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3.2
SBA PROCESS



OBJECTIVES

The SBA “process” described in this document supports the same overarching DoD acquisition process objectives that we have today: to procure, field and support systems for the warfighter.  The utility of this process will be most evident in the acquisition of more complex systems, those that typically play heavily in a System of Systems context.  For the purposes of SBA, a complex system is one for which extensive concept definition, design and development phases are required.  SBA is intended to be the means by which Integrated Process and Product Development (IPPD) techniques are fully implemented in acquisition.  When used in conjunction with program management tools that are compatible with the needs of related DoD efforts, the SBA process will provide a “digital knowledge environment” and a “paperless” management capability for Acquisition program offices. 
The primary contribution of SBA to the Acquisition process is the ability to make full life cycle decisions about the acquisition of a product in a completely virtual environment before committing to hardware production.  The SBA process described herein is divided into two “real” domains and four distinct virtual domains.  Each SBA “domain” governs a set of related activities within a product’s life cycle.  Activities in the two “real” SBA domains, the Production and O&S domains, support not only the same scope of responsibility as is addressed in those same phases in today’s acquisition process but add the increased responsibility to play a significant role in the VV&A of models and simulations used in these domains.  Activity in the virtual domains focuses more on accumulating information in digital form that completely describes the product, process or system under consideration at its current stage of development.  The four virtual SBA domains are: Mission, Product, Production and O&S. The method of operation for each virtual domain is described in Section 3.2.1.  Operation of the “real” Production and O&S domains is described in Sections 3.2.3 and 3.2.4, respectively. 

The SBA goal of integrating the robust, collaborative use of simulation technology across acquisition programs and phases requires cooperative interactions of many kinds within the overall acquisition process, interactions whose nature will change as the program matures.  When new mission needs are identified and effort is underway to select from alternative system concepts, the collaborative relationships most useful to those performing the effort are expected to be with other groups working in the same mission area.  When alternative system designs are under consideration and the maturity of applicable technologies is being assessed, the most useful relationships will be with laboratories and Industry entities who are experienced in similar technology applications and designs.  As system development proceeds and manufacturing processes are assessed, relationships with other programs and industries with related information will be desirable.  Relationships with training and T&E organizations will also be important during this phase.  As a system enters service, those with programmatic responsibility will need ties to military units operating deployed systems, and to theater entities with operational and logistic interests.  While it is to be expected that the collaborative relationships with other organizations will change as to the types of those organizations and as to the acquisition status and technical nature of the program described here, it is not likely that any ties, once established, will go unused.  


SBA gives an acquisition team the opportunity to make better decisions while new efforts are still in their formative stages, the period when experience has shown that decisions have profound effects on a system’s Life Cycle Cost.  Collaborative efforts, such as are now in effect in Industry, are expected to be the principal means by which DoD programs can iterate designs more quickly, with more effective consideration of the needs of system users, trainers, logisticians and other stakeholders and at less cost and risk. 

MISSION CENTRIC PROGRAM VIEW

The ready availability of information to DoD managers made possible by SBA will enable a significant shift in the way acquisition efforts are pursued.  Most programs today are relatively self-contained, with limited access to potentially useful external information.  These programs also have few or no channels through which they can share their own lessons learned with other programs.  We assign the term "program centric" to such acquisition efforts.  With the increased accessibility to information brought about by SBA, however, it will be possible to plan and execute programs in a much wider context.  Such acquisitions will allow programs to first draw from information resources spanning entire mission areas and, additionally, to collect information from other functional domains - production and O&S, e.g. – well before this kind of data is typically available in a “program centric” acquisition.  We assign the term "mission centric" to these SBA-style acquisition efforts because the new capabilities will greatly boost the decision makers ability to consider alternate courses in which to respond to warfighting needs in a mission-wide context.  Readers should not confuse the term “mission centric,” which signifies the broader context in which Simulation Based Acquisition is conducted, with the term "mission domain.”  We use the term “mission domain” in much the same manner as the DoD does today: littoral warfare, special operations, major regional conflict, operations other than war, etc.  Mission centric SBA acquisition considers the contributions and interactions of every element in a mission domain, including the product of immediate interest, to accomplish the stated objectives of the DoD.

This “mission centric” process view addresses the goal of SBA to integrate the Acquisition process across programs.  This view demands much more integration of the Acquisition process across the DoD and Services because the common infrastructure, tools and standards must support a much wider community.  Interoperability of the models and simulations of all the systems in the mission domain is key.  
This requirement of the “mission centric” view of the SBA process also compels fundamental changes to the DoD Acquisition process itself.  A “mission centric” scope of system evaluation in operational use scenarios demands that the eventual procurement of systems be less program centric at the beginning of a program’s life cycle.  To accomplish this, up front systems analysis and trade studies of alternative concepts require that there be departments or agencies in the DoD with responsibility for these analyses.  It will be necessary for these departments to have the modeling and simulation (M&S) capability to assess the military worth of systems in their operational environments and to evaluate their design cost versus support cost.  These agencies will necessarily cut across the Services because all the Service systems will most likely be present in most “mission domains ”.  The best example today of where some of this responsibility lies is with the J-8 organization in the Joint Chiefs in the JWCA process, i.e., the Joint Warfighting Capabilities Assessment process.  The envisioned SBA process will expand today’s JWCA process to assess not only the operational capability of a system but all aspects of its life cycle: design, manufacture and O&S, as well as the complete life cycle cost of that system - principally through M&S. 

The conceptual SBA process described in the remainder of this section is that of the “mission centric” view.  The process described has all of the elements of a “program centric” SBA process - extensive use of modeling and simulation in the development and manufacturing processes and less reliance on live test than on model improvement.  The difference, however, is in the expansion of the current Acquisition process to not only fully simulate products as they are designed and manufactured but, additionally, to simulate their entire life cycle, including all interactions with other systems in their targeted operational environments.  

