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Abstract

As government and industry becomes subject to a wider range of technology initiatives,
science and technology (S&T) research project leadership recognizes the need to
incorporate more systems engineering (SE) rigor into their projects. The objective of this
research is to develop a tailorable systems engineering framework for S&T project
planning, execution, assessment and transition. The key deliverable is an Excel-based
tool instantiating the SE framework for a wide range of S&T projects in technology
development organizations. It includes a report with tailored methods based on

programmatic discriminants.

To develop this framework, a comprehensive understanding of SE principles is applied to
several case studies across government and supporting industry-sponsored S&T
activities. This research followed a six-step approach: (1) Literature Review; (2)
Formulate Taxonomy; (3) Prepare Data Gathering Approach; (4) Review Case Studies;
(5) Develop Tailorable SE Framework for Technology Development and Transition; and

(6) Validate Framework.

The framework allows S&T project leaders and engineers to customize a recommended
set of SE processes, methods and tools for their specific project type, size, maturity,
budget, and integration level. Recommendations for SE methods are made at a summary
level, with additional details available for desired activities. References to established SE

documentation is also included for further investigation of appropriate SE techniques.
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A TAILORED SYSTEMS ENGINEERING FRAMEWORK

FOR SCIENCE AND TECHNOLOGY PROJECTS

1. Introduction

The Air Force Research Laboratory (AFRL) has a long history of developing advanced
technologies that ultimately deliver effects to the battlefield, whether in preparation,
planning, or combat force. As research and development (R&D) dollars become subject
to a wider range of technology initiatives, AFRL leadership recognizes the need to
incorporate more systems engineering (SE) rigor into their projects. This chapter
addresses the objective, scope, and approach of a research effort to help AFRL

implement tailored SE to Science and Technology (S&T) projects.

Research Objective

The objective of this research thesis project is to develop a tailorable systems engineering
framework for science and technology development planning, project planning,
execution, assessment and transition. It provides recommendations to validate or
improve existing SE practices within AFRL. The key deliverable is an SE framework,
which includes a thesis with tailored methods and tools based on user-selected program
discriminants. If implemented, it will facilitate use of SE principles by technology

developers, project or program managers, decision makers, scientists, and engineers.

Research Scope
The team established several guidelines to help focus the research and establish a useful

yet manageable scope. First, the ultimate goal is to deliver a product that will actually be
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utilized by the sponsor organization. The most realistic opportunity for this to occur is to
deliver a framework for tailoring SE activities — something that can assist S&T managers
implement the appropriate level of SE rigor for their specific project. One of the biggest
impediments of SE application by the S&T community is the mindset that “big SE
doesn’t apply to my specific project.” The detail of the SE tailoring tool is reflective of
the research team’s desire to overcome this mental obstacle by providing an easily

navigated map indicating appropriate levels of SE rigor for the current state of a project.

Next, the research focuses on the deliberate and thoughtful application of SE processes,
methods and tools to the S&T community rather than the larger systems acquisition
genre. S&T projects may not meet milestone reviews, might not get detailed
requirements flowed down from an operational user, and may not even be intended for
actual use as developed. Basic research projects don’t require the same depth of
architecture definition that is critical to major weapons system development programs,
nor do they necessarily have the resources to establish a comprehensive SE regimen.
However, early SE is critical for subsequent transition of S&T products, whether to a
larger integration effort or to the field as an Advanced Concept Technology Demonstrator
(ACTD). Limiting the recommendation for SE implementation to only those activities
required to ensure smart transition down the road helps S&T projects deliver better
products without all of the resource-consuming SE rigor demanded of larger system

acquisition activities.
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Finally, this report takes a comprehensive look at candidate SE processes, methods and
tools available to S&T projects based on academic and practical research. The authors of
the report possess a knowledge base of SE principles based on dedicated coursework in
an accredited academic program and are guided by multiple doctoral-level SE experts.
This provides a foundation of academic SE insight which is bolstered by additional
research into DoD and industry SE practices. The comprehensive understanding of SE
principles is then applied to several case studies within DoD and in commercial research
and development activities. The across-the-board look at SE applications allows
incorporation of best practices by organizations not constrained by established DoD

processes and whose S&T successes are the lifeblood of future capabilities.

During the initial thesis project planning activities, AFRL stakeholders made several
suggestions as to how to best improve the SE application within the organization. Most
of those who provided input claimed that culture was the primary inhibitor of true SE
success. Others raised the issue that the division of responsibility for SE between
government and contract personnel was a significant issue. While these observations are
by no means inaccurate or unimportant, they are not the primary focus of this research.
Rather, the intent is for the thesis deliverables to make desired SE benefits more

tailorable, efficient and attainable.

Approach
This research followed a six-step approach that will be described in more detail in
Chapters II — IV. These steps are:

1. Review Literature (Chapter II)
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The research team conducted an extensive literature review including Air
Force policy, guidance, and best practices at all levels (DoD, Air Force,
Air Force Material Command, and Air Force Research Laboratory). The
team reviewed existing S&T project taxonomies and processes within
AFRL, and conducted interviews with relevant stakeholders. The team
also reviewed systems engineering community publications from
commercial, academic, and professional sources. Comparisons were made
with previous studies that analyzed the subject of systems engineering in
an S&T environment, ensuring the overlap with prior efforts did not
render this activity redundant. The goal of this phase was to develop a
current knowledge base with regard to theory, policy, guidance, best

practices and shortfalls of SE application within S&T organizations.

2. Formulate Taxonomy (Chapter III)

The research team synthesized existing taxonomies and processes in order
to tailor relevant SE processes, methods and tools to a wide range of S&T
projects. Logical groupings of SE activities were defined. The team
standardized a reference frame for S&T projects at various levels of
maturity, given existing project taxonomies. Every effort was made to
accommodate and/or relate terms to existing taxonomies. The goal of this
phase was to establish common, manageable definitions of AFRL S&T

project types and SE principles.

www.manaraa.com



3. Prepare Data Gathering Approach (Chapter III)

The research defined information needs based on where a technology
development effort fit within the taxonomy. Information needs were
defined to support decision making based on project objectives. The team
also identified commonly used tools to accomplish specific SE activities.
The goal of this phase was to establish the SE taxonomy, define questions
to be asked and information to be gathered during the case study

investigations.

4. Review Case Studies/Examples (Chapter IV)

The research team examined projects and case studies to report on
successful application of SE methods and gaps in SE execution. The
review included active and historic AFRL projects and commercial
projects. The goal of this phase was to extract lessons learned from a
broad cross-section of S&T projects and make direct application to

improve the SE framework delivered to AFRL.

5. Develop Tailorable SE Framework for Technology Development and

Transition (Chapter IV)

The research team analyzed lessons learned and developed a tailorable
approach for applying SE within an S&T organization. The lessons

learned from the research and case studies provided the basis for

www.manaraa.com



recommended SE practices and strengthened the tailoring of SE processes,
methods and tools within the S&T framework for a given project state.
The goal of this phase was to provide a framework and guidance for

interested parties to add SE value to future S&T projects.

6. Validate Framework (Chapter V)

This research obtained feedback from the stakeholders as to the
applicability of the SE framework. Interested and knowledgeable parties
conducted an independent evaluation of the framework by evaluating
typical and random sets of programmatic discriminants and incorporating
recommended changes. The goal of this phase was to deliver a tailorable
SE framework for S&T development planning, project planning,

execution, assessment and transition.

The specific research is detailed in the remainder of this report. The background of SE
within AFRL as well as a thorough literature review is described in Chapter II. Chapter
III defines the research methodology, including descriptions of the taxonomies and
information needs, as well as the process for conducting the case studies and validation of
the SE framework. Relevant case study reviews and application of the extracted lessons
learned to the tailorable SE framework development and validation comprise Chapter IV.

Chapter V discusses the final results and recommendations of the research.
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II. Background

This chapter addresses the resources utilized by the team for the information gathering
phase, to include previous efforts to study and improve early application of SE, published
policies, and documents from DoD, professional and academic communities. The
information provides a baseline as to what has been done, and opens questions as to what
more could be done. The SE history within AFRL, their current practices, and the
obstacles to successful SE implementation within AFRL all provide the impetus for the

SE tailoring framework developed by this thesis.

SE History within AFRL

Integrated Process and Project Development (IPPD) is a structured SE process including
management principles, design philosophy, methodology, and tools which was formally
instituted within AFRL in 2000 [TPPD, 2002: iv]. A primary assertion of the [PPD
document with respect to SE is “The finished dish might be new, but the ingredients have
been on the store shelves all along” [IPPD, 2002: 2]. IPPD aims to increase the amount
of integration and SE activity by focusing on requirements, exit criteria, technology
alternatives, and decision analysis. The IPPD approach proved effective in industry and
is also adaptable to S&T to provide a map to implement SE methods for development

projects.

Two significant reviews of SE application within AFRL lay out prior successes and

opportunities for improvements that are being realized today. In 2004, the Air Force

Institute of Technology’s report on “Technology Transition and Program Formulation in
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AFRL” called for “integration of technologies between technical directorates and the
need for a firm grasp on system engineering principles.” The two initial
recommendations from this report are: 1) improve the application of SE principles, and 2)
change the culture at AFRL [Coglitore et al, 2004: 2]. Following the implementation of
IPPD, General Dynamics produced the Transformational Activities in Systems
Engineering (TASE) Report to evaluate SE practices, to include IPPD implementation
and effectiveness, for AFRL/XP in May 2007. One of the recommendations was, “AFRL
should use the Defense Acquisition Guidebook (Chapter 4) as a framework for improving
its systems engineering guidance because it is complete from a process viewpoint and is

supported by DoD” [TASE, 2006: 1].

Current AFRL SE Practices

Subsequent to the TASE report, AFRL implemented two active governing instructions
for SE policy. AFRL Instruction 61-104, “Science and Technology Systems
Engineering” provides direction to ensure that SE is implemented on all S&T programs,
although the application of SE to basic research programs is optional to the director of
each technology directorate and the Air Force Office of Scientific Research (AFOSR)
[S&T SE, 2008]. The instruction states that the level of SE effort is to be tailored to the
needs of the individual S&T activity and customer expectations, and provides eight SE
key questions to assess programs. The instruction also evaluates the 16 Defense
Acquisition Guidebook (DAG) processes (8 Technical Processes, 8 Technical
Management Processes) specific to the S&T activities, by re-writing the DAG processes

in AFRL language and stating the importance of each [DAG, 2004]. This research took
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the importance of tailoring and addressing all 16 DAG processes into account. AFRL
Instruction 61-202, “AFRL Laboratory Management Review (LMR) Process” provides a
logical approach for laboratory reviews, to include an extensive listing of questions to
assess each area of a project (technical, financial, schedule, contracting, deliverables,
manning, and testing) [LMR, 2005]. These current practices introduce SE at the
conceptual level but do not proscribe detailed or tailored SE regimens for all S&T

projects.

A major AFRL initiative started in 2006 is the use of Focused Long-Term Challenges
(FLTCs) to increase the S&T integration level across AFRL’s Technology Directorates.
S&T project integration across AFRL directorates is required to meet capability
objectives established by combatant, operational, and development commands. The
integration challenge is well-known to AFRL, as several studies, initiatives and policies
(including the TASE Report, an AFIT research effort, and AFRLI 61-104) demanded
stronger integration efforts in order to transition S&T project successes. The FLTC
initiative organizes the majority of AFRL projects into one of eight Challenge categories,
then further subdivides them into Problems, Capability Concepts, Products, and
Programs. FLTCs are designed to produce integrated technology challenge baselines,
taxonomies, and roadmaps to show how groups of separately managed products will
deliver integrated capabilities [FLTC Briefing, 2006]. In Fall 2008, the FLTCs were
evaluated by an Independent Review Team (IRT) headed by the Director of the Air
Force’s Center for Systems Engineering. An interview with the Director provided

several recommendations about good project case study candidates. Some concerns were
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raised about FLTC’s cross-directorate integration success, including lack of
demonstrations at the integrated systems level, lack of structure and content in FLTC
roadmaps, and disconnects in funding control between the Technology Directorates and
FLTC managers [Mooney, 2008]. The IRT’s final report executive summary from
August 2008 stated,
“the FLTC process was making some progress in tearing down ... directorate
stovepipes. Several testimonies from FLTC Team Leads illustrated how new
relationships were formed among directorates only as a result of the FLTC
construct. However, the IRT found that cross-directorate focus of the FLTCs was
reduced by organizational structure challenges” [IRT, 2008: 3].
This assessment, along with the lack of clear definitions of each FLTC integration level,
led the thesis team to consider the intent of the FL'TCs, rather than the specific FLTC

structure as a way to represent the desired integration level of a project for tailoring

purposes.

AFRL also seeks to improve SE application across all of its directorates under the
guidance of the Systems Engineering Council (SEC), which is comprised of senior
engineers from every AFRL Technology Directorate. At the 12 August 2008 SEC Face
to Face meeting, the head of the Council stated that the SEC’s job was to tailor SE and
articulate what that tailoring means in order to affect a culture shift at AFRL. He also
said that “SE is not just the things you do at the beginning of a program to make your job
easier ... it’s a mindset” [SEC Meeting, 2008]. These comments reinforced the need for
a tailoring framework to make SE activities more accessible to research scientists and

engineers. The SEC also provided guidance on the types of discriminators to be used in

10
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the project taxonomy, the approach to gathering case study candidates, and a

recommendation to perform some validation on the final framework.

Discussions with AFRL/XP’s policy staff provided additional insight on AFRL’s
strategic objectives, project structures, and SE policies. AFRL currently places emphasis
on three Core Processes to differentiate management practices between long-term
research (CP-1), Program Office transition projects (CP-2), and projects intended to
transition urgent warfighter needs directly to operations (CP-3) [ERP CP2, 2008; ERP
CP3, 2008]. These discussions also further explained how AFRL implements FLTCs as
a project management and integration structure. Concern was raised over some
technology managers erroneously reporting Technology Readiness Level (TRL) status, so
a recommendation was made to not use it as a project discriminant for this project;
however, the team found TRLs to be the best measure of technology maturity on S&T
projects and chose to use them as a discriminant in the SE Framework. Finally, the XP
staff provided several recommendations for good case study projects to evaluate in this

research project [ XP Meeting, 2008].

Recognizing the need to identify the criteria for transitioning a product, “The Manager’s
Guide to Technology Transition in an Evolutionary Acquisition Environment,” was
released in January 2003. Transitioning refers to a product being usable, producible,
reliable, and affordable [Guide to TT, 2003]. The Guide identifies the usability criteria as
nine distinct Technology Readiness Levels to assess technology maturity. The remaining
criteria (producible, reliable, and affordable) are identified as five distinct Engineering

and Manufacturing Readiness Levels (EMRLs or MRLs) (Table 1).
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The level of S&T project concept and technical maturity has a direct link to the budget.
The DoD Financial Management Regulation Volume 2B, Chapter 5, July 2008, defines
seven budget activities, to include: Basic Research, Applied Research, Advanced
Technology Development (ATD), Advanced Component Development and Prototypes
(ACD&P), System Development and Demonstration (SDD), RDT&E Management
Support, and Operational System Development [Finance Management, 2008]. These
activities serve as the basic structure for the various types of development project funding
and are strictly controlled and monitored. The DoD research community (including
AFRL) most commonly uses the 6.1 (basic research), 6.2 (applied research), and 6.3

(ATD) budget activity codes for funding S&T projects.

Obstacles to SE Success

While the recommendations, guidance and policies for increased SE and integration are
in place, SE has not yet flourished within AFRL’s working levels. Some project
managers within AFRL resist this initiative, claiming that SE activities were developed
for major acquisition programs and will “stifle the creativity” required for S&T projects.
Others decry the “burden” on time and fiscal resources of implementing a comprehensive
SE program for relatively “small” laboratory efforts. There exists a perception of
projects being constrained by bureaucratic boundaries, whether organizational, funding
type, or transition path. For project leaders in a “technology push” paradigm, performing
systems engineering with only “soft requirements and changing customers” can appear to

be a waste of time and money [TASE, 2006: 29].
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A primary obstacle to proper implementation of SE within AFRL is cultural [Coglitore et
al, 2004: 25]. The other major impediment to AFRL’s comprehensive adoption of SE is
the lack of “formal, specialized tools supporting systems engineering sub-disciplines”
[TASE, 2006: 29]. AFRL’s Materials and Manufacturing Directorate (AFRL/RX)
recognized the tie between culture and tools and requested AFIT investigate how to
encourage the use of SE processes, methods and tools within the directorate. The
research identified that one of the cultural impediments to embracing SE was the
overwhelming amount of recommended activity in typical SE documentation. After
consulting with a senior systems engineer from AFRL/RX, the team determined that a
tool or framework could be developed to tailor the large amount of generic SE practices
to specific S&T projects at various levels of size and maturity, mitigating some of the
cultural arguments against SE. Additionally, a tool could simplify the complex SE
universe for those who desire to use SE but don’t know where to start for their project,
allowing SE implementation more pervasively within the labs. Based on direction from
the SE Council, the delivered SE tailoring framework is intended for ubiquitous use by

all of AFRL, not just one directorate. [SEC Meeting, 2008].

SE Policies/Directives and Best Practices

To provide a comprehensive SE framework, the research team needed to clearly
understand the breadth and depth of SE activities. Thus began a detailed literature
search, ranging from Air Force policies, to professional SE organization publications, to

academic textbooks.
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At the Air Force level, policies related to SE concepts and methods display the Air
Force’s understanding of the importance of SE. AFI 10-604, “Capability Based Planning
(CBP),” requires a process to be analytically sound, repeatable, and traceable in order to
identify, assess, and prioritize capability needs and potential tradespace study areas
[Capabilities Based Planning, 2006: 3]. AFI 63-1201, “Acquisition, Life Cycle Systems
Engineering” identifies the SE methods and management required to provide and sustain
products/systems, to be cost-effective, operationally safe, and effective [Life Cycle SE,
2007: 1]. AFI 63-101, “Operations of Capabilities Based Acquisition System,” is a guide
to for a systematic framework approach when acquiring AF capabilities [Capabilities
Based Acquisition, 2005: 1]. The Air Force also communicates best SE practices in
manners other than policies. The SE Assessment Model (SEAM) describes a set of SE
best practices tailored for use by Air Force programs and projects. The model facilitates
self assessment and independent assessment of SE implementation on individual projects

[SEAM, 2008].

Air Force Materiel Command (AFMC) documents further refine SE concepts and
methods. AFMCI 61-102, “Advanced Technology Demonstration Technology Transition
Planning” provides an outline of policy and organizational responsibilities for managing
and transitioning Advanced Technology Demonstrations (ATDs) [ATD Planning, 2006:
1]. Additionally, the Technology Program Management Model (TPMM) provides a
logical methodology to plan and develop programs via stage gates. TPMM is currently
being implemented within AFMC and AFRL as the Developing & Sustaining Weapons

Systems (D&SWS) initiative [Technology Transitions, 2008].
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Non-policy documents utilized within the SE community include the DoD Defense
Acquisition Guidebook (DAG), the Friedman-Sage Matrix, and the INCOSE Handbook.
The DAG delineates 16 SE processes. The eight Technical Processes (TPs) include
Requirements Development, Logical Analysis, Design Solution, Implementation,
Integration, Verification, Validation, and Transition. The eight Technical Management
Processes (TMPs) include Decision Analysis, Technical Planning, Technical Assessment,
Requirements Management, Risk Management, Configuration Management, Technical
Data Management, and Interface Management (Figure 1) [DAG, 2004]. The AF Center
for Systems Engineering Case Studies include the Friedman-Sage Matrix, which
illustrates nine key SE concept areas, representing phases in the systems engineering
lifecycle and necessary process and systems management support [Friedman-Sage,
2005]. The International Council on Systems Engineering (INCOSE), a leading SE
professional organization, published the INCOSE Systems Engineering Handbook in
June 2006. This handbook provides key SE process activities at a detailed level, with the
purpose of designing for affordability and performance. The handbook tends to focus on
industry-related projects, in an input, control, output, mechanism (ICOM) format

[INCOSE, 2006].

The 2008 AFRL Technology Maturity Conference was another information resource for
the practice of SE in defense-related industry. A common theme at the conference was
the use of various readiness levels to determine the ability of a product to transition. The

conference provided awareness to the team of current practices to mature and transition
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“grown up” technologies to program offices. It also solidified the need for a tailored

approach rather than defining a new discriminant by which to measure projects.

In addition to the contributions by the SE community as stated above, the academic
community is also a significant resource. “The Engineering Design of Systems: Models
and Methods” by Dennis Buede is a text utilized at the graduate level, and addresses
methods for using models during the SE process [Buede, 1999]. This text is one of the
two resources for the framework that provides SE methods at a detailed level; the other
being the INCOSE Handbook. The team examined other academic contributions during
the literature review, but settled on the Buede text as our primary reference. “Essentials
of Project and Systems Engineering Management” by Howard Eisner, also a text utilized
at the graduate level, provides an organization of 30 SE elements, which span the overall
SE process over a system’s life cycle [Eisner, 2002]. “Best Project Management and
Systems Engineering Practices in the Pre-acquisition Phase for Federal Intelligence and
Defense Agencies” by Steven R Meier, was published in Project Management Journal, in
March 2008. Meier concludes that SE must be upfront and include an understanding of
the interfaces, technology assessments, system trades, and risk management [Meier,
2008]. These documents helped the research team establish a SE knowledge base to

proceed with building the tailoring framework.

Differences from Previous Efforts
Earlier activities looked at the topic of early application of SE in technology development

and acquisition. While these studies addressed many of the same SE processes and
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methods as this thesis, the scope of applicable projects, intended implementation of the
final results, and specific deliverables are different. The reports and presentations should
all be considered when mapping out an SE program, but this thesis project does in fact

stand alone as a comprehensive guide and tool to tailoring SE activities for S&T projects.

One of the primary studies that relates to this thesis topic area is the TASE report [TASE,
2006]. The TASE report focused on documenting the state of SE implementation within
AFRL and recommending ways to improve its overall use on S&T projects. The report
looked at consistent application of all SE processes to all projects, and while general
tailoring was recommended, a specific tailoring framework was out of scope. This thesis
delivers a specific model for tailoring SE activities to a range of S&T projects based on
maturity, size, Core Process category, and funding source. The TASE report also focused
primarily on Advanced Technology Demonstrations (ATDs), which are only a subset of
the type of projects contained within AFRL’s portfolio. This research looks at the entire
range of AFRL projects. TASE used the 16 SE processes from the DAG, which is
consistent with SE taxonomy approach used in this thesis. Both the TASE report and this
thesis include a comprehensive review of existing AFRL SE policy and guidance, but the
TASE report additionally focused on the cultural effects of implementing SE within
AFRL - something this thesis does not specifically address. There are also many
similarities in the methodologies between this thesis and the TASE report: literature
review (including policies, guidance, and non-DoD SE practices), assessment of past and
current AFRL projects, and recommendations of applicable SE processes, methods and

tools. The research additionally reviews a non-DoD case study for an outside perspective
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on research and development activities. Finally, the deliverables between the two efforts
differ, as TASE produced two reports (assessment and recommendations), while the
research will deliver a single report along with an SE tailoring tool that can be
immediately used by S&T project leaders to identify a recommended level of SE rigor for

their specific project [TASE, 2006].

Another applicable study is the Commission on Pre-Milestone A (Pre-MS A) Systems
Engineering report [Pre MS-A, 2008]. The Pre-MS A report addressed the effects of
early implementation of SE on major acquisition programs but did not specifically
address S&T projects. It placed emphasis on the Concept Refinement and Technology
Development phases of the systems acquisition life cycle and defined a minimum level of
early-phase SE activities for programs that follow this model. The report described
“general policies and best practices for systems engineering in all phases,” but while
many of the policies and practices that the Pre-MS A report recommended are also
applicable for S&T projects (which are usually smaller in size), it was not focused
specifically on the AFRL project portfolio [Pre MS-A, 2008: 72]. The Pre-MS A report
generically recommended tailoring, saying “Formal SE processes should be tailored to
the application”, but no specific tailoring recommendations were made [Pre MS-A, 2008:
7]. The Pre-MS A report also contained a thorough review of the training and experience
of the Air Force’s acquisition workforce, which is well outside of the scope of this thesis,
but well within the realm of actions necessary within AFRL. Again, there were
similarities in the Pre-MS A and AFIT methodologies, notably a review of previous SE

reports and an emphasis on case studies to produce a report and recommendations. This
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thesis, however, looks at S&T and AFRL-specific policy and guidance in developing the
analysis approach, where the Pre-MS A report looked primarily at prior review panel
reports for its approach. The Pre-MS A Commission delivered a report that was centered
on “trying to define a minimum set of systems engineering processes’” as well as a list of
20 questions that should be asked on all programs prior to Milestone A [Pre MS-A, 2008:
1, 3]. The thesis deliverable covers many of these SE minimums and questions, but
includes more SE detail and allows tailoring of those details based on the type of S&T

project being considered.

During the course of this research project, AFRL/RX developed a streamlined approach
using IPPD and AFRLI 61-104 for applying SE principles to their programs. The
approach recommends AFRL/RX tailoring to the eight key questions, showing the
amount of effort recommended for four project types (basic research, applied research,
advanced research, and Advanced Technology Demonstrations) [Malas, 2008]. This
streamlined SE approach, intended as a bottoms-up minimum set of activities, omitted
many general and detailed SE activities. Although the streamlined approach and the
thesis framework’s purposes are similar in nature, the framework presents a much more
detailed and comprehensive top-down approach, providing tailoring of a greater range of

SE activities for the complete set of potential AFRL project states.

Purpose for Research
While this research clearly builds on the work done by previous studies, especially the

TASE report, it stands on its own as a comprehensive review of all SE processes,
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methods, and tools as they apply to the wide range of S&T project types. Most
importantly, it provides a useful tool for customizing the amount of rigor put into each of
these SE principles. The intent of this deliverable is to not only make the case for
increased focus on SE within AFRL, but to facilitate the implementation of select SE

activities at a level appropriate for specific S&T projects.
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II1. Methodology

Methodology Overview

This chapter addresses the development and validation of the SE tailoring framework,
comprised of a taxonomy of comprehensive SE activities and a separate taxonomy of
relevant categories and domain values possible for S&T projects. This framework forms
the basis of the tailoring tool discussed in Chapter IV. The SE taxonomy incorporates a
broad set of recognized activities from academic, defense, and industry sources and
organizes these activities according to the Defense Acquisition Guidebook’s structure of
Technical Processes (TPs) and Technical Management Processes (TMPs). The project
taxonomy forms the basis for treating each project as a state problem, with unique project
discriminants consisting of discrete domain values. Both taxonomies were developed
independently and then matrixed into the SE framework. These groupings allow for
specific tailoring as a function of unique project characteristics. The framework
validation was accomplished by analyzing current and recently completed S&T projects

as well as review by prominent systems engineers within AFRL.

