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PRJ-118 EXAM PREVIEW

- TAKE EXAM! -

Instructions:

e At your convenience and own pace, review the course material below. When ready,
click “Take Exam!” above to complete the live graded exam. (Note it may take a few
seconds for the link to pull up the exam.) You will be able to re-take the exam as
many times as needed to pass.

Upon a satisfactory completion of the course exam, which is a score of 70% or
better, you will be provided with your course completion certificate. Be sure to
download and print your certificates to keep for your records.

Exam Preview:

1. According to the reference material, the event-based schedule, sometimes referred to
as the Systems Engineering Master Schedule (SEMS) or Integrated Master Schedule
(IMS) is a technical event-driven (not time-driven) plan primarily concerned with
product and process development.

a. True
b. False

. Which of the following options below is a type of product improvement strategies
that is implemented after the deployment of a project?
a. Design changes
b. Upgrades
c. Planned improvement
d. Production modifications
. According to the reference material, Product improvement planning must be driven
by § color or calendar, not by risk management.
a. True
b. False

. Which of the following options below is NOT a type of Production Improvement
Strategies for deployed systems upgrades?
a. Major Rebuild
b. Post-Production Improvement
c. Block Upgrade
d. Zoned Upgrades

. Section 17.3 outlines the roles and responsibilities that both the government entity
and the contractor have for a given contract. Which of the following below options is
listed as a role/responsibility that the government has?

a. Technical planning related to execution
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b. Designing and developing modifications
c. Managing external interfaces
d. Defining the new performance envelope
. Which of the following options below is a system type that is outlined as an Open
Systems Initiative according to the reference material?
a. C4ISR
b. P3I
c. IPT
d. E3
. Which of the following options below is NOT a component listed in the Simplified
Computer Resource Reference Model shown in Figure 17-6?
a. Operating System
b. Processor
c. RAM
d. Backplane
. Which of the following options below is NOT a life cycle consideration for Interface
Management according to the reference material?
a. Time and Cost to upgrade a system is reduced.
b. Open system approach enhances the use of competitive products to support
the system
Conformance management becomes a part of the life cycle configuration
process
d. Time to next iteration of system
. According to the reference material, complex systems usually have stagnant
configurations.

a. True
b. False

10. According to the reference material, when organizing for system development, the
tollowing order ranks the hierarchy of each group: System level Management team,
system level design team, product/process teams.

a. True

b. False
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CHAPTER 1

INTRODUCTION TO
SYSTEMS ENGINEERING
MANAGEMENT

1.1 PURPOSE 499A,Engineering Managemerit May 1974.
Now cancelled.)

The overall organization of this text is described

in the Preface. This chapter establishes some ef Aninterdisciplinary approach that encompasses

the basic premises that are expanded throughout the entire technical effort, and evolves into and

the book. Basic terms explained in this chapter are verifies an integrated and life cycle balanced

the foundation for following definitions. Key sys-  set ofsystem people, products, and process solu-

tems engineering ideas and viewpoints are pre- tionsthat satisfy customer needs. (EIA Standard

sented, starting with a definition of a system. IS-632,Systems EngineerinDecember 1994.)
» Aninterdisciplinary, collaborative approach that
1.2 DEFINITIONS derives, evolves, and verifies a life-cycle bal-
anced system solution which satisfies customer
A System Is ... expectations and meets public acceptability.

(IEEE P1220,Standard for Application and
Simply stated, a system is an integrated composite Management of the Systems Engineering
of people, products, and processes that provide a Process[Final Draft], 26 September 1994.)
capability to satisfy a stated need or objective.
In summary, systems engineering is an interdisci-
Systems Engineering Is... plinary engineering management process that
evolves and verifies an integrated, life-cycle bal-
Systems engineering consists of two significantinced set of system solutions that satisfy customer
disciplines: the technical knowledge domain inneeds.
which the systems engineer operates, and systems
engineering management. This book focuses o8ystems Engineering Management Is...
the process of systems engineering management.
As illustrated by Figure 1-1, systems engineering
Three commonly used definitions of systemsmanagement is accomplished by integrating three
engineering are provided by the best known techmajor activities:
nical standards that apply to this subject. They all
have a common theme: » Development phasing that controls the design
process and provides baselines that coordinate
+ A logical sequence of activities and decisions design efforts,
that transforms an operational need into a de-
scription of system performance parameters and A systems engineering process that provides
a preferred system configuration. (MIL-STD-  a structure for solving design problems and
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Systems Engineering Fundamentals Chapter 1
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Figure 1-1. Three Activities of Systems Engineering Management

tracking requirements flow through the designThe systems engineering process is the heart of
effort, and systems engineering management. Its purpose is
to provide a structured but flexible process that
» Life cycle integration that involves customerstransforms requirements into specifications, archi-
in the design process and ensures that the systdattures, and configuration baselines. The disci-
developed is viable throughout its life. pline of this process provides the control and trace-
ability to develop solutions that meet customer
Each one of these activities is necessary to achieveeeds. The systems engineering process may be
proper management of a development effort. Phasepeated one or more times during any phase of
ing has two major purposes: it controls the desigthe development process.
effort and is the major connection between the tech-
nical management effort and the overall acquisiLife cycle integration is necessary to ensure that
tion effort. It controls the design effort by devel- the design solution is viable throughout the life of
oping design baselines that govern each level dhe system. It includes the planning associated with
development. It interfaces with acquisition man-product and process development, as well as the
agement by providing key events in the developintegration of multiple functional concerns into the
ment process, where design viability can be asdesign and engineering process. In this manner,
sessed. The viability of the baselines developed igroduct cycle-times can be reduced, and the need
a major input for acquisition management Mile-for redesign and rework substantially reduced.
stone (MS) decisions. As a result, the timing and
coordination between technical development
phasing and the acquisition schedule is critical td.3 DEVELOPMENT PHASING
maintain a healthy acquisition program.
Development usually progresses through distinct
levels or stages:
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Chapter 1 Introduction to Systems Engineering

» Concept level, which produces a system conceptescriptions, and the product baseline for the sub-
description (usually described in a conceptystem/component detail descriptions. Figure 1-2
study); shows the basic relationships between the baselines.

The triangles represent baseline control decision

» System level, which produces a system descrigpoints, and are usually referred to as technical re-

tion in performance requirement terms; and views or audits.

» Subsystem/Component level, which produced.evels of Development Considerations
first a set of subsystem and component product
performance descriptions, then a set ofSignificant development at any given level in the
corresponding detailed descriptions of thesystem hierarchy should not occur until the con-
products’ characteristics, essential for theirfiguration baselines at the higher levels are con-
production. sidered complete, stable, and controlled. Reviews
and audits are used to ensure that the baselines are
The systems engineering process is applied to eachady for the next level of development. As will be
level of system development, one level at a timeshown in the next chapter, this review and audit
to produce these descriptions commonly calleghrocess also provides the necessary assessment of
configuration baselines. This results in a series afystem maturity, which supports the DoD
configuration baselines, one at each developmemilestone decision process.
level. These baselines become more detailed with
each level.
1.4 THE SYSTEMS ENGINEERING
In the Department of Defense (DoD) the configu- PROCESS
ration baselines are called the functional baseline
for the system-level description, the allocatedThe systems engineering process is a top-down
baseline for the subsystem/ compuat performance comprehensive, iterative and recursive problem

Concept Studies
]

*

DESIGN DEFINITION _
* System Definiiton

(Functional Baseline)

DESIGN DEFINITION . .
* Preliminary Design

(Allocated Baseline)

DESIGN DEFINITION Detail Design
v (Product Baseline)

Figure 1-2. Development Phasing
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Systems Engineering Fundamentals Chapter 1

solving process, applied sequentially through alDuring the systems engineering process architec-
stages of development, that is used to: tures are generated to better describe and under-
stand the system. The word “architecture” is used
» Transform needs and requirements into a set oh various contexts in the general field of engi-
system product and process descriptions (addieering. It is used as a general description of how
ing value and more detail with each level ofthe subsystems join together to form the system. It
development), can also be a detailed description of an aspect of a
system: for example, the Operational, System, and
» Generate information for decision makers, andlrechnical Architectures used in Command, Con-
trol, Communications, Computers, Intelligence,
» Provide input for the next level of development.Surveillance, and Reconnaissance (C4ISR), and
software intensive developments. However, Sys-
As illustrated by Figure 1-3, the fundamental systems Engineering Management as developed in
tems engineering activities are RequirementoD recognizes three universally usable architec-
Analysis, Functional Analysis and Allocation, andtures that describe important aspects of the system:
Design Synthesis—all balanced by techniques anfilinctional, physical, and system architectures. This
tools collectively called System Analysis and Con-book will focus on these architectures as neces-
trol. Systems engineering controls are used to trackary components of the systems engineering
decisions and requirements, maintain technicgbrocess.
baselines, manage interfaces, manage risks, track
cost and schedule, track technical performancélhe Functional Architecturaédentifies and struc-
verify requirements are met, and review/audit theures the allocated functional and performance

progress. requirements. Thhysical Architectureepicts the
P
R
(0]
C
E .
S —> Requirements ‘\‘ System Analysis
S Analysis and Control

