
CHAPTER 4

Systems Engineering

4.0. Overview

DoD policy and guidance recognize the importance of and introduce the application of a
systems engineering approach in achieving an integrated, balanced system solution. DoD
Directive 5000.1 requires:

Systems Engineering. Acquisition programs shall be managed through the
application of a systems engineering approach that optimizes total system
performance and minimizes total ownership costs. A modular open-systems
approach shall be employed, where feasible.

DoD Instruction 5000.2 emphasizes the use of systems engineering per the following extract:

Effective sustainment of weapon systems begins with the design and
development of reliable and maintainable systems through the continuous
application of a robust systems engineering methodology.

Finally, the recent USD(AT&L) memorandum establishes systems engineering policy and
mandates a Systems Engineering Plan for all programs. This memorandum will be included in
the next revision to DoD Instruction 5000.2. An extract from the memorandum follows:

Systems Engineering (SE). All programs responding to a capabilities or
requirements document, regardless of acquisition category, shall apply a robust
SE approach that balances total system performance and total ownership costs
within the family-of-systems, systems-of-systems context. Programs shall
develop a Systems Engineering Plan (SEP) for milestone Decision Authority
(Milestone Decision Authority) approval in conjunction with each Milestone
review, and integrated with the Acquisition Strategy. This plan shall describe the
program's overall technical approach, including processes, resources, metrics,
and applicable performance incentives. It shall also detail the timing, conduct,
and success criteria of technical reviews.

4.0.1. Purpose
The purpose of this chapter is to facilitate compliance with the above mandatory systems
engineering direction. This chapter describes systems engineering processes and the
fundamentals of their application to DoD acquisition. It addresses the system design issues that
a program manager must face to achieve the desired balanced system solution. In its entirety,
this chapter thereby provides guidance and describes expectations for completing the Systems
Engineering Plan.



4.0.2. Contents

This Chapter begins with Section 4.1, Systems Engineering in DoD Acquisition. Thi s section
defines systems engineering and its relationship to acquisition. It also provides perspective on
the use of systems engineering processes to translate user-defined capabilities into actionable
engineering specifications and on the role of the program manager in integrated system design
activities.

Section 4.2, Systems Engineering Processes: How Systems Engineering is Implemented,
discusses systems engineering processes and activities. The section groups systems
engineering processes into technical management processes and technical process categories.
This section contains a discussion of the use and tailoring of process models and standards, as
well as what to expect of the contractor's systems engineering process.

Section 4.3, Systems Engineering in the System Life Cycle, provides an integrated technical
framework for systems engineering processes throughout the acquisition phases of a system's
life cycle, distinguishing the particular systems engineering inputs and outputs of each
acquisition phase.

Section 4.4, Systems Engineering Decisions: Important Design Considerations, discusses the
many design considerations that should be taken into account throughout the systems
engineering processes. This includes an introduction to open systems design; interoperability;
software; commercial off-the-shelf items; manufacturing capability; quality; reliability, availability
and maintainability; supportability; human systems integration; environment, safety and
occupational health; survivability; corrosion prevention and control; disposal and
demilitarization; information assurance; insensitive munitions; anti-tamper provisions; system
security; and accessibility.

Section 4.5, Systems Engineering Execution: Key Systems Engineering Tools and Techniques,
includes the important technical, cost, and schedule oversight methods and techniques used in
the technical management and technical processes. This section also discusses general
knowledge management tools.

Section 4.6, Systems Engineering Resources, provides links to many systems engineering
resources that already exist across the government, industry, and academia. Links to resources
will be incorporated throughout the text of this chapter, as appropriate. As a compilation of
available resources, this section includes standards and models, handbooks and guides, as well
as any additional references deemed appropriate.

4.1. Systems Engineering in DoD Acquisition
Systems engineering is the overarching process that a program team applies to transition from
a stated capability need to an operationally effective and suitable system. Systems engineering
encompasses the application of systems engineering processes across the acquisition life cycle
(adapted to each and every phase) and is intended to be the integrating mechanism for
balanced solutions addressing capability needs, design considerations and constraints, as well
as limitations imposed by technology, budget, and schedule. The systems engineering





4.1.2. Participants in Systems Engineering

The program manager should implement a robust systems engineering approach to translate
operational needs and capabilities into operationally suitable increments of a system. Systems
engineering permeates design, production, test and evaluation, and system support. Systems
engineering principles should influence the balance among the performance, cost, and schedule
parameters and associated risks of the system. Program managers exercise leadership, decision-
making, and oversight throughout the system life cycle. Implementing a systems engineering
approach adds discipline to the process and provides the program manager with the information
necessary to make valid trade-off decisions throughout a program's life cycle.

Systems engineering is typically implemented through multi-disciplined teams of subject matter
experts (often formally chartered as an Integrated Product Team (IPT)). The systems engineering
working-level IPT translates user-defined capabilities into operational system specifications
consistent with cost, schedule, and performance constraints. (See the DoD Directive 5000.1
discussion of Knowledge Based Acquisition and additional information in this Guidebook.)

While the program office usually has a Chief Engineer or Lead Systems Engineer in charge of
implementing the systems engineering process, personnel from non-systems engineering
organizations or from outside the program management structure may also perform activities related
to systems engineering. For example, Information System Security Engineering (ISSE) support may
be provided from NSA or an engineering support activity within the Component. Most program
personnel should see themselves as participants in the systems engineering processes. Systems
engineering-like activities include defining architectures and capabilities and conducting functional
analyses per CJCS Instruction 3170.01. Warfighters, sponsors, and planners usually complete these
activities before a program is initiated.

4.1.3. Total Life Cycle Systems Management (TLCSM) in Systems
Engineering
It is fundamental to systems engineering to take a total life cycle, total systems approach to
system planning, development, and implementation. Total life cycle systems management
(TLCSM) is the planning for and management of the entire acquisition life cycle of a DoD
system. Related to the total systems approach, DoD Directive 5000.1, E1.29, makes the
program manager accountable for TLCSM:

E1.29. Total Systems Approach. The program manager shall be the single point
of accountability for accomplishing program objectives for total Lifecycle systems
management, including sustainment. The program manager shall apply human
systems integration to optimize total system performance (hardware, software,
and human), operational effectiveness, and suitability, survivability, safety, and
affordability. PMs shall consider supportability, life cycle costs, performance, and
schedule comparable in making program decisions. Planning for Operation and
Support and the estimation of total ownership costs shall begin as early as
possible. Supportability, a key component of performance, shall be considered
throughout the system life cycle.

Because of TLCSM, the program manager should consider nearly all systems development
decisions in context of the effect that decision will have on the long term operational
effectiveness and logistics affordability of the system. TLCSM considerations should permeate
the decision making of all acquisition functions and communities, during all acquisition phases.





4.1.4. Systems Engineering and the New Acquisition Environment

Evolutionary acquisition strategies integrate advanced, mature technologies into producible
systems that can be deployed to the user as quickly as possible. An evolutionary acquisition
strategy matches available technology and resources to approved, time-phased, capability
needs. Systems engineering processes provide the disciplined, integrated development and
production environment that supplies increasing capability to a materiel solution. In spiral and
incremental development, capability is developed and fielded in increments with each
successive increment building upon earlier increments to achieve an overall capability. These
approaches to evolutionary acquisition are particularly effective in quickly fielding an initial
capability or increment of functionality while allowing continued efforts to incrementally attain the
final, full, end-state capability. Robust systems engineering processes ensure that systems are
designed to easily and affordably accommodate additive capabilities in subsequent increments.
Examples of these processes include the modular, open systems approach.

There are various development and Lifecycle models to support systems engineering within an
evolutionary acquisition strategy. They include the waterfall, spiral, and "Vee" models. All
models provide an orderly approach to implementing and integrating the systems engineering
processes during each acquisition phase. The spiral and Vee models rely heavily on
prototyping, both physical and virtual, to get user feedback.

Evolutionary acquisition has increased the importance of traceability in program management. If
a defense system has multiple increments, systems engineering can trace the evolution of the
system. It can provide discipline to and documentation of the repeated trade-off analyses and
decisions associated with the program. Due to the nature of evolutionary acquisition, design,
development, deployment, and sustainment can each be occurring simultaneously for different
system increments.

4.1.5. The Integrated Product and Process Development (IPPD) Framework
and Systems Engineering
The Department of Defense defines IPPD as a management technique that uses
multidisciplinary teams (Integrated Product Teams (IPTs)) to optimize design, manufacturing,
and supportability processes. IPPD facilitates meeting cost and performance objectives from
system concept out through production and field support. It is a broad, interdisciplinary
approach that includes not only the engineers, technical specialists, and customers in the IPTs,
but also business and financial analysts as well. (See also 10.3, 11.8, and the IPPD Handbook.)