SE Taxonomy Development

As described in Chapter II, a variety of approaches exist for implementing Systems
Engineering in developmental and S&T projects; however, the team did not find a single
literature source that included a sufficiently comprehensive and appropriate set of these
activities for direct transfer into the desired SE taxonomy. The team determined that

pulling from multiple literature sources would allow for a look at systems engineering

23

www.manaraa.com



from academic, defense, and industry perspectives and would provide the basis for
generating a “superset” of activities that spanned all three realms of experience.
Academic textbooks often address the SE process as a whole, but focus instruction on the
author’s specific areas of interest and communicate in the author’s preferred terminology.
Defense sources outline policy directives regarding SE activities for acquisition projects,
but do not specifically state which activities are appropriate for various project types.
Industry sources encompass accepted practices from a wide variety of business sectors
and introduce a level of specificity not found in either academic or defense sources. In
fact, no readily-available sources were found to address appropriate SE activities
specifically for S&T projects. As all three literature categories showed promise for
contribution to the “superset”, the group selected a single source from each category to
incorporate into the SE taxonomy. The selected sources from the literature review are
“The Engineering Design of Systems: Models and Methods” by Dennis Buede [Buede,
1999], Chapter 4 from the Defense Acquisition Guidebook (DAG) [DAG, 2004], and the

International Council for Systems Engineering (INCOSE) Handbook [INCOSE, 2006].

With sources identified, the research analyzed candidate organization schemes to
determine the most appropriate construct for the SE taxonomy. These organization
schemes included the Friedman-Sage Matrix [Friedman-Sage, 2005] used on multiple Air
Force Center for Systems Engineering case studies, The Thirty Elements of Systems
Engineering from Chapter 7 of the Eisner textbook referenced in Chapter II [Eisner,
2002: 191, 194], and the DAG TPs and TMPs [DAG, 2004]. As the direct application of

the research effort is defense S&T, and to remain consistent with current AFRL policies
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and practices, the team determined that the DAG construct was most appropriate. An
added benefit of the DAG construct is the inclusion of the systems engineering “Vee”, an
iterative approach to implementing TPs on a project, as well as the continuous
implementation of TMPs on a project. The importance of using the SE “Vee” was noted
by the AFRL FLTC Independent Review Team (IRT): “The IRT used the SE “Vee”
from the Defense Acquisition Guidebook (DAG) as interpreted for tailored application to
the science and technology environment in AFRLI 61-104 as the basis for evaluating
FLTC SE processes” [IRT, 2008]. Additionally, AFRL currently bases their SE planning
activities (AFRLI 61-104) around the DAG processes, providing a familiar taxonomy for

users of the Tailored SE Framework (Figure 2) [S&T SE, 2008].

The team gathered systems engineering processes from each of the 3 literature references
and compiled them into 16 lists according to the 8 TPs and 8 TMPs from the DAG. Once
the data was gathered, each list was organized by functional hierarchy and chronological
order, resulting in a completed “superset” of systems engineering processes in each of the
16 categories. Within each category, the SE activities were organized according to
functional groupings, in chronological order (to the extent possible), and hierarchically
according to five levels of increasing detail. The DAG processes comprise Level 1 of the
SE taxonomy, functional groupings make up Level 2, and most of the executable
activities reside at Level 3. Levels 4 and 5 contain details or variations of the Level 3
activities that can be selectively applied at the discretion of the project (Table 2). With
the elements of the SE taxonomy established, the SE processes were organized into a

single Excel worksheet to provide optimum visibility and management of the resulting

25

www.manaraa.com



9C

$3SS3001J Nooqapms) uonismboy asudja( 03 suonsand) HO1-19 I'TAAV Jo surddepy :7 aan3ig

juawadeuey] 30BH3IU| B-dINL

élencadde sswossna s3esw jey3 uejd uonisue paseq-ssauisng . aneAsiieym g : juawaSeus|y B3eq [EDIUYD3) £-dIAIL
ysta 33 T30 puE ssuswannbaa 393w 03 wesSoad inok anzanais nok mmeH L : f
iABojouypes) paiases ay3 Suidojanap o3 sl 2Y3 34 3Ry :
éyoeoudde 1saq ayasiyaiypm uaWwaIeue|A WSy S-dINLL
ésuondo Adojouyazy ayyaae ey -
isjuswalinbal 343 39w aaey nod 33ea3suowsp nod |jIm moH
éspuswannbal s Jawoysna 24e Jey
d4swo3sna anoh st oy

wawadeus|y uoi3eIN3ijUoD 9-JIALL

juswadeue|y sjuawannbay p-dIALL

juawWssassy |E2|uyaaL £-dINL

Sujuue|d [E21Uya3] Z-dINL

sish|euy uoisiaag T-dIAIL

‘5NONUIlU0)) S3s5330.1d JuawasSeuey [ea1uydal

uolejuawajdug
-dl

uoijisuel]
B-dl
uoijn|os
udisaq
£-dL

uo|jesdaju]
S-dl

e $9553230.44 HyQ jo i
i II¥ 03 suonsanp sdejpl el

.H “:@E—n—umﬂﬂq zwdojanag
uonEpIEA P SjUSWaIIN
v0T-19 1144V LT

(an13e12]]) S955220.4d [EIIUYDISL

S
S}
(&)
o
o
®
c
)
€




hierarchy, function and structure of the “superset” within the tool to be discussed in

Chapter IV.
Table 2: SE Taxonomy Levels and Activities

SE Taxonomy Hierarchy | Description # of SE Activities
Level 1 16 DAG Processes + 17

Fundamental Principles
Level 2 Functional SE Activity 65

Grouping
Level 3 Tailored SE Activities 350
Level 4 Detailed SE Activities 538
Level 5 Detailed SE Activities 161

During review of the 16 DAG processes, six common SE activities were discovered in
multiple processes. These activities were all from the INCOSE Handbook and related to
utilization of existing processes and practices within a larger enterprise management
structure. Examples of these common activities are “utilize enterprise strategic plan” and
“utilize enterprise infrastructure”. Rather than leave these redundant activities buried
within multiple categories, an additional category titled “Fundamental Principles” was

created at Level 1, with a roll-up at Level 2 titled “Utilize Enterprise Capabilities”.

Project Taxonomy Development

Similar to the SE framework, the research assessed multiple organization schemes to
encompass the characteristics used by AFRL to discriminate between projects. Initial
organization attempts to establish relationships between the individual project
discriminants resulted in a layered matrix schema with project size and complexity along
the vertical axis, project maturity along the horizontal axis, and the DAG’s 16 processes

forming the depth of the matrix. While this initial attempt provided an understanding of
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the relationships between the discriminants, it was not sufficient to capture the possible
combinations of domain values within the discriminants in enough detail to adequately
tailor the SE activities for a particular project. Discussions with thesis advisors regarding
the multiple discriminants implemented by AFRL resulted in a decision to treat the
project taxonomy as a state problem, with the project state being determined by the
applicable domain values within each discriminant for the project. In essence, the desired
tool should provide a transformation of the project state description into a set of systems

engineering activities with recommended amounts of rigor to be applied to the project.

The project taxonomy initially included all established discriminants currently used by
AFRL (Figure 3). The team conducted meetings in August 2008 with AFRL/XP and

with the AFRL Systems Engineering Council to refine the potential list of discriminants

2
\§/4 Potential “DISCRIMINANTS”

U.S:. AlR FORCE

= Primary Funding (6.1, 6.2, 6.3, other)

= Secondary Funding (6.1, 6.2, 6.3, other)

= Funding Amount (<$200K, $200K - $2M, $2M - $20M, >$20M)
= Core Process (CP-1, CP-2, CP-3, other)

= Technology Readiness Level (TRL) (1 —9)

= Manufacturing Readiness Level (MRL) (1 —10)

= FLTC Level (FLTC, Problem, Attribute, Product, Program)

= Management Level (Multi-Dir, Dir, Div, Branch, PM)

= Strategic Goals (not currently planned for study)

= Requirements Maturity (Tech Push, Rgmts Pull)

Results in 460,800+ possible STATES — unwieldy for everyone

Integrity - Service - Excellence 6

Figure 3: Potential Project Discriminants Presented to AFRL SE Council (Aug ’08)
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for the final project taxonomy and made further refinements during the taxonomy
development process to ensure the final discriminants were reduced to a manageable set,
were appropriate for S&T projects and contained discrete domain values for each
discriminant. The SE Council recommended eliminating the “Secondary Funding”,
“Manufacturing Readiness Level (MRL)”, “Management Level”, and “Strategic Goals”
discriminants, as well as the “other” domain value for the “Core Process” discriminant

[SEC Meeting, 2008].

First, the “Secondary Funding” discriminant was initially included to account for multiple
funding sources for a project, but was eliminated with guidance that a project should be
tailored according to the “highest” level of funding. An example would be treating a
project with funding from both 6.2 and 6.3 categories as a 6.3 project. Second, as the
domain values (1-10) within the “Manufacturing Readiness Level (MRL)” discriminant
have direct correlation with the domain values (1-9) of the “Technology Readiness Level
(TRL)” discriminant, it was also eliminated. Next, the “Management Level” and
“Strategic Goals” discriminants were initially included to account for projects spanning
multiple directorates within AFRL, but were eliminated in favor of the “Focused Long
Term Challenge (FLTC)” discriminant, which also incorporates dependencies between
AFRL directorates associated with a particular project. Finally, the team eliminated the
“other” domain value for the “Core Process” discriminant upon discovery that “CP-17,

CP-27, and “CP-3” encompassed the entire domain.

29

www.manaraa.com



With a refined set of discriminants in hand, the research defined each of the discriminants
and associated domain values in the form of a questionnaire to be provided to projects
during the Case Study phase of the thesis. Research into the definitions aided in the
team’s understanding of each discriminant and resulted in further refinements to the
project taxonomy. The first refinement, eliminating the “other” domain value from the
“Primary Funding” discriminant, resulted from further discussions with AFRL/XP
regarding the expected funding sources for S&T projects. The second refinement
modified the “FLTC” discriminant, partly due to a lack of a formal definition of the
discrete qualifiers between the proposed domain values (‘“Challenge”, “Problem”,
“Capability Concept”, “Product” and “Program”), but more particularly to implement a
more generic description of a project’s “Integration Level” with the discrete domain
values of “Subsystem Level Technology”, “System Level Concept”, and “Mission Level
Concept”. This change also makes the framework more accessible to S&T projects
outside of AFRL. The last refinement to the project taxonomy consisted of a slight
adjustment to the domain values of the “Funding Amount” discriminant, which occurred
after the team spent considerable time “tailoring” the SE framework, and better
encapsulates discrete funding breaks at which certain SE activities become appropriate
for projects. The discriminant was renamed “Project Budget” with domain values of

“Less than $500K”, “$500K to $2M”, and “Greater than $2M”.

The final project questionnaire, provided as Appendix A to this thesis, provides
definitions for each of the final 6 discriminants and 18 domain values (Figure 4) and

seeks to define the particular “state” of the project to which the SE tailoring will be
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applied. The final discriminants and domain values result in over 648 possible project
states, a significant reduction from the original discriminant set, which contained over
460,000 possible states. The need to address each of these potential states in the project
taxonomy mandated that the delivered tool provide a simple interface with the flexibility
to report results for any number of the project discriminants and domain values (which

potentially increases the number of states above 648).

ZRAFIT Project Taxonomy

* Define “STATE” of an S&T Project by its “DISCRIMINANTS”

= “STATE” = Intersection of “DISCRIMINANTS”
= DISCRIMINANT #1 (DOMAIN VALUE)
DISCRIMINANT #2

- DISCRIMINANT #x:
= Final Discriminants (Domain Values)
= RDT&E Category (6.1, 6.2, 6.3)
= Project Budget (< $500K, $500K < § < $2M, > $2M)
= Core Process (CP-1, CP-2, CP-3)
= Technology Readiness Level (1-2, 3-4, 5-6, 7-9)
= Integration Level (Subsystem, System, Mission)
= Requirements Maturity (Technology Push, Requirements Pull)

Figure 4: Discriminants and Domain Values (Project Taxonomy)

Systems Engineering “Tailoring”

The goal of the tailoring effort was to indicate the relative importance for each SE
activity for a given project, based on the project’s specific domain values. Returning to
the previous state analogy, the tailoring process is the mechanism to transform the project

state description to the recommended set of activities with associated rigor levels. The
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tailoring effort and implementation into the Excel tool, “Systems Engineering Tailoring
Tool for Science & Technology Projects (SETT-STP)” followed a four step process: 1)
Tailor at Level 3 of the SE Taxonomy, 2) Implement Discriminant Tailoring into the SE
Framework, 3) Normalize SE Rigor Values (0-100% Scale), and 4) Apply Tailoring

Factors to Gauge Impact of Various Schemes to SE Rigor.

First, the research looked at 350+ Level 3 SE activities, methods and tools listed in the
SE taxonomy (Appendix F), and determined the applicability of each activity to the 18
project domain values. The research team created a table of SE activities for each TP and
TMP, as well as for each discriminant category and domain value. Each SE activity at
Level 3 of the SE taxonomy was evaluated independently against each domain value.

For instance, if the research explored applicability of an activity for the 6.2 RDT&E
Budget domain value, no assumptions were made as to the associated TRL, Core Process,
or Integration Level. As a general guideline, the tailoring was more inclusive for larger,
more expensive, and more mature S&T projects. Likewise, the evaluation tended to
tailor out more activities for smaller, less expensive and immature projects. This
tendency was utilized several times when there was debate over whether an activity was
applicable or not for a given domain value. Specifically, a 6.3, $5 million, and TRL-8
project was found to require more SE rigor than a 6.1, $250 thousand, and TRL-3 project;
the framework needed to reflect this in a quantitative manner. A sample tailoring table
from TP-4 “Implementation” is shown in Table 3. At least two students reviewed each
set of tables for each TP and TMP to ensure consistency. After several internal review

and discussion sessions, the tables were submitted to the faculty advisor for review and
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comment. This review process resulted in changes to not only the tailoring, but also to
the grouping and wording of the activities. A couple of noteworthy trends emerged as the
tailoring effort progressed. Two of the discriminants, Integration Level and
Requirements Maturity, did not lend themselves to significant tailoring between the
respective domain values. For Integration Level, the research found that the same SE
activities applied whether the product under development was a subsystem, a self-
contained system, or part of a mission-level concept. The Requirements Maturity
discriminant resulted in significant tailoring in TMP-4 (Requirements Management), but
was largely consistent between the Technology Push and Requirements Pull domain
values for the other processes in the SE Taxonomy. The team debated removing these
discriminants, but decided that it was important to include them in the framework to build
credibility with the wide range of projects that would potentially use the framework. An
effort was made, though, to reduce the impact of these two discriminants on the reported
output of SETT-STP through the Tailoring Factors, discussed in the third step of the

tailoring process.

Another trend discovered in the tailoring process resulted in a change to the Project
Budget discriminant, with initial domain values of “Less than $200K”, “$200K-$2M”,
“$2M-$20M”, and “Greater than $20M”. In the first tailoring iteration, the only real
effect of tailoring the Project Budget discriminant was observed in the “Less than
$200K” category, as this was such a small budget level that not much formal systems
engineering activity could be afforded without undercutting the S&T benefit.

Additionally, the research team held numerous debates about the amount of tailoring
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appropriate for the “$200K - $2M” category, as a $250K project would apply SE much
differently than a $1.9M project. The “$2M-$20M” and “Greater than $20M” domain
values provided no difference in tailoring. Ultimately, the team decided that the $200K
threshold was too low, and that the split between the “$2M-$20M” and “Greater than
$20M” categories provided no value. These domain value categories were re-designated

“Less than $500K”, “$500K - $2M”, and “Greater than $2M”.

The second step of the tailoring activity involved implementing the Level 3 tailoring into
the Excel-based tool. After the table-based review, the applicable activities were
transposed into a series of Excel workbooks that scored the SE activities for each domain
value. A binary system annotated the applicability of each domain value, with a “1”
score indicating that the SE activity should be accomplished for a domain value, and a
“0” indicating that the activity was not critical for the domain value. The binary scoring
system allowed for a customizable weighting to be applied to a selected set of project
discriminants, while simplifying the tailoring implementation within the Excel tool. A
sample input to the Excel tool is shown in Figure 5. The team did consider an alternate

scoring system for the domain values, where domain values would receive a fractional

Subs
yste |Syst |Missi
TP—«I[ImpIementatiun] 6.1| 6.2( 6.3|<500K [500K-2M [=2M |CP1 |CP2 |CP3 [1-2 (34 |56 [7-9 |m em |on Push  [Pull

Generate Implementation Strategy

Utilize design requirements 1 1] 1 1 1 1 1 1 1f o] 1| 1f 1 1 1 1 1 1
Utilize verification criteria o 1] 1 0 1 1 o 1 1/ o0f 1] 1] 1 1l 1 1 1 1
Utilize validation criteria o 1] 1 0 1 i of 1 1/ of 1] 1] 1 1l 1 1 1 1
Utilize terms and conditions of agreements 1 1] 1 1 1 1 1 1 1 1] 1] 1f 1 1l 1 1 1 1
Utilize government and industry standards of 1 1 0 1 1 1 1 1 o] 1| 1| 1 1l 1 1 1 1
Improve process control with Lean Design of 0 1 0 0 1 o 1 1 o o] 1f 1 1l 1 1 1 1

Figure 5: Sample of Binary Tailoring Input to SETT-STP
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score on a scale of zero to one; however, the degree of confidence in the binary system
was not quantifiable to the point that implementing the fractional value system provided

any additional benefit.

The third step in tailoring the SE activities required a summation and normalization of the
scores on a 0-100% scale. For a given set of discriminants, the tailored weights revealed
the relative level of SE rigor that should be applied to each activity for a specific project
state. The intent behind this methodology was to give a user a relative indicator as to
where they should apply resources. An activity with a 100% weight should be
accomplished to a more formal and detailed level over an activity with a 60% weight.
The team notionally interpreted the tailored percentages for SE rigor according to the

descriptions in Table 4.

Table 4: Notional Interpretations for Reported SE Rigor

SE Rigor Notional Interpretation
Percentage

100% REQUIRED: An activity should be accomplished to a complete and formal level of
planning, coordination, and documentation

70% RECOMMENDED: An activity should be considered for planning, coordination, and
documentation

30% WATCH LIST: An activity should be considered for informal planning,
coordination, and documentation

0% NOT APPLICABLE: An activity is probably not necessary to project success and
requires little or no planning, coordination, and documentation

The fourth step of the tailoring activity applied tailoring factors to each of the Project
Taxonomy discriminants to assess their impact on the normalized score of SE rigor. A
detailed sensitivity analysis explored the impact of tailoring factors to reported SE rigor

scores. A baseline case with equal weighting of the project discriminants was compared
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to two additional weighting methods. The second tailoring factor scheme attempted to
capture the lack of tailoring discovered within the Integration Level and Requirements
Maturity discriminants during the initial tailoring efforts. The third tailoring factor
scheme further explored the impact of the Project Budget discriminant on the reported SE
rigor. The sensitivity analysis results are contained in Chapter IV, and the complete
sensitivity analysis is presented as Appendix C. Ultimately, the sensitivity analysis
showed that the third tailoring factor scheme provided the greatest spread in tailoring

scores and was adopted into SETT-STP’s initial release.

Case Study Results & Feedback

A critical part of this research project is the intersection of student-derived tailoring with
real-world S&T projects that utilized systems engineering principles. Much of the initial
tailoring was accomplished by applying the team’s academic knowledge and prior
individual work experience, but that was not sufficient to definitively claim that the
tailored SE Framework was accurate and applicable to potential users. The team sought
out several current and recently completed S&T projects to fine tune the initial tailoring.
The reviewed projects, treated as case studies, in some cases validated the framework, but
more often drove important changes to the SE taxonomy’s terminology, grouping, or
weightings. The team developed an initial listing of potential case study candidates based
on faculty advisor input and solicitation of the AFRL SE Council for applicable project
candidates. The preliminary case study target list consisted of projects within AFRL/RX,

but was expanded based on the recommendation from the SE Council that the tailorable
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SE framework should be applicable to all directorates within AFRL. The research then

formally solicited candidate projects from all of the SE Council representatives.

Basic systems engineering tenets are applicable to all complex projects, whether
applicable to the defense department or not, and whether they are guided by DoD policy
and guidance or not. Accordingly, the team also decided to pursue S&T projects from
other governmental agencies (non-DoD), as well as from corporate research and
development engineering organizations. Industry perspective is particularly important, as
corporate livelihoods are often based on the successes of S&T projects as well as the
appropriate application of systems engineering principles to ensure future development,

integration, and transition activities are conducted in a cost-effective manner.

Upon receiving an S&T project point of contact, the research sent out an initial Case
Study Pre-Survey Questionnaire (Appendix A). The questionnaire solicited contact
information and asked the point of contact to indicate which of the project taxonomy
discriminants applied to the candidate project. The points of contact received full
definitions of each of the discriminants to ensure consistent understanding of the project
taxonomy. After receiving the completed questionnaires, the team requested access to
relevant, previously assembled case study project documents. The research reviewed all
provided documentation and made notes against a project-specific tailored output from
the SE tool using the cited domain values. After reviewing all documentation, the
research formulated questions for the project point of contact to resolve all discrepancies

and gaps. The ensuing interviews with the point of contacts were insightful and provided
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clarification of confusing terms and sequences in the SE framework, added background
and understanding to formal documentation, and illustrated why certain SE processes,
methods and tools were or were not used for the project. After each documentation
review and personal interview, the research revised the tailored SE framework and

documented trending information for further framework updates and conclusions.

Following the tool development and case study application, the SE framework tool was
delivered to a group of prominent systems engineers both internal and external to AFRL
with the goal of validating the results of the tool for various project states as well
gathering impressions and feedback with respect to the tool’s functionality and ease of
navigation. The validators were asked to provide specific feedback in the following
areas: Functionality, Activity Descriptions, Tailoring, References and Tools, and General
Comments. Feedback from the validators added final refinements to the SE framework

and is presented in Chapter IV.
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IV. Analysis and Results

The SE and Project Taxonomies provided the foundation for an SE tailoring framework.
The research team’s goal of delivering an output that will be utilized by the S&T
community drove the need for a validated, user-friendly tailoring tool, based on real-
world projects that successfully applied SE principles. The initial tailoring effort used the
case studies to correct any false assumptions and thought processes. The tool validation
effort provided several independent views of the results and generated areas for

immediate adjustment as well as future work.

SE Tailoring Tool Development

A simple user interface was deemed critical to the success of the tailoring tool. The team
envisioned drop down boxes with selectable domain values, desired processes and detail
levels, and easy to navigate controls. The course to this interface wandered through
explorations into using Microsoft Access, Java, SQL, and Visual Basic. Ultimately, a
simple solution was found in Excel itself, by creating an interface worksheet that allows
users to select their project domain values, and then selecting the next worksheet for the
tailoring results. This decision made the assumption that users would have access to
Excel 2007 and would be familiar enough with Excel to click between worksheets and
perform simple grouping and filtering functions (if desired). The number of SE
activities (over 1,200) was still fairly cuambersome and intimidating, so the team
implemented the grouping feature in Excel 2007, which uses a collapsible “+/-“ system
(similar to MS Project) to allow users to drill down to the desired detail level.

Additionally, filtering is enabled on the worksheet to allow users to select only specific
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activities, detail levels, or even weight scores. The SE Tailoring Tool User’s Guide at
Appendix B contains specific details, operating instructions, and guidance to modify the

tool.

Following the first case study (HELLTP, described in detail below), the team revised the
tailored weight calculations. The HELLTP case study reinforced suspicions that the
Integration Level and Requirements Maturity played a minor role in SE tailoring, and that
Project Budget was the dominant discriminant in what SE activities a project lead would
accomplish. Analysis of the tailored weight data (see Appendix C) backs up this
assessment and bolsters the argument for using discriminant weight factors. To this
point, the tailored weight calculation treated each discriminant as equal, so if all six
discriminant categories were used, each discriminant would have a 16.67% factor in the
tailoring score. The tailoring tool was changed to provide a weight factor for each
discriminant. Project Budget was assigned a 30% factor, RDT&E Category, TRL, and
Core Process were each assigned 20% factors, and Integration Level and Requirements
Maturity were assigned 5% factors (for a total of 100%). This gives the tailoring tool a
greater spread of weight values (as noted in case study feedback) and provides a more
realistic view of how users should assess whether or not to apply specific SE activities. It
is important to note that the discriminant weight factors can be easily changed if a

specific tool user wishes to customize it in the future.

To accommodate projects that don’t have a single identifiable domain value for each

discriminants, the tool will maintain a 100% scale for tailoring recommendations for non-
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standard program inputs. If no domain values are selected for a discriminant, that
discriminant’s weight factor will be proportionally distributed among the other
discriminants that do apply. Alternately, if multiple domain values are selected for a
given discriminants, that discriminant’s weight factor is split equally between the number

of selected domain values, so the other discriminants’ weight factors do not change.

Tailored Weight Analysis

The SE Taxonomy resulted in 350 SE activities with tailored weights at Level 3. The
team performed evaluations on the amount of tailoring for various project types, as well
as the impact of the weight factors described above. Three distinct project types were

evaluated for tailoring (Table 5).

Table 5: Project Domain Values for Statistical Analysis

Discriminant | RDT&E Budget Core TRL Integration Rqmts
/ Project# | Category Process Level Maturity
1 6.1 <$500K CP-1 1-2 Subsystem Tech Push
2 6.2 $500K - $2M CP-2 3-4 System Tech Push
3 6.3 >$2M CP-3 7-9 Mission Rqmts Pull

Additionally, each type of project was evaluated with three different weight factor

schemes (Table 6).

Table 6: Weight Factor Schemes

Discriminant | RDT&E Budget Core TRL Integration Rqmts
/ Project # Category Process Level Maturity
Current 20% 30% 20% 20% 5% 5%
Middle 20% 20% 20% 20% 10% 10%
Equal 16.66% 16.66% 16.66% 16.66% 16.66% 16.66%

Histograms of the Level 3 weights for each project type and weight factor are in Figures

6-8 below.
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Figure 8: SE Activity Weight Histogram for Project 3

The data clearly shows that there is more tailoring for smaller, less mature projects than
for larger, more mature projects. Only 39% of the activities in Project 1 carry 100%
weights, while 65% of the activities in Project 2 and 95% of the activities in Project 3
carry 100% weights. The weight factors prove to have minimal impact on the tailoring
for most, but not all projects. There is almost no impact from the various weight factors
in Project 3 — only 3% of the activities changed weights using the different factors. The
factor selection played a more prominent role in Project 1, where about 45% of the

activities had their tailored weight scores affected by 10-20% based on the factor criteria.

Case Study Summaries
After completing the initial development of the tailored SE framework, the research

investigated six case studies based on recent S&T projects that valued systems
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engineering principles. The research identified the case study projects by their domain
values in the project taxonomy, reviewed documentation, and interviewed knowledgeable
points of contact to resolve gaps and discrepancies in documentation. After the case
study reviews, the tailored SE framework was updated to reflect the lessons learned. The
case study reviews sought out only application and impact of SE processes, methods and
tools. Though specific information about the project technology and operational use was
often available, it was not the primary focus of this research and is not included in this

report.