The scope and complexity of the modeling and simulation required to fulfill this objective is immense, to say the least.  Given the scale, this effort could easily become unmanageable without some sort of logical partitioning of responsibility.  We have chosen the concept of “domains,” virtual and real, to address a much needed division of modeling and simulation responsibility in the SBA “mission centric” process.  We stress, however, that the following description of the SBA process and the process components, the SBA domains, is conceptual.  Significant additional effort beyond the scope of that reported in this document is needed to determine actual roles, responsibilities, organizational structures and schedules for implementation of the mission centric SBA process. 

BASIC TENETS OF THE SBA PROCESS
Before discussing operation of the four virtual domains in more detail, there are three basic tenets crucial to an understanding of the “mission centric” SBA process: 
1. A production decision on a product can not be made until the concept of that product, as expressed through modeling and simulation, has been considered in all four virtual SBA domains.  The goal of each domain is to reduce the risk associated with achieving the product’s targeted performance, manufacturing, cost, and O&S requirements to an acceptable level.

2. The SBA process and the physical framework supporting that process, the SBA Infrastructure, must allow for an open virtual marketplace in which any business entity with a product to sell can economically “market” that product in the SBA virtual domains.  (The SBA goal of reducing time and cost to market must encourage more competition for products in the DoD marketplace; therefore, the SBA process must encourage and provide incentives for this increased level of participation.)
3. Each domain in the process of a product life cycle, virtual or real, has as one of its primary responsibilities the performance of activities that will improve the virtual product model and its V&V level.

SBA VIRTUAL DOMAIN PROCESS

As previously stated, there are four virtual domains, modeling and simulation “environments” in which a product is analyzed.  There is a common process across and within each of these domains which is illustrated in Figure 3.2-1.  Inside each domain, the product is analyzed in a virtual representation of the environment in which it will operate at some point in its life cycle.  This analysis process, using M&S, attempts to determine if the product will meet the requirements of that domain.  Much of that determination will be based on the domain analysts’ evaluation of the accuracy and level of detail of the information describing the product itself, i.e., the verification and validation (V&V) level of virtual product.  In many cases, if the model’s credibility factor is too low for the risk factor established, the analysis process in that domain will be paused and the product or (or a sub-product) will be physically prototyped.  The chief purpose of this physical build is to improve the credibility of the product’s virtual description.  Of course, some of this prototyping will also verify performance, but other prototyping may well verify manufacturing, cost or supportability assumptions.  V&V data from this prototyping activity and the resulting model upgrades will be deposited in a product model repository for use in the same cycle of analysis in this domain or in the other virtual SBA domains. 
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Figure 3.2-1.  Product Analysis & Development Process in a Virtual Domain

SBA Virtual Domains
The four virtual  life cycle domains are Mission, Product, Production and Operations and Support (O&S):
· The SBA Virtual Mission Domain uses a “Synthetic Battlespace” to virtually describe the real world Mission Domains defined by DoD.  There are as many SBA Virtual Mission Domains as DoD establishes real world Mission Domains, each with its own distinctive synthetic battlespace.  The simulation environment in each SBA Mission Domain contains models and simulations of the real world environment, threats, players, scenarios – in fact, all operational elements and systems that will play a role in the life cycle of the product under consideration.  Each Mission Domain operates more or less independently, except that all access and utilize a common set of models and simulations.  A Mission Domain is distinguished by the set of products it targets for use to carry out its mission sets, not by the uniqueness of its products
This virtual SBA domain is of most significance during product requirement-setting although it remains important throughout a system’s life.  By necessity, Mission Domain resources must include extensive modeling and simulation capability if the relative value of alternative responses to mission needs of all kinds is to be virtually assessed.  Because the trend in modern military equipment is toward systems which are integrated across Service lines and because even non-integrated systems frequently contribute to missions in which multiple Services participate, the missions described and analyzed in these domains must cover the full range of missions undertaken by DoD.  Given the increasing influence of the Joint Requirements Oversight Council (JROC) and the supporting JWCA activities, it is reasonable to expect that the point of coordination for Mission Domain activities and the resolution of conflicting interests will be at the Joint level.

· Models and simulations of new products are considered at a product and sub-system level in the SBA Virtual Product Domain.   It is in this domain that the operational, cost, design, manufacturing and O&S details of a product are developed and captured, in an environment based directly on the product’s specific requirements set.  In day to day SBA operation, a conceptual product’s projected utility is first “modeled” in the Mission Domain to determine if the concept is worthy of further investment.  The conceptual system could be either a proposed but unbuilt product or it could be an existing system deployed, built or supported in a new way.  Depending upon the development state of the conceptual system, this initial “model” of the system could range anywhere from a set of very high level targeted performance objectives to an extensive collection of very detailed engineering, cost, manufacturing and support models and data.

If the concept represented by this initial model is deemed worthy of further exploration through Virtual Mission Domain studies, activity begins in the Virtual Product Domain to “mature” the model.  This domain has a strong coupling to product model storage mechanism called the Product Models Repository.  This storage “device” contains digital product descriptions (DPD) of all conceptual and real products, independent of their membership in a particular Mission Domain.  Section 3.2.2 describes the operation of the Product Models Repository.  Briefly, this repository manages the digital representations of real and conceptual components of all SBA Mission Domains.  Part of this management activity is the fostering of new products (in digital form) which could be applied to a given Mission Domain.  In short, the Product Domain apportions its effort between Product/Technology push and Product pull to satisfy immediate Mission Domain needs. 
· A product is simulated through the manufacturing phase of its life cycle in the SBA Virtual Production Domain.

· A product is simulated through its maintenance, operational test, training, logistics and all other operational support task phases and through disposal in the SBA Virtual O&S Domain.

The entire SBA process, including the four SBA virtual domains, is shown in Figure 3.2-2.  Note that there are also two “real” domains in which a tangible product takes shape and is deployed, the Production Domain and the O&S Domain.  These domains play a very important role in the SBA process since it is in them that the responsibility lies not only to produce, support and dispose of the product, but also to test the model or simulation of the product against real world experience and to update the model or simulation’s fidelity, accuracy and V&V record.  Also depicted are the Product Models Repository and the Environmental Models Repository.  Note that, in the illustration, the Product Models Repository is accorded the status of a “domain” (Product Models Repository/Domain).  This is in recognition of the fact that it provides a mechanism by which new products and technologies can be introduced into the acquisition process without being in direct response to a previously defined “mission need.”