Systems engineering is consistent with IPPD. It creates and verifies an integrated and Lifecycle-
balanced set of system product and process solutions that satisfy stated customer needs.
Systems engineering integrates the development of the system with the development of all
system-related processes. The systems engineering process provides a common basis for and
improves the communication between IPT members. All members of the development IPTs,
who possess expertise in one or more disciplines in a system's life cycle, perform systems
engineering; everyone involved in the system's development should be a "total systems-
thinker." Each member of the team should apply the systems engineering process to their
respective area of expertise.









4.2.3.1. Decision Analysis

Decision Analysis activities provide the basis for evaluating and selecting alternatives when
decisions need to be made. Decision Analysis involves selecting the criteria for the decision and
the methods to be used in conducting the analysis. For example, during system design, analysis
must be conducted to help chose amongst alternatives to achieve a balanced, supportable,
robust, and cost effective system design. These analyses include, but are not limited to, trade
studies, models and simulation, supportability analysis, level of repair analysis, post fielding
support analysis, repair versus discard, and cost analysis. These studies should be augmented
with virtual and/or physical prototypes, where applicable, prior to making decisions on best
alternative. Decision criteria will be influenced by such things as interoperability constraints;
size; transportability requirements; maintenance concept; affordability; reliability, availability, and
maintainability goals; and schedule.

4.2.3.2. Technical Planning

Technical Planning activities ensure that the systems engineering processes are applied
properly throughout a system's life cycle. Technical planning, as opposed to program planning,
addresses the scope of the technical effort required to develop the system. A mandated tool for
this activity is the Systems Engineering Plan. Each of the technical processes requires technical
planning. Technical planning for Implementation, Integration, Verification, Validation, and
Transition processes and their accompanying systems can reveal constraints and interfaces
that will result in derived technical requirements.

4.2.3.3. Technical Assessment
Technical Assessment activities measure technical progress and the effectiveness of plans and
requirements. Activities within Technical Assessment include the activities associated with
Technical Performance Measurement and the conduct of technical reviews. A structured review
process should demonstrate and confirm completion of required accomplishments and exit
criteria as defined in program and system planning. Technical reviews are discussed in detail in
section 4.3. Technical assessment activities discover deficiencies or anomalies that often result
in the application of corrective action.

4.2.3.4. Requirements Management

Requirements Management provides traceability back to user-defined capabilities as
documented through the Joint Capabilities Integration and Development System. In
evolutionary acquisition, the management of requirements definition and changes to
requirements takes on an added dimension of complexity. The program manager should
institute Requirements Management to (1) maintain the traceability of all requirements from
capabilities needs, (2) to document all changes to those requirements, and (3) to record the
rationale for those changes. Emerging technologies and threats can influence the requirements
in the current as well as future increments of the system.









Figure 4.2.3.5.3 Levels of Likelihood Criteria

Consequence Levels

The level and types of consequences of each risk are established utilizing criteria such as those
shown below. A single consequence scale is not appropriate for all programs. The matrix is
intended as an example only and highlights the fact that this matrix can and should be tailored
by each Program Office according to the particulars of their program.



Risk Matrix

The results for each risk are then plotted in the corresponding single square on the Risk
Reporting Matrix using a recommended display method that includes the risk title (where (S)
identifies this risk as a schedule risk), risk causal factor, and mitigation approach.























4.2.4.8. Transition

Transition is the process applied to move the system element to the next level in the physical
architecture or, for the end-item system, to the user. This process may include installation at
the operator or user site.

4.2.5. The Contractor's Systems Engineering Process
Contractor selection should depend on demonstrated process capability and organizational
maturity in their systems engineering processes, as well as on demonstrated domain expertise
and past performance commensurate with the needs of the program. Organizations use
different standards and models and their accompanying assessment methods to establish the
initial capability of their systems engineering processes and then to improve those processes.
Some of the different standards and models for systems engineering were discussed in section
4.2.2. The remainder of this section covers some of the things a program manager needs to
know when a contractor uses these systems engineering standards or models and their
accompanying methods for appraisals and assessments.

4.2.5.1. The Use of Standards versus Capability and Maturity Models
The major distinction between standards and capability and maturity models lies in their
purpose. Standards provide recommended processes to apply within an organization, describe
expected tasks and outcomes, and describe how the processes and tasks integrate to provide
required inputs and outputs. Standards are meant to provide an organization with a set of
processes that, if done by qualified persons using appropriate tools and methods, will provide a
capability to do effective and efficient engineering of systems. Capability and maturity models,
on the other hand, are for process improvement. Capability and maturity models are used to
assess, from an organizational perspective, how well the standard processes are being
performed. Both capability and maturity models and standard processes are useful to an
organization, but the role for each should be kept in perspective. The solicitation effort should
seek descriptions of potential offerors' models and standards.

In general, the program manager should ensure that the contractor has established a process or
processes to conduct systems engineering, that the contractor maintains these processes, and
that throughout the organization, work adheres to these processes. Selecting an offeror with a
weak systems engineering process will likely result in problems such as poor understanding of
requirements and design constraints and how these are managed, little or no system design
evolution documentation, poor configuration control, and inadequate manufacturing quality
control.

4.2.5.2. Capability Reviews
Capability reviews such as manufacturing capability and software capability reviews are a useful
tool available during source selections to assess the offerors' capability in selected critical



process areas. Capability reviews may be the appropriate means for evaluating program-
specific critical processes such as systems engineering, software development, configuration
management, etc. The reviews would be useful to supplement process past performance data
to ascertain the risks in selecting a given offeror and to assist in establishing the level of
government oversight needed to manage the process-associated risks if that offeror is awarded
the contract. The trade-off in determining whether or not to do a capability review would be the
criticality of the process versus the time and resources to do the review versus the availability,
adequacy, and currency of an offeror's process past performance data.

4.2.5.3. Capability Appraisals
In all cases, the program manager retains the right (and is encouraged) to independently
evaluate the process capabilities of the selected team prior to or immediately after contract
award in order to have a better understanding of potential risks associated with the development
team's process capabilities. Once the developer is selected, the program manager can conduct
an evaluation to support the up-front risk assessment of the developer's capability to deliver.

Periodic appraisals are encouraged as part of contract process monitoring activities. The
selection of assessment or appraisal method would be dependent upon the needs of the
particular project, the level of risk associated with the project, and any areas of concern the
program manager may have. The program manager should understand that: 1) appraisal and
assessment results are another tool (like past performance) to gauge the likelihood that the
contractor will succeed and perform to the requirements of the contract; 2) assessments are
most valuable when they apply across the full program team, and not just one segment of the
organization; and 3) domain experience is at least as important as process maturity level when
evaluating the program team's capability.

4.2.6. System of Systems Engineering
System of systems engineering deals with planning, analyzing, organizing, and integrating the
capabilities of a mix of existing and new systems into a system of systems capability greater
than the sum of the capabilities of the constituent parts. It is a top-down, comprehensive,
collaborative, multidisciplinary, iterative, and concurrent technical management process for
identifying system of systems capabilities; allocating such capabilities to a set of interdependent
systems; and coordinating and integrating all the necessary development, production,
sustainment, and other activities throughout the life cycle of a system of systems. The overall
objective for developing a system of systems is to satisfy capabilities that can only be met with a
mix of multiple, autonomous, and interacting systems. The mix of constituent systems may
include existing, partially developed, and yet-to-be-designed independent systems. Systems of
systems should be treated and managed as a system in their own right, and should therefore be
subject to the same systems engineering processes and best practices as applied to individual
systems.

The engineering of a system of systems differs from the engineering of a single system. A
system of systems is a set or arrangement of interdependent systems that are related or
connected to provide a given capability. The loss of any part of the system will significantly
degrade the performance or capabilities of the whole. The development of a system of systems
solution will involve trade space between the systems as well as within an individual system’s













Key to this initial step of concept refinement is to ensure that all drivers of the concept definition
are completely captured and managed as an integrated whole, and that all of the drivers can be
met by each of the concept alternatives under consideration. This defines the expectations of
the overall system concept, and defines the trade space and risk associated with each of the
constraints, above. Defining the trade space and risk enables the comprehensive analysis of
system alternatives, and allows a rational selection of a preferred system concept. The
preferred system concept should strike the best balance in providing the needed capabilities
within the constraints on the program.