(Balance)
Requirements
Loop

Functional Analysis
and Allocation

- CUZzZz-—

Design
Loop

v
Design Synthesis

Verification

PROCESS OUTPUT

Figure 1-3. The Systems Engineering Process
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Chapter 1 Introduction to Systems Engineering

system product by showing how it is broken downe Technical specialty areas, such as safety, risk
into subsystems and components. Bstem management, quality, etc., or
Architectureidentifies all the products (including
enabling products) that are necessary to suppoft When appropriate, business areas such as
the system and, by implication, the processes finance, cost/budget analysis, and contracting.
necessary for development, production/construc-
tion, deployment, operations, support, disposall.ife Cycle Functions
training, and verification.
Life cycle functions are the characteristic actions
Life Cycle Integration associated with the system life cycle. As illustrated
by Figure 1-4, they are development, production
Life cycle integration is achieved through inte-and construction, deployment (fielding), opera-
grated development—that is, concurrent considtion, support, disposal, training, and verification.
eration of all life cycle needs during the develop-These activities cover the “cradle to grave” life
ment process. DoD policy requires integratedcycle process and are associated with major func-
development, called Integrated Product and Prodional groups that provide essential support to the
uct Development (IPPD) in DoD, to be practicedlife cycle process. These key life cycle functions
at all levels in the acquisition chain of commandare commonly referred to as the eight primary
as will be explained in the chapter on IPPD. Confunctions of systems engineering.
current consideration of all life cycle needs can be
greatly enhanced through the use of interdiscipliThe customers of the systems engineer perform
nary teams. These teams are often referred to #se life-cycle functions. The system user’s needs
Integrated Product Teams (IPTs). are emphasized because their needs generate the
requirement for the system, but it must be remem-
The objective of an Integrated Product Team is tobered that all of the life-cycle functional areas
generate requirements for the systems engineer-
» Produce a design solution that satisfies initiallying process once the user has established the basic
defined requirements, and need.Those that perform the primary functions
also provide life-cycle representation in design-
« Communicate that design solution clearly,level integrated teams.
effectively, and in a timely manner.
Primary Function Definitions
Multi-functional, integrated teams:
Developmentincludes the activities required to
» Place balanced emphasis on product and procegsolve the system from customer needs to product
development, and or process solutions.

» Require early involvement of all disciplines Manufacturing/Production/Constructionin-
appropriate to the team task. cludes the fabrication of engineering test models
and “brass boards,” low rate initial production,
Design-level IPT members are chosen to meet thiell- rate production of systems and end items, or
team objectives and generally have distinctive comthe construction of large or unique systems or sub-
petence in: systems.

» Technical management (systems engineeringDeployment (Fieldingjncludes the activities nec-
essary to initially deliver, transport, receive, pro-
» Life cycle functional areas (eight primary cess, assemble, install, checkout, train, operate,
functions), house, store, or field the system to achieve full
operational capability.

ENGINEERING/PDH.COM
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Systems Engineering Fundamentals Chapter 1
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Figure 1-4. Primary Life Cycle Functions

Operation is the user function and includes Systems Engineering Considerations

activities necessary to satisfy defined operational

objectives and tasks in peacetime and wartim&ystems engineering is a standardized, disciplined

environments. management process for development of system
solutions that provides a constant approach to

Supportincludes the activities necessary to pro-system development in an environment of change

vide operations support, maintenance, logisticsand uncertainty. It also provides for simultaneous

and material management. product and process development, as well as a
common basis for communication.

Disposalincludes the activities necessary to ensure

that the disposal of decommissioned, destroyedsystems engineering ensures that the correct

or irreparable system components meets allechnical tasks get done during development

applicable regulations and directives. through planning, tracking, and coordinating.
Responsibilities of systems engineers include:

Training includes the activities necessary to

achieve and maintain the knowledge and skill levels Development of a total system design solution

necessary to efficiently and effectively perform that balances cost, schedule, performance, and

operations and support functions. risk,

Verification includes the activities necessary toe Development and tracking of technical

evaluate progress and effectiveness of evolving information needed for decision making,

system products and processes, and to measure

specification compliance. » \Verification that technical solutions satisfy
customer requirements,

ENGINEESING-PDH.COM
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Chapter 1 Introduction to Systems Engineering

» Development of a system that can be producettacking and verification problems software devel-
economically and supported throughout the lifeopment entails. In a like manner, all technology
cycle, domains are expected to bring their own unique

needs to the process.

» Development and monitoring of internal and
external interface compatibility of the sys- This book provides a conceptual-level description
tem and subsystems using an open systentd systems engineering management. The specific
approach, technigues, nomenclature, and recommended

methods are not meant to be prescriptive. Techni-

» Establishment of baselines and configuratiorcal managers must tailor their systems engineer-
control, and ing planning to meet their particular requirements

and constraints, environment, technical domain,

» Proper focus and structure for system and majosind schedule/budget situation.
sub-system level design IPTs.

However, the basic time-proven concepts inherent
in the systems engineering approach must be re-

1.5 GUIDANCE tained to provide continuity and control. For com-

plex system designs, a full and documented un-

DoD 5000.2-R establishes two fundamentalderstanding of what the system must do should

requirements for program management: precede development of component performance

descriptions, which should precede component

* |t requires that an Integrated Product andietail descriptions. Though some parts of the sys-
Process approach be taken to design wherevéem may be dictated as a constraint or interface, in
practicable, and general, solving the design problem should start

with analyzing the requirements and determining

» Itrequires that a disciplined systems engineerwhat the system has to do before physical alterna-
ing process be used to translate operationdives are chosen. Configurations must be controlled
needs and/or requirements into a systenand risk must be managed.
solution.

Tailoring of this process has to be done carefully

Tailoring the Process to avoid the introduction of substantial unseen risk

and uncertainty. Without the control, coordination,

System engineering is applied during all acquisiand traceability of systems engineering, an envi-

tion and support phases for large- and small-scal®nment of uncertainty results which will lead to

systems, new developments or product improvesurprises. Experience has shown that these
ments, and single and multiple procurements. Theurprises almost invariably lead to significant
process must be tailored for different needs and/dmpacts to cost and schedule. Tailored processes
requirements. Tailoring considerations includethat reflect the general conceptual approach of this
system size and complexity, level of systembook have been developed and adopted by profes-
definition detail, scenarios and missions, consional societies, academia, industry associations,
straints and requirements, technology base, maj@overnment agencies, and major companies.

risk factors, and organizational best practices and

strengths.

1.6 SUMMARY POINTS

For example, systems engineering of software

should follow the basic systems engineering Systems engineering management is a multi-

approach as presented in this book. However, it functional process that integrates life cycle

must be tailored to accommodate the software functions, the systems engineering problem-
development environment, and the unique progress solving process, and progressive baselining.

ENGINEERINGBPDH.COM
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Systems Engineering Fundamentals

Chapter 1

The systems engineering process is a prob-
lem-solving process that drives the balanced

development of system products and processes.

Integrated Product Teams should apply the sys-
tems engineering process to develop a life cycle
balanced-design solution.

The systems engineering process is applied to
each level of development, one level at a time.

Fundamental systems engineering activities are
Requirements Analysis, Functional Analysis/
Allocation, and Design Synthesis, all of which
are balanced by System Analysis and Control.

Baseline phasing provides for an increasing
level of descriptive detail of the products and
processes with each application of the systems
engineering process.

Baselining in a nut shell is a concept descrip-
tion that leads to a system definition which, in
turn, leads to component definitions, and then
to component designs, which finally lead to a
product.

The output of each application of the systems
engineering process is a major input to the next
process application.

