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ABSTRACT
Increasingly, Modelling and Simulation (M&S) is being exploited as an enabling technology to support tactical, operational and strategic objectives and shape decision-making within the military domain. Verification and Validation (V&V) of models and simulations are intended to ensure that only correct and suitable results are used thereby facilitating risk management with regards to M&S use as well as supporting and contributing to the organizational Knowledge Management (KM) strategy focusing on M&S interoperability and reuse. 

Recognizing the risk of use and misuse of M&S in a domain that looks to improved interoperability and reuse, decision-makers must be cognizant that the simulation may “…appear more realistic than the underlying data and algorithms would suggest….resulting in ‘Garbage in, Hollywood out!’”[1]. With this in mind, the value and importance of embracing a VV&A policy and methodology is reinforced. 

This paper presents the work of REVVA 2 consortium that, under the auspices of WEU and the Simulation Interoperability Standards Organization (SISO), have focused on developing a generic and comprehensive VV&A methodology to be submitted as an internationally recognized standard and recommended practice for the application of VV&A. The REVVA methodology has been applied in a number of military M&S projects and has incorporated the contributions of NMSG 19/TG 16 VV&A of Federations. A discussion of how the work on VV&A will impact defence M&S out to 2015 and beyond will be addressed as well as recommendations to fill the gaps that have been identified by the international VV&A work.

1.0
INTRODUCTION

Preparing to deal effectively with the changing risks, complex and emerging threats and threat perceptions of the future security environment is a major challenge for decision makers within the defence domain. The NATO Alliance will be required to face the threats associated with terrorism, instability due to failed or failing states, regional crises and conflicts, and their causes and effects, the growing availability of sophisticated conventional weaponry; the misuse of emerging technologies; and the disruption of the flow of vital resources [2]. 

To address these challenges, M&S is being used as an enabling technology across many domains to support tactical, operational and strategic objectives and has become a powerful and resource-efficient capability for:

· Training and education;

· Mission analysis and rehearsal;

· Decision support (such as exploration of doctrinal alternatives);

· Capability management;

· Investigation of leading-edge technologies;

· Effective support to the acquisition process; and

· Concept development and experimentation.

Coupled with the Future Security Environment (FSE), the challenges afforded by emerging concepts such as Network Enabled Capability (NEC) and Network Centric Operations (NCO) look to advances in M&S to address the underlying complexity associated with these domain applications. With Defence initiatives such as Future Combat System (FCS), the requirement for the application of M&S is a precursor for the effective realization of new capabilities and systems. 

The effective use of M&S in these applications necessitates insights into the utility, validity and correctness of the models and simulations within the context of their intended purpose. As articulated by Sargeant (2001) “The developers and users of these models, the decision makers using information derived from the results of these models, and people affected by decisions based on such models are all rightly concerned with whether a model and its results are correct. This concern is addressed through model verification and validation” [3]. Tullos-Banks (2005) describes Verification, Validation, and Accreditation (VV&A) as “three interrelated but distinct processes that gather and evaluate evidence to determine the simulation’s capabilities, limitations, and performance relative to the real-world object that it simulates, based on the simulation’s intended use. The goal of VV&A is to assist the user in making an informed and independent judgment in regards to the credibility of Models and Simulations (M&S) being used in a specific program or project of interest to the user” [4].
As discussed in detail by Brade [5], “The main driver for the V&V of models or simulation results is the risk incident to their application…. Simulation results must only be used, if they are sufficiently credible with respect to the impact of their use, and the influence of the simulation results in comparison to other non-M&S influences (“conventional” information) ”. With the introduction of serious gaming and improved animation and 3-D graphics, decision-makers must be cognizant that models and simulations may appear “…more realistic than the underlying data and algorithms suggest” thereby revising the adage from “‘garbage in, garbage out’ to ‘Garbage in, Hollywood out’” [1]. 

Many decisions, which involve large amounts of money, impact organizational efficiency, geopolitical consequences and human lives, are already based on simulation results. The weakness or scarcity of data sources, the difficulties to define reproducible, predictable experimental frames are so important that M&S of complex systems (aggregated, including human in the loop, devoted to high level training) are very inclined to suffer from what is known as errors of type I (rejecting valid outcomes), type II (accepting invalid outcomes) or type III (solving the wrong problem). The aim of VV&A is to increase the trustworthiness of M&S products through a disciplined process of capturing and analyzing evidence of the simulation performance.