4.3.1.3.2. Develop Concept Performance (and Constraints) Definition and
Verification Objectives
This step includes the analysis and decomposition (from capability level to system level) of
system performance and system design constraints traceable back to those capabilities and
constraints defined in Section 4.3.1.3.1 above. All capabilities and environmental constraints
should be decomposed to the system performance level. They should be re-analyzed to
determine the extent to which alternative concepts can meet all capability needs within program
constraints (as needs and constraints become better understood as a result of decomposition).
The trade space and risk should be analyzed and assessed for each alternative concept. For
each alternative system concept, expected performance capabilities should be explicitly defined
and related to the capability needs. To the extent concept performance can only be met through
trade offs (due to incompatibility of capabilities/constraints) changes may be required to the
capability or constraints previously defined.

Verification planning should define the test requirements needed to evaluate the ability of the
matured system concept(s) to meet requirements.

4.3.1.3.3. Decompose Concept Performance into Functional Definition
and Verification Objectives
This step includes the further decomposition of concept system performance to the functional
level. Consideration should be given to inclusion of functionality and functional flow definition
across the full system concept (tactical system, support system, training system) and how this
functionality relates to other interoperable systems (functional interfaces). Critical to this
analysis is an understanding of the level of functionality achievable within program constraints
and risk. Trade space and risk should be analyzed and assessed against desired functional
performance. Trade offs are made to stay within program constraints and may require changes
to higher-level system or concept definitions.

System functional verification planning should enable test and evaluation of the matured system
concept functionality.



4.3.1.3.4. Decompose Concept Functional Definition into Concept
Components and Assessment Objectives

This step includes the allocation of concept functions into components of the concept that will
execute the functionality. Critical to this analysis is an understanding of what functional
performance is enabled by multiple systems, or system components, operating as a functional
entity. Hardware elements, software elements, physical interfaces, functional interfaces,
standards, existing, and to-be-developed elements, should all be considered and defined in the
concept. As in previous steps, this level of decomposition and allocation may induce trades to
stay within program constraints. These trades need to be reflected in higher level functional,
system, and capability definitions, which should be updated accordingly.

Concept component verification planning should enable testing and validation of critical concept
components.

4.3.1.3.5. Develop Component Concepts, Including Enabling/Critical
Technologies, Constraints, and Cost/Risk Drivers
At this point, all of the basic concept design requirements should have been analyzed, defined,
and reconciled with constraints. The system concept(s) components should have been
synthesized and substantiated (e.g., through analyses, modeling and simulation,
demonstrations, etc.) to allow verification of components against requirements, and integration
of the components into an overall system for further verification and validation. Key to this step
is the development of conceptual components to demonstrate the viability of the overall
concept, indicate where additional technology maturation should occur, and validate that
acceptable trade space between expected capabilities and program constraints exists to
accommodate potential risk.

4.3.1.3.6. Analyze and Assess Enabling/Critical Components Versus
Capabilities

Utilizing the component verification plans developed as part of the functional allocation, the
enabling and/or critical components of the concept should be evaluated. Evaluation results
should be assessed against component requirements and the impact on the overall concept
capabilities and constraints determined. Critical to this step is the understanding of test results
and how the concept component functionality verifies or contradicts the desired capabilities, as
well as what component technologies are required and the level of achievable performance.
Capability trade offs within the available trade space, or further component concept
development within program and concept constraints may be required.



4.3.1.3.7. Analyze and Assess System Concept Versus Functional
Capabilities

Utilizing the concept functional verification plans developed as part of the functional analysis
and decomposition, overall system functionality should be evaluated. Concept components
should be integrated and assessed from a functional standpoint relative to desired capabilities.
Critical to this step is understanding how the enabling components work together as an
integrated whole to provide functionality at the component and system levels, and how the
achieved functionality relates to the overall desired capability. Also important is an
understanding of the technology development required to achieve critical functions. Capability
trade offs within the available trade space, or further refinement of functionality within program
and concept constraints may be required.

4.3.1.3.8. Analyze and Assess Concept and Verify System Concept's
Performance
Utilizing the verification objectives previously defined, evaluate the overall integrated concept
against system performance objectives and constraints. Concept components are integrated
from both physical and functional perspectives across the full concept domain (tactical, support,
training, etc.). Critical to this step is an understanding of overall system concept capability
versus need, level of achievable performance within the complete set of constraints, and the
enabling technologies requiring further development. Trades at this level will include decisions
as to acceptable technology risk versus desired performance.

4.3.1.3.9. Analyze and Assess Concepts Versus Defined User Needs and
Specified Environmental Constraints

Based upon the results of the verification of components, functionality, and system
performance, a determination of the preferred system concept should be made. Advantages
and disadvantages of various approaches should be documented and included in the analysis
of alternatives. Trade offs of achievable performance should be complete and captured in a
preliminary system specification. Enabling technologies requiring further development to
achieve acceptable levels of risk should be defined and plans should be developed for
technology development. The preliminary system specification serves as the guiding technical
requirement for this development effort.

4.3.1.4. Technical Reviews during Concept Refinement

4.3.1.4.1. Initial Technical Review (ITR)

The ITR is a multi-disciplined technical review to support a program's initial Program Objective
Memorandum submission. This review ensures that a program's technical baseline is sufficiently
rigorous to support a valid cost estimate (with acceptable cost risk), and enable an independent



assessment of that estimate by cost, technical, and program management subject matter
experts. The ITR assesses the capability needs and conceptual approach of a proposed
program and verifies that the requisite research, development, test, engineering, logistics, and
programmatic bases for the program reflect the complete spectrum of technical challenges and
risks. Additionally, the ITR ensures that historical and prospective drivers of system cost have
been quantified to the maximum extent and that the range of uncertainty in these parameters
has been captured and reflected in the program cost estimates.

Per DoD Instruction 5000.2, the program manager for Acquisition Category I and IA programs
must define program and system parameters in a Cost Analysis Requirements Description
(CARD), as described in DoD 5000.4M. The basic CARD technical and programmatic guidance,
tailored to suit the scope and complexity of the program, should be followed to ensure that all
pertinent technical cost drivers are addressed. The success of the ITR also depends on
independent subject matter expert review of each of the identified cost drivers. The subject
matter experts should be drawn from the correct technical competencies that specialize in each
of the areas addressed in a CARD-like document, and the cost drivers detailed in the CARD-like
document should be used properly in the development of the program cost estimate.
Completion of the ITR should provide:

(1) A complete CARD-like document detailing system overview, risk, and system operational
concept;

(2) An assessment of the technical and cost risks of the proposed program; and

(3) An independent assessment of the program's cost estimate.

Typical ITR success criteria include affirmative answers to the following exit questions:

(1) Does the CARD-like document capture the key program cost drivers, development costs (all
aspects of hardware, human integration, and software), production costs, operation and support
costs? Is the CARD-like document complete and thorough?

(2) Are the underlying assumptions used in developing the CARD-like document technically and
programmatically sound and complete?

(3) Have the appropriate technical and programmatic competencies been involved in the CARD-
like document development, and have the proper subject matter experts been involved in its
review?

(4) Are the risks known and manageable within the cost estimate?

(5) Is the program, as captured in the CARD-like document, executable?

4.3.1.4.2. Alternative System Review (ASR)
The ASR is a multi-disciplined technical review to ensure that the resulting set of requirements
agrees with the customers' needs and expectations and that the system under review can
proceed into the Technology Development phase. The ASR should be complete prior to
Milestone A. Generally this review assesses the alternative systems that have been evaluated
during the Concept Refinement phase, and ensures that the preferred system alternative is cost
effective, affordable, operationally effective and suitable, and can be developed to provide a
timely solution to a need at an acceptable level of risk. Of critical importance to this review is
the understanding of available system concepts to meet the capabilities described in the Initial
Capabilities Document and the affordability, operational effectiveness, and technology risks



inherent in each alternative concept. Depending on the overall acquisition strategy, one or more
preferred solutions may carry forward into the Technology Development phase.

By reviewing alternative system concepts, the ASR helps ensure that sufficient effort has been
given to conducting trade studies that consider and incorporate alternative system designs that
may more effectively and efficiently meet the defined capabilities. A successful review is
predicated on the IPT's determination that the operational capabilities, preferred solution(s),
available technologies, and program resources (funding, schedule, staffing, and processes)
form a satisfactory basis for proceeding into the Technology Development phase. The program
manager should tailor the review to the technical scope and risk of the system, and address the
ASR in the Systems Engineering Plan.

Completion of the ASR should provide:

(1) An agreement on the preferred system concept(s) to take forward into Technology
Development.

(2) Hardware and software architectural constraints/drivers to address Defense Information
Infrastructure / Common Operating Environment and system extensibility requirements.