ENGINEERING-PDH.COM
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CHAPTER 16

SYSTEMS ENGINEERING
PLANNING

16.1 WHY ENGINEERING PLANS? Technical/Systems Engineering Planning

Systems engineering planning is an activity thafechnical planning may be documented in a sepa-
has direct impact on acquisition planning decisionsate engineering management plan or incorporated
and establishes the feasible methods to achieve th#o a broad, integrated program management plan.
acquisition objectives. Management uses itto: This plan is first drafted at project or program
inception during the early requirements analysis
» Assure that all technical activities are identifiedeffort. Requirements analysis and technical plan-
and managed, ning are inherently linked, because requirements
analysis establishes an understanding of what must
» Communicate the technical approach to thébe provided. This understanding is fundamental
broad development team, to the development of detailed plans.

» Document decisions and technical implemen-To be of utility, systems engineering plans must
tation, and be regularly updated. To support management de-
cision making, major updates will usually occur
» Establish the criteria to judge how well the at least just before major management milestone
system development effort is meeting customedecisions. However, updates must be performed
and management needs. as necessary between management milestones to
keep the plan sufficiently current to achieve its
Systems engineering planning addresses the scoparpose of information, communication, and
of the technical effort required to develop the sysdocumentation.
tem. The basic questions of “who will do what”
and “when” are addressed. As a minimum, a tech-
nical plan describes what must be accomplished,6.2 ELEMENTS OF TECHNICAL PLANS
how systems engineering will be done, how the
effort will be scheduled, what resources are neededgechnical plans should include sufficient informa-
and how the systems engineering effort will betion to document the purpose and method of the
monitored and controlled. The planning effortsystems engineering effort. Plans should include
results in a management-oriented documenthe following:
covering the implementation of program require-
ments for system engineering, including technicat An introduction that states the purpose of the
management approaches for subsequent phases ofengineering effort and a description of the
the life cycle. In DoD it is an exercise done on a system being developed,
systems level by the government, and on a more
detailed level by contractors. * A technical strategy description that ties the
engineering effort to the higher-level manage-
ment planning,

ENGINEERING4PDH.COM
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Systems Engineering Fundamentals Chapter 16

» A description of how the systems engineeringe Be a single objective to avoid confusion,
process will be tailored and structured to
complete the objectives stated in the strategy,» Be stated simply to avoid misinterpretation, and

 An organization plan that describes thes Have high-level support.
organizational structure that will achieve the
engineering objectives, and Purpose: The purpose of the engineering effort
should be described in general terms of the outputs,
» A resource plan that identifies the estimatedboth end products and life-cycle enabling prod-
funding and schedule necessary to achieve thacts that are required. The stated purpose should
strategy. answer the question, “What does the engineering
effort have to produce?”
Introduction
Technical Strategy
The introduction should include:
The basic purpose of a technical strategy is to link
Scope:The scope of the plan should providethe development process with the acquisition or
information concerning what part of the big pic- contract management process. It should include:
ture the plan covers. For example, if the plan were
a DoD program office plan, it would emphasizes Development phasing and associated baselining,
control of the higher-level requirements, the system
definition (functional baseline), and all activities ¢ Key engineering milestones to support risk
necessary for system development. On the other management and business management mile-
hand, a contractor’s plan would emphasize control stones,
of lower-level requirements, preliminary and detail
designs (allocated and product baselines), and Associated parallel developments or product
activities required and limited by the contractual improvement considerations, and
agreement.
» Other management generated constraints or
Description: The description of the system should:  high-visibility activities that could affect the
engineering development.
» Be limited to an executive summary describing
those features that make the system unique, Phasing and MilestonesThe development
phasing and baseline section should describe the
* Include a general discussion of the system'spproach to phasing the engineering effort,
operational functions, and including tailoring of the basic process described
in this book and a rationale for the tailoring. The
» Answer the question “What is it and what will key milestones should be in general keeping with
it do?” the technical review process, but tailored as
appropriate to support business management mile
Focus: A guiding focus for the effort should be stones and the project/program’s development
provided to clarify the management vision for thephasing. Strategy considerations should also in-
development approach. For example, the focus magiude discussion of how design and verification
be lowest cost to obtain threshold requirementswill phase into production and fielding. This area
superior performance within budget, superior stan-should identify how production will be phased-in
dardization for reduced logistics, maximum use ofincluding use of limited-rate initial production and
the open systems approach to reduce,aosthe  long lead-time purchases), and that initial support
like. A focus statement should: considerations require significant coordination
between the user and acquisition community.
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Chapter 16 Systems Engineering Planning

Parallel Developments and Product Improve- could cover a wide range of possible issues. In
ment: Parallel development programs necessargeneral, management issues identified as engineer-
for the system to achieve its objectives should béng strategy issues are those that impact the ability
identified and the relationship between the effortdo support the management strategy. Examples
explained. Any product improvement strategieswvould include:
should also be identified. Considerations such as
evolutionary development and preplanned product Need to combine developmental phases to
improvement should be described in sufficient accommodate management driven schedule or
detail to show how they would phase into the resource limitations,
overall effort.

» Risk associated with a tight schedule or limited
Impacts on Strategy budget,

All conditions or constraints that impact the strat-+ Contractual approach that increases technical
egy should be identified and the impact assessed. risk, and
Key points to consider are:
» Others of a similar nature.
 Critical technologies development,
Management-dictated technical activities—such as
» CostAs an Independent Variable (CAIV), and use of M&S, open systems, IPPD, and others—
should not be included as a strategy issue unless
» Any business management directed constrainthey impact the overall systems engineering strat-
or activity that will have a significant influence egy to meet management expectations. The strat-
on the strategy. egy discussion should lay out the plan, how it
dovetails with the management strategy, and how
Critical Technologies:Discussion of critical management directives impact it.
technology should include:
Systems Engineering Processes
» Risk associated with critical technology
development and its impact on the strategy, This area of the planning should focus on how the
system engineering processes will be designed to
» Relationship to baseline development, and  support the strategy. It should include:

» Potential impact on the overall developments Specific methods and techniques used to

effort. perform the steps and loops of the systems en-
gineering process,

Cost As an Independent VariableStrategy con-

siderations should include discussion of how Specific system analysis and control tools and

CAIV will be implemented, and how it will impact how they will be used to support step and loop

the strategy. It should discuss how unit cost, de- activities, and

velopment cost, life cycle cost, total ownership

cost, and their interrelationships apply to the syss Special design considerations that must be

tem development. This area should focus on how integrated into the engineering effort.

these costs will be balanced, how they will be con-

trolled, and what impact they have on the strateg$teps and LoopsThe discussion of how the

and design approach. systems engineering process will be done should

show the specific procedures and products that will
Management Issuesdvlanagement issues that poseensure:
special concerns for the development strategy
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Systems Engineering Fundamentals Chapter 16

» Requirements are understood prior to the flowthe overall requirements analysis process and
down and allocation of requirements, procedures.

» Functional descriptions are established befordnalysis and Control:Planning should identify
designs are formulated, those analysis tools that will be used to evaluate
alternative approaches, analyze or assess effective-
» Designs are formulated that are traceable tomess, and provide a rigorous quantitative basis for
requirements, selecting performance, functional, and design
requirements. These processes can include trade
» Methods exist to reconsider previous steps, anstudies, market surveys, M&S, effectiveness analy-
ses, design analyses, QFD, design of experiments,
» \Verification processes are in place to ensure thatnd others.
design solutions meet needs and requirements.
Planning must identify the method by which
This planning area should address each step amdntrol and feedback will be established and main-
loop for each development phase, include identitained. The key to control is performance-based
fication of the step-specific tools (Functional Flow measurement guided by an event-based schedule.
Block Diagrams, Timeline Analysis, etc.) that will Entrance and exit criteria for the event-driven
be used, and establish the verification approachmilestones should be established sufficient to
The verification discussion should identify all demonstrate proper development progress has been
verification activities, the relationship to formal completed. Event-based schedules and exit crite-
developmental T&E activities, and independentria are further discussed later in this chapter.
testing activities (such as operational testing). Methods to maintain feedback and control are
developed to monitor progress toward meeting the
Norms of the particular technical area and theexit criteria. Common methods were discussed
engineering processes of the command, agency, earlier in this book in the chapters on metrics, risk
company doing the tasks will greatly influence thismanagement, configuration management, and
area of planning. However, whatever proceduregechnical reviews.
technigues, and analysis products or models used,
they should be compatible with the basic principleesign Considerationdn every system develop-
of systems engineering management as describedent there are usually technical activities that
earlier in this book. require special attention. These may come from
management concerns, legal or regulatory direc-
An example of the type of issue this area wouldives, social issues, or organizational initiatives. For
address is the requirements analysis during thexample, a DoD program office will have to con-
system definition phase. Requirements analysis iform to DoDD 5000.2-R, which lists several tech-
more critical and a more central focus during sysnical activities that must be incorporated into the
tem definition than in later phases. The establishdevelopment effort. DoD plans should specifically
ment of the correct set of customer requirementaddress each issue presented in the Program Design
at the beginning of the development effort issection of DoD 5000.2-R.
essential to proper development. Accordingly, the
system definition phase requirements analysit the case of a contractor there may be issues de-
demands tight control and an early review to verifyineated in the contract, promised in the proposal,
the requirements are established well enough tor established by management that the technical
begin the design effort. This process of control an@ffort must address. The system engineering plan-
verification necessary for the system definitionning must describe how each of these issues will
phase should be specifically described as part dfe integrated into the development effort.
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Chapter 16

Systems Engineering Planning

Organization .