The research completed case study reviews by assembling a representative tailored SE
framework output based on the applicable project domain values. The tailored output
was at the “3” level to allow a comprehensive review of significant activities while not
subjecting the participants to a 1,200+ item survey for each case study. The provided
project documentation either did or did not support evidence of each SE activity, which
was annotated on a review sheet. Any SE activities with an absence or conflicting
documentation evidence were posed as interview questions for the point of contact for

further clarification.

The initial list of potential case studies contained 10 candidate projects. Seven candidates
came from across AFRL, two were independent research and development projects from
defense contractors, and one was from NASA. Ultimately, six project points of contact
were responsive enough to provide the team with a thorough case study opportunity

(Table 4). The predominant case study findings identified the need to establish a

45

www.manaraa.com



project’s context and time horizon, refined the SE taxonomy, improved the SETT-STP
tool functionality, and most significantly, revealed a clear disconnect on SE terminology
and applicability for 6.1 (Basic Research) projects. Summaries of each case study review

follows.

Table 7: Mapping of Case Studies to Project Discriminants

IProject Budget Core Process TRL Integration Requirements

.3 | <$500K CP-1| CP-2| CP-3]1- - Mission

Case Study 1: High Energy Laser on a Large Tactical Platform (HELLTP)

The HELLTP project came to the team by recommendation from the AFRL Systems
Engineering Council during the initial project briefing in September 2008. This multi-
directorate systems engineering initiative implemented the IPPD process for the three-
phased project, conducted from 2005 to 2008. In his response to the “Case Study Pre-
Survey Questionnaire”, the project subject matter expert provided the project
discriminants for HELLTP as follows: RDT&E Category: 6.2, RDT&E Budget: Greater
than $2M, Core Process: CP-2, TRL: 5-6, Integration Level: Subsystem, Requirements
Maturity: Requirements Pull. Documentation review consisted of the “Task 1 Final
Report” (September 2006), the “Thermal Management System Analysis for the Airborne
Advanced Electrical Laser System” (March 2007), and the “Final Report for the Tactical

Laser Characterization and Integration Study” (September 2008).
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The research team combed through these documents to determine which SE processes
within the SE taxonomy the HELLTP project implemented, and focused on annotating
what was done on the project and not specifically on how well it was done. Results were
recorded by labeling each of the Level 3 SE processes according to the
“YES/NO/SOME/NO DATA? criteria established by the methodology. This review
resulted in 38 project questions for the subsequent interview, as well as inconsistencies
within the tool itself, such as areas where the tailoring inputs and calculations were
incorrect or missing and where related tasks were weighted differently within the SE
Framework output. The documentation review also highlighted the need to include a
Level 3 task and associated weightings within TP-2 (Logical Analysis) to “identify
training requirements” for a project. The team implemented these changes prior to the

review of the next case study.

The follow-up interview covered the 38 questions from the documentation review and led
into a discussion regarding the current interface and functionality. The questions focused
on annotating the SE processes within the framework where supporting documentation
was inconsistent or incomplete. Additional interview discussions highlighted the
importance of correctly establishing a project context for the “state” determination and
review process, as well as the importance of first-hand project knowledge in correctly
identifying which SE tasks were accomplished. The interview also identified possible

functionality improvements or changes to the tool itself.
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Case Study 2: Powered Low Cost Autonomous Attack System (PLOCAAS)

The PLOCAAS project evaluated mission concepts, defined performance objectives,
investigated environmental constraints, and evaluated candidate sensing technologies for
a powered version of a low-cost searching weapon system. The project was conducted in
the late 1990s by what was then known as the Munitions Directorate of AFRL. The
subject matter expert was a former program manager for the project and served as the
point of contact for the case study. He provided the project discriminants for PLOCAAS
as follows: RDT&E Category: 6.3, RDT&E Budget: Greater than $2M, Core Process:

CP-2, TRL: 7-9, Integration Level: System, Requirements Maturity: Technology Push.

PLOCAAS focused on early concept and technology development, and as such, applied a
majority of its systems engineering effort on the early technical processes. To varying
levels of formality, the project accomplished most of the activities in TP-1 through TP-7.
The project did not transition to another developing or using organization, so most of the
TP-8 activities did not apply to the project. The technical management processes were all
addressed, but the program did not apply these activities robustly across the board.
Significant diligence was applied in the decision analysis and technical assessment
processes. The project applied minimal configuration management and thinly
documented project requirements, risks, and interfaces. Other technical management
processes were generally applied at a high level, but specific activities were omitted or

accomplished informally [Jacques, 2008].

Following the documentation review, the team conducted a follow-up interview,

according to the established process. The subject matter expert evaluation provided by
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the point of contact proved to be much more thorough than the student review given the
scope and detail level of the documentation. The interview prompted several revisions to
the SE framework, including taxonomy overhauls for many of the technical management
processes. Some specific processes were merged (the definitions of threshold versus
objective performance parameters) and reworded (the use of “interface architecture”
preferred by Buede was changed to “interface control methods”.) Additionally, the team
found it useful to insert comment boxes into the SE tool to provide definitions or

clarifying statements to the SE activities.

Case Study 3: Layered Sensing

The Layered Sensing project is the second phase of a multi-directorate effort designed to
“improve the quality and timeliness of acquiring, sorting, processing, and reporting
information to improve effects based situation awareness” [Sensors Directorate, ii]. This
phase of the project focused on identifying the requisite tools and measures for building
an executable architecture designed to evaluate various sensor system combinations. The
project subject matter expert, provided the project discriminants for Layered Sensing as
follows: RDT&E Category: 6.2, RDT&E Budget: $200K - $2M, Core Process: CP-2,
TRL: 5-6, Integration Level: Mission, Requirements Maturity: Technology Push.

Documentation review consisted of the Phase II Study Plan and its associated annexes.

Similar to the previous projects, the team reviewed the documentation for indications of
SE activities, processes, and tools. This review resulted in nine specific questions for the

follow-up interview, but also left over 250 of the Level 3 activities unresolved, further
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justifying the conclusion from the HELLTP and PLOCAAS case studies to have a subject
matter expert or project representative involved in determining which activities were
accomplished. A thorough review of the SE tailoring tool output with the subject matter
expert on 30 December 2008 reconciled the specific questions and resolved the gaps from
the documents, but also pointed out inconsistencies in the level of detail within the SE
taxonomy hierarchy, the need to further tailor activities in the “Project Budget”
discriminant, and the desire to see a roll-up of the Level 3 tailored weights at Levels 1

and 2.

The primary inconsistency revolved around the level of detail for Level 3 activities
between the TPs and the TMPs, where some of the TMP Level 3 activities were much
more specific than those of the TPs. This feedback resulted in moving many of the TMP
Level 3 tasks (particularly within TMP-2 “Technical Planning” and TMP-3 “Technical
Assessment”) down to Level 4 in the SE taxonomy, simplifying the user interface for
those processes. The case study review also uncovered a need to further tailor the Total
Budget discriminant for the “$200K to $2M” domain value in TMP-6 “Configuration
Management” and TMP-7 “Technical Data Management”, as many of these activities
were given a “100%” weight, but seemed to be too heavily weighted for the scope of the
project. The team reviewed the initial tailoring effort and made changes where
appropriate, but left the tailoring intact where the activities seemed critical to project
success. The final change to the SE tailoring tool was the addition of an indication at

Levels 1 and 2 of the range of tailored weights for the subordinate Level 3 tasks.
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Another critical result from this case study was the importance of framing the context of
a project when selecting the discriminant domain values in the SE tailoring tool. As the
Layered Sensing project consists of multiple phases, the total budget for the current phase
does not correctly capture the scale of the overall project, thus potentially reducing the
tailored weights for activities that would be valuable within the larger context. This was
notable in the project interview, where the subject matter expert indicated that although
certain SE activities were not accomplished on the current phase (largely concept
exploration with little implementation), they would be beneficial in future phases of

Layered Sensing.

Case Study 4: Northrop Grumman Internal Research and Development

The research sought insight into SE activities within a corporate project to determine
whether the SE taxonomy was appropriate for an S&T environment outside of DoD, as
well as to gain perspective on how SE was implemented when not constrained by
government contract requirements. At the team’s request, The Northrop Grumman (NG)
Corporation’s Integrated Systems Division provided an Internal Research and
Development (IRAD) project for a case study review. While the project is ultimately
targeted for fielding in the defense environment, it was not governed by a government
contract and thus was not subject to government systems engineering control. For
purposes of protecting Northrop Grumman’s competitive interests, details of the project
will not be provided in this report. However, the technical details are not important to the

systems engineering analysis that was performed. The NG project fit the following
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domain values: 6.3, >$2 million, CP-2, TRL 5-6, Subsystem Level, and Technology

Push.

Due to the sensitive nature of the NG project, the team did not receive project
documentation. Instead, the team sent the latest draft of the SE Tailoring Framework to
NG, who had their project team go through the activities in the SE taxonomy. The NG
personnel indicated whether or not they performed each activity in the project’s
execution. They also made comments about the tailored weight levels and the tool’s
usability. After receiving NG’s comments, the student team formulated a set of interview
questions; nine about why activities were or were not performed, as well as six “big
picture” questions about NG’s internal SE processes. The NG interview resulted in
several changes to the framework activity descriptions and SE Rigor scores, which were
incorporated. The term “qualification” in TP-8 (Transition) was confusing, and
ultimately changed to “deliverable” to clarify the meaning to be a transition item that
would undergo certain transition activities. NG noted that no manufacturing process
improvements were made under their IRAD project due to limitation of time and funding.
In fact, NG’s IRAD projects don’t generally cross into the realm of manufacturing or

producability; lab prototypes are used for product evaluations.

A few significant differences were noted between NG’s IRAD and Contracted Research
and Development (CRAD) efforts. IRAD projects don’t usually solicit bids for various
suppliers; rather, they pick the vendor that they know can supply a product. Under

CRAD rules (which are inherent to government development activities), competition
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between vendors and suppliers is mandatory. Additionally, NG’s IRAD projects
typically apply rigorous and detailed SE practices, but they are often less formal, more
streamlined, and more self-contained than for CRAD. The project leaders felt they
applied the right amount of SE rigor, which resulted in a successfully tested prototype.
Generally, NG indicated that they did execute most of the recommended SE activities

listed in the framework.

Additional NG feedback indicated that the tailored weights did not always match with
their assessment of required SE rigor. However, they said the framework was a good
exercise to remind project managers and systems engineers to apply proper SE practices.
NG suggested that applying inputs, outputs, constraints and sequencing to each SE
activity would greatly increase the tool’s value. This suggestion falls outside the scope of

this research project and is recommended for follow-on work in Chapter V.

Case Study 5: Deployed Base Energy Study

The fifth case study is a project planning study to develop an investment strategy for
creating more efficient methods of providing energy to deployed airbases. The
Deployed Base Energy study was conducted by AFRL’s Materials and Manufacturing
Directorate (AFRL/RX). This case study was unique because it only focused on early SE
processes associated with determining requirements, logical analysis, and making
decisions about what technologies to pursue. This activity did not intend to deliver any

capabilities, so it was a good test for the left-hand side of the systems engineering “Vee”.
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The project domain values for the Deployed Base Energy study were: 6.2, <$500K, CP-

3, TRL 3-9, System and Subsystem Levels, and Requirements Pull.

The Deployed Base Energy study used a self-contained SE methodology, called Systems
Engineering For Science and Technology (SETFST), which is a “multi-criteria analytical
process for comparing alternatives” [SynGenics, 2008; 10]. The SETFST method
encompasses similar activities to the early DAG technical and technical management
processes. The five SETFST process steps are: 1. Assemble an Integrated Product
Team; 2. Develop Desirements; 3. Generate Alternatives; 4. Evaluate Alternatives; and
5. Document. These easily map to TP-1 (Requirements Development), TP-2 (Logical
Analysis), and TMP-1 (Decision Analysis). The study intended to evaluate possible
design solutions, not deliver a specific design, so the rest of the DAG processes were not

applicable for this phase of the project.

This case study review consisted of the point of contact’s assessment of how the
framework’s recommended activities were accomplished via the mature SETFST
process, followed by a personal interview. The review clearly demonstrated that the
DAG TP-1, TP-2, and TMP-1 activities and weights were in line with the successful
SETFST study results. The project subject matter expert also closely evaluated the rest
of the processes, activities and weights in the tool and assessed that they were reasonable,
based on his 20+ years of systems engineering experience. Specifically, he couldn’t find
justification to change any activities or weights within the framework. He suggested that

the User’s Guide should introduce the tailoring tool at a more basic level, but liked the
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flexibility of the framework. He also noted that the tool would be useful primarily to
users who had a basic familiarity with systems engineering activities, but that the new
user may struggle with some of the terminology and intent contained within the

framework. This resulted in the addition of a Glossary tab in the tool.

Case Study 6: Basic Research RXQ Project

The sixth case study came as a direct result of the team traveling to Tyndall AFB, FL for
the Systems Engineering Council Face-to-Face meeting to present project status and tool
demonstration on 2-4 February 2009. Specifically, conversations with AFRL/RXQ
during a side-session of the meeting presented an opportunity for the team to conduct this

case study with the two project leads.

While presenting background information and the requirement for this thesis effort, the
team outlined the 8 questions from AFRLI 61-104 (not currently required by the
instruction for 6.1 projects). The points of contact quickly recognized the questions
relating to AFRL Form 2913 (Sept 2002), required by AFRLI 61-202 “Laboratory
Management Review (LMR).” When asked about the usefulness of these questions, the
senior project lead stated that filling out the form was a burden until the new technical
director helped them see that going through the LMR process actually helped them
structure their projects, with the example of translating the goal of their basic research
into the requirement for the project. An additional observation identified differences

between basic research and systems engineering. His assertion was that SE drives design
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toward a known goal (i.e. system), while basic research is largely guided by the data

presented from the experiment itself.

As the team began the case study review of “Characterization of the Nucleation and
Binding Sites of Hen-Egg-White-Lysozyme to Silica”, the research team tried to get the
project officers to give “Yes/No” answers to the Level 2 SE activities. It was quickly
apparent that the project officers needed the team to translate each of the SE activities
within the framework into vernacular more familiar to basic research scientists. In an
attempt to overcome this obstacle, the team explained the Level 2 SE activities within the
framework until the project officers understood the underlying value of the activity and
replied with similar activities performed for basic research. This approach proved
cumbersome, so the team elevated the interview goal to determining if the project officers
understood the simple definition of the activity or if it needed translation. Ultimately, the
time and effort involved for translation and explanation led the team to abandon a

detailed review of the case study, with obvious conclusions in hand.

The team recognized that the framework will have limited usefulness for the 6.1
community as written. To make the framework applicable to basic research projects, the
SE terminology must be translated and adapted to more closely represent existing
scientific discovery methods. Additionally, an adjustment must be made to the
framework to allow tailoring for a lower level in the Integration Level discriminant (for
instance, “Component” or “Technology” for cases where a project with a single

functional output is desired. These modifications, though critical to implementing the
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framework for the 6.1 community, were realized too late to be implemented under this
research project. They are contained as follow-on project recommendations in

Chapter V.

Validation

To validate the framework, the team provided a Beta version of the Systems Engineering
Tailoring Tool for Science & Technology Projects (SETT-STP) framework to eight
senior AFRL scientists and engineers with SE experience. The accompanying
instructions asked the validators to review two out of four notional project types

(Table 6.) A column in the tool allowed for specific comments for each SE activity and
tailored level of SE Rigor, as well as general comments based on Functionality, Activity
Descriptions, Tailoring, References and Tools, and General Comments. Six validation
responses were received and grouped into several functional areas: SE Rigor;
Terminology; Methodology; Tool Usability; CONOPS; and Follow-On Work. The
predominant results are contained in the SE Rigor, CONOPS, and Follow-On Work
areas. The team analyzed the responses for trends as well as incorporating specific
recommendations where possible. Many recommendations were too large in scope or

required major changes to the framework approach to be implemented prior to the

Table 8: Mapping of Validation Projects to Discriminants

[Project RDT&E Budget Core Process TRL Integration Requirements

CP-1| CP-2| CP-3]1-

7-9] Subsystem | System | Mission

Project A

|Proje|:t D Any Combination of Domain Values Selected by Validators
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framework’s release. These major recommendations are summarized in Chapter V for

incorporation into future versions of the framework.

SE Rigor Comments

Most of the validation comments for the SE rigor percentages displayed in the tool were
applicable to Project B. The validators recognized that many of the SE activities (as
written in the framework) were not directly applicable to small, basic research projects
and that the SE rigor values should be reduced, and in many cases even 0%. Although
many specific changes were recommended, the team did not implement them in the tool,
due to the previously recognized need to translate and adapt the SE framework for basic
projects. Making detailed adjustments to the tailoring values would have little worth
when an overhaul of the tool for 6.1 projects is a major recommendation from the

validation effort.

The only other project to receive significant comments on the SE rigor values was Project
C, where the validator agreed with the framework output, which tailors in nearly all SE

activities at a formal level.

Terminology Comments

The two dominant overarching comments (and several detailed specific comments) from
the validation phase reinforced conclusions drawn from the Basic Research case study.
Specifically, the existing framework terminology for SE activities generally does not

apply for 6.1 (Basic Research) projects. Additionally, a fourth domain value under the
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Integration Level discriminant is required to describe single component or technology
development activities. The research team strongly agrees with these comments, but was
unable to implement them in the framework under the scope of this thesis. These

changes are recommended in the follow-on work section in Chapter V.

Additional explanation is needed to instruct users that the selected TRL domain value
should apply to the desired TRL end state for a given phase of a project. This change
was made to the SETT-STP user guide and described in the methodology section of the

thesis report.

Methodology Comments

The validation effort revealed suggestions about the number and nature of discriminant
categories used in the project taxonomy that resulted in the activity tailoring results. One
suggestion was to re-evaluate the discriminants to better define a fewer number of factors
that are integral to recommending SE rigor for a project. The six discriminants that are in
the framework were developed as a direct reflection of how AFRL manages its projects
today. The student team considered an initial approach for the project taxonomy that
used just two overarching discriminants (Project Complexity and Project Maturity). This
approach was discarded, as it did not provide enough fidelity to capture the broad range
of AFRL project types that could benefit from the tailoring framework. Note that a
framework user can set up the tool to incorporate just one or two discriminants and still

obtain proper tailoring recommendations.
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A different suggestion was that using Core Processes as a discriminant might indicate
that some customers deserve more SE than others. This is an accurate assessment based
on the ability of the customer organization to add additional SE rigor to the ultimate end
product. For instance, a CP-3 project delivers to an operational user who can’t perform
additional integration or data management planning, whereas a CP-2 project typically
delivers to a Systems Program Office who will have formal SE processes in place to
ensure the final deliverable is matured by the maximum possible level of SE rigor. Thus,
an AFRL CP-3 project should apply more SE rigor than a CP-2 project. There should be
no interpretation on the level of importance of one customer over another based on this

distinction.

Another suggestion was that the RDT&E Budget Category discriminant should not affect
the framework’s recommended tailored SE rigor level. The team disagrees with this
assessment, as the vast differences between a 6.1 project and a 6.3 project, as noted in the
case studies, are enough to drive an overhaul to the terminology and application of SE

principles based solely on the type of research project (6.1 vs. 6.2/6.3).

A fourth suggestion was that the Integration Level is a more important discriminator and
driver of SE rigor than TRL. The tailoring results and accompanying sensitivity analysis
contained in Appendix C show that Integration Level and Requirements Maturity had
almost no effect on SE rigor tailoring values, so no changes were made based on this

suggestion.
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The final methodology suggestion was to include more than three Project Budget domain
values. The project taxonomy originally included four Project Budget domain values, but
was consolidated down to three due to a lack of difference in tailoring results between the
top two categories. This approach would be useful if specific metrics could be captured

on historic projects to provide additional tailoring insight.

Overall, none of the methodology comments resulted in changes to the final framework.

However, some of the suggestions may be applicable to a follow-on tailoring effort.

Tool Usability Comments

Members of the AFRL SE Council provided usability feedback during individual and
group presentations. Specific Council members and validators commented favorably on
the tool’s functionality and navigation ease, to the point of requesting the tool for their
immediate use. Another comment praised the SE taxonomy, indicating the best use of
the tool is in identifying a comprehensive set of SE activities to be accomplished by S&T

projects.

CONOPS

Several suggestions were made as to how AFRL should apply the framework. None of
these comments resulted in changes to the tool, but they are included for AFRL’s future
consideration. One suggestion was that the framework should be managed and
implemented at the highest possible level within AFRL, thus increasing the chances of
the tool improving SE coherence across Technology Directorates. The final comment re-

iterated the thought that the framework, as currently written, does not cover the 6.1
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(Basic Research) end of the S&T project spectrum, due to the challenges with relating SE

concepts and terminology to the pure science community.

Follow-On Work Comments

Several comments recommended major changes to the SETT-STP framework that were
not incorporated as part of this research. The need for a 6.1-specific translation and
inclusion of a “component” value in the Integration Level discriminant were previously

discussed.

A “high-medium-low” construct for SE rigor was recommended. The idea behind this is
that ranges of tailored SE rigor percentages could be grouped into a simpler color-coded
scheme that indicates whether the level of SE rigor should be high, medium, or low. This
could also represent the recommended SE taxonomy activity detail level a project should
follow. Notionally, “low” rigor activities should be limited to Level 2, “medium” will
apply Level 3 activities, and “high” rigor categories should look at Levels 4 and 5. One
concern with this is that not all Level 3 activities have subtended Level 4 and 5 activities.
This construct was not implemented, but a description of SE rigor percentages and

appropriate notional interpretations were included in Table 3 and in the User’s Guide.

A suggestion was made to perform metrics collection on all AFRL projects that will
validate future tailoring values and improve the framework for further utilization. This
could possibly be implemented with an Excel macro to record parameter values and user

comments. The research team applauds this suggestion but found that discerning
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specific, quantifiable metrics from historical and even existing projects was difficult. If
this can be automated in the future, it will greatly assist AFRL in appropriately applying
it resources toward successful SE.

Additional AFRL-specific information and tailoring for the “Tools” column in the tool
would provide value to project leads. To accomplish this, a focused effort across AFRL
will need to update the “Tools” column with AFRL-specific tools to augment the
generally accepted tools that the research identified in the framework. Tailoring of
specific tools to specific projects may require that the number of discriminants is reduced

to ensure a feasible implementation.
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V. Conclusions & Recommendations

The Air Force is continuing its efforts to implement systems engineering principles
earlier in the life cycle of research and development projects. Proper systems engineering
enables projects to meet cost, schedule, and performance objectives. Current guidance
clearly states the need for early SE [Pre MS-A, 2008; DSB, 2008] and recent studies
within the Air Force Research Laboratories [TASE, 2006; IRT, 2008] indicate isolated
elements of successful SE. The recent implementation of the Focused Long Term
Challenges (FLTCs) within AFRL provides a unique structure to further employ SE
trades at the mission, system, and subsystem and component levels. Additionally,
AFRL’s current operating instructions take a critical first step towards challenging
project managers, scientists, and engineers to consider SE principles for the execution of
their projects. These principles, based on the eight Technical Processes (TPs) and eight
Technical Management Processes (TMPs) from the Defense Acquisition Guidebook
(DAG), are embodied in the eight questions in AFRLI 61-104. Additionally, it is clear
that the AFRL Systems Engineering Council is making strides towards sharing and
implementing SE best practices between the technology directorates. If additional gains
towards cohesive SE within AFRL are to be achieved, subsequent updates to operating
instructions must include a set of common and manageable practices and tools that take
the existing eight questions to the next level of SE rigor. Implementing the SETT-STP
Framework will take a large step toward AFRL realizing its goal of systems engineering

excellence.
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This research developed a framework which incorporates a taxonomy of the SE activities
embodied in the DAG, the International Council for Systems Engineering (INCOSE)
Handbook [INCOSE, 2006], and “The Engineering Design of Systems: Models and
Methods” by Dennis Buede [Buede, 1999]. Although it was not a primary objective of
the research, the SE Taxonomy was cited by several interested parties to be a valuable
stand-alone by-product. The SE Taxonomy provides a comprehensive list of SE
activities that are functionally and hierarchically organized, with the capability to sort to
desired detail levels. Likewise, the Project Taxonomy sets the foundation for describing
a project’s state, and is not limited to DoD terminology. This taxonomy was refined
through a rigorous evaluation of case studies and validation reviews. Additionally, the
customizable nature of the Project Taxonomy allows it to be adapted to meet any S&T

organization’s needs.

The framework includes a methodology for tailoring the specific SE activities for a
unique project state, based on common discriminants and domain values currently found
within AFRL. The tailoring applies a combination of engineering assessment and
numerical analysis that results in weight factors for each project discriminant as they
affect an independent assessment of SE activity applicability. The product from this
framework, the SETT-STP tool, is intended as guidance for the amount of relative SE
rigor to apply for each SE activity on a given project. The tool uses accepted SE
principles and is designed to augment existing AFRL policies and practices. If properly
utilized, SETT-STP will allow scientists and engineers to simply input their project’s

state descriptors and receive as output a comprehensive set of SE activities and their
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recommended rigor that will enable a final deliverable product ready for successful

transition to the project’s customer (Figure 9).
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Figure 9: SETT-STP Functional Diagram

The onus is on each project manager within their specific management structure to
interpret, adapt, and even modify the tailoring recommendations to best suit the needs of
their project. The tailoring recommendations from SETT-STP must be evaluated within
the project context and should not be taken as a directive for specific implementation.
Heuristically, larger programs need to execute a greater number of SE activities to a
greater level of formality and small projects are not relieved of their responsibility to

apply appropriate SE rigor. Feedback from the case studies and interactions with the
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AFRL SE Council indicate SETT-STP appropriately establishes a framework for
approaching what SE activities are suitable. Specifically, the SE Taxonomy compiles
proper SE activities for S&T projects in a hierarchical manner, which in turn facilitates
the tailoring of those activities to a specific project state. Finally, SETT-STP is
applicable to any development project (laboratories, program offices, and commercial
developments, and maybe even humanity’s grand challenges [NAE, 2008]) and allows
scientists, technologists, engineers, and project managers the opportunity to drill down

through the activities and consider whether they are appropriate for a specific project.

Specific Recommendations
The research revealed several opportunities for AFRL to consider in strengthening the SE

program implementation.

1. AFRL should continue to emphasize the utilization of the 16 DAG processes
as a common reference. AFRL made a critical step in this direction with the 8
questions in AFRLI 61-104, including a gross mapping to the DAG processes in
Attachment 1 [S&T SE, 9-18]. Utilizing this established and widely recognized
document, in conjunction with the SE Taxonomy hierarchy implemented in
SETT-STP, provides the opportunity to mature the project question matrix and the

AFRLI 61-104 Attachment 1 correlation to the DAG.