REPOSITORIES
Two other key elements of the SBA process are its repositories, the Product Models Repository and the Environmental Models Repository.  For purposes of discussion, these storage “facilities” are separated into separate repositories, not because of a difference in content type or because they have different standards or interoperability requirements, but because the main responsibility of populating them lies with Industry for the Product Models Repository and with the Government for the Environmental Repository.  Each repository thus has a different “agent” in charge of its operation. 

Product Models Repository 

Central to the concept of SBA is the idea of the Digital Product Description, or DPD.  DPDs are the collective description of products, as synthesized from data from every functional member of a product acquisition development team –  warfighters, managers, engineers, analysts, testers, manufacturers, logisticians, etc.  The DPD is the key reservoir of knowledge shared across domains and is the principal product of the integrated process and product development (IPPD) environment in SBA.  

Since the term “DPD” covers the full set of descriptive data about a system or subsystem (algorithms, simulations, data, operating environment details, manufacturing process specifics, etc.), there will naturally be some elements of a DPD that include restricted rights data (e.g., classified, restricted or proprietary information).  Consequently, since the success of SBA is dependent upon a culture in which models are provided freely by Industry, Government, and academia, there must be an agent to manage access control of the Product Models Repository. 


Figure 3.2-2.  Simulation Based Acquisition Process

Environmental Models Repository

This repository, in some respects, exists today, in part.  A complete implementation would contain a combination of the environmental models provided by DMSO’s environmental agents and the threat models provided by the threat model development agents sponsored by DIA and/or the Services.  The agents managing this repository serve to provide access control to users, especially of the threat models but also to assure commonality of the threat database representations, the environments, the model interfaces, etc.  These agents fund the continued development of the higher fidelity or new threat and environmental models required to serve the Mission Domains in the acquisition process.  Agents for these joint repositories essentially provide a significant portion of the “Virtual Battlespace” to the Virtual Mission Domain.
The Environmental Models Repository may also contain models of the manufacturing and O&S environments for a Product.  The O&S environment is supplied by the DoD, whereas the manufacturing environment would be supplied by industry as a set of manufacturing plans, processes, etc., for a particular product.  As this environment becomes populated, it will contain models of all industrial plants.  

PROCESS DISCUSSION
The SBA design process calls for simulating a product’s total life cycle, from cradle to grave, of the still virtual product, in every possible usage situation.  This is accomplished iteratively in the four virtual SBA domains: the Mission Domain, the Product Domain, the Production Domain and, finally, the O&S Domain.  When this process has generated an acceptable knowledge base of the product’s cost, performance, manufacturability and supportability - perhaps after a great deal of iteration - the DPD is updated in the Product Model Repository for use by the real Domains, first the Production Domain, later the O&S Domain.  DPDs are released for production only when an aggregate, low risk DPD meets Mission Domain requirements.  At the conclusion of this Virtual Design/Manufacturing/Support process, the DPD is, in fact, a fully realizable build-to specification that can be made available to the real Production Domain bidders.  At this point, the DPD embodies detailed operational and support models.


This SBA process is dedicated to the iterative improvement of the DPD throughout both the virtual and the full real life cycle of the product.  Without continuing maintenance and improvement of the DPD, SBA’s goal of making data available for use beyond the scope of a single project cannot be realized.  Cycles of iterative development must improve the emerging product model, with accuracy and fidelity being refined collaboratively by all participants.  Each model improvement will impact related products in its own mission area and in every mission domain using the product.  Tools must manage and, ideally, automate this connectivity.  Early product models are completely virtual but reach a level of production readiness through increases in fidelity that occur as part of the virtual product development.  This steadily increasing fidelity is the key to being able to provide decision makers more information much earlier in the acquisition process before they are forced to commit to costly, non-productive solutions.  In this intra-product simulation enterprise, DPDs of concept systems or sub-systems (including their associated cost, functionality, production considerations, time-to-development, risk, interface specifications for system-level aggregation, logistics requirements, etc.) are available for early trade studies against emerging mission area needs and funding profiles. 
Most of the increasing fidelity of the DPD is achieved through the incorporation of data from the Virtual Production Domain, from the Virtual O&S Domain, and, eventually, from the real Production and O&S Domains.  It can also come from the product-specific build and/or test of prototypes.  Thus, the DPD eventually becomes the repository of all detailed design, test, manufacturing, usage and fielding data and includes all of the major product processes for manufacturing, operation and maintenance.  







In the following sections, we will describe in detail the SBA process components: activities in the four virtual and two real SBA domains and the operation of the Product Models Repository.  
3.2.1  Acquisition Process – Virtual Domains
As was shown in Figure 3.2-1, each virtual domain follows the same cycle of activity: Modeling and Analysis and Model Improvement and Upgrade.  The following sections describe these two activities in further detail by addressing seven subjects: 1) ownership and participation, 2) models and tools, 3) model sources, 4) application, 5) VV&A, 6) contracting and 7) rules, access and standards.  These two separate but complementary activities are described from a  “mission domain” viewpoint since the product model must always be fully evaluated in a mission context before transitioning control of the DPD to the real Production Domain.
3.2.1.1 Virtual  Domains – Modeling and Analysis Studies . 

Modeling and Analysis Studies is an activity with services similar to those provided in today’s acquisition process with the JWCA.  In a “mission centric” SBA world, the JWCA process will be strengthened and expanded by using M&S to analyze a product’s operation throughout its entire life cycle.  It is in this studies activity that operational concepts and materiel (or tactical or strategic) needs are definitized and shared with Industry.  In fact, through the use of the Product Models Repository and a Mission Domain’s virtual battlespace, Industry can perform many of the same studies either on its own or in collaboration with the Mission Domain owner and his staff.  The Studies activity is also responsible for integration of the DPDs into the virtual battlespace.  As such, it coordinates heavily with both the Product Model and Environmental Repositories, with other Mission Domains, as well as with the overall DoD M&S infrastructure.

