Section 5:

Supportability Analyses�

Acquisition logistics includes both technical and management activities. For discussion sake, these activities can be segmented into three interrelated parts:  (1) designing the system for support; (2) designing the support system; and (3) acquiring the support elements necessary for initial fielding. The acquisition logistics interface with the design process is through the systems engineering process, and while the systems engineering process applies to all three segments, it is most prominent in the first two. 

Supportability is a design characteristic. The early focus of supportability analyses should result in the establishment of support related parameters or specification requirements. These parameters should be expressed both quantitatively and qualitatively in operational terms and specifically relate to systems readiness objectives and the support costs of the system. Achieving and sustaining affordable system supportability is a life cycle management activity and is the result of sound systems engineering. 

Supportability analyses are a wide range of related analyses that should be conducted within the systems engineering process. The goals of supportability analyses are to ensure that supportability is included as a system performance requirement and to ensure that the system is concurrently developed or acquired with the optimal support system and infrastructure. The integrated analyses can include any number of tools, practices, or techniques to realize the goals. For example, repair level analysis, reliability predictions, reliability centered maintenance (RCM) analysis, failure modes, effects and criticality analysis (FMECA), life cycle cost analysis, etc., can all be categorized as supportability analyses. 

A key to achieving these goals is an effective application of the systems engineering process. This process is described in detail in Section 4. In order to be effective, supportability analyses need to be part and parcel of each segment of the systems engineering process (i.e., the Requirements Analysis, Functional Analysis/Allocation, Synthesis, and Systems Analysis and Control) described in Figure 4-3. 



In order to be effective, supportability analyses should be conducted within the framework of the systems engineering process. The life cycle phases established by the defense acquisition process provide a suitable structure for managing the development, production, and operational support of a total system. The supportability analyses conducted within any acquisition phase should be properly aligned with the specific objectives of that phase as defined by the acquisition program needs.

Individual phase requirements are based upon general expectations of the stage of a system design (e.g., concept exploration—functional baseline, engineering and manufacturing development—product baseline, etc.). Within the individual designs of the system, however, it is likely that at any given point in time portions of a design are in every different state. For example, even in the conceptual phase there are elements of the product hardware for which the physical design is known. Likewise, during the production phase of a system, items with noted deficiencies may be in design development as the design community seeks to insert a redesign without affecting the production schedule.

The next two sections will discuss supportability issues that should  be addressed during each segment of the systems engineering process (i.e., Requirements Analysis, Functional Analysis/Allocation, and Synthesis) to achieve the principal goals of supportability analyses:

Ensure that supportability is included as a system performance requirement.

Ensure optimal support system design and infrastructure.

Systems engineering should be applied throughout the system’s life cycle as a comprehensive, iterative approach. As the system moves through the life cycle phases, new or updated user requirements and new or revised directions or limitations established by the acquisition decision authority will undoubtedly crop up. Therefore, do not assume that the task of achieving the supportability analyses goals is a one-shot deal. Rather, these goals will be achieved on an iterative, and often concurrent, basis as updated user requirements and authoritative directions are provided.

5.1 Ensuring Supportability as a Performance Requirement

Including supportability as a performance requirement is emphasized in the following excerpt from DoD 5000.2-R:  Supportability factors are integral elements of program performance specifications. However, support requirements are not to be stated as distinct logistics elements, but instead as performance requirements that relate to a system's operational effectiveness, operational suitability, and life-cycle cost reduction. For examples and further discussion of supportability performance requirements, refer to Section 6.

During the Requirements Analysis portion of the systems engineering process, a key first step to ensuring supportability as a performance requirement should be application of supportability analyses during actual development of the system requirements. These initial analyses should focus on the relationships between the evolving operational and readiness requirements, planned support structures, and comparisons with existing force structure and support posture. The output of this initial segment should be an integrated Operational Requirements Document (ORD) which reflects an operational and support concept that the user finds acceptable. Following this initial segment, the primary focus of supportability analyses should be on examining the user’s operational and readiness requirements using guidance provided in the Mission Needs Statement and the ORD. The output of the Requirements Analysis segment should identify key issues or supportability “factors” that should be considered when operational needs are later translated into supportability requirements. Supportability factors are those operational needs which, by their nature, impose requirements on the support system and thus affect system supportability. Supportability factors may include deployment, mobility, mission frequency and duration, human capability and limitations, and anticipated service life. 