2. AFRL should increase visibility of SE activities within the FLTC construct.
By tailoring reportable SE activities at the Challenge, Problem, Attribute, Product,

and Program level, AFRL could bolster systems engineering implementation
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within the FLTCs. While this visibility of SE activities may be perceived as an
additional burden, standardizing the review process to highlight achievement of
tailored activities within the FLTCs, Core Processes, and Technology Directorates
(i.e. everyone reviewing the same criteria) will ultimately streamline the amount

of reportable and inspectable information.

AFRL should use training and mentorship to foster a culture of “Systems
Thinking.” Scientists and engineers must be able to recognize systems
engineering principles in order to correctly implement them. The SE case studies
demonstrated that the thought process behind systems engineering occurs more
than is commonly realized. Putting more formal and informal attention toward
recognizing SE activities in everyday work will increase the acceptance of the
“SE mindset” and promote a receptive culture that will lead to more proper and

rigorous SE implementation.

AFRL should consolidate and streamline its project management structure
as well as systems engineering initiatives. AFRL manages projects in several
manners, as discussed when compiling the framework’s Project Taxonomy.
While each of the structures has merit and provides benefit to the project planning
and execution process, the structures often interfere with each other and hamper
systems engineering and integration success. Likewise, SE initiatives under the
purview of individual technology directorates each provide some benefit, but
result in a fractured and inefficient overall approach to improving SE across
AFRL. Picking the best practices and expanding them in a smart, integrated

manner will provide the most effective SE value for all S&T projects.
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5. AFRL should begin using the SETT-STP framework to guide SE efforts
within the Technology Directorates. This research was built on existing DoD
and AFRL SE policy and guidance. It was validated by S&T projects with
reported SE success. The case studies, incorporated primarily at the
recommendation of the SE Council, spanned multiple directorates within AFRL,
each with unique approaches and practices that validated the SE activities listed in
the framework. As the SE Council continues to explore the benefits of various
approaches to implement SE across the Technical Directorates, it should build
upon existing practices to employ standardized processes, methods, and tools in

the provided common tailorable framework.

Recommended Follow-On Work
The research revealed several opportunities for future work that was not within the scope

of the research.

1. Further customization and tailoring of the framework, to translate/adapt to 6.1
projects, to include 6.1 specific tools, and to add the ability to tailor at the

component or technology level within the “Integration Level” discriminant.

2. Incorporate AFRL specific “tools / best practices” not listed in the SETT-STP
framework. The tool has application to every technology directorate, but there
may be additional tailoring (additions or subtractions) needed for the SE activity
list in SETT-STP. An example would be adding specific activities from the

Rational Unified Process (RUP) used by AFRL/RI.
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. Validate the specific language within the SE Taxonomy activities to enable
formal AFRL endorsement. A recommended avenue to accomplish this is to

create an AFRL Integrated Dictionary for terms within the SE Taxonomy.

. Determine which reference materials will be formally accepted within AFRL
framework, as the INCOSE Handbook [INCOSE, 2006] and the Buede textbook

[Buede, 1999] were utilized for the framework.

. Provide specific guidance as to how to interpret the “SE Rigor” results from the
framework. The research provides a recommended interpretation as a starting

point.

. Implement a level of standardization across directorates by providing instruction
as to how to establish the context of the project being evaluated, whether it be a
specific technology project or an FLTC designator at the Problem (X.X) or
Capability (X.X.X) level. The SE activities should be applied to the same context
(possibly add room on front page of tool to identify scope or the context of the

project).

. Add inputs, outputs, constraints, sequencing, and related activities for each SE
activity. This will transform the SE taxonomy from just a list of (sequential)
activities into a tool that incorporates project flow and emphasizes the

relationships between the SE activities.
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Appendix A. Case Study Pre-Survey Questionnaire

Your project has been identified for inclusion as a case study in the “Systems
Engineering in a Science & Technology Environment” thesis project at the Air Force
Institute of Technology. The following initial information regarding your project is
requested in order to better approach interactions during the case study period of the
thesis project:

Project Name:
Point of Contact:
AFRL Directorate:
Phone Number:
Email:

Please identify where your project falls with respect to the following areas. Choose a
single best answer if possible. Descriptions are provided on the following pages:

1) Primary RDT&E Budget Category

6.1 Basic Research
6.2 Applied Research
6.3 Advanced Technology Development

2) Total S&T Project Budget

Budget< $500K
$500K < Budget < $5M
Budget > $5M

3) Core Processes
CP-1 CP-2 CP-3
4) Technology Readiness Level

TRL 1-2 TRL 3-4 TRL 5-6 TRL 7-9

5) Level of Integration / System Hierarchy

Subsystem Level Technology
System Level Concept
Mission Level Concept

6) Requirements Maturity

Technology Push
Requirements Pull

71

www.manaraa.com



DISCRIMINANT #1: Research, Development, Test and Evaluation (RDT&E)

Budget Category

Source: DoD Financial Management Regulation Volume 2B, Chapter 5, July 2008

Reference:

http://www.dtic.mil/descriptivesum/RDTE Budget Activies Establishing RDTE Program Elements.pdf

DOMAIN VALUE: Budget Activity 1, Basic Research. Basic research is systematic study directed
toward greater knowledge or understanding of the fundamental aspects of phenomena and of observable
facts without specific applications towards processes or products in mind. It includes all scientific study
and experimentation directed toward increasing fundamental knowledge and understanding in those fields
of the physical, engineering, environmental, and life sciences related to long-term national security needs.
It is farsighted high payoff research that provides the basis for technological progress. Basic research may
lead to: (a) subsequent applied research and advanced technology developments in Defense-related
technologies, and (b) new and improved military functional capabilities in areas such as communications,
detection, tracking, surveillance, propulsion, mobility, guidance and control, navigation, energy conversion,
materials and structures, and personnel support. Program elements in this category involve pre-Milestone A
efforts.

DOMAIN VALUE: Budget Activity 2, Applied Research. Applied research is systematic study to
understand the means to meet a recognized and specific need. It is a systematic expansion and application
of knowledge to develop useful materials, devices, and systems or methods. It may be oriented, ultimately,
toward the design, development, and improvement of prototypes and new processes to meet general
mission area requirements. Applied research may translate promising basic research into solutions for
broadly defined military needs, short of system development. This type of effort may vary from systematic
mission-directed research beyond that in Budget Activity 1 to sophisticated breadboard hardware, study,
programming and planning efforts that establish the initial feasibility and practicality of proposed solutions
to technological challenges. It includes studies, investigations, and non-system specific technology efforts.
The dominant characteristic is that applied research is directed toward general military needs with a view
toward developing and evaluating the feasibility and practicality of proposed solutions and determining
their parameters. Applied Research precedes system specific technology investigations or development.
Program control of the Applied Research program element is normally exercised by general level of effort.
Program elements in this category involve pre-Milestone B efforts, also known as Concept and Technology
Development phase tasks, such as concept exploration efforts and paper studies of alternative concepts for
meeting a mission need.

DOMAIN VALUE: Budget Activity 3, Advanced Technology Development (ATD). This budget activity
includes development of subsystems and components and efforts to integrate subsystems and components
into system prototypes for field experiments and/or tests in a simulated environment. ATD includes concept
and technology demonstrations of components and subsystems or system models. The models may be
form, fit and function prototypes or scaled models that serve the same demonstration purpose. The results
of this type of effort are proof of technological feasibility and assessment of subsystem and component
operability and producibility rather than the development of hardware for service use. Projects in this
category have a direct relevance to identified military needs. Advanced Technology Development
demonstrates the general military utility or cost reduction potential of technology when applied to different
types of military equipment or techniques. Program elements in this category involve pre-Milestone B
efforts, such as system concept demonstration, joint and Service-specific experiments or Technology
Demonstrations and generally have Technology Readiness Levels of 4, 5, or 6. Projects in this category do
not necessarily lead to subsequent development or procurement phases, but should have the goal of moving
out of Science and Technology (S&T) and into the acquisition process within the future years defense
program (FYDP). Upon successful completion of projects that have military utility, the technology should
be available for transition.
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DOMAIN VALUE: OTHER. This includes Budget Activity 4, Advanced Component Development and
Prototypes (ACD&P); Budget Activity 5, System Development and Demonstration (SDD); Budget Activity
6, RDT&E Management Support; and Budget Activity 7, Operational System Development.

Budget Activity 4, Advanced Component Development and Prototypes (ACD&P). Efforts necessary to
evaluate integrated technologies, representative modes or prototype systems in a high fidelity and realistic
operating environment are funded in this budget activity. The ACD&P phase includes system specific
efforts that help expedite technology transition from the laboratory to operational use. Emphasis is on
proving component and subsystem maturity prior to integration in major and complex systems and may
involve risk reduction initiatives. Program elements in this category involve efforts prior to Milestone B
and are referred to as advanced component development activities and include technology demonstrations.
Completion of Technology Readiness Levels 6 and 7 should be achieved for major programs. Program
control is exercised at the program and project level. A logical progression of program phases and
development and/or production funding must be evident in the FYDP.

Budget Activity 5, System Development and Demonstration (SDD). SDD programs have passed Milestone
B approval and are conducting engineering and manufacturing development tasks aimed at meeting
validated requirements prior to full-rate production. This budget activity is characterized by major line item
projects and program control is exercised by review of individual programs and projects. Prototype
performance is near or at planned operational system levels. Characteristics of this budget activity involve
mature system development, integration and demonstration to support Milestone C decisions, and
conducting live fire test and evaluation (LFT&E) and initial operational test and evaluation (IOT&E) of
production representative articles. A logical progression of program phases and development and
production funding must be evident in the FYDP consistent with the Department’s full funding policy.

Budget Activity 6, RDT&E Management Support. This budget activity includes research, development, test
and evaluation efforts and funds to sustain and/or modernize the installations or operations required for
general research, development, test and evaluation. Test ranges, military construction, maintenance support
of laboratories, operation and maintenance of test aircraft and ships, and studies and analyses in support of
the RDT&E program are funded in this budget activity. Costs of laboratory personnel, either in-house or
contractor operated, would be assigned to appropriate projects or as a line item in the Basic Research,
Applied Research, or Advanced Technology Development program areas, as appropriate. Military
construction costs directly related to major development programs are included.

Budget Activity 7, Operational System Development. This budget activity includes development efforts to
upgrade systems that have been fielded or have received approval for full rate production and anticipate
production funding in the current or subsequent fiscal year. All items are major line item projects that
appear as RDT&E Costs of Weapon System Elements in other programs. Program control is exercised by
review of individual projects. Programs in this category involve systems that have received Milestone C
approval. A logical progression of program phases and development and production funding must be
evident in the FYDP, consistent with the Department’s full funding policy.

050202 Establishing RDT&E Program Elements

A. The program element is the primary data element in the Future Years Defense Program (FYDP) and is
the major aggregation, at which RDT&E efforts are organized, budgeted and reviewed. All funding
associated with a major system new start should be identified in a unique program element. Requests to
establish program elements should be forwarded to OSD Program Analysis and Evaluation for coordination
and approval. Instructions are contained in DoD 7045.7-H, “The FYDP Program Structure Handbook.”

B. In general, the coding symbology identifies the RDT&E budget activity for the program element.
Program elements in RDT&E budget activities 1 through 6 will have “06” in the first two positions;
“06”indicates it is part of Major Force Program 6, Research and Development. The third and fourth
position will identify the specific budget activity (e.g., 0602 is an RDT&E budget activity 2 program
element). Program elements in RDT&E budget activity 7 reflect the Major Program of the fielded system in
the first two positions (e.g., “01” indicates a strategic system).
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DISCRIMINANT #2: Total S&T Project Budget

This descriminant captures the total funding size of the S&T project across fiscal years. As it is used
to distinguish relative size of the project, the division of domain values was set to discriminate very
small projects from very large projects such as an integrated Advanced Technology Demonstration.
“Budget” refers to the estimated project costs for the lifetime of the science & technology program. It
includes costs for the prior, current and planned future years of the project’s research and/or demonstration
phase (as opposed to full system development or production.)

Note: If the project is an integrated demonstration, do NOT include costs of subsystem or component-level
projects being done under separate project budget authority.

DOMAIN VALUE: Budget < $500K
DOMAIN VALUE: $500K < Budget < $5M

DOMAIN VALUE: Budget > $5M

DISCRIMINANT #3: Core Processes

DOMAIN VALUE: Core Process 1 (CP1)
Projects that address future technology concepts to senior Air Force leadership and/or advance a core
technology that influences the broader S&T community are referred to CP1. Projects progressing through
CP1 that have identified a transition customer are then referred to CP2 to continue maturation of the
technology, ready for integration into an acquisition or sustainment program.
Source: AFRL Enterprise Process Management — Volume II: Core Process 2, Paragraph
4.1.1.1.1/2

DOMAIN VALUE: Core Process 2 (CP2)
CP2 is the process that enables AFRL to identify and mature technologies needed to enhance or transform
weapons systems and contribute to a successful technology transition process. It is designed to have strong
ties to acquisition, sustainment, and industrial communities and to focus on product delivery — the emphasis
is on developing and delivering affordable, timely, and transitionable technology options characterized by
disciplined program management and systems engineering and heavily drawing upon the research from
Core Process 1. Therefore, the primary outputs of CP2 are mature technologies ready for integration into
an acquisition or sustainment program — technologies that shape today’s Air Force.
Source: AFRL Enterprise Process Management — Volume II: Core Process 2, Paragraph
1.3

DOMAIN VALUE: Core Process 3 (CP3)
Core Process 3 (CP3) addresses near-term warfighter technology needs through the rapid infusion,
integration, and innovation of S&T-based solutions that capitalize on the breadth and depth of AFRL’s
expertise. CP3 is designed to tightly integrate AFRL S&T knowledge with operator knowledge to deliver
solutions to the warfighter in 6-12 months. The solutions may utilize individual or focused technology
application (in which case the process is usually executed at the TD level), or cross- and multi-discipline
technology solutions (executed at the enterprise level). CP3 encompasses technology demonstrations and
corporate efforts for consulting and prototyping to meet near term warfighter technology needs. CP3
requires a framework that tolerates risk-taking and innovative, unconventional (out-of-the-box) thinking,
yet focuses on delivering viable solutions. To provide these attributes, CP3 requires the cultural,
institutional, and business support systems needed to rapidly deliver innovative capability to Air Force and
other AFRL customers and stakeholders.

Source: AFRL Enterprise Process Management — Volume III: Core Process 3, Paragraph

1.3
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DISCRIMINANT #4: Technology Readiness Level

Technology Readiness Levels are determined by a Technology Readiness Assessment (TRA), a “regulatory
information requirement for all acquisition programs. It is a systematic, metrics-based process that
establishes the maturity of critical technology elements. The TRA should be conducted concurrently with
other technical reviews such as the Alternative Systems Review, System Requirements Review, or the
Production Readiness Review. (Defense Acquisition Guidebook)

Source: Glossary of Defense Acquisition Acronyms & Terms, 12" Edition, July 2005.
Reference: https://akss.dau.mil/jsp/glossary.pdf

DOMAIN VALUE: TRL 1-2

TRL-1: Basic principles observed and reported.

Description: Lowest level of technology readiness. Scientific research begins to be translated into applied
research and development. Examples might include paper studies of a technology's basic properties.
TRL-2: Technology concept and/or application formulated.

Description: Invention begins. Once basic principles are observed, practical applications can be invented.
Applications are speculative and there may be no proof or detailed analysis to support the assumptions.
Examples are limited to analytic studies.

DOMAIN VALUE: TRL 3-4

TRL-3: Analytical and experimental critical function and/or characteristic proof of concept.

Description: Active research and development is initiated. This includes analytical studies and laboratory
studies to physically validate analytical predictions of separate elements of the technology. Examples
include components that are not yet integrated or representative.

TRL-4: Component and/or breadboard validation in laboratory environment.

Description: Basic technological components are integrated to establish that they will work together. This
is relatively "low fidelity" compared to the eventual system. Examples include integration of "ad hoc"
hardware in the laboratory.

DOMAIN VALUE: TRL 5-6

TRL-5: Component and/or breadboard validation in relevant environment.

Description: Fidelity of breadboard technology increases significantly. The basic technological
components are integrated with reasonably realistic supporting elements so it can be tested in a simulated
environment. Examples include "high fidelity" laboratory integration of components.

TRL-6: System/subsystem model or prototype demonstration in a relevant environment.

Description: Representative model or prototype system, which is well beyond that of TRL 5, is tested in a
relevant environment. Represents a major step up in a technology's demonstrated readiness. Examples
include testing a prototype in a high-fidelity laboratory environment or in simulated operational
environment.

DOMAIN VALUE: TRL 7-9

TRL-7: System prototype demonstration in an operational environment.

Description: Prototype near, or at, planned operational system. Represents a major step up from TRL 6,
requiring demonstration of an actual system prototype in an operational environment such as an aircraft,
vehicle, or space. Examples include testing the prototype in a test bed aircraft.

TRL-8: Actual system completed and qualified through test and demonstration.

Description: Technology has been proven to work in its final form and under expected conditions. In
almost all cases, this TRL represents the end of true system development. Examples include developmental
test and evaluation of the system in its intended weapon system to determine if it meets design
specifications.

TRL-9: Actual system proven through successful mission operations.

Description: Actual application of the technology in its final form and under mission conditions, such as
those encountered in operational test and evaluation. Examples include using the system under operational
mission conditions.

75

www.manaraa.com



DISCRIMINANT #5: Level of Integration / Demonstration —-OR- System

Hierarchy
The Air Force S&T Vision is “Anticipate, Find, Fix, Track, Target, Engage, and Assess — Anything,
Anywhere, Anytime” (p.4). In order to realize this Vision, the Air Force Research Laboratory has divided
their projects into Focused Long Term Challenges (FLTCs) in order to characterize the Air Force problem
space and provide a framework for long term S&T planning. The FLTC framework facilitates a dialog
with stakeholders of planning priorities and desired effects without prematurely dictating “solutions,
platforms, or domain specific assumptions” (p.8) or the “type, source, or timing of potential technical
solutions”(p.30). FLTCs are currently divided into the following categories: Technology Challenges,
Problem Statements, Attributes, Products, and Programs.

Source: AFRL Capability Based S&T Strategy 2030, 31 July 2007.

In order to make the taxonomy more generic and applicable to the AFRL context as well as other

government agency (OGA) and industry contexts, the following domain values describe the level of

integration and/or demonstration of a concept or technology into an applicable system hierarchy:
Source: Student Defined

DOMAIN VALUE: Subsystem Level (or below) Technology

Target project/demonstration is at the subsystem level (or lower ... i.e. component). A fully developed
system concept may not yet exist. A wide range of external dependencies are possible, and may be only
notionally defined. It is also possible that a target system/component is already identified.

DOMAIN VALUE: System Level Concept / Demonstration

Target project/demonstration is contained to a specific system and/or S&T project. Will generally integrate
subsystem and/or component technologies within the system concept. Interfaces are well understood and
within control of the project lead.

DOMAIN VALUE: Mission Level Concept / Demonstration

Target project/demonstration includes multiple independent systems and/or project interfaces and may
require integration at levels beyond the control of the project lead, and will generally have dependencies
external to the project.

DISCRIMINANT #6: Requirements Maturity

Source: AF 63-101 “Operations of Capability Based Acquisition Systems”
DOMAIN VALUE: Technology Push
Technology push is defined as technology that has the potential for new revolutionary warfighting
capabilities (AF 63-101, 2.1.3).
DOMAIN VALUE: Requirements Pull

Requirements pull is defined as technology developed in response to documented operator needs (AF 63-
101, 2.1.3).
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Appendix B. SE Tailoring Tool User’s Guide

Systems Engineering Tailoring Tool
for S&T Projects

User’s Guide (Version 1.0, 4 March 2009)
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1| Welcome to the Systems Engineering Tailoring tool for Science & Technology Projects (SETT-STP) Latest Change: 3/4/2009 9:25 |
2
3 | Please select the following project discriminants that apply. Hover on a selection to see a description.
4 (To select a discriminant place a "1" in the cell next to the domain value. Leave all other domain values marked with a "0")
5
6 RDT&E Category Technology Readiness Level
7 | |6.1 (Basic Research) 0 13
8 | |6.2 (Applied Research) 3-4
9 | |6.3 (Advanced Technology Development) 0 56
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11 |Project Budget
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2 Drill down into lower level SE activities by using the "+" marks on the left of that worksheet.
A — ,f(’_ ‘ PROJECT NAME
%P l [ POINT OF CONTACT
: AR FORGE INSTITUTE OF TECHNGLOGY
28
29 Major Steve Behm, Major Brad Pitzer, Ms. Jane White, Dr. David Jacques (faculty advisor)
30
31
32
i3
34 2
4 4 » M| Tailoring Selection . Talored SE Activities Tool Notes - Glossary Tab %2 M m
Ready | | ==]E]] 100% (=) () +

Developed by:
Maj Steve Behm
Maj Brad Pitzer
Miss Jane White
Dr. David Jacques (faculty advisor)
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Introduction

Systems engineering (SE) is essential to effectively developing and transitioning complex
technical products, whether they transition to a higher Technology Readiness Level, to a
more mature Science and Technology (S&T) effort, to a Systems Program Office, or to
an operational user. However, executing the complete set of SE activities can be
cumbersome, confusing, and not resource effective for the laboratory scientist.

This SE Tailoring Tool was developed to help S&T project managers decide which SE
activities are either critical or of minimal importance for a certain type of project. It
recognizes that all projects are not the same, and the maturity of the technology, the
development lead-time, and even the project budget dictate the SE rigor that should be
applied.

The tool provides a relative importance “weight” for over 350 individual SE activities
based on the type of project. The results do not provide a “yes/no” checklist as to what to
do and what not to do, but rather suggests a relative importance of activities to
accomplish.

A few Notes before getting started:

- The tool is a starting point; not all projects will clearly fit the tailoring for the
selected categories. Users may need to adjust their selections to adjoining
domain values to get the tailoring that best suits their specific program.

- The tool describes WHAT to do, not necessarily HOW to do it. It assumes the
user is familiar with basic SE terminology and principles and has access to more
detailed information about specific tasks and suggested tools. The tool does
provide ready references to defense, industry, and academic sources to aid the
user on HOW to implement the activities.

- The tailoring tool can be an effective teaching aid, but it is not designed to be a
self-contained SE training tool.

- Changes to the weighting can be made if one discriminant improperly dominates
the weighting for a given project. See the “Advanced User Notes” section to
adjust the weighting factors.

- Although users will be asked to select specific domain values for their project,
the best results will be achieved if the user has a clearly defined context for the
project as a sanity check on the results. For example, is the program a portion of
a larger project effort, and what is the transition target for the program or
project. Without the proper project context, the recommended SE activities will
not provide the true systems engineering value to the project. All domain values
should be based on the discriminant’s desired end-state for the current phase of
the project.
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Getting Started

To start using the tool, open the file: SE Tailoring Framework for S&T Projects vi_0.xls
on a computer equipped with Excel 2007. Older versions of Excel will still
fundamentally run the tool, but may lose some advanced functionality. The tool opens to
the worksheet titled “Tailoring Section” and contains six blocks that describe the
discriminants and domain values (see Figure 1). Each domain value has a definition
embedded in the cell comment, so hovering over the red triangle in the upper right corner
of the cell, or right clicking on “Show Comment” for a cell will display the definition.
For a given project, the user should type a “1” in the appropriate block for each domain
value that applies, and type a “0” for each value that does not apply. An optional space
allows for saving the Project Name and Point of Contact.

(@ H2-0-3 )¢ SE Tailoring Tool for Science & Technology Projects v1_0.xls [Read-Only] [Compatibility Mode] - Microsoft Excel = = o
i} =
Home | Inset  Pagelayout  Formulas Data  Review  View  Developer  Acrobat @ - 7 X
= d - ~l= = L pr ) A
B _’ Tahoma oA ] [E= =] | S wepTen e |l = X [ 57
Paste BrlwZe il B A ||| === == | 5 Mergea C 5 - % 3 || Conditional Format  Cell Insert Delete Format Sort& Find &
= L | | ||| | e Meme e | sl e Bl bk Sl B B - &~ Filter - Select
Cliphoard 15 Font Alignment Number Styles Cells Editing
| Comment18 = ( £
A B g D E F G H i J K L i
1| Welcome to the Systems Engineering Tailoring tool for Science & Technology Projects (SETT-STP) Latest Change: 3/4/2009 9:25
2
3 Please select the following project discriminants that apply. Hover on a selection to see a description.
4 | (To select a discriminant place a "1" in the cell next to the domain value. Leave all other domain values marked with a "0")
5
6 | |RDT&E Category | Technology Readiness Level
7 | |61 (Basic Research) 0 12 Systems Engineering Processes
8 | |6.2 (Applied Research) 3-4
9 | [6.3 (Advanced Technology Development) 0 56 0
10 7-9 1 o |

11| |Project Budget |

12 | |<$500K 1] Integration Level
13| |$500K - $2M Subsystem
14| |=$2m Q System

15| — Mission 0 Technical Mansgerment Processes (Continuous)
16 (core Process ~ J ]
= [wrere ]
i | U
18| |CP-2 (Medium Term) Technology Push
19| |cp-3 (Ulgent User Needs) 0 = e
o
21| After selecting your project discriminant click on the worksheet tab "Tailord SE Activities” bglow. PErEsess
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PROJECT \JAME TRequi pullis defined as technology developed i |
1 Hresponse to docu }

mented operator nesds (AF 63-101, 2.1.3).
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Domain Value |

4 4 » ¥ Tailoring Selection - Talored SE Activities -~ Tool Notes - Glossary Tab %2 T u
Cell E19 commented by Maj Brad Pitzer | ==]E]] 1003 (=)o)

Figure 10: Tailoring Selection Screen

Note: The base file is “read only”, so users will need to save the tailoring tool file for
each set of project discriminants. This will ensure a common starting point for all
projects, consistent display of results, and will maintain an unaltered version of the tool
for later user.
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Displaying Your Results

After the appropriate domain values are selected, click on the tab to select the “Tailored
SE Activities” Worksheet (see Figure 2). The “Tailored SE Activities” screen contains
the Defense Acquisition Guidebook’s Technical Processes (TPs) and Technical
Management Processes (TMPs), the activity detail level, the SE activity name, the
literature source that the activity was derived from, the tools associated with the activity,
and the tailored weight of that activity.

