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1 Introduction

1.1 Background

1.1.1 Modelling of MoD capability requirements, systems and processes is carried out by a wide range of teams working in different parts of the enterprise. These teams use different tools, modelling techniques and taxonomies making it difficult to share and combine models. The need to realise Network Enabled Capability (NEC) has increased the need to share these models and build ones that span systems, process and organisation across diverse parts of the enterprise.

1.1.2 In light of this, the Architectural Frameworks Interest Group (AFIG) has been set up and tasked with devising a common MoD Architectural Framework (MoD AF) that will act as an enabler for sharing models and building integrated models across the enterprise. 

1.1.3 So far, the MoD AF work has concentrated on defining standard Architectural Views (based on the DoDAF model), which should allow architectural modelling groups to be able to understand each other’s models. However, to exchange and merge models, it is necessary to define a Meta-Model that underpins these Views (filling a role similar to that which the CADM performs for DoDAF), and agree a Taxonomy for the objects represented. The MoD Enterprise Reference Model (ERM) is being created for former reason.

1.1.4 The ERM has to date been developed jointly by DCBM(A), the IA and Qinetiq (as part of ARP work in this area), and exists as a Version 1.0 baseline which is a synthesis based on the models used by these stakeholders. However, the structure of a model of this nature will be heavily determined by the usage to which it will be put, so in order to refine this model further, it will be necessary to examine in greater detail how it will be used, and then to progress actual proofs of concept.

1.2 Aim

1.2.1 The aim of this initial paper is to define a framework for a discussion that will allow the desired usage of the ERM to be determined, by setting out the different ways in which the MoD ERM could be used. The framework will therefore be used as a tool to:

· Confirm that all of the uses that stakeholders have in mind have been considered

· Agree which of the uses detailed in this paper are of no interest to the stakeholders, and can be dropped from consideration

· Identify the priorities the stakeholders have for using the model, and prioritise these for implementation.

Resolving these will be the subject of future workshops.

2 Framework for Discussing Usage of the MoD Enterprise Reference Model

2.1 Structure of the Framework

2.1.1 The important aspects about the Concepts of Use that we need to understand to move the model forward are: 

· The Processes that the ERM will be required to support

· The System Architectures that will underpin any automated usage

· The types of Model that will need to be manipulated.

The diagram below shows the different processes and system architectures related to model interoperability, that the ERM might need to support.
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Figure 1: Model Interoperability Processes and System Architectures

2.1.2 These are discussed in more detail in the tables overleaf.

2.2 Processes
 

	Concept of Use
	Description
	Potential Impact on Model (illustrative)

	Automated Usage Type

	Common Reference
	ERM is used to transfer catalogues of reference data between modelling tools, so that modellers are all building models based on items picked from similar lists, or lists that can be related to each other. There are two levels at which this can be done Catalogue and Behaviour (see below). 
	Need to investigate the process by which the reference data is compiled and maintained, as the model may need to be structured to deal with mixtures of ‘approved’ and ‘local’ items, and the process by which new items get absorbed into the ‘approved’ repository. If this is the only use, then the ERM need not cover ‘Illustrative’ models or the relationships entities can have with each other in these models.

	Search
	ERM is used as the basis for a search engine database (distributed, or central broker), where users can search for models relating to defined subjects.
	Precise definition of the ERM entities become important but the relationships between them less so (except for more complex searches). The ERM will be of little value without an accompanying Taxonomy defining the classification and standardisation of the items being modelled (not just the definitions of the ERM entities)

	Model Exchange
	The ERM is used to transfer all or part of a model from a tool being used by one group into a tool used by another. The model remains separate from other models in that tool.  
	Standard set of ERM Entities and Relationships important, but the precise definition of what they hold is not.  Standard catalogues of items not strictly needed if the models are not to be integrated. 

	Parallel Collaboration
	Teams work in parallel on models, which then need to be combined. A model in one tool can be transferred across to another, and automatically (or semi-automatically) merged with a model already on that tool. 
	Standard set of ERM Entities and Relationships important, as is the definition of what they hold. Standard catalogues of items essential.

	Sequential Collaboration
	The models are passed around the organisation with each new owner adding the details they are interested in to the model.
	Standardisation of Entities and Relationships necessary, but it may not be necessary to standardise on catalogues of items. Necessary to preserve detail as the model is passed around the organisation, even if the current ‘owner’ of the model is uninterested in some of it.

	Compare/Cross-validate
	Models built in one part of the organisation using one tool are compared and validated against models built by another part of the organisation in another tool. Differences and inconsistencies between the models can be validated.
	Standard set of ERM Entities and Relationships important, as is the definition of what they hold. Standard catalogues of items essential. Mappings between different ways of using the model would also be needed (entities and relationships)

	Foundation of Enterprise Tool
	ERM is developed into a data model that underpins an Enterprise-wide tool that holds model detail (not just the metadata), such as the central repository (MARS), or possibly a tool for generating MoD AF compliant views from models. 
	The model will need to be turned into a Physical Model, with fully defined attributes and relationships (cardinality, optionality, information associated with the relationship).


	Concept of Use
	Description
	Potential Impact on Model (illustrative)

	Automated Usage Type

	Catalogue
	The ERM is used to enable the transfer of lists of standard items that can be used in models (Organisations, Equipment, Roles, processes, etc)
	Relationships and attributes of the Entities are relatively unimportant, but there needs to be a good definition of what each entity represents.

