 Appendix C

Acquisition Functional Area Plan

Organization

The Modeling and Simulation (M&S) Functional Area Manager (FAM) for acquisition is Assistant Secretary of the Navy for Research, Development and Acquisition (ASN RDA).  As such, ASN RDA is the Navy’s lead for coordinating M&S use for acquisition.  As the Department of Navy (DoN) Acquisition Executive, the ASN RDA has a scope of responsibility that extends across all DoN funded R&D, production, T&E, logistic planning, analysis/assessment, and support programs.  The ASN RDA FAM responsibility addresses the acquisition elements of design, development and production.

Objective
The objective is to use Distributed Simulation Based Acquisition (DSBA) to reduce cost, cycle time, resources and risks within the acquisition process, and to increase the quality of the systems being acquired, see Figure C-1 below.
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Figure C-1. Integrated Product and Process Development to Reduce
Acquisition Cost and Cycle Time

DoN faces a major challenge in reconciling readiness and force structure requirements with the continuing limitations of total obligated authority (TOA). Secretary of Defense has directed use of  Integrated Product and Process Development (IPPD) technique to reduce acquisition cost and cycle time in order to “provide warfighter needs...when needed and at an affordable cost”.


The DoD acquisition process is required to incorporate IPPD throughout, unless special circumstances make it inappropriate.  IPPD is a management technique that integrates all acquisition activities starting with requirements definition through production, fielding/deployment and operational support in order to optimize the design, manufacturing, business and supportability process.  At the core of IPPD implementation are Integrated Process Teams (IPTs).  IPTs are multidisciplinary teams with representation from all pertinent functional areas, operating at different levels of  the acquisition process.  Some of them must begin functioning before Milestone 1.  Defense directives require the use of such teams to simultaneously optimize the product and its manufacturing and supportability.


In addition to IPPD, current directive require use of M&S to reduce the time, resources and risks of the acquisition process, and to increase the quality of the systems being acquired.  One example of how this policy is to be implemented is the representation of proposed systems imbedded in realistic Synthetic Battlespace to support the acquisition process from requirements determination through manufacturing and testing of new systems, and related training. 


The emerging capabilities in M&S will provide the means for collaboration and coordination among IPT members even when not collocated, and for satisfying IPPD tenets such as “Concurrent Development of Products and Processes”, “Multidisciplinary Teamwork” and  “Seamless Management Tools”.


These emerging M&S capabilities are Advanced Distributed Simulation (ADS), and Simulation Based Design (SBD), see Figures C-2 and C-3.
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Figure C-2.  Representation of Advanced Distributed Simulation
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Figure C-3.  Representation of Simulation Based Design

ADS enables M&S to be shared across geographically distributed elements of the cross-functional team.  SBD enables products to be designed, built, tested and operated in the computer before being committed to production, this will enable members of the IPT to identify and address issues early and, literally, as they occur, see Figure C-4.  
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Figure C-4.  Multiple Design Learning Cycles vs Traditional Stovepiped
The tools embedded in Simulation Based Design/Manufacturing and Advanced Distributed Simulation technologies lead to Distributed Simulation Based Acquisition (DSBA), see Figure C-5.  Employing these M&S technologies as part of the IPPD technique can result in the targeted, significant cost and cycle time reductions.  A DSBA process enables end-to-end verification of requirements matched to design, manufacturing, supportability, cost and performance trades for the complet life cycle, from pre-concept feasibility studies through develpment and on to training.  The distribution of the common databases and interactions with live and virtual simulations is equally valuable to training as it is to confirming operational requirement levels.  Our goal is to have acquisition models interact with other acquisition models and more importantly to be able to interact with assessment and training models.
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Figure C-5.  Distributed Simulation Based Acquisition

An obvious key feature of the concept is the inclusion of the operational community early and continually during the acquisition process.  Another key element to this concept is initiating partnership between industry and DoN, so DoN would be able to leverage from early industry investment.  Industry invests significant resources in M&S.  DoN should identify its M&S context and the associated M&S standards required to enable industry to develop compatible, interoperable models and simulations, considering this fact that most design and engineering and substantially all manufacturing, as well as many supporting functions, take place in civilian industry facilities.  There will be industrial participation in many IPTs.  