Systems engineering management planning should
identify the basic structure that will develop the
system. Organizational planning should address
how the integration of the different technical dis-
ciplines, primary function managers, and other
stakeholders will be achieved to develop the sys-
tem. This planning area should describe how multi-
disciplinary teaming would be implemented, that
is, how the teams will be organized, tasked, and
trained. A systems-level team should be established
early to support this effort. Roles, authority, ande
basic responsibilities of the system-level design
team should be specifically described. Establish-
ing the design organization should be one of the
initial tasks of the system-level design team. Theis
basic approach to organizing the effort should be
described in the plan. Further information on
organizing is contained in a later chapter.

Resources

The plan should identify the budget for the techni-
cal development. The funds required should be

Financial plan assures resources match the
needs in the tech plan. Conflicts should be
identified early and resolved.

Test and Evaluation Master Plan (TEMP) as-
sures it complements the verification approach.
It should provide an integrated approach to
verify that the design configuration will meet
customer requirements. This approach should
be compatible with the verification approach
delineated in the systems engineering plan.

Configuration management plan assures that the
development process will maintain the system
baselines and control changes to them.

Design plans (e.g., electrical, mechanical, struc-
tural, etc.) coordinates identification of IPT
team composition.

Integrated logistics support planning and sup-
port analysis coordinates total system support.

Production/Manufacturing plan to coordinate
activities concerning design producibility, and

matrixed against a calendar schedule based on the follow-on production,

event-based schedule and the strategy. This should

establish the basic development timeline with an

associated high-level estimated spending profile.

Shortfalls in funding or schedule should be ad-

dressed and resolved by increasing funds, extend-
ing schedule, or reducing requirements prior to the
plan preparation. Remember that future analysis
of development progress by management will tend
to be based on this budget “promised” at plan

inception.

16.3 INTEGRATION OF PLANS —
PROGRAM PLAN INTERFACES

Systems engineering management planning must
be coordinated with interfacing activities such as
these:

» Acquisition Strategy assures that technical plans
take into account decisions reflected in the Ac-
quisition Strategy. Conflicts must be identified
early and resolved.

Quality management planning assures that
guality engineering activities and quality man-

agement functions are included in system
engineering planning,

Risk management planning establishes and
coordinates technical risk management to
support total program risk management.

Interoperability planning assures interopera-
bility suitability issues are coordinated with sys-
tem engineering planning. (Where interop-
erability is an especially critical requirement
such as, communication or information systems,
it should be addressed as a separate issue with
separate integrated teams, monitoring, and
controls).

Others such as M&S plan, software develop-
ment plan, human integration plan, environ-
ment, safety and health planning, also interface.
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Things to Watch .

A well developed technical management plan will
include: .

The expected benefit to the user,

How a total systems development will be

How the concerns of the eight primary life cycle
functions will be satisfied,

How regulatory and contractual requirements
will be achieved, and

The feasibility of the plan, i.e., is the plan
practical and executable from a technical,

achieved using a systems engineering approach, schedule, and cost perspective.

How the technical plan complements and sup-

ports the acquisition or management busines$6.4 SUMMARY POINTS

plan,

How incremental reviews will assure that the
development stays on track,

How costs will be reduced and controlled, .

What technical activities are required and who
will perform them, .

How the technical activities relate to work
accomplishment and calendar dates,

How system configuration and risk will be
controlled,

How system integration will be achieved,

Systems engineering planning should establish
the organizational structure that will achieve the
engineering objectives.

Planning must include event-based scheduling
and establish feedback and control methods.

It should result in important planning and
control documents for carrying out the
engineering effort.

It should identify the estimated funding and
detail schedule necessary to achieve the strategy.

Systems engineering planning should establish
the proper relationship between the acquisition
and technical processes.
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APPENDIX 16-A

SCHEDULES

The event-based schedule, sometimes referred Tthe program office develops an event-based
as the Systems Engineering Master Schedulschedule that represents the overall development
(SEMS) or Integrated Master Schedule (IMS) is affort. This schedule is usually high-level and
technical event-driven (not time-driven) plan pri- focused on the completion of events that support
marily concerned with product and processthe acquisition milestone decision process. An
development. It forms the basis for schedule conevent-based schedule is developed by the contrac-
trol and progress measurement, and relate®r to include significant accomplishments that
engineering management events and accomplisimust be completed in order to meet the progress
ments to the WBS. These events are identifiedequired prior to contract established events. The
either in the format of entry and exit events (e.gcontractor also includes events, accomplishments,
initiate PDR, complete PDR) or by using entry andand associated success criteria specifically identi-
exit criteria for each event. Example exit criteriafied by the contract. DoD program offices can use
shown in Figures 16-1 and 16-2. the contractor’'s event-based schedule and the

System Functional

System Requirements Review/Software Spec Preliminary Design
Review (SRR) Review(SFR/SSR) Review (PDR)
« Mission Analysis completed « Installed environments defined « Design analyses/definition
* Support Strategy defined » Maintenance concept defined completed
* System options decisions * Preliminary design criteria ' Materl|at|/%arts characterization
completed established compiete
« Design usage defined  Preliminary design margins * Design maintainability a_naly3|s
: completed/support requirements
. established !
» Operational performance defined
requirement defined « Interfaces defined/preliminary

« Preliminary production plan

interface specs completed
P P completed

* Manpower sensitivities
completed  Software and software support

requirements completed » Make/buy decisions finalized

« Operational architecture
available and reviewed » Baseline support/resources
requirements defined

« Breadboard investigations
completed

« Support equipment capability * Coupon testing completed
defined « Design margins completed

« Technical architecture prepared  Preliminary FMECA completed

» System defined and requirements | « Software functions and architec-
shown to be achievable ture and support defined

¢ Maintenance tasks trade studies
completed

« Support equipment development
specs completed

Figure 16-1. Sample Event-Based Schedule Exit Criteria
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Critical Design Review
Test Readiness Review
(CDR/TRR)

System Verfication Review/
Functional Configuration Audit
(SVR/FCA)

Physical Configuration Audit
(PCA)

Parts, materials, processes
selected

Development tests completed

Inspection points/criteria
completed

Component level FMECA
completed

Repair level analysis completed
Facility requirements defined

Software test descriptions
completed

Hardware and software hazard
analysis completed

Firmware spt completed

Software programmers manual
completed

Durability test completed

Maintinability analyses com-
pleted

Qualification test procedures
approved

Producibility analyses com-
pleted

« All verification tasks completed
¢ Durability tests completed
¢ Long lead time items identified