3.2.1.1.1 Studies Ownership and General Organization.  Any given Mission Domain and the other three companion Virtual Domains will be under the cognizance or control of a senior military officer reporting in the J-8 or equivalent Joint Service position.  He or she will have the appropriate staff and resources to execute Virtual Domain management and will be in charge of cycling a product through the four Virtual Domains until its DPD is ready to transition to the real Production Domain.  An IPPD team of relevant Industry, Government and academic participants will be the critical instrument that combine national resources to push enabling technologies into producible weapon systems.  Functionally, the IPPD team must have participation by senior experts in weapon system production, weapon system development, manufacturing, science and technology, the “ilities,” system sustainment, warfighting and programmatics.  Membership is collaboratively assembled from Industry, Government, and academic sources.  All members must maintain a Mission Domain level perspective and be very knowledgeable about available M&S tools.

3.2.1.1.2 Studies Models and Tools.  The Studies activities integrate DPDs and the corresponding environmental models into a virtual battlespace appropriate to the particular Mission Domain.  The tool kit must be extremely capable in order to support integration and operation from the mission or battle levels through the phenomenological levels of simulation.  Further complicating matters, linkage to joint or service campaigns and to theater operations is required to support full military worth assessment.  Support must be available from both the DoD and Service M&S resources for the rigorous synthetic environment, which must contain all relevant phenomena, effects, tactical and strategic considerations, etc.  DPDs from the Product Models Repository will be brought into the Virtual Domains for iterative performance assessment.  

The Studies activity maintains a core set of M&S tools that are accessible to all collaborative domain participants.  These tools comply with M&S infrastructure requirements for that domain.  Virtual Domain tools include not only a wargaming environment but also the M&S tools that support “ility” assessment, design, cost, manufacturing process, test and schedule evaluation.

3.2.1.1.3 Studies Sources.  The M&S Tools come from various Government, Industry and academic sources, mostly from the Product Models Repository and the Environmental Models Repository.  The members of Industry who collaboratively participate in Virtual Domain activities provide their models to the Product Models Repository and may also offer M&S tools of interest or relevance to the Virtual Domain owners for evaluation and application. 
3.2.1.1.4 Studies Application.  Virtual Domains use their tools on a continuous and iterative basis to assess and define warfighting needs, to determine technology and weapon system alternatives and to develop tactical solutions.  Military worth at the joint and theater levels is assessed at the Mission Domain level in collaboration with senior warfighting leadership for cross-domain worth assessment.  Extensive evaluation of the products in this domain is performed in the virtual battlespace.  Such evaluation not only includes assessment of the product against the threats of the mission area but also an examination of the product in its natural environments to assess survivability, effectiveness and maintainability.  This scope obviously demands much knowledge of the natural and threat environments and all potential interactions, but that is the purpose of these detailed studies: to thoroughly examine a product in its virtual state before discovering unexpected flaws or operational anomalies in its real state.

3.2.1.1.5 Studies Verification, Validation and Accreditation.  Each Virtual Domain accredits M&S tools for inclusion in its core and supplemental tool kits.  Collaboratively contributed tools are accredited for their intended purpose by the Studies Activity.  Verification is performed by the tool provider.  Validation is a collaborative function of the Virtual Domain IPPD Team.
The Studies Activity has the responsibility of deciding when there is a high enough confidence in the V&V level of the product models being used in their studies for the risk level that has been targeted.  If not, these models will be transferred to the Model Improvement and Upgrade Activity to upgrade the model’s V&V pedigree, either through the build of test articles, further testing of existing systems, or more analysis. 

3.2.1.1.6 Studies Contracting.  This activity will contract with Industry primarily to procure services or tools for its unique mission area M&S tool kit.  These services are competitively contracted by Virtual Domain owners to businesses specializing in those functions or products.  The Studies Activity retains rights for use of the core and supplemental tools.  The basic intellectual property of the contractual provider must be respected and protected for future value.  Proprietary models, simulations, data and tools provided from the Product Models Repository by competing producers will be used in the Studies Activities M&S structure in a protected manner. 

3.2.1.1.7 Studies Rules.  The Virtual Domains administer the configuration management (CM) of their tool, the actual conduct of which may be in the hands of contractors or providers.  Security protocols that consider tool integrity, proprietary rights and national or operational security are enforced by the domain owner and his collaborative associates.  Comprehensive and straightforward operating standards applicable both across and within domains are critical to SBA success.  Collective development and acceptance is essential.  Access within the constraints of agreed upon protocols must be collaborative.  All domain participants must have a common understanding of the tools.

3.2.1.2 Virtual Domains-Model Improvement and Upgrades.  
Improvements to models from the Product Models Repository will often be required to successfully transition the virtual product to production.  The Model Improvement and Upgrades Activity is responsible for responding to requests from the Studies Activity in any of the Virtual Domains to bring an existing DPD to a procurement-ready state.  The charter of this Activity is to manage the development of product models until their V&V credibility level is sufficiently high to send the model back the Studies Activity with confidence and, eventually, to the Production Domain for procurement.  It is through this component activity of the SBA process that a detailed product design is achieved through a modeling and simulation expansion of the initial concept into the design, manufacturing, operations and support phases of its life cycle. 

Two primary methods of model improvement are implemented by the Model Improvement and Upgrades Activity.  The first is to fund development of test articles that validate an existing digital product model.  The second is to contract for development of a new Digital Product Model (i.e., a “sources sought” procurement) to fill a Mission Domain need or deficiency that can not be met with materiel currently in the Product Model/Repository Domain.  This occurs in those cases in which a conceptual model has not previously been placed into the Product Models Repository by Industry or the S&T community, i.e., when there is a need-based pull for concepts arising from Studies activities.

3.2.1.2.1 Model Improvement and Upgrades Ownership and Participation.  The Model Improvement and Upgrade activity is responsible for preparation of the most critical element of the acquisition cycle, a DPD of production readiness.  As such, this activity should attract the most qualified members of the Acquisition corps.  Leadership of this activity may take the form of a formal Product Manager, in that Industry is likely to be contracted to produce test articles.  The knowledge gained is incorporated into the DPD to upgrade its accuracy and fidelity and, consequently, its V&V level.  