Figure C-6 highlights the type of learning curve and engineering change benefits being targeted.  Some of the best examples of the successful application of this approach are referenced in the DSMC text titled “Virtual Prototyping: Concept to Production”: 


–  Boeing 777:  A 93% reduction in design changes versus previous aircraft, and greater than 50% reduction projected in manufacturing cycle time;


–  Sikorsky Comanche Helicopter: Avoided an estimated $673M in flight test costs, and compressed the design build phase from six to three years;


–  General Dynamics New Attack Submarine:  A 30% cost reduction in the design process due to decreased cycle time.
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Figure C-6. Acquisition Cost and Cycle Time Reduction
Background

Currently, M&S is used extensively throughout the design, development and production stages of acquisition.  Significant investment has been made to develop and apply M&S capabilities such as:  3-dimensional geometric models Computer Aided Design (CAD), (CATTIA, Intergraph, etc.),  engineering analysis models (finite element analysis, computational fluid dynamics, weapon systems operations analysis, etc.), producibility analysis models Computer Aided Manufacturing (CAM), (manufacturing shop floor models, etc.), cost and performance models.  However, there is limited sharing and re-use of these models and the associated data.  In addition, there is limited interoperability between these M&S tools.  Considering this fact that there are differences between various models such as fidelity or operational requirement, for example, assessment models and simulations need to run faster than real time to evaluate their requirements, training models and simulations need to run real time to satisfy requirements hardware in the loop, acquisition models and simulations need to run slower that real time to evaluate their requirements.  Our goal is to have an environment so assessment, training, and acquisition models and simulations would be evaluated per requirements, see Figure C-7. 
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Figure C-7. Modeling and Simulation Capability, Today and Tomorrow

Today much of this M&S capability is developed as part of specific acquisition programs.  The M&S tools available to program managers are not useful for program management, although many standalone M&S applications are useful for things of value to program managers.  M&S related tools are needed to enable the program manager to satisfy the tenets of the IPPD technique, while benefiting from the more expeditious process which is to be expected.  The program manager needs a system within which seamless management tools can provide both for administration and control of the program and ensuring that the same database of management information is used both within the program and for appropriate data, by those charged with responsibility for program oversight.  The program manager also needs the means to achieve collaboration among members of the various IPTs associated with the program, the “multidisciplinary teamwork” demanded by the IPPD technique regardless of member geographic location.  In IPPD, the program manager is also required to achieve concurrent development of both product and processes, a feat that has in many previous instances proved to be unachievable.  If this requirement is to be satisfied, the program manager needs the M&S tools that will make it possible.  None of these capabilities are available today.  


The program manager needs the means to communicate when and as desired with the leaders of all assigned IPTs, and requires the same degree of communications among the members of each IPT.  All program personnel and IPT members need access on demand to the latest program information.  They need access to acquisition databases, support databases, business/administrative information and technical data.  There is presently no means to communicate and access data as described above.


Members of IPTs working on system design need to be able to manipulate models representing that design, if desired, and exercise them in simulations of importance to their respective functional interests.  They need to have the tools which can help them identify design issues, develop alternative ways in which the issues might be resolved and transmit these alternatives to other members.  IPT leaders need the means to quickly comprehend design issues, consider alternative ways by which the issue can be resolved and choose an action path that best satisfies the various constraints on the program.  There is no capability to do this today, and there is little likelihood of achieving rapid iteration of complex designs until the capability is provided.


Although it is becoming more common to have industry members participating in DoN IPTs, and DoN representatives on industry IPTs, there is as yet no satisfactory resolution of problems such as how industry M&S must be configured to meet DoD/DoN needs, and how industry trade secrets and proprietary data will be protected.


Program managers face a variety of challenges in the development and application of M&S capability: 


–  understanding the M&S-related requirements to support the phases of the product life cycle (e.g., analysis of alternativess, conceptual product designs, detailed product design and manufacturing, product supportability); 


–  having at their disposal a set of models that can characterize their product (e.g. platform, weapon system) across the levels of fidelity required to support the acquisition process, from engineering-level design to campaign-level assessments;



–  identifying, possibly developing and employing the appropriate synthetic environment (physical environment, operational environment and scenarios) required as the accepted context for evaluating product performance, and;


–  tracking and leveraging M&S-related technology developments that are of potential benefit to the program (e.g. HLA, HPC, SBA).


The lack of a coordinated effort to identify and develop M&S capability and unfocused approach limits DoN ability to influence external M&S efforts (e.g., at DARPA and DMSO) and precludes the development of consistent interfaces to support the broad spectrum of users of M&S products (e.g., CINCs, JCS, DARPA, other services).  In addition, the lack of coordination slows the development of a core M&S capability that could be used to provide widespread, value-added services throughout the department.
Requirements

The vision for DoN M&S capability is to enable a continuum of M&S application across the entire life cycle of products.  This continuum is based on a common digital representation of the product, Smart Product Model, that is developed and shared across all functional area applications (assessment, design, manufacturing, T&E, operations, training and support).  This Smart Product Model encompasses the systems engineering concept and required product, process, cost and business management data necessary to support the M&S needs of each of the functional areas, see Figure C-8.  The combination of smart product models with distributed simulation capability will support the timely collaboration required of geographically-dispersed, cross-functional teams in the implementation of Integrated Product and Process Development.