« PME and operational training
completed

¢ Tech manuals completed
< Flight test plan approved

¢ Support and training equipment
developed

¢ Fielding analysis completed

< Provisioning data verified

Qualification testing completed

All QA provisions finalized

All manufacturing process
requirements and documenta-
tion finalized

Product fabrication specifica-
tions finalized

Support and training equipment
qualification completed

All acceptance test require-
ments completed

Life management plan com-
pleted

System support capability
demonstrated

Post production support
analysis completed

Final software description
document and all user manuals
complete

Figure 16-2. Sample Event-Driven Schedule Exit Criteria

(continued)

contractor’s conformance to it for several purposesThe calendar or detail schedule is a time-based
source selection, monitoring contractor progressschedule that shows how work efforts will support
technical and other reviews, readiness for optiotasks and events identified in the event-based
award, incentives/awards determination, progresschedule. It aligns the tasks and calendar dates to
payments decision, and similar activities. show when each significant accomplishment must
be achieved. It is a key component for developing
The event-based schedule establishes the kd&arned Value metrics. The calendar schedule is
parameters for determining the progress of @ommonly referred to as the detail schedule,
development program. To some extent it controlsystems engineering detail schedule, or SEDS. The
and interfaces with systems engineering manageontractor is usually required to maintain the
ment planning, integrated master schedules and imelationship between the event and calendar
tegrated master plans, as well as risk managemesthedules for contract required activities. Figure
planning, system test planning, and other key plan$6-3 shows the relationship between the system
which govern the details of program managementequirements, the WBS, the contractual require-
ments, the event-based schedule, and the detalil
schedule.
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WBS Elements SOO/SOWTask |
System Spec i
© 31 Aircraft Subsystems (WBS 1600)
Air Vehicle 1600.Aircraft TS Conduct a development program to
- N include detailed design, manufacture,
I 1600 Aircraft ISubsystems I 1610 Landing Gear Systems assembly, and test of all aircraft subsystems

11610 Landing Gear Systems |

| Earned
Value Reports

Significant Accomplishments Events Accomplishment Criteria
PDR 1. a. Duty Cycle Defined
1. Preliminary Design Complete X b. Preliminary Analysis Complete/Rev'd

c. Preliminary Drawings Released

'

Detailed Tasks 19XX 19XY 19XZ

Program Events: PDR CDR

1. Preliminary Design Complete
Duty Cycle Define

Figure 16-3. Event-Based—Detailed Schedule Interrelationships

Schedule Summary

The event-based schedule establishes the key tasks
and results expected. The event-based schedule
establishes the basis for a valid calendar-based

(detail) schedule.
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PRODUCT IMPROVEMENT
STRATEGIES

17.1 INTRODUCTION » Safety issues requiring replacement of unsafe
components, and
Complex systems do not usually have stagnant
configurations. A need for a change during a Service life extension programs that refurbish
system’s life cycle can come from many sources and upgrade systems to increase their service life.
and effect the configuration in infinite ways. The
problem with these changes is that, in most casda DoD, the 21st century challenge will be improv-
it is difficult, if not impossible, to predict the na- ing existing products and designing new ones that
ture and timing of these changes at the beginningan be easily improved. With the average service
of system development. Accordingly, strategies olife of a weapons system in the area of 40 or more
design approaches have been developed to redugears, it is necessary that systems be developed
the risk associated with predicted and unknowmwith an appreciation for future requirements, fore-
changes. seen and unforeseen. These future requirements
will present themselves as needed upgrades to
Well thought-out improvement strategies can helsafety, performance, supportability, interface com-
control difficult engineering problems related to: patibility, or interoperability; changes to reduce
cost of ownership; or major rebuild. Providing
* Requirements that are not completely underthese needed improvements or corrections form
stood at program start, the majority of the systems engineer’s post-
production activities.
» Technology development that will take longer
than the majority of the system development,
17.2 PRODUCT IMPROVEMENT
» Customer needs (such as the need to combata STRATEGIES
new military threat) that have increased, been
upgraded, are different, or are in flux, As shown by Figure 17-1, these strategies vary
based on where in the life cycle they are applied.
* Requirements change due to modified policy,The strategies or design approaches that reflect
operational philosophy, logistics support phi-these improvement needs can be categorized as
losophy, or other planning or practices from theplanned improvements, changes in design or
eight primary life cycle function groups, production, and deployed system upgrades.

» Technology availability that allows the system Planned Improvements
to perform better and/or less expensively,
Planned improvements strategies include evolu-
» Potential reliability and maintainability up- tionary acquisition, preplanned product develop-
grades that make it less expensive to usanent, and open systems. These strategies are not
maintain, or support, including development ofexclusive and can be combined synergistically in
new supply support sources, a program development.
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Planned Improvement

A

Design Changes

Deployment

T

Production
Modifications

| Upgrades

Integrated Inputs of All Functional Disciplines

Figure 17-1. Types of Product Improvement

Strategies

Requirements Analysis
» General for the System
 Specific for the Core

CORE m

| Concept of Operations

v

Preliminary
System
Architecture

e
Define — FUND — Develop — Operationally Test CORE
[ > Refine and Update
Requirements
CORE Block A

Define — FUND — Develop — Operationally Test Block A

___________ continue “as required”

F--»

“-

Flexible/Incremental ORD, TEMP, etc.

Customer
Feedback
“Managed”

by Req
Analysis

“The lack of specificity
and detail in identifying the final
system capability is what
distinguishes Evolutionary
Acquisition from an
acquisition strategy based
on P3I”
—JLC EA Guide

Figure 17-2. Evolutionary Acquisition
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Evolutionary Acquisition: Evolutionary acquisi- rather than in the traditional single grand design
tion is the preferred approach to systems acquisapproach. Planning for evolutionary acquisition
tion in DaD. In an environment where technologyalso demands that engineering designs be based
is a fast moving target and the key to military su-on open system, modular design concepts that per-
periority is a technically superior force, the require-mit additional increments to be added over time
ment is to transition useful capability from devel-without having to completely re-design and re-
opment to the user as quickly as possible, whilelevelop those portions of the system already
laying the foundation for further changes to occuffielded. Open designs will facilitate access to recent
at later dates. Evolutionary acquisition is an ap<hanges in technologies and will also assist in con-
proach that defines requirements for a core capadrolling costs by taking advantage of commercial
bility, with the understanding that the core is to becompetition in the marketplace. This concept is
augmented and built upon (evolved) until the sysnot new; it has been employed for years in the
tem meets the full spectrum of user requirementC4ISR community, where system are often in
The core capability is defined as a function of useevolution over the entire span of their lifecycles.
need, technology maturity, threat, and budget. The
core is then expanded as need evolves and the otlineplanned Product Improvement (P3l): Often
factors mentioned permit. referred to as P3l, preplanned product improve-
ment is an appropriate strategy when requirements
A key to achieving evolutionary acquisition is theare known and firm, but where constraints (typi-
use of time-phased requirements and continuousally either technology or budget) make some
communication with the eventual user, so that reportion of the system unachievable within the
guirements are staged to be satisfied incrementallgchedule required. If it is concluded that a militarily

P3|
@oe/ \

< G
O/]/S

* Responsive to threat changes

« Accommodates future technology
 |OC can be earlier

* Reduced development risk

« Possible subsystem competition

« Increased effective operational life

Acquisition Issues

* Longer Range Planning

* Parallel Efforts

 Standards and Interface Capacity
* Modular Equipment/Open Systems

The P3I acquisition
management challenge is to acquire

systems with interfaces and accessibility
as an integral part of the design so that
the deferred element(s) can be
incorporated in a cost-effective manner
when they become available.

« Increased initial development cost

« Increased technical requirements
complexity

* More complex CM

 Sensitive to funding streams

 Parallel development management

Figure 17-3. Pre-Planned Product Improvement
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useful capability can be fielded as an interim soluadvice on issues related to configuration changes.
tion while the portion yet to be proceeds through
development, then P3l is appropriate. The approadBlock Change before Deploymerilock changes
generally is to handle the improvement as a sepaepresent an attempt to improve configuration
rate, parallel development; initially test and delivermanagement by having a number of changes
the system without the improvement; and provegrouped and applied such that they will apply con-
and provide the enhanced capability as it becomesistently to groups (or blocks) of production items.
available. The key to a successful P3l is the estali-his improves the management and configuration
lishment of well-definedhterfacerequirements for  control of similar items substantially in compari-
the system and the improvement. Use of a P31 wilkon to change that is implemented item by item
tend to increase initial cost, configurationand single change order by single change order.
management activity, and technical complexityWhen block changes occur, the life cycle impact
Figure 17-3 shows some of the considerations ishould be carefully addressed. Significant differ-
deciding when it is appropriate. ences in block configurations can lead to different

manuals, supply documentation, training, and
Open Systems Approaciihe open system design restrictions as to locations or activities where the
approach uses interface management to build flexsystem can be assigned.
ible design interfaces that accommodate use of
competitive commercial products and provideDeployed Systems Upgrades
enhanced capacity for future change. It can be used
to prepare for future needs when technology is ydtlajor Rebuild: A major rebuild results from the
not available, whether the operational need imeed for a system that satisfies requirements sig-
known or unknown. The open systems focus is taificantly different or increased from the existing
design the system such that it is easy to modifgystem, or a need to extend the life of a system
using standard interfaces, modularity, recognizedhat is reaching the end of its usable life. In both
interface standards, standard components witbases the system will have upgraded requirements
recognized common interfaces, commercial anédnd should be treated as basically a new system
nondevelopmental items, and compartmentalizedevelopment. A new development process should
design. Open system approaches to design abe started to establish and control configuration
further discussed at the end of this chapter. baselines for the rebuilt system based on the