3.2.1.2.2 Model Improvement and Upgrades Models and Tools.  The models and tools used in this activity are those also used by the Studies Activity, the difference being the product: DPDs with higher V&V levels (by virtue of increased fidelity and, sometimes, complexity).  This Activity is not tasked with the continual evaluation of new products in the virtual battlespace; those tasks are taken on by the Studies Activity as product models mature.  It is important to note that this maturation of the product model includes all life cycle aspects of the DPD as defined in earlier paragraphs describing this activity and in Section 3.3, SBA Environment, – i.e., design features, manufacturing details, cost, supportability and maintenance, etc.  All of these facets of the product model must be upgraded as the interest level in developing this product increases.  The purpose of the Model Improvement and Upgrade Activity is to pass back to the Studies Activity and to the Product Models Repository a very low risk replication of the complete life cycle model of the product.

3.2.1.2.3 Model Improvement and Upgrades Sources.  The initial source for models in this activity is the Studies Activity which, in turn, uses models from the Product Models Repository. 

3.2.1.2.4 Model Improvement and Upgrades Application.  Raising the V&V level of DPDs for use by the Studies Activity is the primary task of this Activity.  Here, Industry is contracted to build test articles of the product, perform tests and produce more detailed pieces of the DPD, e.g., manufacturing tooling, more detailed cost models, design and manufacturing plans, supportability procedures, logistic and maintenance models, etc.  These builds are performed for the purpose of passing back to the Mission Domain Studies owner a DPD with an acceptably low risk level for the study phase under consideration.  As such, the result is an improved digital representation of the product that can be accurately and confidently re-evaluated for operational usage in the mission domain in which it will operate.  In many respects, this activity resembles that which occurs during the Engineering phase of a program.  However, in this case, product development and testing is more oriented toward upgrading the digital model of a product.

3.2.1.2.5 Model Improvement and Upgrade Verification, Validation and Accreditation.  Since the ultimate product of this activity is a DPD whose V&V credibility level is sufficiently high to use for production, a verification and validation process that is both economically feasible and whose results can be are trusted by all Domain collaborators is of the utmost importance.  DPD V&V is accomplished either through the build of test articles, the testing of existing systems, or analysis.  DPD accreditation is the responsibility of the Virtual Domain Studies Activity.

3.2.1.2.6 Model Improvement and Upgrades Contracting/Licensing.  The contracting associated with this activity’s occurs prior to the DPDs entry into the real Production Domain when physical production begins.  The Model Improvement and Upgrades Activity contracts with Industry to build test articles of their products only to raise the V&V level of the DPD or to add detail to the model.  When the purpose is to add information, the expected level of detail is substantially beyond that to which a contractor would go on his own funding before a production decision has been made to in today’s acquisition climate.  In many respects, this contracting activity is similar to that in the Engineering Development phase of today’s programs.  Funding is allocated by DoD to this Activity at the discretion of the Mission Domain owner for the sole purpose of producing DPDs with a high degree of confidence.  What will have to be balanced in this contracting activity is the investment level in raising the VV&A level of the product against the risk level passed on to the Production Domain.

3.2.1.2.7 Model Improvement and Upgrades Rules.  This activity is responsible for ensuring compliance with existing standards for DPDs and the V&V process (of which it is the most likely owner) and to protect the proprietary rights of the contractors.  

3.2.2 Acquisition Process – Product Models Repository Operation
Simulation Based Acquisition calls for products to be completely modeled and simulated, from the initial user requirements definition through design, manufacturing, logistics, training, operational usage and disposal in the four Virtual Domains.  Furthermore, SBA requires that this modeling and simulation be performed iteratively, each iteration adding fidelity to the composite digital product description.  This increasingly more accurate data is accumulated from real world activities or through analysis based on results from the last round of simulations.  Iteration continues until a sufficiently high level of confidence in the simulation results exists on which to base a procurement decision.  Product Models Repository processes are the means by which models, simulations and data are preserved and reused throughout the life cycle of a product, including those which are necessary for interface with other products as well as those which are reusable for future product starts.  There is no discernible beginning or end to these processes; rather, a continually evolving and sustaining set of activities provide new and updated models, simulations and data into the repositories as a product is conceptually designed, populated with engineering and manufacturing level designs, and updated throughout its life cycle with logistics and cost model updates in the four Virtual Domains.  Each update is reinserted into the “official” repository DPD and, consequently, into the many interfaces that the product has with existing and future products in the domain. 

3.2.2.1 Product Models Repository Ownership and Participation.  Every stakeholder involved in the acquisition process must also participate in populating the Product Models Repository, including Government and Industry at all levels, from management through all the acquisition, development and support disciplines.  Requirements analysis and option development are accomplished by Integrated Product Domain Teams (IPDT) that involve all stakeholders: warfighters, cost analysts, designers, suppliers and manufacturers, testers, logisticians, etc.  In many cases, the initial population of the Product Models Repository will be by Industry through the early development of product concepts, concepts for which only rudimentary models exist.  Industry’s purpose for inserting these early models into the repository is to begin a collaborative evaluation of the concepts in the Virtual Domains, starting with the Mission Domain. 

There must be a Product Models Repository agent or owner who has the ultimate authority to define criteria for the acceptance of models, simulation tools and databases into the Product Models Repository.  IPDTs will normally be formed around product groups (e.g., ships, aircraft, sensors) and around support information arenas (i.e., environment, general tooling, testing facilities) as needed and required.  Participation is highly encouraged from Government program management, research laboratories, academic sources of pertinent databases and the entire range of disciplines within Industry’s acquisition community (management, costing, planning, testing, design and analysis groups). 