During the Functional Analysis/Allocation (FA/A) segment, these factors and other operational needs which affect supportability should be analyzed to establish initial supportability constraints.

Deployment

Planned deployment scenarios establish the geographical and environmental conditions in which a system must be operated and sustained. Different operating environments impose different design characteristics on a product. These characteristics directly affect the types of support required and the environmental conditions under which the support must be provided. For example, just as planned deployment to an arctic environment will require a product design which can function under conditions of extreme cold, maintenance and operational support activities such as repair or refueling will have to be performed under the same conditions. Product designs should reflect the operational need to perform support functions in environmentally suitable clothing (e.g., arctic clothing, chemical protective clothing, etc.). 

Mobility 

A unit’s mobility requirements establish planned modes of transport and time constraints which must be accommodated by the transportability characteristics of a product. A product which is to be transported by specific modes of transport such as rail, sea, or air, and within each mode, by specific means (C130, C5A, European rail carriers, etc.) must be evaluated to ensure that it’s design characteristics allow transport by the planned mode or means. Time constraints, such as 24-hour rapid deployment, impose further considerations to ensure that the product can be prepared for transport within the established time. If, for example, a product must be sectionalized for transport by a designated means such as a C130 aircraft, then the product must be capable of sectionalization, and the support system must have the required support items (tools, support and handling equipment, personnel, containers, etc.) to sectionalize the product, prepare each section for transport, and move the sections to the designated point of embarkation. Additionally, at the point of debarkation, all of the sectionalization and transport preparation will have to be reversed, meaning the receiving end must have the capability to restore, and verify, the product’s operational state.

Mission frequency and duration 

From an operations support standpoint, mission frequency and duration define the support resources needed to sustain operations. This factor would include rearm/refuel, emplacement/displacement, mission profile changes—in short, those activities which are conducted as a normal part of operations. Meeting turn-around time intervals within the anticipated mission frequencies imposes performance requirements on the support system requiring it to respond to the projected operational demands of the product. 

Quantification of support resource requirements is directly related to the characteristics of a product’s design and the frequency and duration of the missions which it performs. Mission frequency and duration and the reliability of the product provide the initial basis for determining the range and quantity of support resources that will be required.

Human systems integration 

Human beings are an integral part of the performance characteristics of the total system. The ease or difficulty of operating and maintaining a product with acceptable results imposes specific requirements on the product, software, and support system designs. A product which is difficult to operate by virtue of the complexity of its mission requirements or its design characteristics requires individuals with greater cognitive or manual dexterity skills than one which is less complex. The same is true of software and support. The existing force structure and support infrastructure into which the product will be introduced have available a complement of human capabilities and limitations. For the designs of the total system components to minimize their impact on the existing infrastructure, human capabilities that are available and the limitations that exist must be identified so that these considerations are included in the analysis of design alternatives.

Anticipated service life 

The planned service life of a product will have significant impact on the total system design alternatives considered and the life cycle cost associated with each. If the program is for a major system and makes a significant investment in the materiel asset, ensure that provisions for future technology insertion are considered. In determining the most cost effective means of support, the service life of a product will be a factor in the decision to use contractor versus organic support. Further, the longer the anticipated service life, the greater the need for planned product upgrades to maintain currency of capability and to reduce support costs by using current technology. Maintaining a support capability for outdated technology is expensive and limits opportunities to use contractor support because the number of sources that can support the older technology reduce dramatically as it is replaced with new technology.

Standardization and interoperability

Standardization and interoperability are primary sources of design requirements and constraints for a system. The difference between requirements and constraints can be a pretty fine line. And while it does not really matter as long as the need is correctly stated, generally, requirements are used to define acceptable solutions and constraints to limit them. 

Interoperability with other systems and equipment may lead to standardization opportunities in both functional or physical design efforts. A functional standardization requirement is one which establishes the need for a particular capability such as transmitting a specified signal frequency. The hardware design, in that case, would not be restricted to a single solution. A physical standardization constraint, on the other hand, which imposes the use of a specific transmitter, dictates that portion of the system design. 