The tailoring weights are only directly applied to activities at level 3. The level 3 scores
are rolled up for level 2 weights, which are represented by the highest and lowest activity
weights from the subordinate level 3 activities. Likewise, the level 1 weights display the
maximum and minimum weights from each of the level 2 categories. The scores will be
in a range of 0% to 100%, with a 100% activity being critical to successful SE on the
project, and 0% being of minimal impact. The default/initial display will show the roll-
up weights associated with levels 1 and 2.

| Level Selector Filtering Arrows
o =3 2 - a s SE Tailoring Toffl for Science & Technology Projects v1_OxIs [Read-Only] [Compatibility Mode] - Microsoft Excel i
a) =
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B — V| FormulaBar () i = l =3 Split ] F =
2l Lo | E5 R [k H 2 H B = =
Grdiines [ Headings A s el = Hide =
Normal Page Page Break | Custom  Full Zoom 100% Zoomto  New Amange Freeze Save  Switch || Macros
Layout Preview | Views ge Selection | Window Al Panes~ [ Unhide on | Workspace Windows> | -
Workbook Views Show/Hide Zoom Window Di . .
irect weightin
5304 - £ g g

w A /B £ D E at LeVeI;
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TP-3 2 Evaluate Design Alternatives DAG Sec 4.2.4.3 25% - 100%
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TP-3 3 Consider existing off-the-shelf solutions INCOSE Pg 4.8 100%
TP-3 3 Evaluate alternative design solutions INCOSE Pg 4.8 ( 75%)
TP-3 3 Identify recognized standards to be used in design solution INCOSE Pg 4.6 DoDAF TV-1 w
TP-3 3 Perform trade studies DAG Sec 4.2.4.3. 80%|
TP-3 3 Perform design modeling DAG Sec 4.2.4.3. 50%)
TP-3 3 Evaluate to performance attributes and measures DAG Sec 4.2.4.3. 100%)|
TP-3 3 Confirm interoperability DAG Sec 4.2.4.3. 25%
TP-4 i TP-4 (Implementation) 5% - 100%
TP-4 2 Generate | tation Strategy INCOSE Pg 4.10 30% - 100%
TP-4 3 Utilize design requirements INCOSE Pg 4.9 100%|
TP-4 3 Utilize verification criteria INCOSE Pg 4.9 100%)|
TP-4 3 Utilize validation criteria INCOSE Pg 4.9 100%)|
TP-4 3 Utilize terms and conditions of agreements INCOSE Pg 4.9 100%|
TP-4 =) Utilize government and industry standards INCOSE Pg 4.9 MIL-STD, IEEE, ISO 100%|
TP-4 3 Improve process control with Lean Design INCOSE Pg 4.10 30%
P-4 2 Fabricate Hardware DAG Sec 4.2.4.4. 30% - 100%
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Figure 11: SE Tailoring Tool Activities Screen
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Note: The tailoring weights for SE Activities will vary if something other than one
domain value is selected for each project discriminant. For instance, if two values for
Technology Readiness Level are selected, the weights will be different than if only one
TRL value is selected. Likewise, if one discriminant is left with all “0”” values selected,
the weights will be different than if one domain value from each discriminant was
selected. The tailored values will all still be based on a 0-100% weighting scale.

Grouping and Filtering

There is a “+” sign to the left of each activity. The “+” sign can be clicked for each
process to drill down to the next level of SE activity grouping. This process can be
repeated to expand activity details up to five levels, depending on the specific details
included in the activity. Alternately, activity details can be expanded by clicking on the
desired detail level (1, 2, 3, 4, or 5) from the upper left corner of the worksheet.

At the top of each data column, a dropdown box with a downward pointing arrow is
displayed. These arrows allow for filtering on a specific piece of data within each
column. For instance, if a user only wanted to display activities in TMP-5, the user
would click on the dropdown box in column A “Process”, then uncheck all boxes except
for TMP-5.

Note: Users are encouraged to use the filtering for the “Process”, “Level”, and “Tailored
Weight” data columns for displaying data. Use filtering for the “SE Activity”, “Source”,
and “Tools” data columns only to find specific items, or use the search feature in Excel.

Note: The filtering will override the previously selected display grouping. The grouping
can be restored for the filtered selection by clicking on the appropriate “+” or “-*.
Clicking on the grouping number boxes in the upper left corner will override the filtering

selection.
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Advanced User Notes

The SE activity weighting factor system is embedded and hidden in the tool. The base
factors are:

RDT&E Category: 0.2

Project Budget: 0.3

Core Process: 0.2

Technology Readiness Level: 0.2

Integration Level: 0.05

Requirements Maturity: 0.05
The factors can be changed, but it is necessary that the factors sum to 1.0 in order to keep
the weighting scale at 0-100%. To access them, select columns “Y” through “AH”, right
click, and select “unhide”. Make sure that all rows are displayed; this is best done by
clicking on the “5” in the detail level selector in the upper left corner of the worksheet.
The factors are located in column AE. Hide the factors by highlighting columns “Z”,
through “AG”, right click, and select “hide”. DO NOT change the other values in
columns “Z” through “AF” or the tailoring weight calculations will be lost.

Activities can be added or deleted by inserting or deleting a selected row, respectively,
within Excel. If an activity is added at Level 3, tailoring should be included for each
possible domain value. To access the tailoring markings, select columns “E” through
“Y”, right click, and select “unhide”. The discriminant categories and domain values are
listed at the top of the spreadsheet. Place a “1” in the appropriate box if the activity is
deemed necessary for successful completion of a project in that domain value; place a “0”
in that box otherwise. To display the calculated weight, select the cell for weight of an
adjoining level 3 activity, copy it, and paste it in the weight column of the new activity.
Do NOT drag an adjoining weight into the new cell. Hide the tailoring values by
highlighting columns “F”, through “X”, right click, and select “hide”. After inserting or
deleting an activity, that process’ activities need to be re-grouped. Use the “group” and
“ungroup” features on the “data” menu in Excel 2007.
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Appendix C. Tailored Weight Statistical Analysis

The tailored weights were analyzed to understand the impact of each discriminant on the
total tailored weight for each Level 3 activity. The baseline project type for the analysis
is 6.2, $500K - $2M, CP-2, TRL 3-4, System Level, and Requirements Pull. From this
baseline, each discriminant was modified to each contained domain value. For each
domain value, the tailored weight was recorded for the 350 Level 3 activities. The
tailored weights were then binned, with bin widths of 10%, to output total numbers of
Level 3 activities that fall in each bin. It is important to note that weight factors were
applied as follows: RDT&E Category: 0.2; Project Budget: 0.3; Core Process: 0.2; TRL:
0.2; Integration Level: 0.05; and Requirements Maturity: 0.05. The data and analysis for

each varied discriminant follows.

Various RDT&E Categories, $500K - $2M, CP-2, TRL 3-4, System Level, Rqmts Pull

Tailoring for Various RDT&E Categories, Bins 6.1 6.2 6.3
>$2M, CP-2, TRL 3-4, System Level, Requirements Pull 0-5% 12 12 12
. peesanmn 5-15% 10 10 4
U 50 o e SN
£ 200 '\l---": — N 15-25% 0 0 0
R N | 25-35% 24 11 0
TN e ——w— N -459
P Ve e el .| | 3% 5 3 9
E ® 4 —~~ao " ' ~ B . 45-55% 14 17 0
J do 4 " R ;
2 PSS e = 3] 55-65% 41 12 23
N L L 6.3
Vw gy NP s g 65-75% 2 14 0
@ f\‘} < ‘,&
g 75-85% 75 43 60
Activity Tailored Weights 85-95% 0 0 0
95-100% 165 228 242

Analysis: This discriminant has a significant effect on the tailoring. The portions of
100% weights comprise 47% of all 6.1 activities, 65% of all 6.2 activities, and 69% of all

6.3 activities.
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Various Budget, 6.2, CP-2, TRL 3-4, System Level, Rqmts Pull

Tailoring for Various Budgets, 6.2, CP-2, TRL 3-4, System . $500K-
Level, Requirements Pull Bins <$500K  $2M >$2M
0-5% 12 12 12
3 e 5-15% 13 10 4
2 — » 15-25% 0 0 0
x g — 25-35% 23 11 0
S i =W s 35-45% 0 3 9
E figae,. —ve S0 ssosm || asss% 47 17 0
-4 S = o~ l_"‘; A iy & £ G{ o
uh 3 @ Y. g o o £ £ B52M 55-65% 0 12 23
wn : i I
"edagd g 3 65-75% 57 14 0
& 75-85% 13 43 60
Activity Tailored Weights 85-95% 0 0 0
95-100% 185 228 242

Analysis: This discriminant has a significant effect on the tailoring. The portions of
100% weights comprise 53% of all low budget activities, 65% of all middle budget
activities, and 69% of all high budget activities. Additionally, the portions of weights
below 55% comprise 27% of all <$500K activities, 15% of all $500K-$2M activities, and

only 7% of >$2M activities.

Various Core Process, 6.2, $500K-$2M, TRL 3-4, System Level, Rqmts Pull

Tailoring for Various Core Processes, 6.2, Bins CP-1 CP-2 CP-3

$500K - $2M, TRL 3-4, System Level, Requirements Pull 0-5% 12 12 1

. e O 5-15% 21 10 0
3 —_ = 15-25% 0 0 0
g i ] 25-35% 17 11 21
;; .':.'. w1 | 35-45% 11 3 0
é - u(P2 | 45-55% 10 17 17
4 ' 2 | 55-65% 30 12 12

b 65-75% 4 14 14

75-85% 51 43 45

Activity Tailored Weights 85-95% 0 0 0

95-100% 194 228 228

85

www.manaraa.com



Analysis: The Core Process discriminant affects some tailoring, but to a lesser extent
than does RDT&E Category and Project Budget. The portion of 100% weighted
activities is 55% for CP-1, and 65% for both CP-2 and CP-3. The tailoring stands out a
bit more in the lower weighted regions, as the portions of activities with weights below

55% are 20% of CP-1, 15% of CP-2, and 11% of CP-3.

Various Technology Readiness Levels, 6.2, $500K-$2M, CP-2, System, Rqmts Pull

Tailoring for Various TRLs, 6.2, Bins 1-2 3-4 5-6 7-9
$500K - $2M, CP-2, System Level, Requirements Pull 0-5% 12 12 12 12
" — 5-15% 10 10 7
2300 i
£ < p—— RS 15-25% 0 0 11
S 200 e E— =
$ 100 | SN 25-35% 15 11
u i Pt B =
5 P iy Bl
- L .,-:- Far -8 35-45% 4 3 0 0
— L] 2
E o *® o W - F§ " |a555% 21 17 15 15
153 al T — ____: |
2 ¢ (g,\‘?q@? 5 o g — 56| 55.65% 14 11 5 4
N T 0o P
U P ,\ﬁ&?’ ch'?k \9@1“ B9 | 65-75% 6 14 27 27
¥ g 75-85% 102 43 18 20
Activity Tailored Weights 85-95% 0 0 0 0
95-100% 165 228 262 262

Analysis: The TRL discriminant has a moderate effect on tailoring, especially at the
lower domain values. The portions of 100% weights are 47% for TRL 1-2, 65% for TRL
3-4, and 75% for TRL 5-9. Additionally, the lower weights are reflective of this
moderate effect on tailoring. The portions of activities weighted below 55% are 18% for

TRL 1-2, 15% for TRL 3-4, 14% for TRL 5-6, and 11% for TRL 7-9.
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Various Integration Levels, 6.2, $500K-$2M, CP-2, TRL 3-4, Rqmts Pull

Tailoring for Various Integration Levels, 6.2, $500K - Bins Subsystem  System Mission
$2M, CP-2, TRL 3-4, Requirements Pull 0-5% 12 12 12
Y e e 5-15% 10 10 10
L e ——— sox 0 o G
:t‘j e | ': e i 25-35% 11 11 11
g 0 lL'- 4 ___:“_’:"j-';"";‘"'-r | — : B Subsystem 35-45% 3 3 3
5 £ % 2 \5;..=~;=f miien 45-55% 17 17 17
cIom2 B d % e o Mission | | 55-65% 12 12 12

SR A S T
MmO o5 s S 65-75% 14 14 14
8 75-85% 43 43 43
Activity Tailored Weights 85-95% 0 0 0
95-100% 228 228 228

Analysis: Integration Levels had no effect on the SE activity tailoring. All activities fell
into the same weight bins for each integration level (mission, system, and subsystem).
This supports the argument to apply a lower weight factor to this discriminant.

Various Requirement Maturity Levels, 6.2, $500K-$2M, CP-2, TRL 3-4, System

Tailoring for Various Requirements Maturities, 6.2, Tech Ramts
$500K-52M, CP-2, TRL 3-4, System Bins Push Pull

0-5% 12 12

Sag T 5-15% 10 10
faoy T 15-25% 0 0
S e e 25-35% 11 11
% % L;";‘f—j—'--:_{':i!_'; B Tech Push 35-452/0 3 3
2 e E n‘ 3, E—? g Ci; ;f, E; aq_ u Rgmts Pull 45-55% 17 17
ﬂmgﬁﬁz % 2 55-65% 12 12

THd gy 65-75% 14 14

75-85% 43 43

Activity Tailored Weights 85-95% 0 0

95-100% 228 228

Analysis: Requirement Maturity Levels had no effect on the SE activity tailoring. All
activities fell into the same weight bins for each requirement maturity level (Tech Push
and Requirements Pull). This supports the argument to apply a lower weight factor to

this discriminant.
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Appendix D. Glossary

CASE STUDY
Current and recently completed S&T project reviewed by the team in order to refine the
SE taxonomy’s terminology, grouping, or tailoring values.

DISCRIMINANTS
Six categories utilized to identify various aspects of a project, to include: Primary

RDT&E Budget Category, Total S&T Project Budget, Core Process, Technology
Readiness Level, Level of Integration / System Hierarchy, and Requirements Maturity.

DOMAIN VALUES
Eighteen sub-categories of the discriminants, utilized to specify project information.

FILTERING
Tailoring tool feature to retrieve specific data within each column of the worksheet, as
indicated by “down arrows” in the column title blocks.

FRAMEWORK

Comprised of a taxonomy of comprehensive SE activities and a separate taxonomy of
relevant categories and domain values possible for S&T projects, and forming the basis
for the tailoring tool.

GROUPING
Tailoring tool feature to display the SE activity details, up to five levels.

MATURITY
State of readiness to transition to the next level of development, implementation, or
utilization.

PROJECT
Any planned effort with a specific end goal.

PROJECT TAXONOMY
Classifying a project by the six discriminants.

QUALIFICATION

The process of verifying and validating the system design and then obtaining the
stakeholder's acceptance of the design, per Dennis Buede.

SE ACTIVITIES
Actions done in the nature of SE; and as a total form the SE taxonomy.
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SE PROCESSES
A structured SE activity that may be accompanied by specific methods and/or tools. Not
to be confused with the 16 DAG Technical and Technical Management Processes.

SE RIGOR
The amount of formal planning, coordination and documentation applied to a systems
engineering activity.

SE TAXONOMY

Incorporate a broad set of recognized SE activities from academic, defense, and industry
sources and organize these activities according to the Defense Acquisition Guidebook’s
structure of Technical Processes (TPs) and Technical Management Processes (TMPs).

SE TOOLS
Means to accomplish an SE activity.

STAKEHOLDERS
Persons with an invested interest in a situation, action or enterprise.

STATE
Set of designated discriminant domain values for a project.

SUPER SET
Compilation of SE activities from multiple literature sources to include: academic,
defense, and industry perspectives.

TAILOR
Ability to select SE activities, based upon the domain values selected.

TAILORED WEIGHT

For a given set of SE activities, the scores were summed and normalized on a 0-100%
scale, revealing the relative importance of each activity for a specific project state, to give
a ranking on where resources should be applied.

TIME HORIZON

Factors include the end-state TRL level and total project budget, as opposed to the
current state of the project. Critical to establishing the context of the project to which SE
activities will be applied.

TOOL VALIDATION
Providing the tool to potential users for their evaluation, resulting in tool refinement for

actual utilization.

TRANSITION
Movement of the project to the next level of development, implementation, or utilization.
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WEIGHT FACTORS
Importance of the six discriminants, in relation to each other, as stated in percentages to
equal 100%.

WORKBOOK
The total contents of a single Excel file. A workbook may consist of one or multiple
worksheets.

WORKSHEET
Individual tabs within the tailoring tool (an Excel file) to include Interface and Tailoring

Results.
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ACD&P
ACTD
AFI

AFIT
AFMC
AFMCI
AFOSR
AFRL
AFRL/RX
AFRL/XP
AFRLI
ATD

CBP
Ccp

D&SWS
DAG
DoD
EMRL
FLTC
HELLTP
ICOM
I1G
INCOSE
IPPD
IRT
LMR
MRL

PLOCAAS
Pre-MS A

R&D
RDT&E

Appendix E. Acronyms

Advanced Component Development and Prototypes
Advanced Concept Technology Demonstrator

Air Force Instruction

Air Force Institute of Technology

Air Force Materiel Command

Air Force Materiel Command Instruction

Air Force Office of Scientific Research

Air Force Research Laboratory

Air Force Research Laboratory / Materials and Manufacturing Directorate
Air Force Research Laboratory / Plans and Programs
Air Force Research Laboratory Instruction
Advanced Technology Development

Capability Based Planning
Core Process

Developing and Sustaining Weapons Systems
Defense Acquisition Guidebook

Department of Defense

Engineering and Manufacturing Readiness Level
Focused Long-Term Challenge

High Energy Laser on a Large Tactical Platform
Input, Control, Output, Mechanism

Inspector General

International Council on Systems Engineering
Integrated Process and Project Development
Independent Review Team

Laboratory Management Review

Manufacturing Readiness Level

Powered Low Cost Autonomous Attack System
Commission on Pre-Milestone A Systems Engineering Report

Research and Development
Research and Development Test & Equipment
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S&T
SDD
SE
SEAM
SEC

TASE
TMP
TP
TPMM
TRL

Science and Technology

System Development and Demonstration
Systems Engineering

System Engineering Assessment Model
Systems Engineering Council

Transformational Activities in Systems Engineering Report
Technical Management Process

Technical Process

Technology Program Management Model

Technology Readiness Level
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Appendix F. Example SETT-STP Input & Output

O e Bl Qs _] ¥ SE Tailoring Tool for Science & Technology Projects v1_Oxls [Read-Only] [Compatibility Mode] - Microsoft Excel = = o
i
‘ Home I Insert  Pagelayout  Formulas Data  Review  View  Developer  Acrobat @ - = x

B % from s Fuwr [ - ¥ 3= = @ ;: A7 &

e [ A

‘ £ Merge & Center Conditional  Format ~ Cell Inseit  Delete Format _ Sotd Find&
Formatting - as Table = Styles - - - - Filter - Select
Clipboard 5 Font £ Alignment &l | Number (c] Styles | Cells Editing
Comment 18 A i
A B [ € [ b ] E e [ e [ o [ 1 ] J TK LN
Welcome to the Systems Engineering Tailoring tool for Science & Technology Projects (SETT-STP) Latest Change: 3/4/2009 9:25

Please select the following project discriminants that apply. Hover on a selection to see a description.
(To select a discriminant place a "1" in the cell next to the domain value. Leave all other domain values marked with a "0")

RDT&E Category ]

Technology Readiness Level

6.1 (Basic Research) 0 1-2 Vaation
6.2 (Applied Research) 3-4
6.3 (Advanced Technology Development) | 0 56
7-9 1 o
Project Budget
<5500K 1] Integration Level

$500K - $2M Subsystem
>$2M Q System =
Mission

16 | |Core Process

17| |CP-1 (Far Term) 0 Requirements Maturity
18| [CP-2 (Medium Term) Technology Push

19 | |CP-3 (Urgent User Needs) 0 |Requirements Pull
%l
e
21| After selecting your project discrimi click on the worksheet tab "Tailored SE Activities" bilow.
2| Drill down into lower level SE activities by using the "+" marks on the left of that worksheet.

23

PROJECT NAME /[Requirements pull s defnied 2 technology devekped n - |
¥response to documented operator needs (AF 63-101, 2.1.3).

POINT OF CONTACT

ATR FORGE INSTITUTE GF TEGHNGLOST

29| Major Steve Behm, Major Brad Pitzer, Ms. Jane White, Dr. David Jacques (faculty advisor)
4 » ¥ | Tailoring Selection - Taiored SE Activities _~ Tool Notes ~ Glossary Tab “#J L m

Cell E19 commented by Maj Brad Pitzer |
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Process Lizwed S5E Actiwity Source Taools SE Rigar
TP-1 1 TP-1 [Requirements Development) % - AN
TF-1 2 Establish Communications with Saicholders D&z 5ec £.2.4.1 3% - 1NN
D&z 5ec £.2.4.1;
Buede Pg 29; INCOSE
TP-1 3 keholders Fg 4.3 44 A0S
Dz Ser £.2.4.1.;
TF-1 3 Address customer necds 10
TF-1 4 Identify stakebalder requirements
TF-1 4 Clarify stakeholder requirements
TF-1 4 Document stakeholder requirements
TF-1 4 Megotiate modifications to nesolve unrealizable requirements
TF-1 5 #woid acceptance of unrealistic ohjectives
TP-1 5 Awaid acceptance of competing objectres
Memarandum of
Agresment [
TF-1 3 Dwewelop stakeholder agreements IMCCSE PR 224 Understanding AT
TP-1 4 Extablich good relationship with stakehalders |Ih-'_m=. Ppia
TP-1 4 Utilize terms and conditions of agreemsents g 2
TP-1 3 Obzain stakehalder approwal IMCCEE PR23 AN
TP-1 E] ransrtion partrers and relevant applications (Student Derred ) 100
TP-1 r 4 Identify Project Constraints D&z S5ec £.2.4.1 5’ - A0AFN
TP-1 3 Identify corstraants from agreemenits IMCORE Ppd A0
ntegrated Master
TP-1 ] Identify schesdule corstraints P42 tchedule 100
TF-1 4 Identify schedule ssues |Buede pgas
TF-1 4 Identify development time period IB-J-:-de PR a5, 131
TF-1 4 Determine manufacturing time for each wnit IBJeﬂe PR 131
TF-1 4 Defermine training time to reach proficency by category of wser IBJ-:-de Pg 131
TF-1 Determine deployment perod |Buede Pg 131
TP-1 4 Determine durability of system |Buede Pg 131
D&z 5ec £.2.4.1.;
Buede Pg 22, 45,
TP-1 3 |dentify cost corstraints IMNCOSE PR 4.2 Cost Estimiates AT
-1 4 Identify cast trade-offs IB-che Pg a5
TP-1 [ Determine affordabdity IB-che Pg 131
TP-1 4 Determine deve lopment cost Ib‘ucde Pg 131
TP-1 4 Determine production cost of system |BJc-de Pg 131
TP-1 4 Determine derommissoning cost of system |BJc-de Pg 131
D&z Sec £.2.4.1.;
Buede PR 22; INCOSE  |Techinodogy Readress
TF-1 3 echnical constraints FE 4.2 Assessment 10r%
TF-1 4 Address market research D&z Sec £.2.4.1.
TF-1 4 Identify technology to be incorporated Bucde Pg 45
TP-1 3 Identify cost-performance trade-offs |b“-J-:-de Pg a5 100
TF-1 3 |dentify external imtesface constraints Buede Pg 45 DER], DoAF 5y-1 5%
TP-1 2 Determine Reguired Capabilities D&z 5ec £.2.4.1 0% - DONTN
Capabilties Review &
Risk Assessmeenk
|CRRA), CONGPS, Use
TF-1 3 Identify operational needs DAz Sec4.2.4.1. Cases B
TF-1 L] Identify dervved requrements Buede Pg 122
TP-1 4 Identify implied requirements IE-JL‘ﬂE' Pg 128
TF-1 4 Identify emergent requirements IBJc-de PR l1l8
TP-1 [ Identify cperatanal life IBJc-de Pg 45
TP-1 4 Determine plan for dispasal IIh-‘.l’.‘l}': PR3y 43
TF-1 5 Utilize scenarios to define disposal conoept documents INCOSE PR 4.4
TF-1 3 Identify capability gaps [
TF-1 3 Determine capabilities of sysbem 100
DoD&F OW-1, CONCPS,
TF-1 3 Determire concept of operations IMNCOSE P43 Scenanios B
TF-1 4 Utilize sceramias to define operations concept documents |Ih CORE Ppd.d
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TP-1 4 Determine response to undesined inputs |BJede- Pg 131
TP-1 4 Defermine response to unexpeched inputs |EJede- Pg 131
TF-1 4 Determine bounds on expected inputs |EJede- Pg 131
TP-1 4 Defermine appropriate response on expected inputs |EJede- Pg 131
TP-1 3 |dentify output requirements |Bche- Pgah DEFD, Use Cases 101%
TP-1 [ Identify haow test data abtaired for awtput regqs |Eche~ PR a5
TP-1 4 Determine acoaracy of autput |Bche~ Pg 131
TP-1 4 Determine correctness af cutpart |Eche~ Pg 131
TP-1 4 Determine secuntysurerabilty of output |EJL‘d€‘- Pg 131
TP-1 4 Determine imtensisysize of out put |Eche~ PR 131
TP-1 4 Determine rumber per unit time of output |Eche~ Pg 131
TP-1 4 Determine coverage of output |Eche~ Pg 131
TP-1 4 Determine response time of output |BJEd€‘- Pg 131
TP-1 4 Determine update: frequency of out put |Eche~ Pg 131
TP-1 4 Determine availability of outpurt |BJL‘d€‘- Pg 131

Lystem Reguirements

Buede Pg 23; INOOSE |Document, Test &

TP-1 3 Determire werfication criteria EX] Evaluaton Master Flan Eong
TP-1 [ Identify how test data determines system conforms o design |Bche- Pgah
TP-1 4 Identify how test data determines system acceptable to stakeholders Buede Pg 45
TP-1 4 Identify how test data obtaired for technology ard system-wide reqs Buede Pg 45

System Requirements

‘Validation Document,

Buede Pg 23; INCOSE |Test & Evaluation
TP-1 3 Determine validation oriteria P 4.3 Master Plan 0%
TP-1 4 Identify haw test data determane system complies with originating regs  |Buede Pg 45
TP=1 4 Identify how test data determines system acceptable to stakeholders Buede Pg 45
TP-1 a4 Identify how test data obtaired for systeme-wide regs Bueds Pg 45
TP-2 1 TP-2 [Logical Anabysis) 5% - 100%
TP 2 Analysis Preparation 10T - 1%
TP-2 3 Identify logical growpings. of elements 100%
TP 2 Ferform Functional Analysis DoDAF OW-5, 5W-5 16T - 1%
TP-2 3 Identify system bourdanes Coritet Diagram 1007%
TP-2 [ Identify functional bourdaries
TP-2 a Identify functional relationships [ICCOMz) (CORE, System Architect 10
TP-2 [ Identify Irpuis of Furctions
TP-2 5 Utilize stakehalder requirements
TP-2 5 Litilize cost constraints
TP-2 5 Utilize schedule constraints
TP-2 ] Utilize sodution corstraimts
TP-2 ] Utilize traceahilmy matr
TP-2 4 Identify Cantrols of Functions
TP-2 ] Utilize terms and conditiors of agreements
TP-2 ] Utilize project procedures and processes
TP-2 4 Identify Ourtputs of Functicns
TP-2 ] Derve addricnal requiremernits
TP-2 ] Define functanal bourdaries
TP-2 5 entry interfaces
Identify informaticn exchange requirements with systems extemal