(3) An assessment of the full system software concept to include conceptual definition of the
complete deliverable/non-deliverable software, scope, and risk (e.g., operational software
elements, software engineering environment, test software, maintenance software,
simulation/stimulation software, training software, in-service support software, etc.).

(4) A comprehensive rationale for the preferred solution, including the Analysis of Alternatives
that evaluated relative cost, schedule, performance (hardware, human, software), and
technology risks.

(5) A comprehensive assessment of the relative risks associated with including commercial off-
the-shelf items in the program, with emphasis on host platform environmental design, diagnostic
information integration, and maintenance concept compatibility.

(6) A comprehensive risk assessment for the Technology Development phase.

(7) Trade studies/technical demonstrations for concept risk reduction.

(8) Joint requirements for the purposes of compatibility, interoperability, and integration.

(9) Refined thresholds and objectives initially stated as broad measures of effectiveness.

(10) Completed, comprehensive planning for the Technology Development phase (hardware
and software), that addresses critical components to be developed and demonstrated, their
cost, and critical path drivers.

(11) Initial planning for the System Development and Demonstration phase.

(12) A draft system requirements document if one does not already exist. (This is a high-level
engineering document that represents the customer/user capability needs as system
requirements.) This systems requirement document should include a system level description
of all software elements required by the preferred system concept.

The ASR is important because it is a comprehensive attempt to ensure that the system
requirements are aligned with the customer's needs. However, Cost As an Independent
Variable may result in Initial Capabilities Document requirement(s) adjustments (IAW 3170
JCIDS procedures). The ASR attempts to minimize the number of requirements that may need
to be changed in later phases. Changing requirements later in the program will usually entail
cost increases and scheduling slips.









Key to this technology development effort is ensuring that all aspects of the required technology
are adequately matured and managed as an integrated whole, and can support the user needs
via the preferred concept. This not only ensures that overall expectations are explicitly defined,
but that trade space and risk in each of the areas above are defined to enable comprehensive
analysis of technology availability and rational formulation of a system performance specification
that strikes the best balance in meeting all of the needed capabilities within the many
constraints on the program.

4.3.2.3.2. Develop System Performance (and Constraints) Specifications
and Enabling/Critical Technologies Verification Plan
This step includes the further analysis and decomposition (from capability level to system level)
of system performance and system design constraints, traceable back to those capabilities and
constraints defined above. All capabilities and environmental constraints should be
decomposed to the system performance level. They should be re-analyzed to determine the
extent to which available technologies can meet the full spectrum of needs and constraints (as
needs and constraints become better understood as a result of decomposition). The trade
space and risk should be analyzed and assessed against available technologies. The enabling
and/or critical technologies should be identified. Each technology performance capability should
be explicitly defined and related to the capability needs. To the extent performance can only be
met through trade offs of certain aspects (due to incompatibility of capabilities/constraints),
changes may be required to the capability or constraints previously defined.

Verification planning should define the test requirements needed to evaluate the ability of
enabling and/or critical technologies to meet system requirements.

4.3.2.3.3. Develop Functional Definitions for Enabling/Critical
Technologies and Associated Verification Plan
This step requires the further decomposition of system performance to the functional level. The
functional requirements should be evaluated against available technologies, such that enabling
and/or critical technologies can be defined. Consideration should be given to inclusion of
functionality and functional flow definition across the full system (tactical system, support
system, training system) and how this functionality relates to other interoperable systems
(functional interfaces). Critical to this analysis is an understanding of the level of functionality
achievable within the program constraints and program risk. Trade space and risk should be
analyzed and assessed against desired functional performance. Trade offs may be required to
stay within program constraints and may require changes to higher-level system definitions.

System functional verification planning should develop the test requirements to evaluate system
functionality and the maturity of the enabling/critical technologies.



4.3.2.3.4. Decompose Functional Definitions into Critical Component
Definition and Technology Verification Plan

This step includes the allocation of system functions into critical components of the system that
will provide the required functionality. Key to this analysis is an understanding of what
functional performance is enabled by multiple systems, or system components, operating as a
functional entity. Hardware elements, software elements, physical interfaces, functional
interfaces, standards, existing and to-be-developed technology elements, should all be
considered and defined in the system specification. As in previous steps, this level of
decomposition and allocation may induce trades to stay within program constraints. These
trades should be reflected in higher level functional, system, capability definitions, and system
specifications (i.e., these engineering entities should be updated accordingly).

System component verification planning should enable testing and validation of critical system
components.

4.3.2.3.5. Develop System Concepts, i.e., Enabling/Critical Technologies;
Update Constraints and Cost/Risk Drivers

At this point, all of the basic system design requirements should have been analyzed, defined,
and reconciled with constraints. The system components are synthesized and substantiated
(e.g., through analyses, modeling and simulation, demonstrations, etc.) to allow verification of
the components against requirements, and integration of the components into an overall system
for further validation. Key to this step is the development of system concepts that will
demonstrate the viability of the overall system, indicate where enabling and/or critical
technology maturation should occur, and validation that acceptable trade space and risk exists
within the program constraints.

4.3.2.3.6. Demonstrate Enabling/Critical Technology Components Versus
Plan

Using the system component verification planning developed as part of the functional allocation,
the system enabling/critical technology components should be evaluated. Evaluation results
should be assessed against system component requirements, and the impact on the overall
system capabilities and constraints determined. Critical to this step is the understanding of test
results and how the system component functionality verifies or contradicts the desired
capabilities, as well as what enabling and/or critical component technologies are required and
the level of achievable performance. Trade offs to system capability or additional system
component development may be required, within the program and system constraints and trade
space available.



4.3.2.3.7. Demonstrate System Functionality Versus Plan

Utilizing the system functional verification plans developed as part of the functional analysis and
decomposition, the overall system functionality should be evaluated. System components are
integrated and assessed from a functional standpoint relative to desired capabilities. Critical to
this step is the understanding of how the enabling components work together as an integrated
whole to enable functionality at the system level, and how the achieved functionality relates to
the overall desired system capability. Also important is an understanding of the enabling and/or
critical technology maturity required to achieve critical functions. Trade offs of desired capability,
or further refinement of functionality may be required within program and system constraints,
and available trade space.

4.3.2.3.8. Demonstrate/Model the Integrated System Versus the
Performance Specification
Utilizing Engineering Development Models (EDMs), modeling and simulation, and the
verification objectives previously defined (section 4.3.2.3.2.), evaluate the overall integrated
system against system performance objectives and constraints. System components are
integrated from both physical and functional perspectives across the full system domain
(tactical, support, training, etc.). Critical to this step is an understanding of: overall system
capability versus need, level of achievable performance within the complete set of constraints,
and the enabling/critical technologies requiring further development. Trades at this level will
include decisions as to acceptable technology risk versus desired system performance.

4.3.2.3.9. Demonstrate and Validate the System Concepts and
Technology Maturity Versus Defined User Needs
Based upon the results of the verification of components, functionality, and system
performance, a System Performance Specification should be created. Trade-offs of achievable
performance should be complete and captured in the Systems Specification. Critical and/or
enabling technologies should have demonstrated adequate maturity to achieve acceptable
levels of risk. The System Performance Specification serves as the guiding technical
requirement for the system development effort.

4.3.2.4. Technical Reviews during Technology Development

4.3.2.4.1. System Requirements Review (SRR)
The SRR is conducted to ascertain progress in defining system technical requirements. This
review determines the direction and progress of the systems engineering effort and the degree
of convergence upon a balanced and complete configuration. It is normally held during
Technology Development, but may be repeated after the start of System Development and
Demonstration to clarify the contractor's understanding of redefined or new user requirements.



The SRR is a multi-disciplined technical review to ensure that the system under review can
proceed into the System Development and Demonstration phase, and that all system
requirements and performance requirements derived from the Initial Capabilities Document or
draft Capability Development Document are defined and are consistent with cost (program
budget), schedule (program schedule), risk, and other system constraints. Generally this review
assesses the system requirements as captured in the system specification, and ensures that the
system requirements are consistent with the preferred system solution as well as available
technologies resulting from the Technology Development phase. Of critical importance to this
review is an understanding of the program technical risk inherent in the system specification and
in the System Development and Demonstration Phase Systems Engineering Plan. Determining
an acceptable level of risk is key to a successful review.

Completion of the SRR should provide:

(1) An approved preliminary system performance specification;

(2) A preliminary allocation of system requirements to hardware, human, and software
subsystems;

(3) Identification of all software components (tactical, support, deliverable, non-deliverable, etc.);

(4) A comprehensive risk assessment for System Development and Demonstration;

(5) An approved System Development and Demonstration Phase Systems Engineering Plan
that addresses cost and critical path drivers; and

(6) An approved Product Support Plan with updates applicable to this phase.