To address the shortcomings in the M&S community with regards to the application of VV&A, the Generic Methodology for Verification, Validation and Acceptance (GM-VV) was developed by the Simulation Interoperability Standards Organization (SISO) GM-VV Product Development Group (PDG). The intent of the GM-VV is to provide a generic methodology for making formal and well-balanced acceptance decisions on a specific usage of models, simulations and data. Leveraging the work of REVVA 1 and REVVA 2 (Reference Project for VV&A) consortium, comprised of an international membership including France, Denmark, Sweden, UK Industry, The Netherlands and Canada, the SISO PDG aim is to develop an internationally accepted generic VV&A standard. 

2.0
Rationale for a GENERIC VV&A Methodology

Despite the fact that the existing standards, methods and practices have contributed to the M&S community, there are still aspects of VV&A that have not been adequately addressed or cannot be facilitated by a method. 

To the best of our knowledge no VV&A method generic enough exists to facilitate all M&S applications. Existing standards, practices and methods are dependent on a specific technology (e.g. IEEE 1516.4 on HLA [6]) or on a specific development paradigm (e.g. waterfall, the FEDEP [7]). Therefore, there is a need for a method that will be able to address both universal aspects of VV&A within M&S, while at the same time be subject to tailoring in and meet the specific needs of any M&S product within any domain (e.g. M&S for training).

Another consideration is sharing of knowledge and its reuse. As described in ITOP [8] there are no common procedures when planning, implementing and documenting VV&A efforts and in most cases they are executed in various non-uniform and incompatible ways. Such heterogeneity stresses the need for a method that should be able to facilitate the complexities of knowledge exchange and reuse in M&S. Thus, it should lead to formalized sets of products and processes adoptable to diverse organizational forms.

Moreover, an additional need comes from the fact that VV&A currently faces a shift from being project based to enterprise service oriented. Well established members of the M&S community (e.g. NASA’s IV&V Program [9], Aegis’ VV&A program execution [10] Pitch’s strategy for long-term M&S investments based on interoperability and reuse [11]) are moving M&S on enterprise levels, thus constituting VV&A as a service essential beyond the boundaries of a single project, investing on interoperability, knowledge capitalization, sharing and reuse in the long run. Such a shift of focus is driven by the need for more effective and efficient VV&A efforts balancing confidence, objectivity and quality assessment, with risks and costs.

Confidence, objectivity and quality assessment depend both on maturity (e.g. a validation process maturity model [12]) as well as on different V&V levels (e.g. residual uncertainty, rigor, etc. [13]). At any case, final outcomes of VV&A efforts are accompanied with related uncertainty, which varies depending on many parameters (e.g. criticality of the M&S product use, availability of resources, etc.). By definition no absolute acceptance assessment on an M&S product is realistic, therefore effort needs to be put on quantifying the related uncertainty to support the assessment’s confidence, objectivity and quality affecting both the risks and costs involved.

3.0 
GM-VV Design Context, Rational and Assumptions

Models and simulations are not entities that exist on their own or for any unknown purpose. Instead models and simulations are developed and employed to fulfil the needs of its intended users and other stakeholders. It is within the objectives of a whole operational context in which the benefits, cost and risks of utilizing models or simulations have to be assessed in order to make well informed acceptance decisions on using their outcomes. Therefore, the GM-VV vision on VV&A is strongly centred around an evaluation process of the model and simulation utility and confidence with respect to the outcomes from the actual employment environment and operational objectives perspective. The principle VV&A endeavour objective in this global GM-VV vision is to provide the information and arguments necessary to support stakeholders in the acceptance decision-making process on the utilization of models, simulations, underlying data and outcomes to satisfy their goals.

The methodology design associated with the GM-VV is compliant, builds-upon and complements well-established systems engineering and other international standards and incorporates argumentation mechanisms with various levels of formality that allows for both rigorous and traceable decision making.