TP-2 ] ta functional bourdaries
TP-2 5 Determane funcbonal requirements
TP-2 5 Determane performance requinements
TP-2 5 Determane non-functicnal requirements
TP-2 5 Determane archibectural constraints
TP-2 4 Identify Mecharsmes of Functions
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TP-2 ] Identrfy phrysical design constraings |Ih-‘.m& PR4.E
TP-2 ] Utilize erterprise infrastructune INCOSE PR 4.5
Daba&F Tv-1 (Standards
Profile], TW-2
TF-2 5 Uitilize entenprise polcies, procedures, and standards INCOSE PR 4.5 {Standards Forecast)
TF-2 3 Allpcate functional reguinements Dz Sec £.2.4.2. A
TP-2 [ Define furctioral performanioe INCOSE PR ik
TP-2 5 Determane measures of performance INCOSE PRa G
TP-2 ] Determane measures of effectiversss INCOEE PRiG
TP-2 3 Allocate performance parameters DAG Sec £.2.42. il
TF-2 3 Allccate performance constraings D Sec £.2.4.2. 100
DaD&F OV-&[a,b.c], SV
T r Perform Behavioral Analysis Dz Sec £.2.4.2. 1i{a.b,c] 106 - 1%
Data Flow Diagrams,
TF-2 Identify behavioral relatiorships Dz Sec £.2.4.2. UKIL il
TP-2 4 Perform data flow anahysis &G Sec
TP-2 4 Perform ohiject-anented anahysis Dl Sac
TP-2 3 Identify temporal relaticnships DAz Sec 0% - il
TP-2 < Perform timeline anabysis DAG Sec £.2.4 2,
Extermal Systems
TP-2 3 Identify key interfaces DG Sec 4.2.4.2. Diagram 100
TP-2 4 Identify functonal irterfaces Student Derived
TP-2 ] Identfy functonal interfaces to mberacting systems IMCOSE PRAG
TP-2 ] Identfy functonal interfaces to nteracting platforms ||r\.-'_m& PE4.b
TP-2 ] Identrfy functonal interfaces to imberacting humans |Ih-;mi PR4.b
TP-2 4 Identify design interfaces |5tud¢~r'. Dermeed
TP-2 ] Identify design interfaces to interacting systems |Ih-:l'_'l$'. PRik
TP-2 ] Identdy dessgn interfaces to interacting platforms EPgdk
TP-2 5 Identihy design interfaces to irteracting humares EPRLE
interface Control
TF-2 4 Define imterfaces Dooumeenk
TP-2 ] Perform Envircnmental Analysis 1% - 10:r%
TP-2 3 Identify ratural envirornmerital factors 100%
TP-2 4 Identify natural eraranmental factors affecting system performance INCOEE PRAG
TP-2 4 Idenkthy naturad emaronmiertal factors impacting human comfort Ilh-'_\'_'lL'- PRk
TP-2 4 Idenkthy natural emaronmental fackors impacting human safety Ilh-'_mi PR4.E
TF-2 4 Identify natural environmental factors causing human ennor INCOSE PR 4.6
TP-2 3 Identify Induced environmental fackors DG Sec £,2.4.2, 100%
TP-2 4 Identify induced erironmental factors affecting system performance IMCOSE PRak
TP-2 [ Identify induced ervironmeental factors impactrg human comfiort IIh-:mL PRd.k
TP-2 i Identify induced ervironmeental factors impactrg human safety |Ir\-'_l'_'l_'-,k PR4.i
TP-2 4 Identify induced ervironmental factors causing human error |Ih-‘.l’.‘l$& PRk
TP-2 4 Identify pabential envirormantal mpact |Ih-‘.m=. PR4.E
TP-2 3 Identify training requirements IIh-‘.ULE Pg4.10 1%
TP-2 3 Identify human sysiems integration requrements Ilh-:\'_'lL'. PRk i Y
TP-2 3 Identify system secunty requirements IIh-LmE PRL.E 10
[
TP-2 1 Design Factors Analysis [inecose pg 6 5% - 100%
TP-2 3 Identify production design factars to facilitate efficient functions IIh-'_UbE PR BI%
TP-2 ] Iidentify deployment design factor to facilitate efficent functions Ilr\-'_l'_'lsk PR4.b s
TP-2 3 ransrtion design factors to faclitate efficent functicns ||h-;U:-,L PR4E 100
TP-2 3 operation design factors ta faciltate efficient functiors ||r\-'_r_u,5 Pp4d [
TP-2 3 Identify mainterance desgn factors to facilitate efficient furctiors |Ih-:l'_'15'. PE4E Tz
TP-2 3 Identify re-ergmeering design factors o faclitate eficent funchions IIh"ULE Ppd 5%
TP-2 3 Identify disposal design factors to facilitate efficient functions IMCOEE Pp 4 o
T r Dewelop Functional Architecture iz Sec £.2.4.2, 5% - 1%
TF-2 3 Document functional architecture D&l Sec £.2.4.2, DabD&F OV-5, 5V-4,% A
TP-2 ] Identify techralogy attematives D= Sec 4 0%
TF-2 3 Iidentify recognized standards to be wsed in functional architecture 100%
TP-2 E] Maartan configuration cortrod of functional architechuns INCOSE PR ik s0%
TP-2 3 Defiree criteria to werdy functional anchtecture INCOSE PRAE 100
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TP-3 1 TP-3 [Design Solution] 3% - 100N
TP-3 r Define Dezign Prablem Buede Pg 31, 39 SO% - 1080%,
TP-3 3 IMalize stakeholder inputs |Bche- Pg 38, 40, 12% AT
TP-3 3 Uttilize originating requirements |Bche Pg 39 100
TP-3 < Lilize system reguirements |5ch€" Pg 349
TF-3 E] Utilize operaticnal concept |5Jcﬂ€" Pg 3%, 40 S0%
TP-3 E] Uttilize system inputs, contrals, and cutputs |5Jcﬂ€" Pg 4l 100
TP-3 4 Uilize system inputs |5Jcﬂ€" Pg a0
TP-3 5 Utilize funcbonal reguiremsents |Ih-'_l'_'lb-=. Pga.?
TP-3 5 Utilize performance regquine ments |Ih-:l'_'lb-'. Pgd.?
TF-3 5 Utilize architectural corstraints |Ih-'_l'_'lb-:- Ppa.d
TF-3 5 Utilize traceadiliy matrn Pga?
TF-3 5 Utilize system solubion corstraints Pga?
TF-3 < Litilize system controls |Ih-_l'_'lb-.- Py
TP-3 5 Utilize natural ard societal laws ||h"_l'_'IB-E Pga?
TP-3 < Litilize system cut puts |Hche~ Pg 4l
TP-3 5 Determine system element detailed descriptiors |BJEd€‘- Pg 4l
TP-1 5 Azsign reguirement =tem elements |Bche~ Pg 4l
TP-3 5 Document requiremsen assignment to sysbem ebements |Bche- Pg 4l
TP-3 5 Determane interface reguirements |Bche- Pg a0
TF-3 5 Establish plan for system infegration |Bche- Pg al
TF-3 5 Establish plan for verificatson strategy |Bche- Pgal
TP-3 L Liilize system mechanizms Bueds Pg 4
Obgectives Hierarchy;
Ouality Function
D ploymient Howse of
Oy, Influerioe
TF-3 3 Utilize trade studees analysis took Bueds Pg 40 Diagrams 0%
TF-3 < Liilize SE team anput Bueds Pg 40
TP-3 3 Defime system boundaries Bueds Pg 40 DoD&F 5v-1 1001%
-4 & ldentify interfaces between sysbem ements and extemal systems
TP-1 L Liilize system bourdaries Buede Pg 4l
TP-3 3 Fart#ion system requirements DoOAF 5V-4.5 f-rn e
TP-3 < Allocate system requirements to system elements
TP-3 3 Defire system integration strategy |-
TP-3 r 4 Generate Alternative Design Solutions Bueoe Fg 31, 39 55% - 1NN
TF-3 3 Identify apprognate products DAl Sec 4.2.4.3, 100r%
TF-3 < Identify products DAL Sec .
TP-3 4 Identify bases for waork breakdosn strucbunes DA Sec 3,
TP-3 [ Identify bases for baselires DA Secd 243,
Technical PFerformance
TP-3 3 Develop performance attributes and measunes DG Secd.2.4.3, Measures 100
TP-3 < Develop specifications DAz Secd.2.43,
TP-3 4 Identify bases for specificatons
TP-3 3 Dewelop physical bazeline architechurs 100
1 | 4 Develop functional archibectune |Bche~ Pg3l, 39
TP-3 4 Develop operational architecture |Bche~ Pg3l, 39
TP-3 4 Address development system |Hche~ Pg 3y
TP-3 L Address manufacturing system |Bche Pg 39
TF-3 < Address deployment system |HJ-:|‘.|:‘- Pg 39
TF-3 4 Address training system |5Jcﬂ€" Pg 34
TP-3 4 Address refinement system |5Jcﬂ€" Pg 39
TF-3 < Address retirement system |I:1chc Pg 349
TF-3 3 Litiize profotypes |Ih-'_l'_'lb-=. P37y %
TF-3 < \Utilize prototypes to werify concept feasshilty |Ih-:l'_'lb-'. Pg3.?
TF-3 < Liilize protofypes to explore risks |Ih-'_l'_'lb-:- Pg3.7
TF-3 < LUilize protofypes 1o explore opporbanities |Ih-;m& Pp3?
TF-3 L \Utilize prototypes to explore affordability assessment |Ih. EPg3?
TF-1 < Liilize protofypes 1o explore ersircnmental impact Pp3.?
TP-3 L Liilize prototypes to explore coporhanities |Ih-;m! Pp3.?
TP-3 L Utilize prototypes to explore faslune modes ||h-'_l'_'15-': Pp i
TP-3 L Liilize pratosypes to explore hazard analysis |Ih-;m=. Pp3.?
P31 4 Obtain canfiderce: salution s achievable |Ih-:ml Ppa?
TP-3 4 Identify patential component preblems |Ih-'_\'_'l$-1- Pg3?
TP-3 3 Provide design outpuis |Bche- Pgal AR
TP-3 [ Prowsde output: system boundarkes |Bche- Pg 40

97

www.manaraa.com



TF-3 4 Prowide output: inputs |BJeﬂe~ PR Al
TP-3 4 Prowide ourtput: cutputs |Buede Pg a0
TP-3 4 Prowide output: qualification plan IBJede G EL
TP-3 3 Prosvsde putput: design doosmentatson IB-che Pg 34
TF-3 4 Provide output: operational concept |EJc~de PR Al
TF-3 4 Prowide output: objectives hiemnchy |BJc~dr PR Al
TF-3 4 Prowide output: onginating requirements |I5-J-:-de~ PR al
TF-3 4 Prowide putput: system requine memts |BJ-:de PR al
TP-3 [ Prowsde output: design feasibility IE-JEﬂ!"' Pg A0
TP-3 4 Prowide ourtput: test requinemeesnts Buede Pg Al

Data Structure, Rules
TF-3 3 Crefiree bagical archibeciure: IMCCSE PR 2.8 Moded {0V-Ba, SW-10a] ]
TF-3 4 Define data stnacturne Student Derved
TP-3 4 Define rules mode Student Derved
TP-3 2z Evaluate Design Altermatives I - D00
TP-3 3 Perform corcept/desgn analysis i
TP-3 3 Corsider existing off the-shel solutiors 100
TF-3 3 Evaluate altermative design solubons B
TF-3 ] |dentify recognized standards to be wsed in design solution DoDAF T-1 [
TP-3 ] Perform trade shadies -
TP-3 4 Perform operational capabilities trade shudies
TP-3 4 Perform funchional trade shadies
TP-3 4§ Perform manufactaning trade studies
TP-3 < Perfomm testing trade studies &G Sec 4.5.6
TF-3 < Perform support trade studies D&z Sec £.5.6
TP-3 [ Perform |fecyde cost trade studies DG Sec
TF-3 3 Perform design modeling iz Sec S|
TF-3 4 Develop envircnmeental modeling view Buede Pg 30

Core Architecture Data

Buede Pg 30, INCOEE |Model, SyshL [Logica

TF-3 4 Dewelop datafinformational modeling view FE 4.8 JArchitectune)
TF-3 [ Develop process modeling vie v |E..n:d|:-?j: 3
TF-3 4 Develop behavior modeling view |BJ-:~cI.e PR 30
TF-3 5 Consider featune interactions |imcose ppag
TF-3 5 Consider emengent properties
TF-3 5 Comsider human-maschine interactions
TF-3 4 Develop implementation modeling veew
TF-3 4 Walidate simulations
TF-3 3 Evaluate to performance attributes and measunes 100%
TF-3 4 Complete product analyses Ilh-'_l'_'ll'. PEg4.10
] 4 Complete process analyses ||n-;u EPg4.10
TP-3 4 Comiplete materal arakyses INCOSE PR
TF-3 3 Cordfirm interopserabil by DAz Sec i
TP-4 1 TP-4 [Implementation) 5% - 100
TP-4 2 Generate Implementation Strategy IRCCEE Pg .10 3% - DINOFS
TF-4 3 Utilze desgn requirements Ilh-'.l'.'l}E PRLY A
TF-4 3 Uttilize werfication oriteria |Ih-;m=. R4 10
TF-4 3 Utilze walidation crfera Ilh-'_l'_'lbk PE2.Y AT
TP-4 3 Uttslize terms ard condrtions of agreements ||r\.-'_m'. PR4g 100%
TF-4 3 Utilze government and industry standards E MIL-5TD, IEEE, 150 L
TP-4 | Imprave process conbral with Lean Design gl
TP-4 4 Irspectons are proactree way to build ingualdy
TP-4 ] Fabricate Hardware 30% - 100%
TF-4 3 Develop detailed drawings 100
TP-4 3 Identify hardware configuration items for assembly B
TF-4 3 |dentify implementation tolerances Ilh-'_l'_'ll'. PE&.10 S|
TP-4 ] Develop detailed materal spedfications £ El
TP-4 3 Befire fabrcabion procedures il
TP-4 & Identify tools
TP-4 & Identify equipment
TF-4 4 Assure consistent and repeatable element production
TF-4 2 Code Software D&z Sec £.2.44, 0% - 10N
TP-4 3 Identify saftware configuration mems for comapiling iShudent Derreed ) 100
TP-4 3 Defire coding procedures IRCCEE P 2.10 el
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TF-4 3 Dewelop detaled rodes IMCOSE Pg£.10 1005
TP-4 2 Conduct Unit Testing IMCOSE PR £.10 SO% - 100%
TP-4 3 Generate acceptance test procedurnss D& Sec 4.2.4.4, %
System Functioralty
P4 3 Inspect hardware and software for comedt funchonality Diescripbon (54-4) 10
TP-4 3 Test hardware ard software for comect funchonality 1O
TP-4 4 Perfoaem white box testing on sofftware
P-4 3 Ensure sufficeent hardware and software testing prior to inbegraton S
P-4 F Conduct Training 5% - TN
TP-4 3 Establish inrtial staff of trained wsers £
P-4 3 Establish inrtial staff of trained maintainers %
P-4 3 Train initial operators 5%
TP-4 3 Train initial maintainers 5%
P-4 2 Frepare for Integration BT - 100%
TP-4 3 Supply system element for verfiation and walidation [
] 3 Refine integration constraants 100T%
TP-5 1 TP-5 [Integration) 1% - 100%
TP-5 2 Determine Integration Process Buede Pg 310 106%: - A%
TP-5 3 Execute assembly processes J procedures O Sec 4.2.4.5, 10015
TP-5 4 Define integration strategy regarding awalabilty of system elements IRCOSE PR 4.12
TP-5 4 Determine assembly sequence D Sec 4.2.4.5,
TP-5 4 Identify assembly corstraints D Sec4.2.4.5,
TP-5 4 \Hilize top down process Buede Pg 310
TP-5 5 Sebect top bewel module, with smulted companents |I:1chc~ PR al0
Replace simulated components with achual, one at a time, to qualify
TP-5 5 top level module Bueds Pg 310
TP-5 2 LHilize battom up process |EJ\'.‘\‘.|€" Pg 310
P35 5 Test components, irdivedually |E...I|'.‘d|".' Pg 31D
Test assembled components until entire system assembled and
TP-5 5 tested Bueds Pg 310
TP-5 4 I Hilize bug bang process |Bche- Pg 310
TP-5 5 dzsemble unfested components |Bche- Pg 310
TP 5 Test assembly [Bueds Pg 310
I
TP-3 3 Dewelop indegration plan |Ih".|'.'l}E PR4.1d 10T
TP-3 ] Conduct Assembly § Integration of System |Ih':|'.'lé-t Pg4.12 1% - 1N
TF-5 3 Wttilize configuration ibem compaonents Buede Pg 42 ‘Configuration thems 4%
TP-5 4 \Hilize hardware configuration item compareents (Student Derred)
TP-5 [ UHilize software configuration dem components (Shudert Derrved )
TP-5 3 Wtilize imbegration technology constraings 12 10%
TF-5 3 \Uttilize arnchitectural design requinements .12 10015
TF-5 3 Azsemble system elements according to integration plan .12 100T%
TP-5 4 Utilize imtegration tooks .12
TP-5 ] Schied ule: integration testing tools 4.1
TP-5 4 ilize imbegration faciles .12
TP-5 ] Schied ule: integration testing facilities .12
TP-5 4 Hilize imbegration test equipmaent 412
TP-5 3 COibain subsystem [ system ready for verification 13 e
TP-5 3 Conduct integration verification testing |Bche- Pg a2 fa et
TP-5 4 Utilize acceptance test plan |Eche Pg a2
TF-5 4 Irspect ta werfication requirements |EJl:ﬂQ' Pg a2
TP-a 3 Walidate intemal imterfaces |Ih".|'.'l§-:- PR4.1d DaDAF 5v-1 10T
Validate internal interfaces throwgh black box tesbing at each assembly
TP-3 L] level IMCOEE Pg £.12
Canfirm correct furctionalny of assembled products at each assembly
TP-5 < level |Ih':l'_'15-'. Pp4.12
TP-5 3 Conduct earty evaluation against performance attnbutes |Buede Pg a2 100T%
TP-5 < Utilize stakefalder imputs |EJEd€" Pgaz
TP-5 4 UHilize operatioral concept |Buede Pg a2
TP-5 4 Utilize onginating requiremernts |Eche- Ppa2
TP-5 4 Utilize derfved requirements |Eche- Ppa2
2] 3 Obtain integration test and arakyss resuls INCOSE PR 4.12 100T%
TP-5 3 Determire adjustments to system ekements DA Sec 4.2.4.4, 1005
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TF-5 2 Relovant Environment % - A%
TF-5 3 Incomporate assembled system into rebesant envinonment DAz Secd 245, 0%
TP-6 1 TP-6 [Verification) B - 100%
TP-& 2 Plan Verification Buede Pg 314 B - 1%
Lystem Requirements
Buedes Pg 314 INCOSE |Documsent, Test &
TP-& 3 Eeview [ utilize mystem cbjectives Fz4.13 Evaluation Master Plan 100
Review [ utilize allocated requirements to furnctional ' physical | logical
TP-& 3 architectures Buedes Pg 314 i
TP-& 4 Utilize furctioral architectures for venfication comiporsents |BJL‘1‘.|!‘- Pp 314
TP-& 4 LHilize derreed requirements to functional architectures |Bche- Pg 314
P& 4 LHilize functiors to physical architectures |Eche- Pg 314
TF-& 3 Create master verification plan |Bche- Pg 314 s
TP-& 2 Create test scenarias |Bche- Pg 314
TF& 4 Wirie actrty bewel verification plans for each verificatson component Bueds Pg 314
P& 5 Identify requined simaulation data for each actesty |Bche- PR 314
I
Buedes Pg 314 INCOSE
P& 3 Develop detadled derived verification procedures Fz4.14 s
LHilize verification critena {to include pass/fail thresholds) ard methods |Buedes Pg 314; INCOSE
TF-& 4 {analysis, inspection, demansiration, & testing] Pz d.13
TF-& 4 LHilize verification critena and method for system objectves |Bche- Pg 314
TF& 4 LHilize verification critena and method for operational concept |Bche- Pg 314
P& 4 LHilize acceptance test plan |Bche- Pg 42
TP-& 3 ‘Write test procedunes |Bche- Pg 314 00
TP-& 3 ‘Write analysis procedures |BJL‘1‘.|!‘- Pp 314 B
TP-& 3 Acsign werfication respars il itses |BJL‘d€‘- Pgal4 100
P& 4 Aszgn venfication sctivites 1o OFRaMZatons |E|ll|‘lti-'n 414
P& 4 Allocate wenfication acthvities to resources |EJL‘d!- PR 314
TP-& 2 Eupcute Verification |Ih-:l'_'l$-E Ppils BT - 100
P& 3 Werify materiaks are safe DAG Sec 4,246, 100%
DAG Sec 4246,
TP-& 3 Demonstrate system Buede Pg 50 100%
DAG Sec 4246,
TP-b 4 Perform modeling & simulation Buede Pg 5
Ersure irterfaces operaticnal when alder component replaced with |
TP-b 4 e component INCOEE PR 2.5
TP-b 3 Corduct verfication testing |Bche- Pg a2 il
TP-b 4 Test fo verification requirements |Eche- Pg 32
DAG Sec 4246,
Buede Pg 32; INCOSE
TP-b 4 Test at lowest system element level Fgd.13
DAG Sec 4246,
TP-& 4 Test fo sub-system kewel Buede Pg 42
TF-& 5 Rexord evadence that system element satisfies requirements, or not |Ih-:\'_'l$-'. Prd.14
Wiz Sec 4,24
TP-b £ Test to system level Bueds Pg 44
TF-6 5 Record evidence that system satisfies requirements, ar not |Ih-‘.m& Pgald
TP-& 2 Perfomm software component testing [Ets Sec 4.2.4 6.
TF-6 3 Dooumsent werdfication testing |Bche Pg a2 100%
TF-& 2 Prowide cutput: accepted system |Eche Pg a2
DOz Sec 4246,
TF-6 3 Inspect ta verification requiremsents and talerances Buede Pg 32, & bt
P& 3 Identify defciencies |Hche- Pg a2 10|
TF-6 2 Record recommended cormective actions |Ih-‘.m& Ppi.l4
TP-& 3 Correct deficiencies [ 10
TP-b 4 Feoord correcinee actions taken |Ih-'_\'.'lb-=. Pg4.14
TP-& 3 Dooument urcormectable deficencies [Bueds pg 32 100
TP-b 3 Aralyze test resulis |L'J-l'.- Secd.l.4b, Hk
Buede Pg 42; INCOSE
TF-& 3 Cooumsent verfication resahs Fgd.14 s
TF-6 3 Provide output: verified components and system |Bche Pgaz 105
TF& 3 Transfer venfied system tovalidation testing |Hche- Pg a2 Bk
I
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TP 7 1 TP-7 [Validation) B - 10NN
TP-3 2 Plan Validation Buede Pg 314 BirK - 100N
“y=tern Requirements
Document, Test &
TP-? 3 Eeview [ utilize system objectives Bueds Pg 314 Evaluaton Master Flan bl g
TP-7 4 Identify validation system objectres |HJL‘d!- PR 314
TP-7 ] Utilize validation operational conoept |Bche~ - EIT)
TP-7 ] Utilize validation requirements |Bche~ EITY
TP-7 5 Identrfy passifail thresholds |Hche~ PR 314
TP-7 Defiree walidation archtectures |Bche~ T EIT) [T
TP-7 Define validation functicnal anchrtecture |Bche~ EIT)
TP-7 ] Allocate requiremsents to furctional srchitecture |Bch¢~ T EITY
TP 4 Define validation generic physical architecture |Bche~ T ET]
TP-7 ] Allocate furctions to genenc physical architecture |Bche~ Pgald
TP 4 Develop functional architectures for validation oomporents |Bche~ ETY
TP-7 ] Allocate dered requiremants ta functianal architectures |Bche~ EY
TP-7 ] Allocate furctions ta physical architectures |Bch¢~ T EIT)
TP-¥ 3 Create master validation plan |BJL‘\‘.|E‘- Pg d14 2
TP-7 4 ‘Wirite activity bevel validation plans for each validation companent Buede Pg 314
TP-7 ] Utilize validation criberia for stakebalder requiremsents ||h-'_u_\,=. PR4.1T
TP-7 4 Identify required smulation data for each act ey |Hche~ PR 314
TP-3 L Create test sceranas |I5-che- Pg 314
TP-7 ] Utilize scenarios exercising all system maodes JINCosE Ppa.1T
I
TP-3 3 Write test procedures |I5-che- Pg 314 1005
TP-4 E] W rite shalvsis procedures |I:'nh!|‘lti-'n 414 e
TP-7 4 Develon validation procedwres ta show system fit for its purpese ||h-'_l'_'15-': PR4.1T
Devwelon validation procedures ta show system satisfies stakeholders |
TP 4 rEQuirements INCOSE PR4.1T
TR 3 Asign validation responsibilities |Buede Pg 314 100r%
TF-7 4 Asgign walidation activites to organizatons |Buede Pg 314
DA Sec £.2.4.7.;
TP 5 Test with ultimate users Buede Pg 51
TP 4 Allocate walidation activifties to resourmes Buede Pg 314
TP 5 Test in operational emaronment D Sec4.2.4.F.
Bueds Pg 51; INCOSE
TP-7 2 Expcute Validation Pgd.17 B - 1O%
Bueds Pg 42; INCOSE
TP-7 Uttilize imbegrated system released for validation %
TR 4 Obtain approved system baseline
TR 3 Ensure system readiness to conduct vabdat ion 100r%
TF-7 4 Ersure erabling system readiress to conduct validation
TP 4 Ersure trained operator readiness to conduct validation
TR 3 Ferform simulation 1005
TF-7 4 Frowe-in with prototy pes
TP 4 Prowe-in with mock-ups
TP 4 Prowe-in with modeling & simulation D Sec4.2.4.7.
TF-7 3 Conduct system walidation testing Bueds Pg 42 1005
TP 4 Demonstrabe system level performance owver entire operating regime |Ih-;m& PR4.1T
LHilize results to correct performance deficencies before
TP 4 implementation IRCOSE PR4.1T
TP 3 Aralyre valdation test resubts EPR4.17 100r%
TP 4 Obtain results of validation activities 4.17
TP 4 Detect trends in failure 4.17
TP-7 < Find threats to sysiem 4.17
TP 4 Find ewidence of desgn emaors 4.17
TP 3 Obtain design feedback 4.17 2%
TP-7 [ Analyze for corrective actions, if anomoles detected 4.17
TP 3 Determine conmective actions 4.17 100r%
Ersure imterfaces operational when older component replaced with
TP 4 MESET COmponent INCOSE PR 2.5
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TP-7 Determine system meeis stakebaolder needs |BJ-:de Pg 51 |-inp
TF-7 4 \Utilize results to formst suocess in meseting expectations of users |Ih-:U_'-,!- PR4.1T
TP-7 3 Oocumeent valdation results ||'L1ud-cn1 Deerrved ) i
TP 3 Frovide output: validated system Bueds Pg 42 2%
P8 1 TP-8 [Transiticn) % - 10N
TP-8 r ] Identify Trarsition Opportunities IRCOEE Pg 3.2 T - A0S
TF-8 3 Ewaluate deceion gates |Ih-:l'_'lb'. PR3l A0
TF-H 3 Determire f deliverable fulfills business case/mission |Ih-:m': Pg3.2 100%
TF-8 3 Dwetermires if affordable |Ih-:m& PR32 100
TF-4 3 Determiree if delfiverable can be delivered when reeded |Ih-:l'.'lb=. PRd.d A0
Identify required simulstion data far each acthety (10 DATA REQUIRED BY
TF-4 3 EACH TRANSITION OPPORTUNITY) Bueds Pg 314 SIS
TPl ] Qualify Producticn Rem [Buede pg 314 0% - 0%
TP-H 3 Befine concept for qualfication of Production tems |Bche Pg 314 1%
TF-H 3 Befine requirements for qualification of Production hems |Eche Pg 314 0%
TF-8 [ Identify gualfication system ochjectives |5Jede PR 314
TP-H & Idenkify paess il thresholds |Bche Pg 314
TF-4 4 Develop detailed derived gualdication reguinements |E-J\'.‘d€" PR Al4
TF-H 3 Befine functional architecbure for qualificaban |EJ-:de Pg 314 %
TF-H 4 Develop functsonal architectures for qualification components |E-J\'.‘d€" PR Al4
TP-8 < Allocate derived requirements to furctionad architechares |EJ-:de Pg 314
TF-H 4 Define qualification gerseric physical architecture |Bche Py Al4
TP-8 4 Allocate functions to physicl archite dtures |EJ-:ﬂe PR al4
P-4 3 Create master qualification plan |BJL‘\‘.|E- Pg 314 %
TP-4 4 ‘Wirite: activity kewel qualification plans for each qualfication comporent  |Buede Pg 314
TF-4 3 Assign qualfication respansibiles |I:1che PR 314 %
TF-H & Define qualificaton resources |Eche Pg 314
TF-8 5 allocate gualification actwiities to resources |I:1che PR Il4
TP-& 4 Defing gualificaton crganistions |h..1¢dn Pg 314
TF-8 5 Assign gualification actrities to onganizations Bucde g 314
TF-H 3 Oewelop qualification schedule, corsistent with dewelopment schedule Bucde Pg 314 %
TP-H 3 Perform qgualificatson testing ard anabysis [(Shudert Derreed) 0%
TP-4 2 Execute Transition IMCOEE 415 B - 100N
Transition Readiness
TP-8 3 Recere authonty to proceed IRCOEE PR 3.3 BAzseszment il
TF-H ] Receive acoeptance of project Froducton Item |Ih-:U_'-,!- S EE] 100%
TF-H ] Install at user site 100%
TF-8 < Train system users
&ffirm users hawe knowledge and skills necessary to perform operation
TP-4 < ard maintenance activities
TF-H ] Confimm sysbem meets users needs 100%
TF-8 E] Determine system acoeptability B%
Dwetermires conrect e actions for Production bem if discrepancies from
TF-8 3 acoeptance miteria 105
Document post-implementaton problems that may kead to omedive
TF-H 4 actions or design charges
TP-8 3 IUilize validated system il
TF-H ] Frovide output: validated operational conoept 100%
Thap-1 1 TMP-1 |Decision Analysis) 107% - 100%
TMIP-1 2 Identify Strategy far M:IH.II" Decizion IMRCOSE PR 5.H 10s0%; - 1PN
Lttalrty Thesary.
nfluence Diagrams,
THP-1 ] Formulate probdems that require decisions IRCOSE Pg 7.3 Dedsion Tres 100%
ThdP-1 4 Frame problem context |Ih-:m': PR 7.5
TMP-1 ] Utilize history of priar decsions ||h-:m'= PR 5E
ThdP-1 5 Utilize assessments from all relevant persons |Ih-:Ub=. PR 5.8
TMP-1 4 Frams problem scope |Ir\-:l'_'l:\,.L Pg 7.5
ThaP-1 5 Urderstard business situation |Ih-‘.l’.‘l§k PR T
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ThaP-1 ] Decompose problem inta smaller more marageable problems INCOSE PR 7.3

