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Abstract: Today, component based software development has become a major focus in software engineering. However, the limitation of components is that they are described in terms of their interfaces and not in a manner in which they can be used throughout the software lifecycle process. In order to fully realize the potential of component based software development, a rigorous description of the component lifecycle must be made available to the systems analyst and software architect. This description must be sufficiently abstract to fit into the analysis and design stages of the software lifecycle process; it must also contain sufficient semantic information to facilitate designing complete applications from components. In this paper we propose a metamodel driven approach to software development in which the "model" captures the business model, logic and artifacts of the process being automated, and leaves the implementation details to be defined at the development and deployment stages. The metamodel driven approach to software engineering can truly realize the "model once deploy anywhere" paradigm. 

1. Introduction

The software industry is trying to fully understand the modern "Enterprise" in an attempt to automate its day to day operations and to provide crucial decision support capabilities. In order to cope with the complexity of the enterprise, it is necessary to view the enterprise from different levels of abstraction. At the highest level, the enterprise is a single virtual entity that performs one or more functions  that can be distinguished in the marketplace. At the next levels of abstraction, this virtual enterprise is a dynamic set of one or more cooperating companies that help the enterprise achieve its goal. These companies can be further decomposed into sub-entities that perform specific tasks. At some level of abstraction the tasks performed by an entity are common to many enterprises. For example, the task performed by the marketing department is the same for many enterprises. 


From the software engineering point of view, this commonality can be reused across enterprises. However, software reuse is often understood as sharing of programming code [KRT97]. It is not thought of as sharing business models and logic. Today, the common artifacts of reuse are the component and common off-the-shelf software (a.k.a. COTS [Brau99]). However, it is becoming more and more difficult to develop enterprise software from components and COTS. In order to fully realize the potential of reuse, the software engineering discipline needs to embrace the reuse of common business processes/tasks. To this end, the business logic and lifecycle of the component (or COTS) needs to be defined in an implementation-independent manner, i.e., business models. This will facilitate the reuse of business logic across different enterprises. 


There is a relationship between the business model and the component. The business model captures common business logic and makes it available to the systems analyst and software architect for reuse. The component is an implementation of some business model for a given architecture. As such, the model driven approach facilitates the reuse of the common logic across different implementation environments thus realizing the "model once deploy anywhere" paradigm. 


Enterprise Java Beans (EJB), CORBA Component Model, and COM+ are three of the leading technologies that support component reuse. Although it has been claimed that "The era of write once run anywhere is here" [Vale99], it must be noted that components developed in one technology cannot be deployed in another. The limitation of these technologies is that the component is technology specific. (Note that the common usage of the term "component" implies an implementation, i.e., CORBA Component.) It does not separate the business logic from the implementation. These technologies do not support reuse of common business models, processes and relationships. The term "business model" refers to a model that describes business concepts (such as entities, processes, etc.) as opposed to deployment objects (such as file, database, etc.) [Iyen98]. 



In this paper, we propose a metamodel driven approach to model engineering. This approach separates the definition of the business logic from implementation. The model captures the business logic and lifecycle semantics of the component. As such, this approach truly facilitates the "model once run anywhere" paradigm.  The remainder of this paper is organized as follows: Section 2 describes model engineering in more detail. The metamodel based approach to model engineering is described in section 3. The Meta Object Facility – the metamodel of the Object Management Group's Object Management Architecture is described in section 4. Concluding remarks are presented in section 5. 

2. Model Engineering 


Although software reuse has been practiced since the introduction of the computer, it is object oriented technology that realized its potential. Today, the most general artifact of reuse is the component. However, it is becoming more and more difficult to develop enterprise software just from components. One reason for this is the heterogeneous nature of the runtime environment. The component is usually runtime environment dependent. The more significant reason is that the description of a component does not facilitate widespread reuse. In [Rosc99-2] the authors state that the unimportant questions are "On what component technology is your component based?" and "which system environment does your component need?". Instead, the authors state that the  important question to be asked should be "what does the component do?".


