concepts appeared such as:

· Softpkg

· Assembly

The Softpkg concept

CORBA component implementations are described by a software package descriptor.

The descriptor consists of general information about the software followed by one or

more sections describing implementations of that software. An XML vocabulary,

derived from the Open Software Description proposal, is used to describe component

software packages. The descriptor file has a “.csd” extension. CSD stands for CORBA

Software Descriptor. When used in an archive, the CSD file for the archive is placed in

a top level directory called “meta-inf”.
The Assembly concept

An assembly package consists of a descriptor and a set of component packages and

property files. These files may by packaged together in an archive file or distributed.

When distributed, the descriptor represents the package and holds links to its

associated files.

Deployment  in CCM is summarized by the figure below :
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Figure 3 : CCM Deployment Diagram
3.4 The Platinum’s OADF Submission

The information in this paragraph is extracted from te following document :

Object Design and Analysis Facility

Response to OMG/OA&D RFP-1,

version 1.0, 1/17/97, by PLATINUM Technology inc.
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Figure 4 : Platinum submission to OADF RFP

TBC

3.5 Summary

Historically, OMG did not care a lot about configuration and deployment which was seen as a workshop concern  outside of the CORBA scope,.

For example, to handle versionning of interfaces, the suggested OMG solution was to append an (unstandadized) version tag to interface name ! 

With the advent of MDA, OMG now targets to address all system development concerns including deployment.

But, up to now, the UML v1.x metamodel for Configuration & Deployment remains too much simple to fully adress actual deloyment schemes.

4 Rational

Information in this paragraph has been extracted from public Rational documents. Please refer to the Rational or Objecttime web sites for more information and documents.

For many reasons, Rational play an important role into the UML modeling. That’s why some Rational’s concepts in relationship with Configuration and Deployment are reminded below.

4.1 Rational Rose Metamodel

4.1.1 Configuration View

In Rational Rose
, a Component Diagram is expressed in terms of :

· Component,

· Package (Specification and Body),

· Main Program,

· Sub Program,

· Task (Specification and Body),

· Dependancy : a dependency is a relationship between two model elements in which a change to one model element will affect the other model element.
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Figure 5 : Rose Component Diagram Example

4.1.2 Deployment View

The Deployment View is expressed in terms of

· Processor : a processor is a hardware component capable of executing programs,

· Device : a device is a hardware component with no computing power.,

· Connection : a connection is a direct hardware coupling between a processor and a processor, a device and a device, or a processor and a device.
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Figure 6 : Rose Deployment Diagram Example

4.1.3 Summary

This model is also quite terse in respect with the configuration and deployment problem.

4.2 UML/RT

The so-called UML/RT proposal define concepts, mainly issued from ROOM
, and that can be summarized into the following picture :
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Figure 7 : UML/RT concepts

Capsules correspond to the ROOM concept of actors. Capsules are complex, potentially concurrent, and possibly distributed active architectural components. They interact with their surroundings through one or more signal-based boundary objects called ports. Collaboration diagrams are used to describe the structural decomposition of a Capsule class.

A port is a physical part of the implementation of a capsule that mediates the interaction of the capsule with the outside world—it is an object that implements a specific interface. Ports realize protocols, which define the valid flow of information (signals) between connected ports of capsules. In a sense, a protocol captures the contractual obligations that exist between capsules. Because a protocol defines an abstract interface that is realized by a port, a protocol is highly reusable.

Ports provide a mechanism for a capsule to export multiple different interfaces; each tailored to a specific role. They also provide a mechanism to explicitly connect an exported interface of one capsule directly to the interface of another capsule. By forcing capsules to communicate solely through ports, it is possible to fully de-couple their internal implementations from any direct knowledge they have about the environment. This de-coupling makes capsules highly reusable.

Connectors capture the key communication relationships between capsules. These relationships have architectural significance since they identify which capsules can affect each other through direct communication.

The functionality of simple capsules is realized directly by the state machine associated with the capsule. More complex capsules combine the state machine with an internal network of collaborating sub-capsules joined by connectors. These sub-capsules are capsules in their own right, and can themselves be decomposed into sub-capsules. This type of decomposition can be carried to whatever depth is necessary, allowing modeling of arbitrarily complex structures with just this basic set of structural modeling constructs. The state machine (which is optional for composite capsules), the sub-capsules, and their connections network represent parts of the implementation of the capsule, and are hidden from external observers.

4.2.1 Benefits

UML/RT concepts maps well onto telecommunications ones (Ports, Protocols, Stacks ….).

4.2.2 Limitations

UML/RT concepts maps poorly to deal with concepts outside of the telecommunications ones (databases, …) and mixing UML/RT concepts with standard UML ones does not really allow to get full UML/RT potential.

5 SCA

In respect with already existing OMG models for Configuration & Deployment, SCA brings the following unique concepts :

· The Resource concept : SCA push the Resource concept and bridges the « gap » between hardware devices (represented as logical devices) and software entities (applications).

· The Domain concept : a Domain defines a set of hardware devices and available applications ruled by a single policy.
Author’s Note : I have tried to summarize what is a Domain but the Domain definition is not yet clear enough for me. Is it a functional or a technical concept ? What is its policy ?
6 SCA Metamodel

The following diagram sketches metamodel foundation.
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7 Towards an Unified Metamodel

We could aggregate all the above concepts to create an unified metamodel if concepts did not overlap : unfortunately, this is the case.

So, an unified metamodel should merge the concepts above. Also, it could introduce new concepts either to encompass conflicting concepts and/or to fullfill areas of weaknesses.

7.1 Conflicting Concepts

Author’s Note : Purpose here is to exhbit and analyse conflicting concepts such as :

· CCM Softpkg / SCA SoftwarePackage

· CCM Assembly  / SCA Application

· CCM Container

· CCM Facets/SCA Ports

TBC

7.2 Missing Requirements

Author’s Note : To build a better metamodel, some other important requirements should be taken in account such as :

· Service : for the end user, service is what’s matter. Components assemblies are just there to support end-to-end services.

· Composite : most models assume more and less that components are organised into a flat hierarchical structure. 

· Versioning : also, most models assume more and less that systems run with an homogeneous versions. In real world, a system often run with different versions of the same components.

TBC
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