ThP-1 5 Identdy experts INCIOEE Pg 7.3

THAP-1 5 Identify modeling & simulations DAL Sec kN

ThAPE-1 ] dentdfy supportabilsy DaG Sec 1.

TRAF-1 5 Identfy kevel of repair DG Sec 4.2.3.1.

ThP-1 5 Identify post fieldirg support DG Sec .

ThAF-1 5 Identify repair vs discard Dl Sec 1.

ThP-1 5 Identrfy cost parameeters DAL Sec G

ThF-1 5 Augment with prototypes DAk Sec4.2.3.].

ThMF-1 ] Identrfy transportability requiremsents D8 Secd.2.31.

TMP-1 5 Identfy mairtenance concept D& Sec 1.

ThP-1 5 Determane affordabilicy DAL Sec 1.

THAP-1 5 Determane reliability DAL Secd.2.31.

ThaP-1 ] Determane availzbility D8 Sec 1.

M1 2 Determane schedule DAL Sec .1

ThAF-1 5 Determine masntainabdity goals Dl Sec .

ThAP-1 4 Frame problem corstraints INCOSE PR 7.5

ThF-1 5 Identfy interoperability corstrants DaG Sec4.2.3.].

ThP-1 3 Identify praject decssan IMCOSE Pp 5.8 1001

Idenkify all personre| with krowledge and experence relevant 1o

TRAP-1 3 decision EPg5.8

ThAP-1 & Liilize uncetainty as catalyst of future performarce PR T3

ThaP-1 4 LHilize systemic thinking to connect current to future siuations 3

ThF-1 4 Utilize dialog to foster kearning 3

ThF-1 4 Wtilize dialog to darify actions 3

ThF-1 ] Communicate decksions with stabehoiders 1.5 10T%

ThP-1 4 Irwokee necessany disciplines in decision approvae .

ThAP-1 4 Irwokve necessary stakeholders in dedsion approval P2

ThAP-1 3 Establish chear abpectives for project decisiors o | 100

ThaP-1 4 Determine entry/exit onteria for decsion rl

TRAP-1 < Idenkify decision purpose F.a

Thap-1 4 Idenkify decision support actities F.i

ThaF-1 5 Identify decisicn chairperson .2

THP-1 5 Identify decision attendees F.2

ThF-1 5 Identify decision location i

ThF-1 5 Identify decision agenda i

ThAP-1 5 Identify decision method of conduct r2

ThF-1 ] Identify decision ewidence to be evaluated 2

ThP-1 ] Identify decision actions 2

ThAP-1 5 Identrfy decision method for clasing review ]

THP-1 ] Exzcute Dwcision Making Strategy DG 4.2.3.1 1007 - 2008
House of Qualiy,
Ltalrty Theary,
nfluence Diagrams,
Dedziaon Tree,

TRAP-1 3 Select declion critena Lensitnerty Analysis MO

THAP-1 < Define evaluation criteria

Buede Pg 135 INCOSE
ThaF-1 5 Select oriteria that are measurable Pr 7.5
ThF-1 5 Express critenia in understood units |Bche Py 145
Select orteria with demonstrable links to customer needs and
ThIF-1 5 SYSEEM requrements Buede Pg 142
ThP-1 5 Maintain need-based balance among ofter-conflicting criberia |Eum:le Pg 148
Bueds Pg IES: INCOSE

ThaP-1 4 Define ard ass=gn walue weights to oriteria Pg 75

THP-1 4 Coordinate criterafvalue weights with stateholders INCEE Pg 7B

M1 a Identify trade studies 10T

ThF-1 4 Estabilish clear trade-offs

ThF-1 4 Develop creative and unique alternatives

TMP-1 ] Define alternatiees

ThP-1 5 Uze walue creation bens for developing oppartunities

THAP-1 5 Determane if requirements can be traded against corstrasnts E

TRAF-1 5 Use trade-offs ta show performance vanations |Eche Pg 145

ThAP-1 5 Use trade-offs ta show cost varations |EJede Pg 149
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ThAP-1 5 Use trade-offs to show schedule vanations |BJL‘d€" PR 145
ThAP-1 5 Une trade-offs to show risk impact varations |BJede- Pg 145
Determane if architecture features cn be traded aganst dictated
ThAP-1 5 equipmeEnt INCOSE PR 7.6
Determane if architecture features can be traded against interface
ThAP-1 5 nequinements |Ih-:l'_'lb-E PETb
Determine if alternative functional chodces can be traded to |
ThAP-1 5 dietermine an optimal configuration IRCOSE PR 7.6
Determane if alterrative performance choices can be traded to |
ThAP-1 5 dietermine an optimal configuration IRCOSE PR 7.6
||.:.=& Sec4231;
THAP-1 L Select anakyses methods INCOSE Pg 7.2
ThAP-1 Use simulation and sxperimental design to perform trade-offs Bueds Pg 1439
THAP-1 4 Define measunes of masnt JincosE pg 7.5
THAP-1 L Select candidates for study INCOEE Pg 7.5
House of Qualiy,
Lty Theary,
nfluence Diagrams,
Dedsion Tree,
TRAP-1 3 Evaluate altermatives IRCOSE Pg 7.5 Lensitivrty Anahysis il g
TRAP-1 4 Determine probabsliy of albernatiees |Bche- Pg 361
ThAP-1 2 Determine order of preferences [Bueds Pg 361
Buede Pg 361; INCOSE
TRAP-1 4 Determine acceptahle suhstitufions =58
TRAP-1 5 Use value creation bens for evaluating opportunities |Ih-:\'_'l$-'. Pgr3
TRAP-1 2 Analyze results |Ih-:\'J$-E Pgl5
TRAP-1 s Gather meanimgful and reliable data |Ih-'.\'.'l$-! Pe 73
TRAP-1 s Make value judgements of trade-offs by customer |Bche- Pg 145
TRAP-1 5 Evaluate consequences of alternative choices |Ih-'_\'_'l$-'. Pr5H
ThAP-1 5 A&waid analysiz paralysis P73
THAP-1 < Review results with stakehalders )COSE PR 7.5
ThAP-1 5 Adbow customer to modify requirements based on trade-offs |Buﬂlti-'n 145
Allow custamer ta particpate in developing solution based on trade- [Buede Pg 145; INCOSE
THAP-1 5 offs Pg 7.2
ThAP-1 2 Irvestigate corsequences of implementation |Ih-;m! Pg 7.5
ThAP-1 2 UHilize scerainio planning to test assumptions about future |Ih-;m! PR7S
Buede Pg 361; INCOSE
TEAPR-1 4 Select best albernatree Pg 58 INCOSE Pg .5
TEAR-1 5 Delay commitment to kst moment |Ih-'.\'.'l$-! Pg74
ThP-1 2 Communicate rew directions from decision Pgs.8
TEAPR-1 3 Cooument decision EPg5.8 il
TEAR-1 4 Document approved decision
TEAR-1 4 Document rebesant data and supporbing documentation
ThAP-1 -] Document ratiorake
TRAP-1 5 Document assumpkions
ThAP-1 5 Document corstraimts
TEAPR-1 5 Document supporting analysis
Maintain history of prior Sudies and decisiors incase old questions Deecizson Anabysis
TRAP-1 4 reappear INCOEE Pg 5.8 Record
ThaP-2 1 TMP-2 [Technical Pl ing) - 10
TMP-2 2 Plan Systems El'lslnuﬂrg' Dl Sec 42,32, - LN
Thap-x 3 Collabarate with project maragers to develop progect plan £E Plan 100%
Consider where past experiences ard intuition have been a handicap, for
ThAP-X 2 architecture development IRCOSE PR 8.3
Consider developing architectural altematives to meet stakeholder
Thap-x 2 rEQUirements INCOSE PR 8.2
ThaP-2 3 &ddress scope of technical effort DAG Sec 4212, 100
ntegrated Product
ThaPE-2 3 Identify people Team 10|
Thap-x 2 Use ingegrated Product Team for analysis
Thap-2 Identify processes 10|
ThaAp-2 2 Determine pragram decsion process & B
TMPF-Z 3 Dewebop Integration plan IRCOEE PR 210 =k
Thap-x 3 Identify critical producability requirements IRCOSE PR 8.4 s

104

www.manaraa.com




TMP-2 Establish contractual context and constraints INCCSE PR B.1 AT
ThAP-2 4 Examine implementation (TF 4] for corstraants &G Sec 4,212,
ThAP-2 [ Examine integratian (TF 5) for constraints D& Sec 13,
ThAP-2 4 Examine verfication [TP &) for constraints D& e 2,
TMP-2 4 Examine valdation (TP 7] for corstraints Dl Sec 3.
ThAP-2 4 Examine transition {TF 2] for constraings &G Sec 4,222,
TMP-2 3 Assist project marager with contract negotations 100%
P2 3 Address conformance with socety expectations bl Y
TMP-2 3 Address conformance with legishtive requirements il Y
ThaP-2 . | Establish guality managemenit o
ThaP-2 3 Develop plan to qualdy suppliers AN
Thap-2 3 Cewedop recenang inspection plan AN
ThaP-2 3 Cevelap nar'l.rlacurng system 159
ThaP-2 4 Develop manufacthure processes
ThaP-2 4 Develop manufacture procedures
ThapP-2 & Identify packaging
Thap-2 4 Identify handling
ThaP-2 4 Identify storage
THP-2 4 Identify equipment maintainance program
ThAP-2 5 Identrfy criteria for refurh nspeciion
ThP-2 3 Develop configuration maregement plan 100r%
TP 3 Develop information management plan 1005
ThAP-2 3 Defiree test plans ard schedule |I5-J-:-de Pg 314 100
TP 4 Develop verffication schedule, corsistent with development schedule Buede Pg 314
ThAP-2 4 Scheduls verfication enabhing systems |Ih-:m& Pp4.14
TMP-2 4 Define anabysi schedulks |Buede Pg 314

||_'.=-r_- Secd. 244
ThAP-2 3 Prepare for wenfication INCOSE PRi.1s 100
TMP-2 4 Idenkify tester calib ration program IL'N_- Secd. 344
ThAP-2 4 Define verification organizations IBJe-de PR 314
ThAP-2 4 Define verification resources IB-che Pg 314

DAk Sec 2.2.4.4;
ThAP-2 Prepare for validatson IRCOEE Pg B.15 AN
ThP-2 2 Define validation resounces IEche Pg 314
ThP-2 2 Define validation organizations IB-che Pg 314
ThAP-2 Frepare transgion strabegy Fgd.1% AN
ThiP-2 4 Asgess operational ervwinonment EPg4.1%
ThiP-2 4 Prepare operator trairing strategy EPg4.15%
ThdP-2 4 Prepare logistics support strategy
ThiP-2 4 Develop installation procedure
ThAP-2 4 Define operatiorald corcegpt for gualificatson of delverabdes IBJc-de Pg 314
ThAP-2 [ Define reguirements for gualdfication of deliverables IEJc-de PR 314
ThAP-2 [ Define furctioral architecture for qualification Buede Pg 314
TMP-2 2 Impdement Technical Plan INCOSE PR 8.1-13 ntegrated Master Flan 54T - 10NN,
TMP-2 3 WUtilize 5 Plan [%EF) and Integrated Master Schedule (45] AT
TMP-2 3 Develop system archibectune DoDAF System View B
TP 3 Farticipate in process compliance reviess 100r%

Perform technical management sctivities {planning, scheduling, reviesing,
TMP-2 3 and audrting to 2E process| AT
Perform preliminany trade shadies on most, schedule, and technical

ThAP-2 3 performance 100
TMP-2 3 Perform interoperability anabysis s
ThAP-2 3 Perform manufacturing and preducibilty anadsis R
ThaAP-2 3 Perform cost-effectveness anakyses L4
ThaP-2 3 Perform life cpcle-cost analysis 100
ThAP-2 | Masntaon resource maregement AN
ThiP-2 2 Evaluate Plan to Address Nesds 0% - %
ThAP-2 3 Azzess impacts of product moddications during produsction P
ThiP-2 3 &ssess impacts of product moddications during usage s
ThaP-2 3 Azsess impacts of product maingenance modifications during usage s
TMF-3 1 THP-3 [Tedhnical Assessment] L0 - 10
TMP-3 F 3 Prepare for Technical Assessment Dfiz Sec £.2.3.3, 10s0r%: - 1S
THP-3 3 Develop review process 33, 100%
TMP-3 < Develop/utlize project plans INCOSE PR 5.5
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ThAP-3 [ “What gets measured gets done”
THAR-3 < Iilize prior progect status
ThAR-2 < Lilize key persarmel
THAR-3 2 Liilize key rescurces
THAP-3 Determire technical performancoe measures TR 100%
ThAR-3 2 Determine project performance measunes
ThAP-3 5 Schedule frequent assessments PT Meetings 1007%
ThaP-2 2 Perform Technical Assessment INCOSE PR 5.5 10a% - 10T%
ThAR-3 3 z2n insight into comtractor processes 100
ntegrated Master
ThAP-3 3 Manitor crtical tasis “chedule 100%
ThAP-3 3 Manitor rew technologies 100
DAG Sec 4,213
THIP-3 3 Corduct techinical reviews INCOEE PR 5.5 1005
THIP-3 L Evaluate hardware soluticns DA Sec 4.2.4.4,
ThAR-3 2 Evaluate manufactuning solstions DA Sec 4.4
THAP-3 2 Evaluate software solutiors DA Secd 244,
ThAP-3 2 Evaluate test resubts DA Secd 244,
THP-3 L Anahze trade studies Bueids Pg 268
ThAP-2 4 Arpers "ilitins” |
THIP-3 -] Address reliability |BJL‘|'.|E- Pg 267
Buedes Pg 26T INCOSE
ThAP-3 5 Address availabilty P55
Bueds Pg 26T INCOSE
TRAP-3 5 Address madntainability z319
THP-3 -] Addrexs usabily |BJL‘de- Pg 267
THP-3 -] Addrexs supportabilry |EJL‘de- Pg 267
THP-3 5 Addrexs durshiliy |BJL‘de- Pg 267
Buedes Pg 26T INCOSE
THP-3 5 Addrexs affordshility Pg &5
ThAP-2 2 Aszess CONCUITEnt engineering
Buedes Pg 26T INCOSE
TMP-3 5 Address concurment engineering issues to impact on manufacturing  |Fg 38
THAR-3 5 Addrexs concurrent engineering issues fo impact an deployment Buede Pg 267
ThAP-3 5 Address concurment engineering issues to impact an training |Bche~ Pg 267
Bueds Pg 26T INCOSE
ThAP-3 5 Addrexs concurrent engineering issues to impadt on disposal z319
THP-3 L Asmess product modifications INCOSE P38
ThAP-3 2 ASTETT IESOUTCES
DAG Sec 4,213
ThAP-3 2 Evaluate completion of required accomgplishments IRCOSE PR 5.5
THAR-3 < Determine deviations in project quality |Ih-:m! P55
THIP-3 3 Corduct peer reviews |Ih-'_l'_'l$-E Pg4.10 1005
DA Sec 4,213
THP-3 3 Evaluate to exit ritena IMNCOEE Pp 5.5 1005
ThAP-3 4 Determine actual and projected cost against budges PSS
ThAP-3 2 Determine actual and projected time agairat schedube EPgs5
ThAP-3 [ Evaluate effectiveness of personne PRSS
ThAP-3 4 Evaluate adequacy of project mfrastructure
ThAR-3 4 Evaluate availability of project infrastructure EPgs5
ThAP-2 2 Evaluate project pragress agairst established onteria P55
ThAP-3 2 Evaluate project pragress agairst established milestones P55
ThAP-3 4 Conduct reviews to determine readiress to proosed to: resd milestare PSS
ThAP-3 3 Follow-through with results 100
ThAP-2 2 Determine recommeendaticns far adjustments ta progect plars P55
DAG Sec 42,13
TRAP-3 5 Determane corrective actions for defidendes K Pr5S
TRAP-3 5 Make recommerdations for 2djustments 1o project plans PR5S
Make decision to processd or not to proceed, when assessment
ThAP-3 4 supports tollgate
ThAP-3 4 Generate change requests
TRAP-3 s Establish changes to schedule to reflect actions taken EPRSE
TRAP-3 s Establish wark iems to reflect actions taken EPgSE
||_'.=¢_- Secd 233
TRAP-3 4 Implement correctae actsons for deficencies INCOEE PR 5B
Initiate conrective actions when assessment indicates dewiation from
TRAP-3 5 approved plan INCOEE PR 5B
Initiabe preventive actions when assessment indicates trend toward
THAP-3 5 deviation IRCOEE Pg 5.6
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Initiate problem resolution when assessment indicates non

ThapF-3 ronformance with performance success riteria PR SB
ThaP-3 2 Comipile propect pesformance measures assess maent PES.S
Thap-3 4 Identify risk assexsment situations PESS
ThAP-3 [ Develop effectree feedback control system PREE
ThAP-3 2 Communicate stafus per agreements and pabicies Pg5.5
ThF-4 1 ThP-d |Requirements Management) 1% - 100
ThP-2 2 Determine Rales/Responsibilities During Regs Generation Frooess Buede Pg 129 106FE - A0
HMCOSE Tools
Database: Working
Identify stakeholders {customers, end-users, regulatony agercies, iGrowp Database
ThAP-2 3 representation for futare generations, etc.] |MICCEE Py 7.7 {INCOEE Pg 7.7) 1O
TRAP-2 4 Identihy wha has rlgl". to harwe operational requirement |BJE'd!" Pg 125
3 Establish mears for stakehiolder interaction |Ech:~ Pg 125 100
P-4 2 Define System Capabilities and Performance Objectives |Ih'tl’.‘l.‘-t PR 7.6-12 30K - 100R
dentify capability gaps
TRAF-2 3 Understand reeds of stakeholders to support architecture design process |IRCOSE Pg 7.10 & threatening systems 100
DoD&F OW-1,
ntervews, Foous
Growps, Deldphi
3 Elicit and capture requiremsenis Pg 7.6 Techmigue AR
2 Callect requirements from all commeunications and negatations P 7.6
2 Capture source for each requirement PR
2 Capture ratiorale for each requirement PR44
3 Address nor-furctional reguirements {ilbies] early PR 7.4 A%
3 Dwevedop technical performance measures for each requinement Pg7.12 100
Pg7.12
TMP-2 2 Validate Requirements Developmernt Process |EIJedn Pgal S0 - S|
Generate operatioral analyss models to test concept and reguinemeents DoOAF Operatsonal
L walidity IMCOEE Pg 7.9 Wiews Si%
ThaP-4 2 Carry analysis 1o one lewel deeper than seems necessary |Bch:~ Pg 158
TMF-2 2 Carry analysis 1o ane lewel broader than seems necessary |EJ¢'ﬂ¢" Pg 158
ThF-4 2 Determine bow it is known that requirement is "right’ |BJcﬂ:~ Pg 125
TP 2 Ersure Reguirements Feasibility and Walidity |HJ|:|:H: Fg &l 1% - 10T,
THMIF-2 3 Emnsune customer and consumers understand requirements Buede Pg 158 100
mbereeas with
apertors of current ar
similar systems,
pofental end users,
and meetings with
nterface Warking
Thap-2 2 Identify scenarios IRCCEE PR 7.0 Graup
ThF-2 2 Fesolve uncertanties with requinemenis IMLCSE PR 7,11
IMRCCISE F
ThF-2 3 Anabyre requirements for clanty, completeness, and consstency DA Sec 4. 0%
TRAF-2 2 Anahyze requirements agairst all communications and negotiations IRCCEE Bz 7.6
ThaP-2 4 &nalyze impact of emerging techralogies DG Sec 4.
ThAF-4 < Analyze impact of current thneats DA Sec 4.
LHilize Failure Modes Effects and Criticaliéy Analysis [FRECA) or Hazard
4 Analysis to wdenkify ortical system lewvel reguiremenis EPgdk
3 Aralyze requirements for feasibidity by interdecipliinary team Pg 7.11 1%
Walidate requiremenis at all kewels PR .G 100
4 Walidate reguirements to all communications and negotiations PR 7.6
3 Avsess if requirements are verfiable Pg7.11 TO%|
TRAF-2 2 Document Beguiremerts Fps.3, 4.4 % - 1T
nital Capabilzies
Documsent or
Dewelop corcept documsent to capture implementat ion-fres Jndr:rs‘.ar'dng equralent; AFPD 10
ThP-2 3 of stakehalder's needs INCOEE Pp 7.9 28 100
Develop concept document to capture behawioral characterstics of |
TP < subsystems INCOEE PR 7.9 DaDAF D2
Develop concept dooament 1o captare manner in which peophe wi |
TMF-2 < interact with sysbem IMCOSE PR 7.8 DoDAF OW-2
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RO 2100 AFPD 10)
ThMP-2 4 Develop concept doosment to caphune extemal system interaction INCOSE PR 7.9 Fi|
TMP-2 ] Create templates for constructing requirements statements ||r.-'_r_u-,& PRib [
P2 3 W rite raticnale for each requirement (often urcovers real requirement) Buede Pg 158 %
P2 4 Establish bazis for requirements to support system aver its Ife ||r~.-:r_u-,& Pg74
Establish basis for test planning, system test requirements, and |
™P-2 4 erwronmeental simulator reguine meents. IMRCOEE Pg 7.9
ThAP-L & Proesde basis for computation of system capacity |Ih-:\'_'lb! Pg 7y
Develop reguiremenis diasgram to capture hiemrchies, derivation, |
ThAP-L 3 satefaction, ard verfication relationships IMCCEE Pz 7.8 DoDAF OW-5, BV-5 gL
ThaP-2 3 Place establshed requirements under configuraton control IMCOEE PR 4.4 i
driginating
requirements
document;
THIP-4 3 Convey documented requirements to stakcholders Buede Pg 129 Aegquiremeents Baseling 100r%
D&z Secd.2.34,;
Buede Pg 158; INCOSE
ThP-2 2 Ersure Traceability of Reguirements Pg .10 10T - 0%
nitial Capabilities
Buede Pg 23; INCOSE | Documsent, Excel
TMP-4 ] Determire traceability tool Prdd Spreaduhest 100%
TMP-£ 4 Develop requirements werfication traceabilty matix ||h-:l'_'lb! Pp4.l3
ThAP-2 3 Pravide traceabilty from aperational needs ta reguine ments ||h-:l'_'lb'. PR74 100%
Buede Pg 53; INCOSE
TMP-£ 4 Determine requirements traced ta funchians Pg4.8
Buede Pg 53, INLOSE
™Mp-2 4 Defermine requirements traced to components Ped49
Buede Pg 53; IMCOSE
P-4 4 Determine reguirements traced ta inputs/outputs assigned ta interfaces [P 4.11
4 Erter data to traceabdlity matrix |Ih-:l'.'lbt PR4.17
£ Pgantaen traoeabeisy to requenemaents MLt PRdb A
4 Confirm wpward traceability of requirements DG Sec 4.2.4.3,
4 Confirm downward traceability of requirements DG Sec 4.2.4.3.
[ Cantinually verify techrical paramseters to maongor trerd IMCOSE Pg 712
[ Controd external interfaces |E-J-:|:Ie PR 158
4 Controd intennal interfaces |BJ-:-cIe PR 158
4 Inputt informatean to reguirements verification traceability matric |Ih-‘.l’.‘lb& Ppa.ld
TMPF-2 rd Establish Process for Reguirements Changes |HJEﬂC" Pg 129 B - AN
ThP-2 3 Establish plan to correct/charge regurements |BJEﬂC" PR 152 100%
ThP-2 3 Establish process for evaluating impact of system modifications Buede Pg 129 %
ThF-L ] Documsent requiremerts changes D Secd.2.3 .4, 100%
4 Record rationale for changes D8 Sec 4.2.3 4.
4 Record cornective actions INCOSE Pp 4.14
TMP-4 ] Azspss product modficmtions ||h-'_|'_'le Pgig o
TMP-4 4 Rerord eviderce that system element satisfies requinemsents, or rat INCOEE Pp4i.14
T™MP-£ 4 Record evidence that system satisfies require ments, or nat INCOEE Pp 4.14
TMP-E 1 THP-5 | Risk Management) A% - 100%
fisk Management
TMP-5 rd Risk Flanning DG Secd 2315 Framework %
Aeference Frogect
Mznagement |rebiute,
and "Risk Managemernt
DaGSec 4,215 Leardard” generated
Buede Pg 383; INCOSE | by institute of Rk
TMP-5 ] Establish rizk management process g 511 Mznagement 100r%
D&z 5ec 4215,
TMP-5 ] Coordinate risk management activities INCOSE Pp 3.4 SN
ThAP-S 4 Idengify what should be done DG Sec 3
ntegrabed Master
THP-5 4 Establish schedule D8 Sec 4,235, Schedule
ThP-S 3 Aszgn responsibilies DAz Sec i
P55 £ Utilize project risk assessments IRCOEE Pg 5.10 A0
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Examine successes,
failures, problems, and
solutions of similsr
prior projects;
expected value model

THMEP-5 < LHilize priar nsk matrix IMCOSE Pg 5.10 {IMCOSE Pg 7.15)
ThAP-5 4 Lrilize project plans ard performance INCOEE Pg 5.10
Documentation
Reviews; Infarmaticn
Gathering

{\Brainstorming, Delphi
Technigue, Interviews,

Dz Sec£.2.15,,; SWOT (Strength
Buede Pg 314 INCOSE | Weakness-Opportunity,

ThAP-5 2 Risk Identification Pg 5.10-5.11 Threat) Arabyss] S - 100%
Dai: Sec £.2.25,;

ThAP-5 3 Identify cost risk INCOSE PR 7,14 Checklists 100%

ntegrated Master
Srhedule, Crtical Path
DG Sec £.2.35,; Anakyss, Assumption
ThAP-5 3 Identify schedule nsk INCOSE Pg 7,14 and Canstraint Aralyses 100%

Diagramming
Techniques [Cause
Effect Diagrams, Fault

Event Trees,
SystemnProcess Flaw
DG Sec4.2.35,; Charts, Influsnce
ThAP-5 3 Identify performarce risk INCOEE Pg 7.14 Diagrams) 100%

Graph of plamned valoe
of key parameter
plotted agairst
calerdar time (INCOSE

ThaPE-5 3 Identify techralogy matunty risks DG Sec £.2.3 5, PgT.1T) 10|
TRAR-S 4 Idenkify root cause for techralogy maturity nsks DAIG Sec £.2.35,

THAP-S 3 peber capabiliy risks 15 -fa
TRAP-S 4 Idenify roct cause for supplier capability risks 15,

ThAP-5 3 Identify design maturation risks 5. 0%
TRAP-S 4 Identify roct cause for design maturation nsks 5.