Components are defined by their interfaces. They do not describe their business logic, their lifecycle semantics, any artifacts that may be needed by the component, etc.. One cannot determine whether a component would meet ones performance parameters, etc.. Its definition is not useful to the systems analyst or enterprise software architect. The analyst and the software architect deal with the business model and not the component technology nor runtime environment. Component engineering does not lend itself outside the implementation stage of the software lifecycle. In addition, greatest leverage is achieved when reusable components both perform common functions and operate in a common architecture [Brau99]. In today's heterogeneous environment it is not always possible to distinguish a "common" architecture. Therefore, it is necessary to separate the business logic from the implementation. 


Software systems are developed to satisfy the needs of the enterprise. This requires that the enterprise be modeled before attempting to develop software systems for it [Mars99]. To maximize component reuse, you cannot wait until the project is in the implementation phase to look for components because the design may not match the functional allocation of the interfaces of available components [Brau99]. A model of the component that describes it's business logic, lifecycle semantics, interfaces, etc., needs to be made available to the architects who model the enterprise. Model Engineering (ME) is the art of modeling complete software systems from "models" of available components. While the authors strongly recommend modeling the enterprise, this is an inherently complex problem and the business cannot wait for the modelers to complete their task.  Enterprise models need to grow incrementally and like real applications, need to be designed with reuse in mind.  It starts with modeling portions of the enterprise which have well defined semantics, and it must be capable of evolving with the organization, i.e., "design for extensibility and reuse". The goal of ME is to realize the "model once deploy anywhere" paradigm. To be embraced by the software industry, ME must not make the implementation of components inefficient.


The advantage of ME is that it facilitates reuse throughout the software lifecycle process. It facilitates software systems being built using readily available components with little or no additional code. This reduces the time and resources needed to develop software. At the development stage however, it is still necessary to deal with the implementation of the component and its interaction with other components. An architecture specific implementation of a component model can be realized by configuration management tools, conditional compilation, etc.. The interaction between components can be handled using custom software, middleware, or even other components designed for this purpose. 

3. Metamodel based Model Engineering



A business model is a generalization or an abstraction of the enterprise or one of its functions. A business model is typically captured using some modeling language such as the Unified Modeling Language (UML). Models are, by definition, simplifications of reality, and tend to be biased towards the perspective of the persons who developed the models[Mars99]. They cannot be shared easily because the "perspective" of the modeler and the semantics attached to modeling constructs differ from person to person. In addition, UML is not the only notation used to define business models; one could use an entity-relationship diagram to define a business model. (OMG's Common Warehouse Model (CWM) is a metamodel used to describe data warehouses.) In ME however, the goal is to facilitate reuse of business models across deployment environments. Therefore, modeling languages alone are not sufficient to realize the "model once deploy anywhere" paradigm. 

To define reusable business models, it is necessary to have a common base to describe the artifacts used in modeling, i.e., a common metamodel. The metamodel driven architecture described in this paper consists of three layers: the meta-metamodel that is used to describe metamodels; a set of metamodels that describe technologies; and business models (or information models in general) described using some metamodel [Figure 1]. Note that technology models provide a rigorous definition of the available technology and are shared by tools and applications [Iyen98]. 


The meta-metamodel is used to clearly define the semantics, constraints, etc., associated with any modeling artifact/notation of the modeling languages. It also defines the rules of interoperability, interchange formats, etc. This metamodel driven architecture isolates the business model from implementation details and deployment infrastructure. In essence, the metamodels contain sufficient semantic information to transform a business model to a component that can be deployed to a given target architecture. In addition, business models need to be built with extensibility and reuse in mind. In the metamodel driven approach, each layer of the architecture captures sufficient information in the form of semantics, constraints, relationships, etc., to facilitate model reuse as well as interoperability and information interchange. 

For today's E-Business systems (i.e., integrated systems across the enterprise), the metamodel driven architecture described above joins together the business model and the metadata captured in the "meta" levels of the business model to bring about new levels of abstraction, personalization, and extensibility of these business models – essential ingredients to manage business information (content) and application/business processes that use this content.


There are two emerging metamodels driven architectures, i.e.,  OMG's Meta Object Facility (MOF) and the Metadata Coalition's (MDC) Open Information Model (OIM). MOF is the meta-metamodel and the core of OMG’s modeling and metadata architecture.  It is aligned with UML, and is extensible and integrated with distributed middleware which is needed for integrating heterogeneous distributed enterprise systems. MOF can be used to define and manipulate metadata programmatically (through Java, C++,  IDL, or even Microsoft COM compliant languages) as well as using XML (through the XML Metadata Interchange (XMI) format which is a MOF to XML mapping). 