Standardization requirements are also derived from the software and support system design concepts. Mission software standardization needs may dictate the use of compatible computer hardware, operating software, or program languages. Support standardization could include standardization of the support concept with the support concepts of other operational systems, or the use of specific support resources. An organic support concept, for example, might lead to specific hardware testability requirements ensuring diagnostic support by existing test equipment, or a requirement to perform field level maintenance with existing tools.

Synthesis

The outcome of the FA/A segment should be supportability constraints that are the basis for developing initial supportability requirements expressed as thresholds (minimum acceptable value) and objectives (desired value). The spread between objective and threshold values will be individually set for each program based on the characteristics of the program (e.g., maturity, risk, etc.). The range between the objective and the threshold is known as the "trade space." Program objectives may be refined based on the results of the preceding program phase.

These supportability constraints should be analyzed through a comprehensive systems analysis effort conducted during the Synthesis segment. This effort should include a systems effectiveness/cost analysis that weighs supportability constraints against each other and against user requirements, other system parameters, and life cycle costs. Tradeoff studies within this effort should establish alternative performance requirements (supportability included) to satisfy operational and mission needs. Preliminary support concepts should also be examined at this time in light of constraints imposed by the user’s operational and readiness requirements. The support concept is a critical element in determining both specification and support resource requirements, and it needs to be updated throughout the systems acquisition process to reflect modifications to the system and changes in the operation and maintenance requirements. This updating will enable supportability requirements to accurately reflect the evolution of the operational system. 

Supportability Risk

Risk assessment of the supportability constraints and concepts should also be an integral part of the systems analysis effort. These assessments should identify risk drivers, determine the sensitivity of interrelated risks, and quantify risk impacts. A major risk factor in defining the operating and support environment is the difficulty in describing the environment as it will be, and not as it is. Depending upon the type of acquisition, the time separation between this initial description of a system’s operational environment and the time of fielding can be many years. It is logical to expect the operating and support environment to change during that time as new products, new personnel skills, new support resources, and new operational needs are introduced, and economic considerations change. But these changes must be identified and factored into the supportability analyses to ensure that planning assumptions and decisions for the support system can be adjusted. 

To get a good picture of the overall suitability of support system requirements, it is important to consider the best and worst case operating scenarios. System supportability should be assessed under both peacetime and wartime scenarios. Peacetime support planning is based upon equipment readiness and economic considerations. Repair decisions in this scenario are made to reduce the cost of obtaining replacement products. 

A wartime scenario should include both surge and sustained rates of operation. Wartime support planning is driven by equipment readiness or operational availability. Detailed component repair may be discarded in favor of major subsystem replacement to reduce system downtime associated with fault isolation and to speed up response time by reducing the number of items in the supply system. Additionally, consumption rates of support resources such as spare and repair parts increase through sustained usage and limitations on allowable maintenance periods. Therefore, supportability analyses must consider both extremes.

The outcome of the tradeoffs and risk assessments should be threshold and objective system performance requirements that satisfy user requirements and mission needs. These become part of the system specification. This includes performance requirements for the supportability of the system.. 

Remember, ensuring that supportability is included as a performance requirement is not a one time thing. The specificity and number of performance parameters evolve as the program is better defined. At Milestone I, performance parameters should be defined in broad terms. More specific program parameters should be added as necessary as the system requirements become better defined. Also, as new or updated user requirements and authoritative constraints become present, performance requirements will need to be added or changed, including supportability requirements.

5.2 Ensuring Optimal Support System Design

Supportability analyses should identify operations and sustainment support requirements based upon system characteristics and the planned operations and support environment. Supportability requirements are expressed in terms of operations and maintenance task requirements and the associated support resources to accomplish them. Collectively, these define the support burden of a total system. The optimal support system design is one which can deliver the required support and which properly balances with the other total system elements to meet the performance requirements of the user.