During the SRR, the systems requirements are evaluated to determine whether they are fully
defined and consistent with the mature technology solution, and whether traceability of systems
requirements to the Initial Capabilities Document or draft Capability Development Document is
maintained. A successful review is predicated on the IPT's determination that the system
requirements, preferred system solution, available technology, and program resources (funding,
schedule, staffing, and processes) form a satisfactory basis for proceeding into the SDD phase.
The program manager should tailor the review to the technical scope and risk of the system,
and address the SRR in the Systems Engineering Plan.

Typical SRR success criteria include affirmative answers to the following exit questions:

(1) Can the system requirements, as disclosed, satisfy the Initial Capabilities Document or draft
Capability Development Document?

(2) Are the system requirements sufficiently detailed and understood to enable system
functional definition and functional decomposition?

(3) Is there an approved system performance specification?

(4) Are adequate processes and metrics in place for the program to succeed?

(5) Have Human Systems Integration requirements been reviewed and included in the overall
system design?

(6) Are the risks known and manageable for development?

(7) Is the program schedule executable (technical and/or cost risks)?

(8) Is the program properly staffed?

(9) Is the program executable within the existing budget?

(10) Does the updated cost estimate fit within the existing budget?



(11) Is the preliminary Cost Analysis Requirements Description consistent with the approved
system performance specification?

(12) Is the software functionality in the system specification consistent with the software sizing
estimates and the resource-loaded schedule?

(13) Did the Technology Development phase sufficiently reduce development risks?

The SRR is important in understanding the system performance, cost, and scheduling impacts
that the defined requirements will have on the system. This is the last dedicated review of the
system requirements, unless an additional SRR is held after the refining of the system
performance constraints during the System Development and Demonstration Phase.

4.3.2.4.2. Integrated Baseline Review (IBR)
Program managers should use the IBR throughout the program when Earned Value
Management is required. This review has a business focus, but should include the important
technical considerations discussed below. The process is composed of four steps:

(1) The Program Manager's assessment of their understanding of the risks;

(2) Preparation for an IBR;

(3) Execution of the IBR; and

(4) The management process (the source of on-going mutual understanding).

The key step in the process is execution of the IBR. The IBR establishes a mutual
understanding of the project performance measurement baseline. This understanding provides
for an agreement on a plan of action to evaluate the risks inherent in the program measurement
baseline and the management processes that operate during project execution. Completion of
the review should result in the assessment of risk within the program measurement baseline
and the degree to which the following have been established:

(1) Technical scope of work is fully included and is consistent with authorizing documents;

(2) Key project schedule milestones are identified and supporting schedules reflect a logical flow
to accomplish the work;

(3) Resources (budgets, facilities, personnel, skills, etc.) are available and are adequate for the
assigned tasks;

(4) Tasks are planned and can be measured objectively relative to the technical progress;

(5) Rationales underlying the Program Measurement Baseline are reasonable; and

(6) Management processes support successful execution of the project.

Section 11.3.1.3 describes an IBR. The Office of the Under Secretary of Defense for
Acquisition, Technology, and Logistics, in cooperation with industry, has also prepared an IBR
handbook.









Figure4.3.3.3.1. Systems engineering-related steps during the System Integration effort of System Development and
Demonstration.

4.3.3.3.1. Interpret User Needs, Refine System Performance
Specifications and Environmental Constraints
This step includes understanding all of the inputs available at this stage of the program,
including the Initial Capabilities Document, Capability Development Document, Acquisition
Program Baseline, Systems Engineering Plan, Test and Evaluation Master Plan, as well as
validated system support and maintenance concepts and technologies. The users and the
requirements authority have already approved a minimum set of key performance parameters
that are included in the Capability Development Document that guides the efforts of this phase.
As the design matures, the program manager may conduct trade studies on the threshold and
objective levels, and refine the key performance parameters thresholds and objectives with the
approval of the requirements authority.

Throughout the development activities, the program manager should maintain a thorough
understanding of the key performance parameters, other specified performance parameters,
and the suite of matured technologies resulting from the Technology Development phase. The
program manager should ensure that all aspects of the specified system are adequately
matured and managed as an integrated whole. The refined system specifications should
consider all Lifecycle processes and constraints, such as system availability, supportability,



logistics footprint, training, and other logistics requirements, developmental and operational test
environments and scenarios, and disposal. For example, the program manager should plan the
Environment, Safety, and Occupational Health assessment. The program manager should
develop and manage the system requirements stemming from the Lifecycle considerations, and
use prototypes to ensure user and other stakeholder buy-in as the design matures. The
program manager should continually update cost and schedule estimates synchronized with the
Systems Engineering Plan and Program Plan. The program manager should continually
address and characterize technical risk, and prepare for an additional System Requirements
Review, if required.

4.3.3.3.2. Develop System Functional Specifications and System
Verification Plan
This step determines the required system functions based on the Capability Development
Document performance parameters and all other requirements and constraints, and allocates
subsystems to each function. Partitioning of the system into subsystems leads to the definition
of subsystem interfaces and integration requirements. The engineers define hardware, human,
and software functional expectations, and establish the system functional baseline for the
System Functional Review that follows this step. The program manager should continually
monitor system cost, schedule, and risk. The program manager should factor all design
considerations into trade studies, and incorporate them into the design. The program manager
should develop plans for the subsystem integration, verification, and validation processes, as
well as verification and validation plans for the system as a whole. The planning should
consider all interface functional and performance specifications.

4.3.3.3.3. Evolve Functional Performance Specifications into
Configuration Item (CI) Functional ("Design-to") Specifications and CI
Verification Plan
This step involves allocating functional performance specifications into system functional and
performance requirements allocated across the CIs. Enabling or critical technologies, the
envisioned operational environment(s), the "ilities" and the other logistics elements should be
part of satisfying performance needs. The program manager should plan to test or verify the
configuration items for functionality and performance. The program manager should continually
monitor risk and assess its impact on cost, schedule, and performance. Additional analyses
conducted at this step include a Failure Mode Effects and Criticality Analysis, a Failure Tree
Analysis, and a Reliability-Centered Maintenance (RCM) Analysis.

The program manager should convene a Preliminary Design Review after this step and approve
the allocated baseline. The allocated baseline includes all functional and interface
characteristics allocated from the system, interface requirements with other CIs, and design
constraints. The allocated baseline should describe the verification required to demonstrate the
achievement of specified functional and interface characteristics.



4.3.3.3.4. Evolve CI Functional Specifications into Product ("Build-to")
Documentation and Inspection Plan

This step finalizes the detailed design of the system. The design should include all hardware
and software components. The engineers should complete drawings and other documentation
for "building" the components (i.e., fabricating hardware components or coding the software
element) and plan for the integration and testing of all of the components. The program
manager should plan the acquisition of any commercial item components or reuse of
components from some other effort. Environment, Safety and Occupational Health and other
Lifecycle and/or environmental considerations that affect the component level of the system
should be part of the decision-making and trade studies that occur at this level of design. The
program manager should continually assess cost, schedule, and performance. Additional
analyses at this step include a Level of Repair Analysis and a Maintenance Task Analysis.
Analysts should estimate the projected system reliability from demonstrated reliability rates.

The program manager should convene a Critical Design Review at the end of this step. The end
product of the Critical Design Review is a product baseline. The majority of production capable
system drawings should have been validated and approved prior to the Critical Design Review.

4.3.3.3.5. Fabricate, Assemble, Code to "Build-to" Documentation

This step involves fabricating hardware components and coding software components;
acquiring all other components, including commercial items, being bought or reused; and then
assembling the components according to the integration (and test) planning. At this point, all
the system, subsystem, and component design requirements should have been developed.
The program manager should manage the design requirements and plan for corrective action
for any discovered hardware and software deficiencies. If any technology is not mature enough
to be used in the current increment, the program manager should integrate and test an
alternative, mature, technology in its place. The program manager should relegate the
immature technology to the next increment of the system. The program manager should
continually assess cost, schedule, and performance.

This step will usually result in prototypes and engineering development models, and should
include developmental testing to support the Design Readiness Review. During this time, the
program manager should prepare the required information for the Design Readiness Review.

4.3.3.4. Technical Reviews During System Integration

4.3.3.4.1. Integrated Baseline Review (IBR)
The program manager may convene an additional IBR to support the System Development and
Demonstration contract. Section 4.3.2.4.2 of this Guidebook discusses the systems engineering
considerations associated with an IBR. Section 11.3.1.3.describes an IBR in detail, and the
Office of the Under Secretary of Defense for Acquisition, Technology, and Logistics, in
cooperation with industry, has prepared an IBR handbook.