OIM on the other hand is a collection of metamodels. The meta-metamodel is a small (but not well defined) subset of UML.  The Microsoft Repository RTIM (Repository Tool Information Model) includes the meta-metamodel, but this is a Microsoft proprietary meta-metamodel and not agreed upon by the MDC. The interfaces to programming languages and XML is NOT yet standardized.  
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Figure 1: Architecture for Metamodel based ME
4. The OMG Meta Object Facility


With the arrival of UML in 1997 as an OMG standard and consequently, the Meta Object Facility (MOF) which defines OMG’s metadata architecture, metamodel driven software development has taken off. In accordance with the metamodel driven architecture described in the previous section, the OMG three legged stool for ME consists of the MOF meta-metamodel for metamodeling, a set of technology metamodels (i.e., UML, CWM, CORBA Component Model (CCM), etc.), and a set of business models (i.e., healthcare, manufacturing, etc.). This infrastructure along with CORBA and the Internet forms the core of the Object Management Architecture (OMA).  


The MOF plays three key roles in the OMA: 

· It is the meta-metamodel of OMA. The MOF is used to define all other metamodels of the OMA. It is the core of  OMA’s federated metadata architecture.  

· It provides distributed access to metadata through standard and tailored interfaces. 

·  The MOF defines a set of standard light weight interfaces (i.e., MOF Reflection) that can be used to access any metadata 

· The MOF defines a set of rules by which a normative set of tailored interfaces are produced for any metamodel. Currently, standard and tailored interfaces are defined in terms of IDL.  Additional native mappings to be supported in the near future include Java (to be defined as part of JSR-40 – The Java Community Process (JCP) Java Metadata API).

· It defines a set of rules that defines the XML Metadata Interchange (XMI) format for stream based metadata interchange and its associated DTD. XMI is a key ingredient of this metamodel based architecture as it integrates three key industry standards, i.e., UML, MOF and XML.    


The MOF based OMA architecture allows the modeler to capture the true intent of business models with detailed semantics, relationships, rules and constraints at a level a business person can understand.  It isolates the business model from the technology/deployment infrastructure so that the model can be reused across typical enterprises. It allows the architect to focus on business models and blue prints that capture domain specific business rules and processes which can be customized by vertical domain and still be integrated at the business process level to create new e-business ecosystems [Figure 2].  Clearly these e-business data and relationships are very valuable when made available across the supply chain using web based data warehouses and portals which unlock the hidden knowledge and relationships in the e-corporation (virtual electronic corporation). Models of E-Business Application Development, Application Integration and Business Intelligence are now being developed and standardized just like low level object services (Transactions, Security) began to be standardized in 1990s.  These models allow enterprise architects to take advantage of the richer modeling constructs (semantics, relationships, constraints) available in UML/MOF. In this architecture, business models are used to manage the complexity of the business process.  Metadata captured in the meta levels are used to add flexibility, extensibility and semantic interoperability.
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Figure 2: OMG Modeling and Metadata Architecture
5. Concluding Remarks 

A key conclusion is that what has worked in other engineering disciplines – formal models and blue prints - will also work in the software industry to assist better designs and reuse, especially when developing large scale enterprise applications. These systems need to be flexible and extensible – hence the significance of the information that is captured in meta-models and models as well as metadata based architectures. Abstraction alone is not the answer to good software engineering practices. Abstraction alone can lead to unnecessary complexity and inefficient implementations [KRT97]. Model abstraction needs to be combined with a metadata enabled architecture and a sound software lifecycle strategy to fully realize the potential of reuse.  
One obstacle to the "model once, deploy and run anywhere" paradigm comes from the vendors themselves. Vendors are interested in binding customers to their own technology [Rosc99-2]. Note that the authors are not against competition in the software industry. In the end, healthy competition benefits the consumer. However, as the end users out number the vendors and as the runtime environment becomes even more heterogeneous, we believe that the industry will have to embrace a metamodel based approach to software engineering.  
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