updated requirements.
Changes in Design or Production

Major rebuilds include remanufacturing, service-
Engineering Change Proposals (ECP<Jhanges life extension programs, and system developments
that are to be implemented during the developmemnwhere significant parts of a previous system will
and production of a given system are typically ini-be reused. Though rebuilding existing systems can
tiated through the use of ECPs. If the proposedramatically reduce the cost of a new system in
change is approved (usually by a configuratiorsome cases, the economies of rebuild can be
control board) the changes to the documentatiodeceiving, and the choice of whether to pursue a
that describes the system are handled by formaébuild should be done after careful use of trade
configuration management, since, by definition,studies. The key to engineering such systems is to
ECPs, when approved, change an approved basemember that they are new systems and require
line. ECPs govern the scope and details of thegbe full developmental considerations of baselin-
changes. ECPs may address a variety of needgag, the systems engineering process, and life cycle
including correction of deficiencies, cost reduc-integration.
tion, and safety. Furthermore, ECPs may been as-
signed differing levels of priority from routine to Post-Production Improvementn general, product
emergency. MIL-HDBK-61, Configuration Man- improvements become necessary to improve the
agement Guidance, offers an excellent source afystem or to maintain the system as its components
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reach obsolescence. These projects generally rdiat are not always readily apparent at the outset
sultin a capability improvement, but for all practi- of a system upgrade. Upgrade planning should
cal purposes the system still the serves the samemsure that the revised components will be com-
basic need. These improvements are usually chapatible at the interfaces. Where interfaces are im-
acterized by an upgrade to a component or sulpacted, broad coordination and agreement is nor-
system as opposed to a total system upgrade. mally required.

Block UpgradesfPost-production block upgrades Traps in Upgrading Deployed Systems

are improvements to a specific group of the system

population that provides a consistent configuraWhen upgrading a deployed system pay attention
tion within that group. Block upgrades in post-to the following significant traps:

production serve the same general purpose of

controlling individual system configurations as Scheduling to minimize operational impacftshe
production block upgrades, and they require theiser's operational commitments will dictate the

same level of life-cycle integration. availability of the system for modification. If the
schedule conflicts with an existing or emerging
Modifying an Existing System operational need, the system will probably not

become available for modification at the time
Upgrading an existing system is a matter of fol-agreed to. Planning and contractual arrangements
lowing the system engineering process, with ammust be flexible enough to accept unforeseen sche-
emphasis on configuration and interface managedule changes to accommodate user’s unanticipated
ment. The following activities should be includedneeds.
when upgrading a system:
Configuration and interface managemen€on-
» Benchmark the modified requirements both forfiguration management must address three configu-
the upgrade and the system as a whole, rations: the actual existing configuration, the modi-
fication configuration, and the final system con-
» Perform functional analysis and allocation onfiguration. The key to successful modification is
the modified requirements, the level of understanding and control associated
with the interfaces.
» Assess the actual capability of the pre-upgrade
system, Logistics compatibility problemsModification
will change the configuration, which in most cases
« ldentify cost and risk factors and monitor them,will change the supply support and maintenance
considerations. Coordination with the logistics
» Develop and evaluate modified system alternacommunity is essential to the long-term operational
tives, success of the modification.

» Prototype the chosen improvement alternativeMinimal resources available: Modifications tend

and to be viewed as simple changes. As this chapter
has pointed out, they are not; and they should be
» Verify the improvement. carefully planned. That planning should include

an estimate of needed resources. If the resources
Product improvement requires special attentiorare not available, either the project should be
to configuration and interface management. labandoned, or a plan formulated to mitigate and
is hotuncommon that the existing system'’s con-control the risk of an initial, minimal budget com-
figuration will not be consistent with the existing bined with a plan for obtaining additional
configuration data. Form, fit, and especially func-resources.
tion interfaces often represent design constraints
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Funding restrictions ($ color) drive the need to separate
performance increase from supportability changes
it MOD No System No
Increases ———) In
Performance Production
Fund l Yes l Yes
development | RDT&E $ 3 | | Procurement $ s | | 0&M $ 3
and test
with...
MOD Kit
Fabricated
Fund mod
kit with... | Procurement $ s |
Installed
Fund
installation
with... | Procurement $ s |
Product improvement planning must be driven by
risk management, not by $ color or calendar!

Figure 17-4. Funding Rule for DoD System Upgrades

Limited competitorsOlder systems may have only specific system upgrade will have relationships

a few suppliers that have a corporate knowledgestablished by the conditions surrounding the par-

of the particular system functions and design. Thisicular program, government responsibilities would

is especially problematic if the original systemusually include:

components were commercial or NDls that the de-

signer does not have product baseline data for. In Providing a clear statement of system require-

cases such as these, there is a learning process thaments,

must take place before the designer or vendor can

adequately support the modification effort. De- Planning related to government functions,

pending on the specific system, this could be a

major effort. This issue should be considered very Managing external interfaces,

early in the modification process because it has

serious cost implications. * Managing the functional baseline configuration,
and

Government funding rulesAs Figure 17-4 shows

the use of government funding to perform system Verifying that requirements are satisfied.

upgrades has restrictions. The purpose of the up-

grade must be clear and justified in the planningContractor responsibilities are established by the

efforts. contract, but would normally include:

» Technical planning related to execution,
17.3 ROLES AND RESPONSIBILITIES

» Defining the new performance envelope,
Maodification management is normally a joint gov-
ernment and contractor responsibility. Though any Designing and developing modifications, and
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» Providing evidence that changes made have Ensuring operations, support activities, and
modified the system as required. early field results are considered in planning.

System Engineering Role
17.4 SUMMARY POINTS
The systems engineering role in product improve-
ment includes: » Complex systems do not usually have stagnant
configurations.
» Planning for system change,
* Planned improvements strategies include
» Applying the systems engineering process, evolutionary acquisition, preplanned product
development, and open systems.
» Managing interface changes,
* A major rebuild should be treated as a new
 |dentifying and using interface standards which  system development.
facilitate continuing change,
» Upgrading an existing system is a matter of
» Ensuring life cycle management is implemented, following the system engineering process, with
an emphasis on configuration and interface
» Monitoring the need for system modifications, management.
and
» Pay attention to the traps. Upgrade projects have
many.

ENGINEERINGE3H.COM
| PRJ-118 |



Systems Engineering Fundamentals Chapter 17

SUPPLEMENT 17-A

OPEN SYSTEM APPROACH

The open system approach is a business argystems engineering, interface control, modular
technical approach to system development thadesign, and design for upgrade. As a technical ap-
results in systems that are easier to change @roach it supports the engineering goals of design
upgrade by component replacement. It is a systeffitexibility, risk reduction, configuration control,
development logic that emphasizes flexiblelong-term supportability, and enhanced utility.
interfaces and maximum interoperability, optimum
use of commercial competitive products, andOpen Systems Initiative
enhanced system capacity for future upgrade. The
value of this approach is that open systems hav@ DoD the open system initiative was begun as a
flexibility, and that flexibility translates into ben- result of dramatic changes in the computer indus-
efits that can be recognized from businesstry that afforded significant advantages to design
management, and technical perspectives. of C4ISR and IT systems. The standardization
achieved by the computer industry allows C4ISR
From a management and business view, the opend IT systems to be designed using interface
system approach directs resources to a more istandards to select off-the-shelf components to
tensive design effort with the expectation of a lifeform the system. This is achieved by using
cycle cost reduction. As a business approach tommercially-supported specifications and
supports the DoD policy initiatives of CAIV, in- standards for specifying system interfaces (exter-
creased competition, and use of commercial proddal and internal, functional and physical), prod-
ucts. It is a technical approach that emphasizescts, practices, and tools. An open system is one

Operational
Architecture
Developed
High-Level System Technical
> Architecture e Architecture
Developed Developed

v

Complete System
P Architecture
Developed

L Implementation

Figure 17-5. C4l and IT Development
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Application Software