4.3.3.4.2. System Requirements Review (SRR)

The SRR is a multi-functional technical review to ensure that all system and performance
requirements derived from the Capability Development Document are defined and consistent
with cost (program budget), schedule (program schedule), risk, and other system constraints.
Generally this review assesses the system requirements captured in the system specification.
The review ensures consistency between the system requirements and the preferred system
solution and available technologies. The assigned manager may convene an SRR prior to
program initiation, during Technology Development; and the program manager may convene an
SRR during System Development and Demonstration. Section 4.3.2.4.1. of this Guidebook
discusses the systems engineering considerations associated with an SRR.

4.3.3.4.3. System Functional Review (SFR)
The SFR is a multi-disciplined technical review to ensure that the system under review can
proceed into preliminary design, and that all system requirements and functional performance
requirements derived from the Capability Development Document are defined and are
consistent with cost (program budget), schedule (program schedule), risk, and other system
constraints. Generally this review assesses the system functional requirements as captured in
system specifications (functional baseline), and ensures that all required system performance is
fully decomposed and defined in the functional baseline. System performance may be
decomposed and traced to lower-level subsystem functionality that may define hardware and
software requirements. The SFR determines whether the systems functional definition is fully
decomposed to a low level, and whether the IPT is prepared to start preliminary design.

Completion of the SFR should provide:

(1) An established system functional baseline;

(2) An updated risk assessment for the System Development and Demonstration phase;

(3) An updated Cost Analysis Requirements Description (CARD) (or CARD-like document)
based on the system functional baseline;

(4) An updated program development schedule including system and software critical path
drivers; and

(5) An approved Product Support Plan with updates applicable to this phase.

The SFR determines whether the system's lower-level performance requirements are fully
defined and consistent with the mature system concept, and whether lower-level systems
requirements trace to top-level system performance and the Capability Development Document.
A successful SFR is predicated upon the IPT's determination that the system performance
requirements, lower level performance requirements, and plans for design and development
form a satisfactory basis for proceeding into preliminary design.

The program manager should tailor the review to the technical scope and risk of the system,
and address the SFR in the Systems Engineering Plan. The SFR is the last review that ensures
the system is credible and feasible before more technical design work commences.

Typical SFR success criteria include affirmative answers to the following exit questions:



(1) Can the system functional requirements, as disclosed, satisfy the Capability Development
Document?

(2) Are the system functional requirements sufficiently detailed and understood to enable
system design to proceed?

(3) Are adequate processes and metrics in place for the program to succeed?

(4) Are the risks known and manageable for development?

(5) Is the program schedule executable (technical/cost risks)?

(6) Is the program properly staffed?

(7) Is the program with the approved functional baseline executable within the existing budget?

(8) Is the updated Cost Analysis Requirements Description consistent with the approved
functional baseline?

(9) Does the updated cost estimate fit within the existing budget?

(10) Has the system Functional Baseline been established to enable preliminary design to
proceed with proper Configuration Management?

(11) Is the software functionality in the approved functional baseline consistent with the updated
software metrics and resource loaded schedule?

4.3.3.4.4. Preliminary Design Review (PDR)
The PDR is a multi-disciplined technical review to ensure that the system under review can
proceed into detailed design, and can meet the stated performance requirements within cost
(program budget), schedule (program schedule), risk, and other system constraints. Generally,
this review assesses the system preliminary design as captured in performance specifications
for each configuration item in the system (allocated baseline), and ensures that each function in
the functional baseline has been allocated to one or more system configuration items.
Configuration items may consist of hardware and software elements and include such items as
airframes, avionics, weapons, crew systems, engines, trainers/training, etc.

Completion of the PDR should provide:

(1) An established system allocated baseline;

(2) An updated risk assessment for System Development and Demonstration;

(3) An updated Cost Analysis Requirements Description (CARD) (or CARD-like document)
based on the system allocated baseline;

(4) An updated program schedule including system and software critical path drivers; and

(5) An approved Product Support Plan with updates applicable to this phase.

For complex systems, the program manager may conduct a PDR for each subsystem or
configuration item, leading to an overall system PDR. When individual reviews have been
conducted, the emphasis of the overall system PDR should focus on configuration item
functional and physical interface design, as well as overall system design requirements. The
PDR determines whether the hardware, human, and software preliminary designs are complete,
and whether the Integrated Product Team is prepared to start detailed design and test
procedure development.



The PDR evaluates the set of subsystem requirements to determine whether they correctly and
completely implement all system requirements allocated to the subsystem. The PDR also
determines whether subsystem requirements trace with the system design. At this review the
Integrated Product Team should review the results of peer reviews of requirements and
preliminary design documentation. A successful review is predicated on the Integrated Product
Team's determination that the subsystem requirements, subsystem preliminary design, results
of peer reviews, and plans for development and testing form a satisfactory basis for proceeding
into detailed design and test procedure development.

The program manager should tailor the review to the technical scope and risk of the system,
and address the PDR in the Systems Engineering Plan.

Typical PDR success criteria include affirmative answers to the following exit questions:

(1) Does the status of the technical effort and design indicate operational test success
(operationally suitable and effective)?

(2) Can the preliminary design, as disclosed, satisfy the Capability Development Document?

(3) Has the system allocated baseline been established and documented to enable detailed
design to proceed with proper configuration management?

(4) Are adequate processes and metrics in place for the program to succeed?

(5) Have human integration design factors been reviewed and included, where needed, in the
overall system design?

(6) Are the risks known and manageable for development testing and operational testing?

(7) Is the program schedule executable (technical/cost risks)?

(8) Is the program properly staffed?

(9) Is the program executable with the existing budget and with the approved system allocated
baseline?

(10) Does the updated cost estimate fit within the existing budget?

(11) Is the preliminary design producible within the production budget?

(12) Is the updated Cost Analysis Requirements Description consistent with the approved
allocated baseline?

(13) Is the software functionality in the approved allocated baseline consistent with the updated
software metrics and resource-loaded schedule?

The program manager should conduct the PDR when all major design issues have been
resolved and work can begin on detailed design. The PDR should address and resolved critical,
system-wide issues.

4.3.3.4.5. Critical Design Review (CDR)
The CDR is a multi-disciplined technical review to ensure that the system under review can
proceed into system fabrication, demonstration, and test; and can meet the stated performance
requirements within cost (program budget), schedule (program schedule), risk, and other
system constraints. Generally this review assesses the system final design as captured in
product specifications for each configuration item in the system (product baseline), and ensures



that each product in the product baseline has been captured in the detailed design
documentation. Product specifications for hardware enable the fabrication of configuration
items, and may include production drawings. Product specifications for software (e.g., Software
Design Documents) enable coding of a Computer Software Configuration Item. Configuration
items may consist of hardware and software elements, and include items such as airframe,
avionics, weapons, crew systems, engines, trainers/training, etc. Completion of the CDR should
provide:

(1) An established system product baseline;

(2) An updated risk assessment for System Development and Demonstration;

(3) An updated Cost Analysis Requirements Description (CARD) (or CARD-like document)
based on the system product baseline;

(4) An updated program development schedule including fabrication, test, and software coding
critical path drivers; and

(5) An approved Product Support Plan with updates applicable to this phase.

For complex systems, the program manager may conduct a CDR for each subsystem or
configuration item. These individual reviews would lead to an overall system CDR. When
individual reviews have been conducted, the emphasis of the overall system CDR should focus
on configuration item functional and physical interface design, as well as overall system detail
design requirements. The CDR determines whether the hardware, human, and software final
detail designs are complete, and whether the Integrated Product Team is prepared to start
system fabrication, demonstration, and test.

The subsystem detailed designs are evaluated to determine whether they correctly and
completely implement all system requirements allocated to the subsystem, and whether the
traceability of final subsystem requirements to final system detail design is maintained. At this
review, the Integrated Product Team also reviews the results of peer reviews on requirements
and final detail design documentation, and ensures that the latest estimates of cost
(development, production, and support) are consistent with the detail design. A successful
review is predicated on the Integrated Product Team's determination that the subsystem
requirements, subsystem detail design, results of peer reviews, and plans for testing form a
satisfactory basis for proceeding into system fabrication, demonstration and test.

The program manager should tailor the review to the technical scope and risk of the system,
and address the CDR in the Systems Engineering Plan.