Due to the wide range of domains in which models and simulations are employed, the methodology has been designed to be independent of any particular M&S system development paradigm and technology. Moreover, the design is tailorable in such a way that methodology can meet or conform to any specific needs, procedures, standards or policies that are common practice in certain domains or organisations. In here the required VV&A information and products that have to be developed during a VV&A endeavour are the most stable factor. The GM-VV design is thereby strongly product oriented and its tailorability is primarily accomplished through adaptation of processes and organisational elements.

According to the GM-VV vision, the VV&A endeavour investments must be balanced in accordance with the model and simulation operational objectives, cost and risks, hence the methodology is goal-oriented and product driven. GM-VV provides the language, methods, practices and techniques that facilitate better communication and capture the interplay between and allocation of VV&A resources, stakeholders’ needs, and M&S use risks throughout the VV&A endeavour. 

4.0
GM-VV Key Concepts and Components

4.1 
The Global GM-VV Approach to VV&A

The basic premise for GM-VV is that any model or simulation artefact is considered to be a system. This total (training, analytical, etc.) system is referred here as the M&S system and provides a solution to resolve the problem or needs of users and stakeholders. A four-world view has been adopted by GM-VV to structure the world in which the problem is addressed (Figure 1). In the first of these four worlds, the real world, a need may arise that requires certain decisions or actions. These translate into a problem statement which has to be solved in the problem world. Within the context of GM-VV, the M&S world is the way to solve this problem through a well-controlled employment of the M&S system. This M&S system is the result from a systems engineering process within the product world. 
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Figure 1: The VV&A World and the Four Worlds of Problem Solving

GM-VV considers VV&A as a separate problem domain with its own specific objectives and issues. This domain is referred to as the VV&A world. The objective of this VV&A world is to provide acceptance decision support throughout the whole M&S system life cycle. The world diagram also clearly demonstrates that the system of interest for VV&A extends beyond the M&S system itself in the product world. The VV&A system of interest also includes the evaluation of the operational context in terms of the M&S system employment and outcome utilization process and organisation. 

The key activities in the GM-VV VV&A worldview comprise M&S system verification, validation and acceptance decision support. Within the GM-VV, verification yields evaluation of the M&S system correctness and validation yields evaluation of the M&S system validity. Acceptance decision-support yields the development of an acceptance recommendation based on the outcomes of the verification and validation activities complemented with an evaluation of the M&S system utility. Each of these three interrelated property classes address and provide a set of metrics for evaluating a specific part of an M&S system:

· Utility: Assesses the effectiveness and efficiency of the M&S system in solving the real-world needs from an operational M&S employment context. Evaluation metrics for utility comprises three areas: value or benefits (MoE, MoM, etc.), costs (money, time, etc.) and use risks (impact, money, etc.)

· Validity: Assesses the level of agreement of the M&S system behavioural representation with that of the real system. Validity metrics are also used to assess the consequences any behavioural discrepancies have on the utility of the M&S system.

· Correctness: Assesses whether the M&S system implementation conforms to the model specification, is free of error and of sufficient precision. Correctness metrics are also used to assess the consequences of implementation discrepancies on both the validity and utility of the M&S system.

Besides these three properties, GM-VV evaluates for the M&S system an extra property class that are defined in relationship to one or more utility, validity or correctness properties. These so called, meta-properties contain metrics for evaluation of aspects such as reliability, completeness and independency.

Within this GM-VV framework of VV&A properties, M&S acceptance is given a precise definition in terms of acceptability criteria. A rigorous goal-oriented requirements engineering approach is provided by GM-VV to derive and justify the acceptability criteria for the utilization of the M&S system to accomplish the stakeholders goals. Demonstration whether such acceptability criteria are met by the M&S system, requires the presence of appropriated evidence to be able to justify such a claim. To this extent, GM-VV provides a strong evidence-based argumentation approach to properly acquire evidence and formal reasoning with this evidence in relationship to these acceptability criteria.