APl and Compile

Operating System

Drivers and Compiler

Processor

Module Hardware
Module I/O

Backplane

Figure 17-6. Simplified Computer Resource Reference Model

in which interfaces are fully described by openbecause of their operational nature, the user must
standard$ An open system approach extends thiprovide the components of the operational
concept further by using modular design andarchitecture. It is usually left to the developer to
interface design to enhance the availability of mulassemble and structure the information as part of
tiple design solutions, especially those reflectinghe system definition requirements analysis. Once
use of open standards, competitive commerciahe operational architecture has clearly defined the
components, NDIs, and future upgrade capabilityoperational need, development of a system
architectureis begun.
As developed in the C4ISR and IT communities,
the open system approach requires the design @he (open) system architecture is a set of descrip-
three architectures: operational, technical, andions, including graphics, of systems and intercon-
system. nections supporting the operational functions
described in the operational architecture. Early in
As shown in Figure 17-5, the first one prepared ishe (open) system architecture development a
an operational architecture that defines the task$echnical architecture is prepared to establish a set
operational elements, and information flowsof rules, derived from open consensus-based
required to accomplish or support an operationaindustry standards, to govern the arrangement,
function. The user community generates thenteraction, and interdependence of the elements
operational concepts that form an operationabf a reference model. Reference models are a com-
architecture. The operational architecture iamon conceptual framework for the type of system
allusive. It is not a specific document required tobeing designed. (A simple version for computer
be developed by the user such as the ORD; buesources is shown in Figure 17-6.)

1 Open Standards are non-proprietary, consensus-based standards widely accepted by industry. Examples include SAE, IEEE, and ISO
standards.

2 This system architecture typically describes the end product but not the enabling products. It relies heavily on intétfans tefi
describe system components.
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The technical architecture identifies the servicesalso requires additional effort to assure life-cycle
interfaces, standards, and their relationships; ancbnformance to interface requirements.
provides the technical guidelines upon which
engineering specifications are based, commo@pen Systems Products and
building blocks are built, and product lines areSE Development Phasing
developed. In short, the technical architecture be-
comes a design requirement for developing thé system is developed with stepped phases that
system. (The purpose, form, and function of theallow an understanding of the operational need to
technical architecture is similar to building codes.)eventually evolve into a design solution. Though
some tailoring of this concept is appropriate, the
The system architecture is then further developebtlasic phasing (based on the operational concept
to eventually specify component performance angreceding the system description, which precedes
interface requirements. These are then used the preliminary design, which precedes the detailed
select the specific commercial components thatlesign) is necessary to coordinate the overall
form the system under development. This processlesign process and control the requirements flow-
called animplementationenvisions the produc- down. As shown by Figure 17-7 the open system
tion process as consisting primarily of selectingapproach blends well with these development
components, conformance (to the interface anghases.
performance requirements) management, and
assembly, with little or no need for detailed desigrConcept Studies Phase
fabrications.
The initial detailed operational concept, including
The process described above has allowed signifeperational architectures, should be a user-com-
cant achievements in computer-related developmunity output (with some acquisition engineering
ments. Other technical fields have also used thassistance) produced during the concept explora-
open system design approach extensively. (Comtion phase that emphasizes operational concepts
mon examples are the electrical outlets in youassociated with various material solutions. The
home and the tire-to-wheel interface on your car)operational concept is then updated as necessary
In most cases the process is not as well defined &sr each following phase. Analysis of the initial
it is in the current digital electronics area. A con-operational concept should be a key element of
sistent successful use of the open design concephe operational view output of the system defini-
in and outside the electronics field, requires ariion phase requirements analysis. An operational
understanding of how this process relates to tharchitecture developed for supporting the system
activities associated with systems engineeringlescription should be complete, comprehensive,

management. and clear; and verified to be so at the Alternative
Systems Review. If the operational architecture
Systems Engineering Management cannot be completed, then a core operational

capability must be developed to establish the basis
The open system approach impacts all threéor further development. Where a core capability
essential elements of systems engineering manags-used, core requirements should be complete and
ment: systems engineering phasing, the systenfiem, and the process for adding expanded
engineering process, and life cycle considerationsequirements should be clear and controlled.
It requires enhanced interface management in the
systems engineering process, and requires specifystem Definition Phase
design products be developed prior to engineer-
ing-event milestones. The open systems approac®ystem interface definitions, such as the technical
is inherently life-cycle friendly. It favorably architecture, and high-level (open) system archi-
impacts production and support functions, but itecture should be complete in initial form at the
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Concept Studies Detailed Operational Concept (Operational Architecture)

A o and a High-Level WBS or Reference Model Available
\ at the Alternative Systems Review

DESIGN DEFINITION

System Definition
(Functional Baseline)

A A >
System Definition, WBS or Reference Model,
Technical Architecture, and a High-Level
System Architecture Available
. ) at the System Functional Review
Detailed Operational Concept
(Operational Architecture)
Reviewed and Verified Prior to DESIGN DEFINITION Preliminary Design
the System Requirements Review (Allocated Baseline)
A g
Subsystems/ClI Definitions, System-Wide / \ ) )
Interface Requirements, and Complete DESIGN DEFINITION Detail Design
System Architecture Available at the * (Product Baseline)
Preliminary Design Review ﬂ >

Implementation

Figure 17-7. Phasing of Open System Development

end of the system definition phase (along with otheThe preliminary design establishes performance-
functional baseline documentation). Successfubased descriptions of the system components, as
completion of these items is required to performwell as the interface and structure designs that
the preliminary design, and they should be availintegrate those components. Itis in this phase that
able for the System Functional Review, alsathe open system approach has the most impact.
referred to as the System Definition Review or Sysinterface control should be enhanced and focused
tem Design Review. The open system documentasn developing modular designs that allow for maxi-
tion can be separate or incorporated in other funanum interchange of competitive commercial prod-
tional baseline documentation. The criteria foructs. Review of the technical architecture (or in-
acceptance should be established in the systerterface definitions) becomes a key element of re-
engineering management plan as phase-exguirements analysis, open system focused func-

criteria. tional partitioning becomes a key element of func-
tional analysis and allocation, iterative analysis of
Preliminary Design Phase modular designs becomes a key element of design

synthesis, and conformance management becomes
Along with other allocated baseline documenta-a key element of verification. Open system related
tion, the interface definitions should be updatedproducts, such as the technical architecture, inter-
and the open-system architecture completed by tHface management documentation, and conform-
end of the preliminary design effort. This docu-ance management documentation, should be key
mentation should also identify the proper level ofdata reviewed at the Preliminary Designh Review.
openness (that is, the level of system decomposAgain, the criteria for acceptance should be estab-
tion at which the open interfaces are establishedished in the systems engineering management plan
to obtain the maximum cost and logistic advantagas phase-exit criteria.
available from industry practice.
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Detail Design Phase Requirements analysis includes the review and
update of interface standards and other interface
The detail design phase becomes the implementaefinitions generated as output from previous
tion for those parts of the system that have achievesl/stems engineering processes. Functional analy-
open system status. Conformance managemensis and allocation focuses on functional partition-
becomes a significant activity as commercial coming to identify functions that can be performed in-
ponents are chosen to meet performance amtkependent of each other in order to minimize func-
interface requirements. Conformance and interfacgonal interfaces. Design synthesis focuses on
design testing becomes a driving activity duringmodular design with open interfaces, use of open
verification to assure an open system or subsystestandards compliant commercial products, and the
has been achieved and that components selectddvelopment of performance and interface speci-
meet interface requirements and/or standards. fications. The verification processes include con-
formance testing to validate the interface require-
Systems Engineering Process ments are appropriate and to verify components
chosen to implement the design meet the interface
The systems engineering problem solving procesgquirements. Engineering open designs, then, does
consists of process steps and loops supported Iyt alter the fundamental practices within systems
system analysis and control tools. The focus of thengineering, but, rather, provides a specific focus
open systems engineering process is compartmets the activities within that process.
talized design, flexible interfaces, recognized in-
terface standards, standard components witBystem Engineering Control:
recognized common interfaces, use of commercidhterface Management
and NDIs, and an increased emphasis on interface
control. As shown by Figure 17-8, the open-sysThe key to the open systems engineering process
tem approach complements the systems engineés- interface management. Interface management
ing process to provide an upgradeable design. should be done in a more formal and comprehen-
sive manner to rigidly identify all interfaces and

Requirements
- Analysis
IPPD Interface
Develop A
Produce
Deploy . Functional Analysis
Support and Allocation
Operate
Dispose Functional Partitioning
Test
Train
Verification Design Synthesis
Test of Interfaces / Open Flexible Designs
and Interface Standards