TMP-S 3 Review potential shortfall against expectations L} 1001%

ARENA, CORE, MATLAEB
Ltate Flow Modeler,
DG Sec 4235 ; Crystal Ball (Excel add

THMP-5 2 Risk Aralysis [Qualitative & Quantitative) Buede Pg 382 n) 10R0% - 10NN
ThAP-5 3 Identify Areas for Analysis | 1008
THP-S 4 Anahge requirements INCORE Pg 7.18

ThAP-5 4 &nalyze currert [ propased staffing DAG Sec 4235,

THP-S 4 Anahge current / propased process DG Sec 4,235,

ThAP-5 4 Anahge current / propased design DAG Sec 4,235,

TMP-5 4 Anabye current [ propased supplier DG Sec 4,235,

THPF-5 4 Anahze current ¢ propased operational emgployment DG Sec 4.2.35,

TMP-5 4 Anahze current ¢ propased resources DG Sec 4,235,

TMP-5 4 Analyze current ¢ propased dependandes DG Sec 4.2.35,

TMF-5 4 Analyze negatree trends DG Sec 4.2.35,

TME-5 4 Examine wide range of operatioral scenanas Buede Pg 267

ThAP-5 3 Axsess Probabaly 100%
ThAP-5 [ Identify probabality of threats ECT

ThAP-5 [ Identify probability of technology maturity risks 5.

ThAP-5 4 Identify probability of supplier capability risks a5,

THIF-5 4 Identify probabality of design maturation risis 3%,

ThAP-5 4 Identify probability of performance ws plan risks DG Sec 4.2.3.5,

THMP-S 3 Asspss Corsequence IMCOEE PR 5,10 100r%
ThAP-5 4 Identify consequence of threats DAG Sec 4,235,

ThiP-5 4 Identify consequence of techniclogy maturity risks DG Sec 4,235,

ThP-5 4 Identify consequence of supplier capability risks DG Sec 4,235,

TRAE-5 4 Identify consequence of design maturation rsks DI Sec 1%,

ThaP-5 & Identify consequence of performance ws plan risks DG Sec 4,235,
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DaGSecd.2.35;

TMF-5 2 Risk Handling IMCOSE Pg5.11 100% - 10
Thap-5 | Extahblish risk handling approaches for moderate and high nsk tems |Ih-'_U_\,E Pz 7.17 Risk Management Plan 100
DAz S5ec 22315 ;
TMIP-5 £ Rk Mriigation Buede Pg. 314
Thk-5S 5 Determine planning for risk mitigatian DAG Sec£.2.3.5,
ThMP-5 5 Determine budget for risk mitigation DA Sec 3
ThMF-5 5 Determine requinements for nisk mitigation DA Sec LN
TMEF-5 5 Determine contractual changes for sk mitigaton DAG Sec4.2.3.5,
TMPF-5 5 Generate change requests to mitigate technical nsk IRCCEE PR 5.10
ThPF-5 5 Pripritize handling of risks |Ih-: EPg5.10
Gererate plan of action for when risk threshold swceeds acceptable |
TMPF-5 5 levels IMCCEE PR 5.11
ThMP-5 5 Utilize measurements or statistics that belp manage the risk IRCCEE PR 5.11
THP-5 < Fisk Acceptance DS Sec
D&z Sec 4.
TMIP-5 £ Fsk Transference Buede Pg 301
DAl Sec £2.2.3.5,;
TMPF-S 4 Rk Avoedance Bueds Pg 382
Awaid risks introduced by human error through training, teamwork,
TMPF-5 5 and moralke |Ir\-'_l'_'!_'$.l PR 7.12
#vaid risks through early procurement, inftiate parale
developments, implement extensive arakysis and testirg, and make
TMp-5 5 contingercy plars INCCEE PR 712
I
TRIP-S 3 Select most promising risk handling option |Ih-Lm! Pg7.12 AN
Beware af temptation ta reduce verification actrities due to budget or |
TMPF-32 L schedule owernans IMCOEE PR 2.14
ThF-5 2 #vaid conducting werfication late in schedule IMLCEE PR 4.14
TMF-5 2 Fisk Monitorning DA Sec 1050 - 10N
DA Sec g
TMF-5 3 x abe resis 1o stakeholders i 058 PR 511 e
ThP-5 2 Cutline risk reporting requiremenits DAG Sec£.2.35,
ThMP-5 2 Communicate risk management actvities DAG Sec£.2.35,
TMp-5 4 Alert maregement for plans implement/change DRI Sec
TRIP-S 3 Manitor risk mitigation plans DA Sec 8. AN
TRAP-S 3 Rewiew regular status updates DAL Sec£.2.35, AR
ThaF-5 2 Conduct periodc progam management reviews
Thap-5 2 Conduct periode techmical reviews
ThP-5 3 Manitor test results 100
DAaGSec £.2.35;
TMPF-5 2 Risk Dooumentation IMCOSE Pg5.10 A% - 10%
DA Sec 4. 5
TMP-5 3 Dooument msk maragement acthaties IRCOEE Pg 5.10 100
TRAP-S 3 Dvopoumeent change history DAS Sec B
ThaP-5 5 Document program metbncs DAG Sec 100
TMPF-32 3 Drocumeent techinical reparts DA Sec 10
Thak-5 3 Cocument earned value reports DA Sec 2%
TMF-5 3 Drocument watch lists DA Sec 0%
THMP-5 3 Document schedule performance reports &S Sec B
TMPF-5 3 Document techmnical review minutes DA Sec 100
ThPF-5 3 Document oritical risk process reports DAG Sec 4. * 100
THMIP-5 3 Maintain recond of nsk dems ard how they sere handled IMCOSE PR 5.11 100%
THAP-& 1 TMP-E |Configuration Management) SiFK, - 100
DAaGSec £.2.36,;
IMCOSE PR2.1T
TMF-& 2 Dewelop Configuration B | IMCOSE Pg5.12 TO% - 1%,
ThF-& 3 Begin configuration maragement process in early phases of project IRCCEE PR 5.12 100
\Configuration Comtrod
TMP-& 3 Extahlish configuration maragement responsibilties IRCCEE Pg 5.12 Board s
TMP-& 2 Identify gov/ctr systems enginesring interaction DAG Sec£.2.3 6.
THMP-& 4 Identihy gow/ctr design enginesring anberaction DA Sec £.2.36.
THAP-& 4 Idenkify gov/fctr lagistics interaction DA Sec
ThaP-& 2 Identify gow/ctr contracting interaction DAG Sec
ThaP-& 4 Identify gov/ctr marufacturing interactian DG Sec 4.
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ThAP-& 3 Establish strscture for configuration idengification |L:M'_- Secd 236, TO%
ThP-& 3 Identify system elements 1o maintain under configuraton control |Ih-‘.U$! PR 5.13 Corfiguration Hhems TO%|
D& Sec 4.
TMPr& 4 Aszign unigque identifier to each version of each system element INCOSE PR 8.5
TMP-& 3 Establish architectural baseline IIh-:U_‘,E Pp4.8 100
Ersure product functional characteristics are property identified, |
P& 4 documented, validated, and verified INCOSE Pg 5.12
Ensure product performance characteristics ane prope iy identified, |
THIP-& [ dooumsented, validated, and verified IMCOSE PR 5.12
ThPF-& 4 Document architectural design decisions |Ih-:U_'$E PR4.8
ThP-& 4 Obtain design approval |E-JEdE" Pg il
ThP-& 4 Document design approsal |BJ-:de Pg 31
ThP-& 5 Prowide substantiated justifiction [imeccse pg a7
TMP-& ] Dibtain approval of documsentatian Bueds Pg Al
DA 5ec 22316,
TRP-& 3 Establish hardware baselines IRCOEE Pp 512 AR
Ersure product physical charcteristics are properly idenkified,
ThAP-& & documsented, validated, and werified Pg 5.1
ThaP-& 4 Comglete product specificatians PR4.10
Thafr-& 4 Complete process specifications £Pg4.10
ThP-& 4 Complete materal specfimtions PR4.10
ThP-& [ Complete product assembly drawings PR4.12
ThP-& 4 Complete manufactuning tool dawings EPg4.12
DA Sec £.2.36,;
TMP-& 3 Extablish zoftware baselines IMCCSE PR 5.12 100%
Establish Configuration Change Control Plan [Establish configuration control
cycle that incorporates evaluation, approwal, validation, and wertfication of |DAG Sec 22358
TMIP-h Z chamge requests) INCOEE Pg 5.13 50K - 50%
Configuraticn Control
TMF-& 3 Extablish change nequest process IMLCEE PR 5,12 Hoard SO%
D Sec 4236,
THP-& 4 Ersure charges identified IMCOSE PR 5,12
|Li.=-l'_- Sec4.236,
TMF-& < Ersure changes recorded IMCICSE PR 5.12
DA Sec 2236,
TMF-& < Ersure changes evaluated IMCISE PR 5.12
DAz Sec £.2.36,;
MG 4 Ersure charges approved /disapproved |Ih-:ml Pg5.12
Odiz Sec 2,236,
Thar-& 4 Ersure changes incarporated IRCOSE PR 5.12
||.'Jnr.- Sec4.2346,;
ThPF-& 4 Ensure changes werified
ThP-& [ Estabilsh configuration control board
Identify criteria and means for auditing element configuration to design
TMP-& 3 documentaion 5%
THP-& 2 Dewelop and Maintain Configuration Contral Dooumentation S0 - S|
Charpe Hequest
TMP& 3 Dacument status ard impact of change request Database 0%
Identify ard dooument characteristics of system elements to be ureque and
TRAP-& 3 acoessible IRCORE Pg 8.5 S
DAaGSec £.2.36.;
TMFPF-& 2 Maintain Configuration Baselines INCOSE PR4.12 & 5.13 SO% - 100T%,
ThP-& 3 Control and maintain architectural baselines |htuder'. Derived 10T%
ThP-& 3 Cortrol, and maintain handware baselines |Ih-: PR 5.12 -
ThP-& 3 Control, and maintain software baselines [imecce pg 512 oo
Perform corfiguration audits associated with milestones and decizion gates |D&G Sec4.2.3
TMP& 3 to walidate baselines 0%
THP-& < Aszure audr trail for decssons
ThaP-& & Assure audit trail for design modfications
ThaP-& 3 Update design documentation 10
P-4 3 Ensure consistent product versions INCOSE PR 8.5 100%
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TP 1 THP-7 [Technical Data Manag: 1 1k - 100K
Core Architectune Data
TMF F 3 Develop Data Managemient Flan Made IO - 1%
ThP-7 3 Identify data maregement policies %
ThP-T 3 Identify data maragement sysbems 7%
ThP-T 3 Identify data maregement procedunes 7%
ThP-T ] Identify method of recording techrecal data 100T%
ThP-T 4 Identify method of recording system development
ThAP-7 4 Idengify method of recording modebing & sm
ThAP-T 4 Identify methed of recording test development
ThP-7 ] Identify methed of recording test and evalsation
ThP-7 ] Identify methed of recording installation
ThaP-7 4 Identify methed of recording spare parts
THAP-T 4 Idengify method af recording repar parts
THAP-T 4 Idengify method of recording product sustaimment
ThAP-T [ Idensify method of recording supplier data
ThAP-7 4 Idengify method of recording software documentation
ThaP-7 4 Idengify method of recording management info
TRAP-7 3 Establish ard masntasn data dichonary S
TP 2 Determing f Define System Belevant Information 10 - 100%
ThAP-7 3 Identify data regs for development 10|
THP-T [ Identify data reqgs for modeling & simaulation
ThP-T [ Identify data reqgs for test development
ThP-7 [ Idengify data regs for test and evaluation
ThAP-T [ Identify data reqgs for mstallaton
ThAP-T 4 Identify data reqs for spare parts
ThAP-7 4 Identify data reqs for repair parts
TaP-7 4 Ideniify data reqgs for product sustainment
TRAP-T 4 Idenkify data regs for supplier data
TMIP-F 3 echrical data to be reconded 10%
ThaP-7 [ Identify software doosmentaton to be recorded
ThAP-7 4 ke iy i informiateon to be reconded
Idengify valid sources of information and pericdically obtain artifacts of
ThP-T 4 informatian
TMPF-7 Ident echmical data to be commauncated DAL Sec 1005
ThP-T 4 Identify software doc o be commuricated D& Sec
ThP-7 4 Identify management info to be communicated D& Sec
TP r Identify System Data to Purchase 1067 - 10N
TRAR-7 3 Identify cost of data delweny il 1
Thap-7 E] echnical data to purchase 10r%
THAP-T 4 Idenkify circumistances for data to be more useful
THP-7 [ Idengify circumistances for data to be updated
THP-T [ Identify required format of delwered data
TMIF 2 Determine Data Pratection Requirements 10T - 1%
ThAP-T 3 Identify if data has restrictons 1007%
TMP-7 E] Determire data marking / release 1001%
TRAR-T E] Desvelop pratection for critcal techinolagy nfo 1O
Reference B0 17738 "Code of Practice for Information Secuniy
ThaP-7 4 Maragement®
Thap-7 3 Establish distribution statements 100r%
ThP-T 3 Assure proper handling of data 100T%
ThP-T 4 Assure proprictary data properly handled
TMP-T 4 Aszure bmited distnbution data properly handied
TMP-T 4 Aszure intellectual property data propery handled
TMF 2 Addross Loing-term Data Starage Reguiremenits DA Sec 4 1.3 TO% - 1%
ThAP-7 3 Identify artifacts for storage INCORE Pg 515 100
TRAP-T 4 Idenkify informatson rich arbfacts and store for later use IMCOEE Pg 5.15%
ThAP-7 Develop plan for digniong information ] Pl
ThaP-7 4 Develop plan for digtized data avaitabilmy
ThP-T 4 Develop plan for preserving digitized data
ThP-T 4 Develop plan to migrate digitized data to new farm
TMP-T ] Address retrieval of data 100T%
TMF 2 Record Program Dakta 10% - 100%,
TRAP-T7 3 Complete specfications |-

THAR-T

Complete product specificatsons

TP

Comiplete process specifications
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TMP-T 4 Comiplete materal specfimtions |Ih-'_U_'~.! Fg4.10
TMP-T 3 Llpdate design documentation |Ih-:l'_'I5-! PE4.10 100r%
TMP-T ] Documsent testing and analysis results |Buede #g a2 10%
TMP-T7 4 Document werification testing |Buede pg 42
TMP-T 4 Documenit walidation testing |EJed& Pg 4l
TMP-T 4 Document ibegration testing resukts |Ih-:m& Pg4.12
TRAP-T LS Document mbegration analysis results |Ih-:m& Fg4.12
TRAP-T 4 Document data acceptance test report |L:M'_- Sec 4244,
TMP-F 3 Documssnt anchitecture ISR PR .12 all DoDAF Views 10
TMP-F 3 Develop manuats DA Sec £.2.4.4, 1%
DA Sec £.2.4.4,;
TMP-T 4 Dewelop operations manuals INCOSE PR 4.10
TMP-T 4 Develop mainbenance manusals D Sec 4.2.4.4,
TMP-T [ Dewelop installation manuals D Sec 4.2.4.4.
TMP-T 3 Draft training documentation IMCSE PR 2.10 1%
TMP-T 4 Diraft training documentation for operating system components |Ih-:U_'~.'. Pga.10
TMP-T 4 Diraft training documentation for operating subsystems |Ih-:U_'~.! Fga.10
TMP-T 4 Draft training documentation for operating systems |Ih-:m! Pp4.10
Draft training documentation for conducting failure detection and
Thp-7 4 isolation far system companents INCOSE Pg4.10
Draft training documentation for corducting fallare detecticn and |
Thap-F 4 isolation far subsystems INCOSE PR 4.10
Draft training documentation for conducting failure detection and |
TMP-T < isolation for systems INCOSE Pg2.10
TMP-T 4 Craft training documentation for maintaining system components |Ih-:U_'$E FR4.10
TMP-T 4 Diraft training documentation for maintaining subsyshemes |Ih-:U_'~.'. Fg4.10
TMP-T [ Draft training documentation for maintaining systems |Ih-:m! Pp4.10
TMP-T ] Plaintaan safety critical product documesntation [imcose pg 310 1013
I
TMP-T 2 Make Project Data Available |Ih-CI'_'I'3! PR5.15 TO% - 10
Defiree information formats ard media [capture, retention, trarsmission,
TMP-7 £ and retrieval | IMCOEE Pg 5.1% %
Defiree storage requiremeents, acoess priveledges, and durabion of
TMP-F 3 [ e === |IMU&L?R}|.1'J- Rl
TRAP-T 4 Define access priveledges, and duration of mainterance |Ih-:l'.‘t§t Pg5.1%
TMP-T 4 Archive desigrated information to comply with begal requirements |Ih-'_U_'~.! Pg5.15
TMP-T ] Fublizh cument and walid system informatian |Ih-:U_'~.! Pg5.15 1001
Make available for use and communication of all relevant system |
THAP-T 4 artifacts in temedy, complete, valid, and confidential manner IMCOSE PR 5.1%
TMP-T | Miaimtain infarmation according to security requirements |Ih-:m& PgS. 1001%
THMP-7 2 Betrieve and distribute information as required |Ih-:m'. Pg5.1% 1P|
TRAP-T < Pronesde access to contents of data repasitories; Email, indraret, database |INCORE Pg 5,15
TRAP-T [ Beference 150 10203 "itandard for the Exchange of Product Model Data®|inCOSE Pg 5,15
TMP-T 3 Retine urwanted, iralid, or unverifiable informatian IRCOSE PR 5.15 10
TMP-8 1 THRP-E [Interface Management) 10K - 100%
Buede Fg 2894, INCOSE
TMP-8 r ] Define Interface Requirements and Control Methods Pg48 106F% - 10K
TRAP-B 3 Utilize operational concept and sysbem architechars |Bche Pg 2894 COMOPS, DoDAF A0S
TMP-5 3 LUtilize system imbegration plan INCOSE PR 2.8 100%
THP-8 3 Identify interface marage ment approach DAGSec 4£.2.45, 1001%
DaGSec £.2.4.1.;
TMP-8 ] Identify interoperability among systems and sub-syste ms INCOSE P 4.8 1001
D&z Sec £.2.4.3 DAG
Sec4.2.45,; Buede Pg |External Systems
ThAP-8 Identify refated svbemal and external interfaces L=t Ditaggram 1001
ThAP-8 4 Identify items ta be transported by nterface Bueds Pg 204
ThAP-2 3 Identify interface constraings |Ih-:m& Ppdl 100
TRAP-2 [ Idenkify interface corstraints from interfaces with legacy systems |Ih-:m'. Pg43
TRIP-E 3 ‘Write nterface requirements |Bch:~ Pg 2894 A0
ThaP-8 3 Coordinate interface requirements with stakebalders |L;F-l: Sec4.2.4.5, 10T
ThMP-8 3 Select high-level interface control methods [Buede Pg 284 10
TMP-E 4 Identify candidate control methads |BJI’.‘d¢‘ Pg 294 DaDAF
THP-8 4 Define trial interfaces for each candidate |BJL‘d\!" Pg 294
ThP-8 4 Evaluate afternatives against requirements |E-J\'.‘d!' PR 294
TMP-8 [ Choose high-level interface control methods |Buede Pg 294
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ThAP-8 3 Identify interface definition impacts 100%
ThaP-& 4 Identify impacts to original defined capabilities
THAP-8 4 Identify impacts to origenal defined interfaces
THAP-8 4 Identify impacts to perform parameter thiresholds
ThaP-8 Identify impacts to perform parameter ohjectves
Thap-& 4 Identify impacts to system
DA Sec 2.2.4.1. DAG
Sec 4,238, Bueds Pg
TMP-8 r | Dewelop System Interface Controd Methods =0; INCOSE Pga.7 Bk - 100r%
ThAP-B 3 Develop functional interface contrals Bueds Pg 254 DioDAF SV-1 A0
THAP-8 4 Identify functions performed by interfaces |Bche Pg 50
THAP-B 4 Specify functiorad decoposton |BJ-:dt~ Pg 294
TMP-8 4 Add nputs and cutputs |Bche Pg 250, 34
Determaned required format of inputs and cutputs 25 defined by
THAP-8 5 interface Buede Pg 131
Interface simulation drivers should be representative of tactical
TMP-8 enviroriments IMCOSE Pg£.11
TP 4 Add fault detection [Buede pg 204
THMP-8 L Add recoweny functions |Bche PR 294
TMP-8 3 Dewelop physical interface contrals |Bch€‘ PR 294 DaD&F 5-1 100%
ThAP-8 4 Identify physical formy'f of interface |Bche Pg 131
ThaP-& 4 Identify candidates based on high level anchitecture |Bueds pg 294
TMP-8 L Elimanate infeasible candidates |Bche Pg 294
ThaP-8 Dewelop operatioral interface contrals |Buede pg 294 DoDAF OW-2 e
ThaP-& 4 Identify timing constraings with interface |Bche Pg 131
ThAP-8 4 Allocate functions to components of interface |Bche~ PR 294
ThAP-8 4 Analyze behavior of albernatives |Bche Pg 294
ThAP-8 4 Anabyze performarce of alternatives |Bche~ Pg 284
ThP-8 4 Select altermative |BJede Pg 294
T™HAP-4 3 Megotiate interfaces with affected engineering staff Buede Pg 158 100%
TMP-8 3 Fefine interfaces BI%
ThaP-8 4 Refire snternal inferfaces from design phase
THAP-8 4 Refine extemal interfaces from design phase
TMP-8 4 #dd functicns to components connected to interface, as needed Buede Pg 294
ThAP-8 4 Refire integration corstrarts
TMP-& Update interface requirements speofications INCOSE PR 4.12
DA Sec4.2.3.8, DaDA&F 5V-1, Interface
TMP-8 r Generate Interface Contral Dooumentation DA Sec4.2.4.5, (Conitral Document B - 1%
nterface Control
ThaP-& 3 Documeent interfaces and integration plan INCOSE PR 4.8 ‘Working Group 100
ThaP-& 3 Establish interface maragement contral measures WA Sec 4 100
ThaP-& 3 Assure change communication CWAG Ser 4.2.38 100%
ThaP-8 3 Assure interface requirements available to 1P CWAG Sec 100
TMP-8 3 Documsent design Buede Pg 294 100r%
TIPS 3 Oibtain approval |Bueds g 294 HO%|
Dz Sec 4,238,
TMP-8 r Utilize Interface Contrals Buede Pg 39 1% - 100K
ThAP-8 3 LUse interface reqgs to facilitate bids 10%
ThaP-& 3 Use interface reqs to enable system integration 100
ThP-8 3 Wse interface reqs to suppart syshem mainteranoe B%
THAP-8 3 Use interface regs for upgrades B
AL 1 Fundamental Principles {Applicable to ALL PROCESSES| 100 - 100%
AL r Utilize Enterprise Capabilities Fg=.13-13 1067% - 100%
L 3 Uttilize enterprise strategic plan EPg5.10 100
L 3 Uttilize enterprise infrastrscture Pg4.12 100r%
BLL 3 Uttilize enterprise policies, procedures, and stardards EPg4.12 100
L 3 Uttilize Integrated Product Teams to bring together expertise 100%
L 3 Uttilize terms ard conditions of agreements EPg4.13 100
BLL 3 Uttilize project procedures and processes EPg4.13 100
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