4.2
The GM-VV Product, Organization and Process Pillars: A Layered View

GM-VV has adopted a three-pillar view to structure and translate its underlying VV&A approach, concepts and methods into a single consistent methodology. These GM-VV pillars are the VV&A product, organisation and process pillars. The product pillar specifies all principle VV&A products that should be developed throughout a VV&A endeavour. This pillar contains the most precise and formally defined technical components of the methodology, which are the least negotiable and tailorable. The process pillar specifies all VV&A technical and related life-cycle processes that deliver the VV&A products in the aforementioned pillar. These processes are an instantiation and extension of the IEEE system life-cycle process standard [19] [23] [24] [25]. The third pillar provides the minimal organisational context for conducting VV&A. This context is specified in terms of assigned authority, responsibilities and obligation relationships with respect to the required VV&A products and their delivery processes. A layered view is adopted by the GM-VV to further structure this organisational context and to facilitate the actual deployment of the methodology. Figure 2 shows a schematic diagram for how this fits into the overall methodology.
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Figure 2: GM-VV Global Methodology Overview

In Figure 2 the tabs along the process pillar axis resemble the four major sets of life-cycle processes part of the GM-VV. Each of these sets contain several related processes that can interact with any of the other processes inside the whole process pillar. 

4.2.1
Problem Layer

The top-level layer of the GM-VV is the problem layer. The problem layer gives the operational context in which the VV&A endeavour is initiated, contracted, performed and the produced deliverables are deployed. From the technical processes perspective, this layer is governed by the M&S problem owner. It is the problem owner who is responsible for defining the requirements posed on the VV&A endeavour to ensure that the desired VV&A results are produced in order for him or her to make a well-informed acceptance decision. 

Usually the actual VV&A requirements definition process is delegated to the acceptance leader, who develops the VV&A requirements for the problem owner. This acceptance leader is considered in GM-VV as the technical lead engineer for the whole VV&A endeavour. Through an agreement process he or she will  negotiate with the problem owner stakeholder until a final agreement is achieved. Usually but not necessarily, he or she comes from the VV&A agency which is contracted by the VV&A acquiring party to conduct the VV&A endeavour. In some cases multiple agencies could be involved or subcontracted to execute some parts of the VV&A project or service. Such considerations are also made in the problem layer as part of the agreement process and reflected in the VV&A requirements. In case any issues arise along the duration of the VV&A endeavour on a technical level, he or she will report and interact with the problem owner to reach an agreement on the resolution.

It is the acceptance leader’s responsibility to assure that VV&A endeavour produces the VV&A results in accordance with the agreed VV&A requirements. Once these VV&A results are available, the acceptance leader shall produce an acceptance recommendation, thereby translating these results into an understandable and useful VV&A product. This acceptance recommendation is considered in GM-VV as the final deliverable of any VV&A endeavour, however it is the problem owner’s responsibility to sign off the delivered acceptance recommendation based on the agreed VV&A requirements. The problem owner thereby also becomes responsible for whether or not utilizing this acceptance recommendation in the decision-making process and thus also takes any liability for the possible consequences. This decision-making process is thus not part of GM-VV.

4.2.2
Acceptance Layer

The acceptance layer has as the primary objective to develop, manage and execute an acceptance strategy for producing VV&A results that can be transformed into a GM-VV acceptance recommendation deliverable. This acceptance recommendation has to satisfy the problem owner needs as specified by the VV&A requirements. To this extent, VV&A requirements are subjected to a careful analysis process, which shall produce an appropriate and feasible acceptance strategy. This acceptance strategy is called in GM-VV; the target of acceptance (ToA). The ToA and all other technical VV&A products, which are developed in this layer, are under the responsibility of the acceptance leader. In case an appropriate ToA is not technically feasible within the imposed VV&A requirements, the acceptance leader should communicate and negotiate with the problem owner to reach an agreed resolution.

The ToA comprises a semi-formal goal-based argumentation network, which has the intended use of the M&S system at its root and the acceptability criteria that must be evaluated as its leafs. The ToA is developed from various information sources but at its basis stand the VV&A Requirements. 