3.2.2.2 Product Models Repository Models, Tools and Databases.  The Product Models Repository holds a remarkably diverse set of information: models, simulations, databases of information, tools to archive and manage the models, simulations and their databases, and application tools that perform the acquisition functions necessary to build a DPD.  Even within these categories, the scope of meaning is quite broad.  For example, the only “model” for a concept aircraft at the beginning of an acquisition cycle may be the minimum set of performance “effects” data that are believed to be able to satisfy a loosely defined mission scenario.  As mission definitions stabilize (threat laydown, geographic locale, O&S considerations, etc.), the aircraft “model” grows to include subsystem descriptions that support higher level performance and functional goals.  Ultimately, the repository contents for a particular DPD may range from the algorithms used for description of the physical and behavioral structures, to simulations of the operations and capabilities of the product, to simulations of the environments in which the product operates using models and databases from the Environmental Models Repository.  The DPD contains simulations of all interfaces and interactions between products, subsystems, and disciplines, such as cost or logistics.  It is available for use throughout the life of a program or product or for the definition and evaluation of a different program or product.  The specific nature of the DPD is more thoroughly described in Section 3.3, the description of the SBA technical environment.


The Product Models Repository requires an infrastructure adequate to support its role as repository gatekeeper and manager of the modeling, simulation and data standards necessary for the repository’s operation.  Coordination between the various product IPDTs will require extensive cooperation by both Industry and Government.  The establishment and ongoing management of this infrastructure are two of the most ambitious goals of SBA.

3.2.2.3 Product Models Repository Sources.  Sources of information (models, simulations, data and tools) in the Product Models Repository are various.  Because the DPD creation process is iterative, all associated information is likely to be updated frequently during the life cycle of a given product.  Any users on the IPDT (academic, Government, or Industry) could potentially stimulate the need for these updates.  Once such a need is identified and validated, product data and models are introduced into the Product Models Repository in numerous ways.  Early versions may be introduced into the database by scientific and technical communities in the Government or Industry.  Since these versions may initially be merely conceptual, they will have a high degree of associated risk.  With each update, however, that degree of risk is reduced.

Information will also be introduced into the Product Models Repository through studies initiated in the Virtual Mission Domain, typically when improvements or variations are needed in product models to satisfy new mission needs.  The results of these studies are not only the output data and conclusions, but the model designs and operational simulations of the product itself, as well as all associated data (cost, schedule, manufacturing process, support, etc.).  These data are reinserted into the Product Models Repository, either as updates to existing products or as new products with greater capability, less risk, more detailed costing, etc.  Finally, when a product is actually manufactured and fielded, production and operational data are returned to the repository to update the product’s associated DPD.  These updates reflect manufacturing improvements from the floor, updated logistic or operational data, or refinements and expansions of the operating envelope as evolving uses are found for the fielded product.  Although risk should now be minimal, this iterative simulation process can and should continue throughout production and into deployment and sustainment, as refinements in the models occur.

3.2.2.4 Product Models Repository Application.  The models, simulations, data, and tools resident in the Product Models Repository are used eventually in all SBA domains, real and virtual.  They are used and reused as products are refined and risks reduced during evolution of the DPD.  Design iterations occur for any number of reasons.  As operational requirements solidify through better understanding of a product’s targeted missions or with improved knowledge of its projected threat environment, a product’s virtual capabilities are improved by new data from studies conducted by, or contracted for, the virtual domains.  As contractors strive to improve competitive positions, cost and risk reduction are primary drivers in reiterating the design.  For whatever reason, as this model maturation process continues, the Product Models Repository contents - the DPDs - are continually refined through updates from all levels and sources.  The impact of seemingly insignificant changes to subsystems or components are immediately apparent at the weapon system level or above in a richly simulated mission environment.  For example, we intuitively know that changes to radar performance inevitably affect the performance of a full up weapon system, but in today’s environment, precise quantification of the impact is difficult because of the lack of a complete mission environment in the simulation to the level of fidelity required. 

Although the Virtual Mission Domain will be the first “customer” of product data from the Product Models Repository, there should also be access to the repository contents by other vendors for the purpose of system-level aggregation or an agreed-to degree of competitive self-assessment.

3.2.2.5 Product Models Repository Verification, Validation and Accreditation.  VV&A cannot be absolute and yet it is of paramount importance in an environment in which models, simulations and data of vastly different heritages are expected to play together.  It is the responsibility of each party submitting models into the repository to describe the V&V heritage of the model.  Since there will likely be a broad range of V&V quality for the models in the repository, the key is to identify each model’s “pedigree.”  As a product progresses through more of its actual life cycle, the V&V pedigree improves.  This is reflected in updates to the repository, not only to the DPD itself but also to the record of the product model’s VV&A history as well.  There must be an owner of the V&V process to ensure that each product model submitted has a VV&A record, no matter the level of completion.  It will be important to have knowledge of a product model’s history in order that users downstream in the process can assign their own risk to use of the model.  In this manner, Virtual Domain owners can decide whether a physical article needs to be built and tested to raise the V&V pedigree and thereby reduce production risk.  In some cases, contractors will take it upon themselves to produce a test article to reduce risk and improve competitive position.  The contractor may even choose to impose a very high level of V&V to shorten the time spent in the Virtual Domains evaluating his system and assessing its risk of development.  It is anticipated that there will be much incentive in this environment for competitors to produce models of their systems that have higher degrees of V&V than those of potential competitors.  This is similar to the case today in which risk assessment of a proposed product is a crucial part of any source selection.



Accreditation responsibility is likely to shift from being directly associated with a single project or product to the Virtual Mission Domain level. 
3.2.2.6 Product Models Repository Standards.  All models resident in this domain must be interoperable to some acceptable degree and capable of being reused and, therefore, built to certain standards of commonality.  However, it is unreasonable to expect that a “concept-only” DPD, perhaps consisting of only performance effects data, should interoperate with a much more mature DPD containing, among other data, detailed simulations of subsystem and component level operation.  Consequently, setting reasonable standards of interoperability for product models will be a key responsibility of the Product Models Repository.  The definition of a “reasonable” level of interoperability of a DPD is closely tied to its current V&V level and, accordingly, to its stage of development as it progresses through the Virtual Domains.

3.2.2.7  Product Models Repository Security.  The most challenging task of all may very well be to establish the rules that protect proprietary or classified information.  If the SBA environment is to be successful in operating freely to reduce risk, there must be a change in the philosophy or culture of all involved.  This will undoubtedly require substantial effort on the part of all participants if an access control-based IPDT is to be successfully instituted and maintained.  