Typical CDR success criteria include affirmative answers to the following exit questions:

(1) Does the status of the technical effort and design indicate operational test success
(operationally suitable and effective)?

(2) Does the detailed design, as disclosed, satisfy the Capability Development Document or any
available draft Capability Production Document?

(3) Has the system product baseline been established and documented to enable hardware
fabrication and software coding to proceed with proper configuration management?

(4) Has the detailed design satisfied Human Systems Integration (HSI) requirements?

(5) Are adequate processes and metrics in place for the program to succeed?

(6) Are the risks known and manageable for developmental testing and operational testing?

(7) Is the program schedule executable (technical/cost risks)?





The program will normally continue in the System Development and Demonstration phase with
the System Demonstration effort. System Demonstration demonstrates the ability of the system
to operate in a useful way consistent with the approved key performance parameters. Through
the use of systems engineering, a system is demonstrated in its intended environment, using
the selected prototype. When the necessary industrial capabilities are reasonably available, the
system satisfies approved requirements, and the system meets or exceeds exit criteria and
Milestone C entrance requirements, the System Demonstration effort may end. Key to the
System Demonstration effort is acceptable performance in developmental test and evaluation
and early operational assessments, and the use of modeling and simulation to support test
design and the demonstration of satisfactory system integration.

4.3.3.7. Inputs to the Systems Engineering Processes in System
Demonstration
The results of the Design Readiness Review provide the principal inputs to the systems
engineering processes during System Demonstration. The Capability Production Document,
finalized after the Design Readiness Review, provides additional input.

4.3.3.8. Key SE Activities During System Demonstration
Figure 4.3.3.8.1. illustrates the steps during the System Demonstration part of the System
Development and Demonstration phase. Further detail on each step is contained in the
paragraphs below.



Figure4.3.3.8.1. Systems engineering-related steps during the System Demonstration effort of System Development
and Demonstration.

4.3.3.8.1. Developmental Test and Evaluation verifies Individual
Configuration Items

Demonstrate, according to the verification and validation plans, the physical, electrical, software,
and other characteristics of the components to be integrated. Begin unit testing of hardware
and independent verification and validation of software. Special attention should be placed on
the integration and testing of commercial components. Ensure the components and any
assemblies of them meet their requirements and function in the environment of their intended
use. Developmental test and evaluation is conducted on the configuration items to assess
technical progress against critical technical parameters. Continue to monitor risk, cost, and
schedule. Design issues that arise as a result of the Integration, Verification, or Validation
processes should feed back into the Design Solution process for refinement to the design.
Early component level test may not require the same level of review as the final system level
tests.



4.3.3.8.2. Integrated Developmental Test and Evaluation, Live Fire Test
and Evaluation, and Early Operational Assessments verify Performance
Compliance to Specifications
Verify subsystem hardware and software performance against their defined subsystem design
requirements. Demonstrate subsystem hardware and software in their intended environment.
Early operational assessments and developmental test and evaluation are conducted at the
subsystem level, and risk, cost, and schedule continue to be monitored.

The Test Readiness Review occurs after this activity. The program manager determines the
"formality" and scope of the Test Readiness Review for each assembly or subsystem.

The program manager also conducts the Functional Configuration Audit to verify that the actual
performance of the configuration item meets specification requirements.

4.3.3.8.3. System Developmental Test and Evaluation, Live Fire Test and
Evaluation, and Operational Assessments verify System Functionality and
Constraints Compliance to Specifications
Integrate the subsystems into the defined system and demonstrate the integrated system under
its operational environment constraints. This verifies that the system meets performance and
functionality requirements, and validates the use of the system in its intended environment. This
step includes developmental test and evaluation, any live fire test and evaluation, and
operational assessments on the integrated system. All integration and interface issues must be
resolved. Monitor and analyze risks as they pertain to the cost, schedule, and performance of
the integrated system.

4.3.3.8.4. Combined Developmental Test and Evaluation, Operational Test
and Evaluation, and Live Fire Test and Evaluation Demonstrate System to
Specified User Needs and Environmental Constraints
Verify and validate the integrated system against the specified operational requirements within
the required operational environment(s) to ensure the system can satisfy operational
expectations. The developmental and operational test environments and scenarios must be
defined, and cost, schedule, and performance considerations must be continually addressed.
This involves interoperability and interfaces for the system within any system of systems in
which it operates. Any interface and interoperability issues for the system must be resolved for
the system to achieve its interoperability certification in the next phase. Operational
supportability should be confirmed at this time. In preparation for the Production Readiness
Review, this step should confirm that the manufacturing processes are under control and that
there are no significant manufacturing risks. Technical risk must be addressed, characterized,
and mitigated.



4.3.3.9. Technical Reviews During System Demonstration

4.3.3.9.1. Test Readiness Review (TRR)

The TRR is a multi-disciplined technical review to ensure that the subsystem or system under
review is ready to proceed into formal test. The TRR assesses test objectives, test methods
and procedures, scope of tests, and safety and confirms that required test resources have been
properly identified and coordinated to support planned tests. The TRR verifies the traceability of
planned tests to program requirements and user needs. The TRR determines the
completeness of test procedures and their compliance with test plans and descriptions. The
TRR assesses the system under review for development maturity, cost/ schedule effectiveness,
and risk to determine readiness to proceed to formal testing. In addition to adequate planning
and management, to be effective the program manager should follow-up with the outcomes of
the TRR.

Test and evaluation is an integral part of the systems engineering processes of Verification and
Validation. Test and evaluation should permeate the entire life cycle of an acquisition program.

Test and evaluation is also an important tool to identify and control risk.

This discussion principally addresses the TRR to support the readiness for a system to proceed
into system-level Developmental Test. However, the program manager could utilize the TRR
process to support all tests in all phases of an acquisition program, including testing within a
system of systems context. A robust test program should enhance the program manager's
ability to identify and manage risk. The program managers and Test and Evaluation Working-
level Integrated Product Team should tailor any TRR to the specific acquisition phase, the
specific planned tests, and the identified level of risk within the program. The scope of the
review is directly related to the risk level associated with performing the planned tests and the
importance of the test results to overall program success. The program manager should
address the scope of the TRR(s) in the Systems Engineering Plan.

The level of specific risk and risk level will vary as a system proceeds from component level, to
system level, to systems of systems level testing. Early component level test may not require
the same level of review as the final system level tests. Sound judgment should dictate the
scope of a specific test or series of tests.

Readiness to convene a TRR is predicated on the program manager's and Test and Evaluation
Working-level Integrated Product Team's determination that preliminary testing, functional
testing, and pre-qualification testing results form a satisfactory basis for proceeding with a TRR
and subsequent initiation of formal, system-level Developmental Test.

As a practical matter, the program manager should carefully plan and properly resource test
events.

Regardless of stage of development or the level of the testing (component, subsystem, or
system), the basic tenets of this discussion about the TRR should apply.

The TRR should answer the following questions:

(1) Why are we testing? What is the purpose of the planned test? Does the planned test verify
a requirement that is directly traceable back to a system specification or other program
requirement?



(2) What are we testing (subsystem, system, system of systems, other)? Is the configuration of
the system under test sufficiently mature, defined, and representative to accomplish planned
test objectives and or support defined program objectives?

(3) Are we ready to begin testing? Have all planned preliminary, informal, functional, unit level,
subsystem, system, and qualification tests been conducted, and are the results satisfactory?

(4) What is the expected result and how can/do the test results affect the program?

(5) Is the planned test properly resourced (people, test article or articles, facilities, data systems,
support equipment, logistics, etc.)?

(6) What are the risks associated with the tests and how are they being mitigated?

(7) What is the fall-back plan should a technical issue or potential showstopper arise during
testing?

Typical TRR success criteria include:

(1) Completed and approved test plans for the system under test;

(2) Completed identification and coordination of required test resources;

(3) The judgment that previous component, subsystem, and system test results form a
satisfactory basis for proceeding into planned tests; and

(4) Identified risk level acceptable to the program leadership.

Test and evaluation is critical to evaluating the system. The TRR ensures that the testing to be
conducted properly evaluates the system and that the system is ready to be tested.

4.3.3.9.2. System Verification Review (SVR)
The SVR is a multi-disciplined product and process assessment to ensure that the system
under review can proceed into Low-Rate Initial Production and Full-Rate Production within cost
(program budget), schedule (program schedule), risk, and other system constraints. Generally
this review is an audit trail from the Critical Design Review. It assesses the system final product,
as evidenced in its production configuration, and determines if it meets the functional
requirements (derived from the Capability Development Document and draft Capability
Production Document) documented in the Functional, Allocated, and Product Baselines. The
SVR establishes and verifies final product performance. It provides inputs to the Capability
Production Document. The SVR is often conducted concurrently with the Production Readiness
Review. A Functional Configuration Audit may also be conducted concurrently with the SVR, if
desired.