Systems engineering done very early in the acquisition life cycle is similar for both commercial and developmental acquisitions (see Section 4 for further discussion on types of acquisition). Development of performance requirements and specifications follow a similar path in the earliest acquisition phases for commercial and developmental buys. Therefore, the type of acquisition has little or no bearing on achieving the first goal of supportability analyses since system performance requirements are established up front in an acquisition. However, this is not true for the second goal of supportability analyses. In fact, the type of acquisition will have a significant impact on the design of the support system.

DoD policy initiatives emphasize the use of commercial or nondevelopmental designs, processes, and services whenever practical to meet operational users’ needs. Because of these initiatives and the current economic challenges of the present and foreseeable future, most DoD acquisitions of systems and services will utilize commercially available solutions. Use of commercial systems, software, and logistic support services help to cope with the high ownership costs of defense systems.

Performance requirements, both operational and support, are used in the market investigation to identify potential commercial or nondevelopmental item candidates which may meet the performance requirements. During the market investigation the candidate commercial and nondevelopmental systems’ designs are reviewed from a supportability standpoint to:

Assess standardization issues.

Compare with experience base.

Identify support alternatives.

Evaluate support alternatives.

Assess impact of deployment.

Assess post production support.

These assessments of candidate designs are based upon the available design, support, and experience data associated with the system, demonstrations and tests, and the experience of the agency that acquired the data. 

If one of the commercial or nondevelopmental candidate designs for the total system is selected, then the supportability analyses should be used to evaluate whether that information is sufficient for implementing the support system design. If it is deemed sufficient, then supportability analyses should be used to prepare the necessary logistics data products (Synthesis segment of  systems engineering process) and monitor changes that may affect the products, the support system performance, or otherwise impact the total system supportability (Systems Analysis and Control (SA&C) portion of the systems engineering process).

When available information is not sufficient to support implementation of the support system design (identified during the Requirements Analysis portion of the systems engineering process), the required information can be developed by using a process similar to the one in the following example:

A commercial item with an organic support concept lacks sufficient data for technical publications development. 

In general, the missing information of concern will probably be that portion of the support data that addresses organic support responsibilities. For instance, when a commercial support concept is being used, the acquiring agency should be primarily concerned with information needed to interface the existing support infrastructure with the commercial support system. For those system elements for which organic support is required:

Identify hardware candidates and support functions.

Conduct repair analysis.

Perform functional analysis and task analysis on repairable items for selected support system design.

The available design data and the operations and support concepts should be analyzed to identify the hardware design repair candidates and the basic functions that should be supported (FA/A segment of the systems engineering process). Analysis should be performed to establish a repair-versus-discard and a level-of-repair policy for each repairable item under each of the support concepts. This repair level analysis should be used to recommend the optimum repair policy and level of repair for the item based upon system availability life cycle costs (Synthesis and SA&C parts of the systems engineering process). Based upon the results a support system design can be selected. 

Repairable items should be functionally analyzed under the selected support system design to identify specific corrective, preventive, and other operations and support tasks (FA/A segment of the systems engineering process). Tasks should be analyzed to identify their annual frequency, manpower and personnel requirements, elapsed times, task procedures, spare and repair parts, test equipment—in short, all logistics resources needed to perform the task (Synthesis part of the systems engineering process). Factors that relate system characteristics to support task requirements like annual frequency and hardware reliability should be easily traceable to ensure that the impact of any changes can be recognized and addressed (SA&C portion of the systems engineering process). Support factors such as manpower requirements and sparing rates should be related to hardware oriented maintenance planning factors like the annual operating requirements of the system and the individual task frequencies. This action maintains the linkage between requirement, design, and support. The detailed task information should be used as  the source of information for preparing required logistics data products. 

A notional supportability analyses process flow for a Commercial/NDI acquisition is shown in Figure 5-1.
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Figure 5-1. Supportability analyses for C/NDI acquisitions�If a development program is the result of the market investigation, the design process should be initiated as described in Section 4. The requirements should be decomposed and analyzed to determine their supportability characteristics (Requirements Analysis segment of the systems engineering process). This information should be used to initiate the support system design. The process will continue as the hardware, software, and support system designs evolve from the requirements through the functional design (FA/A) to the final or physical system design (Synthesis). The analyses should be performed at the system level and applied to the successively more detailed design components.

