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This brief white paper discusses some issues about communications architecture. The purpose of this paper is to recommend a view-based model for describing distributed computing in heterogeneous environments – those suited to use in the energy industry. Additionally, a UML model is described that can represent a concise and circumscribed taxonomy for the utility industry from captured Use Cases.
NIST, in its December 22 2008 draft report to congress states:

“The goal of the NIST Smart Grid program is to accelerate the development and adoption of interoperable Smart Grid technologies through the use of recommended consensus-based standards.  With additional resources and support from stakeholders, NIST will orchestrate the development of the common understanding, standards and tools needed to achieve interoperability through the creation of a Smart Grid Interoperability Framework.  NIST has laid the groundwork for this aggressive plan in collaboration with the DOE and the stakeholder community.” 
In order to facilitate the development of this framework, it is beneficial to describe a concept around which comparisons and discussions of issues can revolve.

There is apparent consensus on the notion of view-based architecture as a means of breaking down the nature of a problem to be addressed with an architectural specification. This consensus is that architecture can be appropriately specified with a composite architectural model, and, one or more “views” on the model. By this means, universal and abstract definitions can be separated from more implementation based decisions in the fostering of a set of interoperating components that can collaborate on providing services.

Overview
To cite a relevant analogy, an architect constructs a composite model of a building. From this composite, one can construct “diagrams” which are “views” on this model – for example the electrical view, plumbing view, structural view, etc….

A similar recognition of architecture is emerging in the communications and software modeling arena. One such example of a view-based architecture is the Model Driven Architecture® (MDA®) from the Object Management Group (OMG):

“What is the Model Driven Architecture (MDA) and how is it different from other architectures?

A: The MDA is a new way of writing specifications and developing applications, based on a platform-independent model (PIM). A complete MDA specification consists of a definitive platform-independent base UML® model, plus one or more platform-specific models (PSM) and interface definition sets, each describing how the base model is implemented on a different middleware platform. A complete MDA application consists of a definitive PIM, plus one or more PSMs and complete implementations, one on each platform that the application developer decides to support. 

MDA development focuses first on the functionality and behavior of a distributed application or system, undistorted by idiosyncrasies of the technology or technologies in which it will be implemented. MDA divorces implementation details from business functions. Thus, it is not necessary to repeat the process of modeling an application or system's functionality and behavior each time a new technology (e.g., XML/SOAP) comes along. Other architectures are generally tied to a particular technology. With MDA, functionality and behavior are modeled once and only once. Mapping from a PIM through a PSM to the supported MDA platforms will be implemented by tools, easing the task of supporting new or different technologies.”

Many other major architecture projects have chosen “view” based modeling that separates the architecture model itself from orthogonal views of the model. The Reference Model for Open Distributed Processing (RM-ODP) is an international standard (see references) that contains a well orchestrated separation of modeling viewpoints as well. 

The following major architecture efforts use view-based reference models:

IEEE 1471/ISO/IEC 42010:2007
http://en.wikipedia.org/wiki/IEEE_1471 

OMG MDA
http://www.omg.org/cgi-bin/apps/doc?omg/03-06-01.pdf 

CIO FEAP
http://www.cdt.org/egov/handbook/interoperability.shtml 
C4ISR / JTA 
http://oai.dtic.mil/oai/
oai?verb=getRecord&metadataPrefix=html&identifier=ADA443891  

RM-ODP
http://www.dstc.edu.au/Research/Projects/ODP/ref_model.html 
View Based Architecture and the NIST Smart Grid Interoperability Framework
The following, Figure 1NIST Smart Grid Interoperability Framework: View-Based Architecture, is a version of this organization adapted to the subject at hand
. Notice that there is a “model” at the center of the smart grid. Surrounding this model is a series of five views on the model which are summarized next:
(1) Who are the stakeholders and participants in the Smart Grid?
(2) What information is exchanged?
(3) How do the applications of the Smart Grid work?
(4) Where do logical interfaces reside within actual products?
(5) Which core technologies and standards comprise the Smart Grid?
With this representation, one can then discuss these various “orthogonal” aspects of the framework. Most importantly, views in the top of the figure, 1..3 in the list above, are entirely independent of the underlying technologies and actual devices used to fulfill them.

Shown in the figure are the simplified terms as well as the RM-ODP terms for the architectural views.
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Figure 1NIST Smart Grid Interoperability Framework: View-Based Architecture

Who participates [Enterprise Viewpoint]
This view identifies the business and technical Use Cases and their participants. From this view comes a taxonomy of participants and of applications for the smart grid that can be reviewed on this common basis. For example, actors such as “revenueMeter” and “industrialCustomer” or “electricVehicle” would be named and described. Use Case applications such as “realTimePricing” and “loadManagement” would be detailed. As such actors are identified and manipulated through use cases, the interfaces to the information exchanged (see What) becomes apparent.