	Behaviour
	The ERM is used to transfer lists of standard items, and also aspects of their behaviour that will allow the tools to add value by determining (depending on the degree of behaviour modelled) such things as:

the validity of the model being produced (will the components be compatible and able to interwork in the way that is shown)

compliance of the model with standards and policies

the likely emergent properties of a modelled system of systems
	A lot of work will need to be put into defining the attributes associated with each of the ERM entities, and the attributes associated with the relationships. The value that could be derived fro this level of modelling is potentially great, but at a substantial cost of development and ongoing cost to keep the behavioural information comprehensive and up-to-date


2.3 System Architectures

	Concept of Use
	Description
	Potential Impact on Model  (illustrative)

	Manual versus Automated Usage

	Manual Usage
	Use of the ERM by teams as a ‘lingua franca’ to facilitate understanding of each other’s models, or to manually migrate a model built by one group using their conventions and tools, to another groups modelling tool, following their conventions.  Once migrated, the model can then be extended to suit the purposes of the new group.
	Clarity of the ERM becomes more important than 100% rigour, adherence to meta-modelling standards, or the ability to cope with exceptional situations. It is important that the model be presented in a way that makes it easy for groups to map it to the way that they model.

Attributes of the entities may not need to be modelled.

	Automated Usage
	Use of the ERM for automatic exchange of model information between modelling tools 
	The model needs to be rigorous, precise and complete, and able allow the capture of models in all forms, with the ability to derive definitive rules for translating between the different teams approaches. The model must deal with all cases, including exceptional ones. Attributes will need to be defined in detail. Understanding of the model by modellers is relatively unimportant, as it will mainly be Tool developers who will use the model. 


	Concept of Use
	Description
	Potential Impact on Model (illustrative)

	Technical Architecture

	Hub-and Spoke
	All of the modelling tools check their models into a central repository, using a common format based on the ERM. Tools that need to use any of the models check them out 
	ERM needs to settle on single definitive way of holding information, and not retain relationships that can be derived in downloads to the individual tools.

	Broker
	Central system contains a directory of models, and summary information about them and is used to find the location of a model, but the modelling tools need to communicate with each other directly to exchange the actual models themselves.
	ERM needs to emphasise classification schemes for objects being held, so that searches can be made effectively.

	Peer-Peer
	All of the modelling tools communicate directly with each other, with no central component
	ERM can retain duplicate ways of modelling similar information, and bilateral translations can be devised between these ways.


2.4  Types of Model

2.4.1 For each of the Concepts of Use described in the previous section, there are a number of different types of model that may need to be dealt with. The ERM may need to be changed according to which types of models need to be handled. 

	Model Type
	Description
	Potential Impact on Model (illustrative)

	Rigour

	Conceptual
	Conceptual models are designed to communicate new ideas to audiences of mixed backgrounds, primarily in order to gain agreement to or raise awareness of the ideas. Conceptual models will often be incomplete and with the level of detail varying in a way that helps communicate the point as clearly as possible, with acceptable effort.
	Needs to be flexible, allowing many different ways of modelling, and not impose restrictions that might be necessary for a rigorous model.



	Specification and Design
	Models that can be used when contracting with a supplier, progressing the design and evaluating deliverables. These need to be completed to a consistent level of detail, and be complete within their defined scope. They should also comply with the desired Architecture
	May need to capture information about why a particular model is like it is. Does not need to be able to model in multiple ways, and it may be acceptable for the structure of the ERM to not allow certain modelling styles that are not deemed to be sufficiently rigourous. 


	Model Type
	Description
	Potential Impact on Model (illustrative)

	Meta-level

	Portfolio
	The model captures information about the make-up and characteristics of the portfolio of organisations, people, stock-processes and equipment that the MoD have (or will have) at their disposal to carry out military activities at a particular point in time, or even how this will change over time. The model effectively describes the tool-kit and capability from which deployments can be built, and may describe the rules for putting these pieces together.
	The ERM is currently able to capture models at this level, and would not need extending. Instances of the entities in the ERM represent ‘classes’ of equipment, organisations, processes, etc, rather than a particular usage of them. For example, there will only be one record to represent the concept of an ‘Infantryman’, although there will be many thousands in the actual army.

	Illustration
	The type of model shows an illustration of how the components of a Portfolio might be used in a particular circumstance. There may be any number of Illustrative models based on a single Portfolio, each illustrating a different aspect of the behaviour of its components. In some cases, illustrative models may be used to actually define the characteristics of the Portfolio, or requirements for it. 
	Model needs to be able to record metadata about the Illustrative Models as well as the definition of the Portfolio. ‘Instances’ of equipment, organisations, processes, etc need to be modelled together with the particular properties they have in a specific Illustrative Model (status, location, trajectory, etc), and the dynamics of that model.


	Model Type
	Description
	Potential Impact on Model (illustrative)

	Perspective

	As-Is
	Teams such as the IA collect information on the enterprise as it is, or is planned to be. The content of such a model is determined by the level and completeness of the detail that is available, and the time available to maintain it. 
	By its nature, an as-is model will not necessarily comply with the desired architecture, to the structure of the ERM cannot enforce ‘desired’ characteristics. It must also be able to model incomplete information, and at varying degrees of detail depending upon what is available. Age and reliability of the data in the model may also need to be represented.

	Requirement
	Models used to illustrate what the MoD would like to be able to do, without showing how this is to be achieved.
	ERM needs to be able to capture and illustrate operations without the need to specify actual pieces of equipment of processes. 

	Design
	Models that show how a requirement will be achieved through the use of existing and planned organisations, people, systems and processes. How the system that meets the requirement will be broken down into components, and how these interact to meet the requirement.
	ERM needs to be able to capture models that have ‘proposed’ items in the MoD’s portfolio, as well as those that are official parts of the portfolio.

	Deployment
	Operational planners may use modelling tools to help plan an actual deployment of existing capability to meet a real need.
	The scale and detail of the model is likely to be much greater than for other uses, and the ERM may need to be used to interface with operational systems.
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