Based on the produced V&V cases, the acceptance leader should make an assessment on whether the M&S system meets the specified acceptability criteria. For this purpose, the acceptance leader is responsible for the GM-VV acceptance case (A-Case) that shall be produced. An A-Case comprises a semi-formal claim argumentation network, which has as its leaf nodes claims on the accomplishment of each acceptability criteria. The A-Case root node is a single acceptance claim on the M&S system employment in the problem owner’s utilization context. An A-Case is developed by the evaluation of the evidence, available through the V&V case, against the acceptability criteria and justifying their integration into the acceptance claim. The A-Case thus provides all necessary evidence and rigorous argumentation to back-up an acceptance claim. Therefore, the A-Case is the basis on which the acceptance recommendation is established.
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Figure 3: GM-VV Goal and Claim Argumentation Network for VV&A

4.2.3
Verification and Validation Layer

The primary objective of the verification and validation layer is to develop, manage and execute a verification and validation strategy for acquiring evidence that can be used to demonstrate the accomplishment of the acceptability criteria. To this extent, the ToA is used as the start-point to design an verification and validation experimental-frame or frames that specify the required evidence and criteria for their generation. These evidence criteria relate to one of the VV&A evaluation properties (utility, validity or correctness). In GM-VV, this strategy and frames shall be produced in the form of one or more targets of verification and validation (ToVV). The ToVV and all other technical VV&A products, which are developed in this layer are under the responsibility of one of more acceptance leaders. In case an appropriate ToVV is not technically feasible within the imposed VV&A requirements, the V&V leader should communicate and negotiate with the acceptance leader to reach an agreed resolution.

The ToVV comprises a semi-formal goal-based argumentation network, which has one or more acceptability criteria of the ToA as its root nodes and the criteria for the evidence that must be generated as its leafs. The ToVV is developed from various information sources but at its basis stand the ToVV. In this effort, it is essential that a deep understanding of the M&S system and its constituent subsystems is gained to properly develop evidence criteria. Such M&S system information refines and shall be capitalized in the VV&A SoI. 

Based on the produced items of evidence the V&V leader should make an assessment on whether each item meets the specified evidence criteria. For this purpose the V&V leader is responsible for the GM-VV verification and validation case (V&V-Case) that shall be produced. A V&V-case comprises a semi-formal claim argumentation network, which has as its leaf nodes claims on the accomplishment of each evidence criteria. The A-case root node is a single acceptance claim on the M&S system employment in the problem owner’s utilization context. A V&V-Case is developed by the evaluation of items of evidence, available through the E-Case, against the evidence criteria and justifying their integration into the acceptance claim. The V&V-case thus provides necessary integrated items of evidence and rigorous argumentation to back-up claims on the accomplishment of one or more acceptability criteria in the A-Case. 

4.2.4
Evidence Layer

The primary objective of the evidence layer is to implement the VV&A experimental frames specified by one or more ToVV(s) to generate the required items of evidence. The implementation of these frames shall result in detailed implementation design strategies, referred as the target of evidence (ToE). The ToE comprises a semi-formal goal-based argumentation network, which has evidence criteria from the ToVV as its root nodes and specific VV&A techniques, tools, soft and hardware solutions as its leaf nodes.

Next step in the implementation is the execution of this ToE by means of deploying the specified experimental techniques, tools, soft and hardware to generate the items of evidence. The produced experimental data shall be assessed and integrated into a set of justified items of evidence. Again this is done by means of a semi-formal claim argumentation network. This resulting GM-VV product is called the evidence-case (E-Case).

4.3
The GM-VV Information Management Component

To facilitate a cost-efficient implementation of VV&A endeavours, GM-VV offers as an integral part of its methodology, the information management approach. This approach embodies the GM-VV concept of the pragmatic execution of and tool support for VV&A in both project and service-oriented operation modes. The GM-VV project and corporate memory product specifications are the technical realisation for this approach and facilitate the development of interoperable tools for VV&A.

The basis for these product specifications is the semi-formal GM-VV data information model, which captures all GM-VV technical and lifecycle process products information. The information model has also entries and capabilities to facilitate information management of advance VV&A aspects such as return of investment, risk and process maturity. Moreover, the GM-VV project and corporate memory specification also provides generic mechanisms and interfaces that allows for VV&A information import, export and views in different representational formats. Through this interface and the usage of schema in combination with template structures (plug-ins), various commonly used VV&A documentation sets can be generated or imported. This facilitates the adoption and tailored application of the GM-VV in organisations and communities that have their own VV&A standards and policies in place.