DoN must provide a consistent M&S architectural structure and environmental context must be provided to enable the effective sharing and re-use of models and data, see Figure C-7.  The sharing and re-use of models and data should extend throughout DoD and industry.  Smart Product Model (SPM) developers must understand and address the M&S requirements of each of the functional area users.  Developers must have the tools required to develop and test the Smart Product Models.  M&S developers and users must be able to share required product characterizations across geographically distributed locations in a timely enough manner to support effective team collaboration.
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Figure C-8. Representation of Smart Product Model

In addition to the SPM capability, DoN must develop a synthetic environment (synthetic battlespace) capability  in which the performance of the system under development can be evaluated.  The synthetic battlespace provides of the operational environments, physical environments, connectivity and standards required to support the performance analysis needs of the community of M&S customers.  


In order to analyze the system under development, for example a concept for SC-21, the SPM of SC-21 will be inserted into the synthetic battlespace. The synthetic battlespace can be configured to address analysis issues at all levels. For example, the synthetic battlespace may be configured to look at the performance of SC-21 in the context of a campaign analysis involving NSSN or any other forces.  Or, the synthetic battlespace may be configured to look at the engagement performance of the SC-21 TBMD system against a conceptual ballistic missile attack.  A third example could have the synthetic battlespace configured to address the engineering-level implications of various weather conditions on the aerodynamic design of the TBMD missiles aboard SC-21, see Figure C-2.


Distributed Simulation Based Acquisition efforts will leverage on-going technology development and application programs, see Figure C-9.  The Synthetic Battlespace effort will be coordinated with the on-going M&S efforts at DARPA (e.g. STOW), DoD (e.g. HLA), other services (e.g. Air Force JMASS program), OSD T&E (e.g. VTTR and TENA) and the M&S standards communities (e.g. DIS).  In addition, the SPM effort needs to be coordinated with key efforts in DARPA (e.g. SBA), DoD and Industry (e.g. SPM efforts at Newport News Shipbuilding, Electric Boat and Boeing).  Both the application of SPM technology to Navy systems, and the deployment of Distributed Simulation Based Acquisition (DSBA) for the Navy acquisition community should be initiated and demonstrated via pilot programs.  The ability to implement DSBA is dependent on the effective interoperability of the SPMs with the synthetic battlespace.  In order to limit the risk to interoperability associated with the above tasks, SPM, synthetic battlespace and DSBA deployment, all of these efforts should managed through M&S Program Office.
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Figure C-9. Path to Future

In addition to providing support to fulfill these basic IPT needs, DSBA should facilitate the evaluation and successful introduction of late-blooming technology during EMD, responding to threat evolution, requirement changes or technology opportunities.
Approach
Synthetic battlespace:  Develop an initial synthetic battlespace for the DoN.  Conduct the development efforts required for this initial capability.  Implement and manage the synthetic battlespace capability for DoN in support of the M&S customers.  Track, influence and leverage other M&S technology developments in order to evolve the capability of the synthetic battlespace.

Leverage industry M&S investments:  Industry invests significant resources in M&S.  DoN should identify its M&S context and the associated M&S standards required to enable industry to develop compatible, interoperable models and simulations;

Smart Product Models:  DoN should transition and apply the SPM capability to the complex types of systems which our acquisition community must manage.  Pilot programs should be used to initiate and demonstrate SPM capability;

Integration of Cost Estimation:  In order to allow DoN decision makers to conduct effective cost-performance tradeoffs, life cycle cost estimation capability must be developed.  This cost estimation capability must be consistent with and integrated into the IPPD implementation processes.

Deploy DSBA:  In order for the acquisition community to accept and adopt the  DSBA approach and its associated M&S technologies, the benefits from its use must be demonstrated.  Pilot programs will be used to initiate DSBA deployment and to demonstrate these benefits to the acquisition community.  Pilot programs under consideration include: PEO TAD pilots, to leverage M&S lessons learned from on-going programs;  NSSN, JAST and TOMAHAWK pilots, to develop a Smart Product Model and demonstrate benefits of DSBA on large scale system; SC-21;  LPD 17, CV(X) and others.

Common Program Management:  In order to reduce the risk associated with achieving the interoperability required in the development and employment of SPMs and the synthetic battlespace, as well as the pilot programs for DSBA deployment, these efforts will be coordinated under a M&S Program Office.
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