What information is exchanged [Information Viewpoint]
This view represents the top level information objects that are exchanged in the course of the implementation of Smart Grid applications. It represents a taxonomy of such elements such as “pricingEvent” or “meterRead”. This represents the abstract information models used in the Smart Grid.
How is the data processed or interpreted [Computation Viewpoint]
The “How” view is where the “action” is. This view describes the interaction of the actors within use cases. It reveals how the applications are accomplished through communications exchanges and related activities. In the How view you would expect to understand the step by step processes that result in the goals of individual Use Cases.
Where are the interacting devices located/partitioned [Engineering Viewpoint]
Where defines how the abstract functionality described in the previous views is partitioned into actual devices. For example, a device called a “customer gateway” might be described that contains the embodiment of the interfaces of one or more actors that participate in applications.

This is technically only where functions are allocated to devices. We would ultimately endeavor not to specify this in an architecture. If it is well formed, the definition of actual devices will entirely be in the province of the marketplace as individual companies devise products and make different choices as to where to instantiate functionality. For example, gateways, concentrators, proxies… Architecture should facilitate these choices without prescribing them.
Which technologies are used [Technology Viewpoint]
Here is where the rubber meets the road. “This” describes the actual technologies or standards or protocols that are used to implement the applications of the Smart Grid.
Together, these viewpoints allow us to capture the requirements for the Smart Grid, allocate them to appropriate architectural elements, and finally, assess the matching of proposed technology solutions to those requirements. The graphic and nomenclature presented of a view based architecture for the NIST Smart Grid Framework provides the lattice within which to organize and present this information.

UML Modeling: Development of an Industry Level Architecture and System Model

What are the best applications? What shall we call things? Don’t we need a glossary? If we build it, how will we secure it? Maintain it?

These are common questions any organization embarking on a development of complex scope first asks. Now some more questions:

What has been done already? How did that work? What standards are best to use?

Heretofore the answers to these questions and others lie in reams of printed documents, power point presentations, white papers, email discussions, and the like. Some are available, some are not. Each has been implemented in the very precise language of the small group that developed them. Unfortunately, the understanding of that language is only partially conveyed in their published works.

As we attempt to converge on a set of practices with both explicit definitions and encouragement for extension and extrapolation, there is a pressing need for a common repository of knowledge that has been reduced to a common basis for understanding by a wide audience.

A Unified Modeling Language (UML) [8] model is a means to establish such a common basis. There are many choices of format that can be envisioned for knowledgebase – databases, web servers, etc…. The selection of a UML model has the following benefits:
· It is an information modeling-knowledgeable repository. For example, contrast a drawing program like Microsoft Visio™ with a dedicated schematic capture tool for making a model of a circuit. Because the schematic tool understands that there are components with connections which are inputs and outputs, for example, this information can be used to manage consistency of the use of the parts library – inputs must only be connected to outputs, for example. A graphic-only tool provides for rectangles and circles and such and the knowledge of other relevant properties are excluded.

Below find an example of a UML diagram relating certain elements of a unified model in what is called a Use Case diagram. Use Case Diagrams are part of the “Who” view.
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Figure 2 A Use Case Diagram illustrates Who is Involved in Function
· It is an international standard specifically designed to allow for the description of complex systems. Note that we all have the experience of viewing presentations with stunning commercial graphics attempting to depict the author’s thinking and analysis. Each time we must accommodate ourselves to the style of the artist and understand not just what is rendered but the style with which it was rendered. However, UML has defined a common, and simple, way to make such drawings. Once you learn the drawing methods, you know what it means every time you see them.
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Figure 3 Simple Drawings with UML

· Once information is captured in a machine readable way, it can readily be rendered and exported to other tools for various uses. The XMI form of a UML model is an open formal standardized format. It can be interrogated within a UML editor designed for this purpose. In addition, various Web tools that are designed for interaction with XML files based on XMLSchemas can be used to provide custom and powerful interfaces to the “XMI Data Base”.
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Figure 5 Manage Database within Modeling Tool

· Because UML is a modeling language, its components are re-useable in describing other and future concepts built on a library of well understood building blocks. This is similar to how Leggo™ well-known shapes can be used to construct a facsimile of virtually any object the mind can envision.

The figure below illustrates how NIST IKB information can be captured into a UML model.
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Figure 5 Reusable Model Components

· The UML provides a straightforward method for capturing a model and its views. The following figure illustrates how views can be presented of a model that is maintained in the “Component View” section presented in the previous figure.
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Figure 6 Common repository of Use Cases
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� During its research, the IECSA project converged on applying RM-ODP� as a paradigm for view based architecture because it best reflected the kinds of views most useful in representing it. They found that RM-ODP, while technically appealing, did not itself identify a terminology that was easy to describe and present. For this reason, analogous terms were identified and used.


� Note that it is common to represent such a taxonomy using “camel case” words that have no spaces. Such words can be used in software development directly and can be expanded with spaces easily to present user friendly reading of the information when used.
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