The specific supportability analyses to be performed on an element of a system’s design are those which most correspond to the level of that element’s design. For example, when the design data is of a functional nature, identify the functional support requirements and place special emphasis on the identification of new or unique support function requirements. When the available design data represents a physical design, identify and quantify operations and sustainment support resource requirements. 

The supportability analyses that were discussed earlier under a commercial acquisition (one that lacked necessary technical publications information) are also applicable here. For those system elements for which support data is required:

Identify hardware candidates and support functions.

Conduct repair analysis.

Perform functional analysis and task analysis on repairable items for selected support system design.

Another area of supportability analyses that applies to both commercial and developmental acquisitions is assessments of system supportability. These are considered part of the Systems Analysis and Control portion of the systems engineering process. This portion of the supportability analyses process is conducted throughout a system’s life cycle and is used to:

demonstrate the validity of the analysis.

support current planning decisions.

maintain the accuracy of the information products developed using the analysis results.

support the assessment of alternative concepts and proposed changes.

Assessment and verification of supportability starts with early planning for verification of support concepts and continues on an iterative basis. Assessment and verification methods and techniques encompass technical reviews, modeling, simulation, demonstration, and testing. Assessment and verification procedures, like all supportability analysis activities, need to be tailored to the type of acquisition, the program phase, and the risk elements being addressed.

Supportability demonstration and test requirements and criteria are developed for the particular performance characteristics to be tested. These requirements are included in the Test and Evaluation Master Plan for the program. All supportability performance requirements, including those which apply to the support system, should be tested and verified.

Results of supportability assessment and verification activities are used to update other supportability analyses information and estimates. Issues resulting from analysis of supportability assessment results are used to develop improvement recommendations.



5.3  Systems Engineering Strategy—Supportability Analyses

	Inputs 

A strategy for performing systems engineering activities should be developed early in the program by the performing organization. As such, selected supportability analyses should be identified as input to the systems engineering strategy. The supportability analyses input should be an integral part of the program’s systems engineering strategy. The strategy input should identify, and give the rationale for, the inclusion or exclusion of specific analyses. Each activity that is included should be assigned to an organization responsible for its conduct.

Supportability analyses in each program phase should be scoped to the objectives and level of design anticipated. The strategy should address all supportability analyses needed to analyze, define, and verify the supportability thresholds and objectives for a system and to assess the risks in accomplishing the thresholds and objectives. Select the supportability objectives and analyses to include in the strategy based on the following considerations:

The probable hardware and software designs, support concepts, and operational approaches for the new total system which include gross estimates of the reliability and maintainability, O&S costs, logistic support resources, and readiness characteristics of each total system component design and the operational concept.

The availability, accuracy, and relevance of readiness, O&S cost, and logistic support resource data required to perform the proposed support analyses.

The potential design impact of performing the analyses including the estimated supportability, cost and readiness improvement and the reduction in program risks.

The strategy should also include an initial estimate of the cost to perform each supportability analysis. It should also rate the degree of cost effectiveness of performing each analysis—given the projected costs, the anticipated benefit to be derived, and the program schedule constraints under which it must be conducted. These ratings should then be used to tailor supportability analyses to conform to overall acquisition program strategy, plans, schedules, and funding.

Procedures and schedules should be established and integrated with the overall systems engineering program and other program activities. Supportability reviews should be scheduled consistent with the overall program plans. Consider use of alternative techniques that minimize the cost of reviews such as the use of remote access.

Supportability analyses should have a set of established review procedures which provide consistency of review among the participating disciplines. These procedures should define the acceptance and rejection criteria pertaining to total system supportability requirements.

To be useful, the systems engineering strategy needs to be current. The supportability analyses input should be updated as necessary based upon the analyses’ results and subsequent refinement of plans, schedules, and funding profiles. When the results of a specific supportability analysis are no longer required or provide little or no value to the program, the analysis should be discontinued.



 5.4  Additional Information

Department of Defense Regulation, 5000.2-R, Mandatory Procedures for Major Defense Acquisition Programs (MDAPS) and Major Automated Information System (MAIS) Acquisition Programs

SD-2, Buying Commercial and Nondevelopmental Items: A Handbook 
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