Typical SVR success criteria include affirmative answers to the following exit questions:

(1) Does the status of the technical effort and system indicate operational test success
(operationally suitable and effective)?

(2) Can the system, as it exists, satisfy the Capability Development Document/draft Capability
Production Document?

(3) Are adequate processes and metrics in place for the program to succeed?

(4) Are the risks known and manageable?

(5) Is the program schedule executable within the anticipated cost and technical risks?



(6) Are the system requirements understood to the level appropriate for this review?

(7) Is the program properly staffed?

(8) Is the program's Non Recurring Engineering requirement executable with the existing
budget?

(9) Is the system producible within the production budget?

4.3.3.9.3. Production Readiness Review (PRR)
The PRR examines a program to determine if the design is ready for production and if the
producer has accomplished adequate production planning. The review examines risk; it
determines if production or production preparations incur unacceptable risks that might breach
thresholds of schedule, performance, cost, or other established criteria. The review evaluates
the full, production-configured system to determine if it correctly and completely implements all
system requirements. The review determines whether the traceability of final system
requirements to the final production system is maintained.

At this review, the Integrated Product Team should review the readiness of the manufacturing
processes, the Quality Management System, and the production planning (i.e., facilities, tooling
and test equipment capacity, personnel development and certification, process documentation,
inventory management, supplier management, etc.). A successful review is predicated on the
Integrated Product Team's determination that the system requirements are fully met in the final
production configuration, and that production capability forms a satisfactory basis for proceeding
into Low-Rate Initial Production and Full-Rate Production.

The program manager should convene a PRR of the prime contractor and major
subcontractors, as applicable. The PRR(s) should be conducted in an iterative fashion,
concurrently with other technical reviews, such as the System Functional Review, the
Preliminary Design Review, and the Critical Design Review, during the System Development
and Demonstration phase. Periodic production readiness assessments should be conducted
during the System Demonstration work effort to identify and mitigate risks as the design
progresses. The "final" PRR should occur at the completion of the System Development and
Demonstration phase and the start of the Production and Deployment Phase. The final PRR
should assess the manufacturing and quality risk as the program proceeds into Low-Rate Initial
Production and Full-Rate Production.

The program manager should tailor the PRR to the technical scope and risk associated with the
system. The program manager should address the PRR in the Systems Engineering Plan.

Typical PRR success criteria include affirmative answers to the following exit questions:

(1) Has the system product baseline been established and documented to enable hardware
fabrication and software coding to proceed with proper configuration management?

(2) Are adequate processes and metrics in place for the program to succeed?

(3) Are the risks known and manageable?

(4) Is the program schedule executable (technical/cost risks)?

(5) Is the program properly staffed?

(6) Is the detailed design producible within the production budget?







Figure 4.3.4.3.1. Systems Engineering Activities During Production and Deployment.

4.3.4.3.1. Analyze Deficiencies to Determine Corrective Actions
Using the aggregation of all inputs available at this stage of the program (test results,
maintenance reports, exit criteria from System Development and Demonstration, Capability
Production Document, Systems Engineering Plan, Test and Evaluation Master Plan, as well as
associated support and maintenance concepts), known deficiencies are analyzed. A solution is
proposed through the employment of Systems Engineering processes. A plan to
build/modify/verify, and test the proposed solution is formulated and approved.

4.3.4.3.2. Modify Configuration (Hardware, Software, and Specifications)
to Correct Deficiencies

The proposed solution to the deficiency is translated to the appropriate hardware/software or
specification changes. Modifications are created, incorporated, and verified in accordance with
the approved plan. This product change may include retrofit, since the production process has
begun. The impact on system cost, schedules, and performance should also be considered
when addressing production incorporation.



4.3.4.3.3. Verify and Validate Production Configuration

The proposed solution to the system deficiency should be verified and tested. This process
may require the spectrum from laboratory through full operational system testing. These test,
analyze and fix activities may have to be repeated to resolve deficiencies or further improve the
system solution. These approved changes should be incorporated into the final production
configuration baseline.

4.3.4.4. Technical Reviews During Production and Deployment

4.3.4.4.1. Integrated Baseline Review (IBR)

The program manager may convene an additional IBR to support the Low-Rate Initial
Production contract. Section 4.3.2.4.2. of this Guidebook discusses the systems engineering
considerations associated with an IBR. Section 11.3.1.3. describes an IBR in detail. The Office
of the Under Secretary of Defense for Acquisition, Technology, and Logistics, in cooperation
with industry has also prepared an IBR handbook.

Completion of IBR at this stage of the life cycle should result in the assessment of risk and the
degree to which the six criteria described in 4.3.2.4.2 are met.

4.3.4.4.2. Operational Test Readiness Review (OTRR)
The program manager may conduct another TRR prior to Initial Operational Test and
Evaluation. The OTRR is a multi-disciplined product and process assessment to ensure that the
“production configuration” system can proceed into Initial Operational Test and Evaluation with a
high probability of successfully completing the operational testing. Successful performance
during operational test generally indicates that the system is suitable and effective for service
introduction. The Full Rate Production Decision may hinge on this successful determination.
The understanding of available system performance to meet the Capability Production
Document is important to the OTRR. The OTRR is complete when the Service Acquisition
Executive evaluates and determines materiel system readiness for Initial Operational Test and
Evaluation.

4.3.4.4.3. Physical Configuration Audit (PCA)
The PCA is conducted around the time of the full rate production decision. The PCA examines
the actual configuration of an item being produced. It verifies that the related design
documentation matches the item as specified in the contract. In addition to the standard
practice of assuring product verification, the PCA confirms that the manufacturing processes,
quality control system, measurement and test equipment, and training are adequately planned,
tracked, and controlled. The PCA validates many of the supporting processes used by the
contractor in the production of the item and verifies other elements of the item that may have
been impacted/redesigned after completion of the System Verification Review (SVR). A PCA is







Figure 4.3.5.3.1. Systems Engineering Activities During Operations and Support.

4.3.5.3.1. Monitor and Collect All Service Use Data
The aggregation of all data inputs available at this stage of the program (service use data,
maintenance discrepancy reports, user feedback, system/component failure reports, and the
Systems Engineering Plan) provides the life cycle basis for many O&S decisions that will be
made throughout the operational life of the system. Historically, many fielded systems remain in
service much longer than originally planned. The type of data retrieved may change as the
operational understanding of the system matures.

4.3.5.3.2. Analyze Data to Determine Root Cause of Problem
As problems arise in the fielded system, the systems engineering processes determine the
cause of the problem and may lead to a solution. The retrieved data is key to this
determination, and should be thoroughly analyzed for causes and potential solutions. These
analyses may ascertain whether deficiencies exist in the system as designed/built, or whether
the system has been operated differently, or in a different environment, than that for which it
was designed.



4.3.5.3.3. Determine the System Risk/Hazard Severity

Risk assessment techniques and principles, as well as systems engineering processes,
determine the hardware/software safety hazards and identify the readiness, program, and cost
risks associated with the identified problems and/or deficiencies.

4.3.5.3.4. Develop Corrective Action
Corrective actions may include process, hardware, software, support, materiel, or maintenance
changes. The systems engineering process is utilized to develop appropriate corrective actions.

4.3.5.3.5. Integrate and Test Corrective Action

Integrate the proposed corrective process, hardware, software, support, materiel, and/or
maintenance changes; and methodically test the resultant prototype. Adequate testing
(regression, durability, functional, interoperability, etc.) should be completed to ensure the
proposed corrective action is suitable for fielding.

4.3.5.3.6. Assess Risk of Improved System
Once the functionality of the proposed corrective action is demonstrated, long-range system
ramifications should be addressed. The appropriate systems engineering process is a risk
assessment, which involves in-depth (regression, durability, structural, interoperability, support,
etc.) system analyses. Additionally, the support, training, documentation, configuration control,
and maintenance aspects of the improvements should be considered. All of these elements
have an impact on system life cycle costs, which should be meticulously calculated in order to
justify the required funding.

4.3.5.3.7. Implement and Field

The system corrective action/improvement may be authorized, implemented, and fielded once
the correction/improvement is thoroughly understood and tested, and adequate supplies,
support, training, and maintenance procedures are provided. Documentation and configuration
control should be thorough and meticulous. These data are utilized during periodic In-Service
Reviews (ISRs) to document in-service health, operational system risk, system readiness, costs,
trends, aging equipment and out of production issues.