4.4
GM-VV Documentation Structure

The GM-VV is intended to be used by a broad range of stakeholders. Among many others, these stakeholders include decision-makers, acquires, suppliers, developers and user of M&S systems and VV&A products as well as developers of engineering support tools. The GM-VV is presented by means of three interrelated documents to facilitate the information exposure and needs each of these stakeholders may have. The GM-VV handbook is the top-level document for the methodology. This document gives the methodology rationale and overview from an end-user’s perspective. It provides guidance on deploying the methodology from both an enterprise and a project organisational viewpoint, in terms of what shall be done to deliver the required GM-VV products and related responsibility matrix. The GM-VV recommended practice guide presents a series of common best-practices, strategies, techniques and tools to effectively develop these GM-VV products. This is a how-to manual for the everyday VV&A practitioner. A full definition of what constitutes the methodology and its VV&A products is given by the reference manual by means of semi-formal specification. This document is intended for the real VV&A experts seeking deep understanding of the methodology or those who want to develop case-tools, knowledge-bases and repositories for VV&A endeavours.

5.0
Case Studies

The Maritime Air Littoral Operations (MALO) project was conducted by Defence R&D Canada Ottawa as part of the Technology Demonstration Program.  MALO comprises medium and high-fidelity models integrated into a distributed simulation federation supporting both constructive and virtual man-in-the-loop simulation and synthetic environment elements to facilitate tactics and doctrine development. In support of the REVVA 2 project, the MALO TDP was selected as an initial case study of the methodology [14]. The application of the VV&A Overlay (IEEE 1516.4) provided implementation guidance for the VV&A effort within the context of a distributed simulation. As the MALO TDP employed the Federation Development and Execution Process (FEDEP), the VV&A overlay proved to be most beneficial. Guiding the overall VV&A effort, the VV&A team employed the salient elements from the REVVA 1 methodology. Of particular note was the effectiveness of using the Goal Structure Notation (GSN) as the argumentation framework to develop the ToA and ToVV as depicted in figure 4 [26]. The Assurance and Safety Case Environment (ASCE) toolset was employed in the development of the ToA and ToVV and proved most helpful in developing the argumentation structure from which the V&V Test Plan emerged in addition to acting as a communication tool for the user and developer with regards to the VV&A issues. 

[image: image4.jpg]



Figure 4: Goal Structure Notation based Argumentation Framework

To further develop and inform the REVVA 2 methodology, a second case study was conducted by DND SECO. The case study was conducted in support of War-in-the-Box: Exercise OLYMPIC CHALLENGE 1 (WIB/OC1). This simulation employed Air Force and Navy constructive and virtual simulations, linked together to create a joint synthetic environment to facilitate both operator and command and control training. The exercise represented the inaugural distributed simulation event of the Air Force Distributed Mission Operations Centre (DMOC).  

Exercise WIB/OC1 was set in the west coast of Canada during the 2010 Olympics.  The scenario was developed to support the training objectives of the participants and notionally commenced with airspace management including airspace incursions requiring visual identification of unknown aircraft.  

The VV&A was conducted to evaluate the highest level claim with regards to the feasibility of the DMO for the conduct of air force training. As described in the technical notes of the GMVV, an argumentation framework was developed to facilitate the aggregation of evidence into claims in support of the high level ToA (figure 5). This goal-driven approach that characterises the REVVA 2/ GM-VV methodology was employed within the context of OC1 intended use, development, use-risk, cost benefits and project constraints. The results of the VV&A case study [15] revealed the strength of a well-articulated argumentation framework and disciplined approach to VV&A. This was particularly evident in the way the argumentation framework facilitated insights into the validity implications resulting from the fluid and dynamic changes that transpired during the development and execution phases.  
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Figure 5: Argumentation Framework developed for OC1

A third case study was conducted which focused on the systematic comparison of chains of models for given generic (but somehow realistic) scenarios, in order to identify discrepancies between models, influential factors, and to improve or discard respective sub-models for the given purpose. The use of the REVVA/GM-VV methodology facilitated the comparison and the validation, which consisted of documentation of models (parameters, timing…), establishing verification steps during model setting, critical comparison between models, and possibly validation, after building the referents. The results of this effort demonstrated the versatility of the REVVA/GM-VV methodology in addressing M&S questions of validity outside of traditional simulation efforts.
6.0
Future Work