Government will benefit by sharing information with Industry.  These data will include both DPDs of existing Government materiel (some classified, most proprietary) and the tools with which the Government supports Cost and Operational Evaluation Assessments (COEA) and other analytical activity (i.e., validated digital models).  The Product Models Repository agent manages access to these data while also supporting the Government’s position as honest broker for the studies performed with these tools.  Management controls for data access and V&V must be built into both the DPDs and repository infrastructures.

Just as the Government must be prepared to share its models and tools, Industry must also be willing to submit its proprietary product models, potentially for limited access by competitors.  This requires that there be a large number of “executable-only” DPD components that describe the capabilities of a product without revealing the competitive details of its design or cost.  These artifacts must be made available without source code release, yet confidence in the information must be substantiated in the Product Models Repository.  Furthermore, the DPD must also support system-level aggregation and analysis in the Virtual Domains, particularly the Mission Domain.  All of these activities are further complicated by the dissimilar state (fidelity) of contributor models, ranging from high-level R&D concepts to detailed models of existing materiel (including full production, fielding, and usage data).  Not all models will have the same level of pedigree, but all must support some degree of interoperability.  This interoperability includes, as appropriate, interface capability with warfighter-interactive virtual prototypes, production/risk models, test methods/artifacts, ILS models, etc.

3.2.2.8 Product Models Repository Contracting.  In most cases, this domain will initiate little contracting activity, primarily tools/services for managing the Repository.  Contractors will primarily fund their own efforts to develop conceptual models of new or proposed products that they wish to place into the repository for future evaluation by a Mission Domain.  In a sense, this is the part of the SBA process that allows everyone to bring his wares to market.  SBA provides the forum for marketing those products and to as specific a level of detail and V&V as the contractor desires (or can afford).  Some of the contractor’s products will be derivatives of existing products and therefore may be highly evolved (detailed).  Those products could even be actual hardware that operates in a real-time distributed simulation.  This function too is envisioned as part of the Product Models Repository.  In any case, everyone brings DPDs to this first step in the acquisition marketplace.  As a product gathers more interest in a given Mission Domain, it may result in contracted efforts to further develop/design/cost the product, but these contracted efforts will come from the Mission Domain owner.



























3.2.3 Acquisition Process – Production Domain.

The Production Domain is a real Domain, as opposed to the Virtual domains we have been discussing.  This Domain has oversight of the manufacture and procurement of systems and subsystems that have exited the purview of the Virtual Domains.  Once an acceptably low risk DPD exists, the complete models, simulations and data which constitute that product model are turned over to the Production Domain in the form of a Technical Data Package.  These packages have, among other data, cost models associated with each component of the DPD, a complete set of engineering “drawings” in digital format, a complete set of major manufacturing processes for each DPD element and a comprehensive logistic and support plan.  The Technical Data Package is sufficiently complete to allow qualified manufacturers to bid on manufacturing rights.  At a minimum, these bids would conform to the cost model in the Technical Data Package.  In some cases, bidders might be able to propose lower cost models.  Note that cost models include not only manufacturing cost, but full life cycle cost, depending on the logistic and support models.

3.2.3.1 Production Domain Ownership and Participation.  In the Production Domain, the Program Manager is given funds and the authority to procure and field a system or subsystem that is fully described by a Technical Data Package.  This domain has the principal responsibility of assembling a team of industrial companies who are capable of manufacturing or providing the articles.  The owner of this domain, the Program Manager, has a role very similar to that of a PM in today’s acquisition process.  He or she is likely to be from a specific Service with domain knowledge of the product being manufactured.  The real difference is in the starting point for the assignment.  In the “mission centric” view of the SBA process, most, if not all, of the design for manufacturing will have been completed using modeling and simulation during the Virtual Production Domain activities (hence the reduced production risk).  This applies to logistic and supportability details, as well.  As the DPD in the Virtual Domains becomes progressively more detailed, the program manager for this Production phase may be selected and assigned to the Virtual Domain Studies Activity to smooth the potential transition of the product to the real Production Domain.

Other participation in the Production Domain consists principally of manufacturing, logistic, test, the training community, software/systems engineering, and engineering liaison personnel from both Industry and DoD.  These disciplines will operate in true Integrated Product Team fashion, not so much to develop the product - since that will have been accomplished earlier to large degree - but in an IPT focused more on the manufacturing and the supportability of the product once fielded.  Since engineering design is not the focus of this Production Domain, the engineering disciplines represented in this domain are more heavily weighted toward the software engineers who build embedded operational software and manufacturing engineers who will build hardware.

A major effort for M&S engineering personnel at this stage is to capture real world data as production articles are tested, document manufacturing process flow simulations as production articles are built, and to feed these updated data back into the DPD in the Product Models Repository.  As the DPD is refined with this real world data, the V&V history of the DPD is also updated.

3.2.3.2 Production Domain Models.  The focus on models, simulations and data in this domain is to channel real world data back to the DPD in the Product Models Repository in order to improve the representation of a particular system or subsystem.  This includes all elements of the Technical Data Package: information describing manufacturing processes, performance models, the “ilities” (reliability, maintainability, supportability), cost, etc.


3.2.3.3 Production Domain Sources.  The source of the models, simulations and data that constitute a Technical Data Package is the Product Models Repository.  The Mission Domain owner effectively authorizes their use for production purposes. 

3.2.3.4 Production Domain Application.  The DPD provides complete production information to potential and selected manufacturers.  The test community uses the performance portion of the data package to define test conditions.  The logistics community refines the support and cost models as articles are produced and actual data collected.  The training community uses DPDs to build training systems for the system under production.  All modifications to the DPD for the item in production and to associated product models are fed back into the repositories in the Product Models Repository.

3.2.3.5 Production Domain Verification, Validation and Accreditation.  The primary activity of the Production Domain relative to the SBA process is to collect data on the product being manufactured and to ensure that this data is reinserted into updated model simulations and databases in the Product Models Repository.  This data is generated during all program activities: manufacturing, software development and product test, etc.  This Production Domain activity, effectively, is the next step in the VV&A process that was begun in the Product Models Repository and continued in the Virtual Domain and prototyping activity.