Unresolved issues persist within the M&S community as it pertains to credibility of results and VV&A. These issues include, risk, confidentiality and property rights, levels of uncertainty, objectivity, confidence, maturity model and tailoring. Some of these are currently being addressed in parallel VV&A initiatives. For example, NMSG 54 is currently examining Risk-Based Accreditation (RBA).  The RBA employs the VPMM to evaluate the trade-offs between resource requirements and use risk. In this trade-off analysis, the risk associated with using the simulation depends upon the uncertainty associated with the V&V results and thereby stems from the techniques selected to perform the V&V tasks, which is related to the selected level of maturity.  

The major objective of NMSG 73 is to create a follow-on process for finalizing the standardization work on generic VV&A for models and simulations. The TG will be responsible and engaged in specific activities with the following objectives:

· To finalize the work on the VV&A document set (this task started under the European REVVA consortium banner and is now under development by the SISO GM-VV PDG);

· To guide the proposed document set through the formal SISO standardization process;

· To participate in the review, commenting and balloting efforts needed for creation of a new SISO standard;

· To assemble confidence in and fine-tune the methodology on the basis of ‘real’ case studies; and

· To provide education and training based on a documentation set for dissemination.

7.0
Conclusions

Preparing to deal effectively with the changing risks, complex and emerging threats and threat perceptions of the future security environment is a major challenge for decision makers within the defence domain.  Valid M&S applications can assist in providing insights into these challenges supporting tactical, operational and strategic objectives. The use-risk associated with the employment of M&S is revealed through the advent of VV&A initiatives.  

This paper presented the challenges that we face now and in the future with regards to the application of M&S.  To address these challenges the GM-VV provides added clarity to the issues at hand pertaining to VV&A. The main advantages of the GM-VV are: 

· The GM-VV is focused on M&S products, however, it stems from principles that cover a wide range of existing standards and practices, both from the same domain (IEEE 1516.4-2007 [6], IEEE 1516.3-2003 [7], NASA-STD-I-7009 [16], UK Std [17] & SECO [18]) and others like Systems Engineering (IEEE 15288-2008 [19]; e.g. the GM-VV life cycle processes), Requirements Engineering (DMSO recommendations [20]), Safety & Security Engineering (NDIA Systems Assurance Guidebook [21], IEEE 1012.2004 [22]), Argumentation & Evidence Theory, Enterprise & Project Management Theory.

· Considerations on enterprise level, rather than project, are taken into account. Thus, the GM-VV extends the established project oriented approach other methods follow to service oriented.  VV&A needs can be facilitated in the long run.

· Knowledge capitalization is put in the centre of attention as the GM-VV mandates the existence of an information model to support the VV&A effort, starting from a project basis (Project Memory), extending it to the enterprise (Corporate Memory) and facilitate knowledge sharing, reuse as well as interoperability.

· The VV&A effort is based on argumentation via a goal network structure providing reasoning and adequately documented arguments in a fully traceable manner to support the confidence on final outcome.

· The GM-VV includes a semi formal specification of its components, which constitutes the foundation for uniformity and interoperability due to the fact that it guides the development of tools to support VV&A.

· The GM-VV is generic, as suggested by the name, and therefore, when tailored as provisioned, applicable to any VV&A effort at any context, by any enterprise, regardless of the development paradigm followed, technology adopted or organizational structure established.

· Being generic, the GM-VV suggests a lightweight approach that does not require a long list of requirement to exist a priori. It is part of the method to build up and formalize the requirements needed for the VV&A effort.
· The method suggests different layers separating the concerns, responsibilities, needs and expectations for the different groups involved in a VV&A effort. Moreover, the VV&A effort under the GM-VV is goal and product oriented. The goal network developed and evolved through the whole effort is the basis for the final (final recommendation) and any intermediate product generated.

The REVVA 2 project will be completed December 2008. The complete document set will be delivered to SISO January 2009 for standardization. At this point a new NMSG task group, NMSG-73, will oversee the standardization process, and contribute to further developments of the GM-VV documentation, leveraging the contributions from NMSG-54 and case-studies.
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