3.2.3.6 Production Domain Contracting.  The Production Domain administers contracts under which manufacturers produce the actual products selected for procurement.  This domain solicits bids directly against the DPD Technical Data Package since this package contains complete information for manufacturing.  Technical Data Packages are owned by the DoD since they are part of the Product Models Repository.  The Production Domain owner weighs the source and the V&V level of DPD’s in his data package to determine the best qualified manufacturers for each product.  It could very well be that existing COTS products would satisfy Technical Data Package requirements.

Depending on the size and complexity of the system, the Production Domain may contract a large scale system integrator to oversee the manufacturing phase of the program, including the selection and management of its subcontractors.

Although simulating all aspects of a product’s life cycle prior to beginning manufacture is expected to obviate the need for most engineering and other functional changes, there will undoubtedly be circumstances in which some system of handling changes is necessary.  It is also expected that sometimes the Technical Data Package will not be sufficiently complete to go directly to manufacturing and that some further design details will have to be made.  These changes, however, must not result in substantial changes to product performance, cost, operational capability, etc.  If so, the package must be returned to the Virtual Domain Studies Activities for further analysis.

The Production Domain will also coordinate the handling of changes to systems already under manufacture.  Some changes could, potentially, have a far enough reaching impact to necessitate going back to the Virtual Mission Domain for evaluation.  Most changes, however, will be proposed to take advantage of technology advances, newer DPD’s with lower cost models but acceptable performance characteristics, or improved reliability models through different manufacturing processes.  The Production Domain also handles changes prompted by the Virtual Mission Domain to expand the capability of products already in production.  These changes could also arise from changes in the requirements of a particular Mission Area.

3.2.3.7 Production Domain Rules.  The Production Domain does not have primary responsibility for DPD configuration, commonality standards or access control.  This domain has the responsibility to update the DPD’s as the program collects real world data. 

3.2.4 Acquisition Process - Operations and Support Domain

This domain covers the fielding, operational usage, and long term supportability of systems that have already been produced.  The organizations in this domain continue to update the knowledge base of products that are in the latter stages of their life cycles.  In most respects, this domain is similar to what exists in today’s O&S community, except that the participants in this domain - the warfighters, the logisticians, the maintainers, and the test and evaluation community - will have the responsibility to gather data on fielded products to return to the Product Models Repository for DPD update.  This domain provides data that further raises the VV&A stature of a product; in fact, the most complete and accurate real world knowledge of the product will come from this domain.  

3.2.4.1 Operations and Support Domain Ownership and Participation.  The owner of this domain is a senior Service officer/warfighter, the ultimate user of the product described by the DPD.  The O&S Domain owner has the responsibility to see that the product supports the warfighter in the field, that the product is supported, maintained, repaired, tested, and the operators of the product are trained.  The participants in this domain are the same as those in today’s O&S community - the warfighters, maintenance and support personnel, the logistics community, the test and evaluation community, and the training community.  In addition, participants in this domain must also include modeling and simulation personnel to collect data to support evaluation of the product model against the real world experience of the actual product.  It is the responsibility of the domain owner to return real world data on the product relative to its model to substantiate and elevate the VV&A pedigree of the product model.  This VV&A history is returned to the repository to be re-used by the community for further mission area studies.  In some cases, these M&S personnel will actually update the model as more is learned of the product operation in the real world.  They will also be responsible for providing feedback to the Environmental Model Repository agents if the natural or threat environments are modeled inaccurately.

3.2.4.2 Operations and Support Domain Models, Tools, and Databases.  Normally, this domain will not produce models or tools.  It will generate databases for use by various models as they are used in the operating environment.  In some cases, analysis of the operating data from the fielded system will drive the need for product model updates.  As such, the modeling and simulation personnel in this phase will update the DPD’s on the authority of the Product Models Repository owner.  The M&S personnel in this phase will use the already established VV&A process to elevate the credibility of all the product models uses in this domain. 

3.2.4.3. Operations and Support Domain Sources.  The source of product models for this domain comes from the Product Models Repository with authority for use by the Production Domain. 

3.2.4.4. Operations and Support Domain Application.  Insofar as the SBA process is concerned, the personnel in this domain are responsible for gathering real world data against the real world systems that are being fielded for use in the models of those systems.  To that end, they must understand the product models, particularly the performance of the product predicted in the operational scenarios and environment.  The test community, particularly, must conduct field tests in a manner that allows data collection for the purpose of validating the DPD.  Knowledge and access to a complete product model will provide a very different experience from that in acquisition today.  Necessarily, this obligation to the SBA process will have to be balanced with the primary role of conducting the testing and training of the fielded products.

3.2.4.5. Operations and Support Verification, Validation and Accreditation Activity.  This domain has the ultimate responsibility for validation of the product models.  They will do this through extensive real world testing of the product and comparing it to the product model provided to them.  They will compare supportability, logistic and maintenance realities to the models predicting system performance.  They will collect cost of operating the systems and compare that to the O&S cost models for the system.  This will be a crucial role of the O&S Domain, in the sense of determining accurate and reliable methods of predicting O&S costs since that is one of the major shortcomings in today’s environment.  

3.2.4.6 Operations and Support Domain Contracting.  Contracting with Industry is limited in this domain.  There will undoubtedly be contracts to Industry to provide maintenance support, testing analysis, training system support, etc., similar to today’s environment.  The greatest difference may be in the use of Industry in the model evaluation against test data activity.  In many cases, there will be very sophisticated models being evaluated.  The expertise required for their use and analysis of the data collected is most likely to be quite subtle.  This may result in a need for specific contracting tasks relative to the test or training exercises being performed. 

3.2.4.7 Operations and Support Domain Rules.  Although the product is fielded in this domain, it has a very crucial role in the SBA process.  This domain closes the loop on V&V of the models.  It is incumbent on the participants in this domain to focus on evaluation of the models and simulations predicting the operation of the systems they field and use.
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