Figure 17-8. Open System Approach to the Systems Engineering Process
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control the flowdown and integration of interfacea major program objective, development of
requirements. The interfaces become controlledifferent planes using common building blocks
elements of the baseline equal to (or considere@which, in essence, serve as the reference model
part of) the configuration. Open system interfacedor the family of aircraft). The open system ap-
management emphasizes the correlation of inteproach designed segments of a larger system could
face requirements between interfacing systemdave additional openness at a lower level. For ex-
(Do those designing the interfacing systemsample, the Advanced Amphibious Assault Vehicle
understand the interface requirements in the sam@AAV) engine compartment is an open approach
way?) Computer-Aided System Engineeringdesign allowing for different engine installation
(CASE) generated schematic block diagrams caand future upgrade capability. On a lower level
be used to track interface design activity. within the compartment the fuel filters, lines, and
connectors are defined by open standard based
An open system is also characterized by multiplénterfaces. Other systems will define openness at
design solutions within the interfaces with empha-other levels. Program objectives (such as inter-
sis on leveraging best commercial practice. Th®perability, upgrade capability, cost-effective sup-
interface management effort must control interfaceport, affordability, and risk reduction) and industry
design such that interfaces specifically chosen fopractice (based on market research) drive the
an open system approach are designed based omoice of the level of openness that will best assure
the following priority: optimum utility and availability of the open system
approach.
» Open standards that allow competitive products,
Life Cycle Considerations
» Open interface design that allows installation
of competitive products with minimal change, Life cycle integration is established primarily
through the use of integrated teaming that com-
» Open interface design that allows minimalbines the design and life cycle planning. The ma-
change installation of commercial or NDI prod- jor impacts on life-cycle activity include:
ucts currently or planned to be in DoD use, and
last, » Time and cost to upgrade a system is reduced.
It is common in defense systems, which have
» Unique design with interfaces designed with average life spans in excess of 40 years, that

upgrade issues considered. they will require upgrade in their life due to
obsolescence of original components, threat
Note that these are clear priorities, not options. increase, and technology push that increases
economy or performance. (Most commercial
Level of Openness products are designed for a significantly shorter

life than military systems, and designs that rely
The level at which the interface design should focus on these commercial products must expect that
on openness is also a consideration. Each system original commercial components will not
may have several levels of openness depending on necessarily be available throughout the system’s
the complexity of the system and the differences life cycle.) By using an open system approach
in the technology within the system. The level cho- the ability to upgrade a system by changing a
sen to define the open interfaces should be single or set of components is greatly enhanced.
supported by industry and be consistent with In addition, the open system approach eases the
program objectives. For example, for most digital design problem of replacing the component,
electronics that level is the line-replaceable (LRU) thereby reducing the cost and schedule of up-
and shop-replaceable (SRU) level. On the other grade, which in turn reduces the operational
hand the Joint Strike Fighter intends to establish impact.
openness at a very high subsystem level to achieve
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* An open system approach enhances the use process that tracks the interface requirements
of competitive products to support the system. through the life cycle, and assures that the new
This flexibility tends to reduce the cost associ- product meets those requirements.
ated with supply support, but more importantly
improves component and parts availability. Summary Comments

» Conformance management becomes a part ofOpen system design is not only compatible with
the life cycle configuration proces®eplace- systems engineering; it represents an approach that
ment of components in an open system mustnhances the overall systems engineering effort. It
be more controlled because the government haontrols interfaces comprehensively, provides in-
to control the system configuration without terface visibility, reduces risk through multiple
controlling the detail component configuration design solutions, and insists on life cycle interface
(which will come from multiple sources, all control. This emphasis on interface identification
with different detail configurations). The gov- and control improves systems engineers’ capability
ernment must expect that commercial supplito integrate the system, probably one of the hard-
ers will control the design of their componentsest jobs they have. It also improves the tracking of
without regard to the government’s systemsinterface requirements flow down, another key job
The government therefore must use perforof the systems engineer. Perhaps most importantly,
mance- and interface-based specifications tthis rigorous interface management improves sys-
assure the component will provide servicetems engineers’ ability to correctly determine
equivalent to that approved through the acquiwhere commercial items can be properly used.
sition process. Conformance management is the
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CHAPTER 18

ORGANIZING AND INTEGRATING
SYSTEM DEVELOPMENT

18.1 INTEGRATED DEVELOPMENT Benefits

DoD has, for years, required that system designshe expected benefits from team-based integration
be integrated to balance the conflicting pressurénclude:

of competing requirements such as performance,

cost, supportability, producibility, and testability. « Reduced rework in design, manufacturing,
The use of multi-disciplinary teams is the approach planning, tooling, etc.,

that both DoD and industry increasing have taken

to achieve integrated designs. Teams have been Improved first time quality and reduction of
found to facilitate meeting cost, performance, and product variability,

other objectives from product concept through

disposal. * Reduced cost and cycle time,

The use of multi-disciplinary teams in design iss Reduced risk,

known as Integrated Product and Process Devel-

opment, simultaneous engineering, concurrent Improved operation and support, and
engineering, Integrated Product Development,

Design-Build, and other proprietary and non-pro-» General improvement in customer satisfaction
prietary names expressing the same concept. (The and product quality throughout its life cycle.
DoD use of the term Integrated Product and Pro-

cess Development (IPPD) is a wider concept thaCharacteristics

includes the systems engineering effort as an ele-

ment. The DoD policy is explained later in thisThe key attributes that characterize a well
chapter.) Whatever name is used, the fundamentalitegrated effort include:

idea involves multi-functional, integrated teams

(preferably co-located), that jointly derive require-« Customer focus,

ments and schedules that place equal emphasis on

product and process development. The integration Concurrent development of products and
requires: processes,

* Inclusion of the eight primary functions in the « Early and continuous life cycle planning,
team(s) involved in the design process,
* Maximum flexibility for optimization,
» Technical process specialties such as quality,
risk management, safety, etc., and * Robust design and improved process capability,

» Business processes (usually in an advisory Event-driven scheduling,
capacity) such as, finance, legal, contracts, and
other non-technical support. * Multi-disciplinary teamwork,
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 Empowerment, vertical and horizontal communication during the
development process. Figure 18-1 shows how team
» Seamless management tools, and structuring is usually done. At the system level

there is usually a management team and a design
» Proactive identification and management ofteam. The management team would normally con-

risk. sist of the government and contractor program
managers, the deputy program manager(s), possi-
Organizing for System Development bly the contractor Chief Executive Officer, the

contracting officer, major advisors picked by the
Most DoD program offices are part of a Programprogram manager, the system design team leader,
Executive Office (PEO) organization that is usu-and other key members of the system design team.
ally supported by a functional organization, suchlhe design team usually consists of the first-level
as a systems command. Contractors and other gostbsystem and life-cycle integrated team leaders.
ernment activities provide additional necessary
support. Establishing a system development orgaFhe next level of teams is illustrated on Figure 18-1
nization requires a network of teams that draw fronas either product or process teams. These teams
all these organizations. This network, sometimesre responsible for designing system segments
referred to as the enterprise, represents the intgfproduct teams) or designing the supporting or
ests of all the stakeholders and provides verticagnabling products (process teams). At this level
and horizontal communications. the process teams are coordinating the system level

process development. For example, the support
These integrated teams are structured using theam will integrate the supportability analysis from
WBS and designed to provide the maximumthe parts being generated in lower-level design and

System Level
Management Team

System Level
Design Team

Sub-Tier Teams
(Sub-Product or
Process Oriented

Product A Team Product B Team Process 1 Team Process 2 Team
WBS 1.0 WBS 2.0 WBS 3.0 WBS 4.0

Sub-Product Sub-Product Sub-Process Sub-Process>
2.1 2.3 4.1 4.3
Sub-Product Sub-Process
2.2 4.2 v
Sub-Product Sub-Product Sub-Process Sub-Process
2.2.1 2.2.2 4.2.1 4.2.2

Figure 18-1. Integrated Team Structure
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support process teams. Teams below this level comlecisions incorporate the concerns of lower-level
tinue the process at a lower level of decompositeams.
tion. Teams are formed only to the lowest level
necessary to control the integration. DoD teanThe normal method to obtain horizontal commu-
structures rarely extend lower than levels three amnication is shown in Figure 18-2. At least one team
four on the WBS, while contractor teams may ex-member from the Product A Team is also a member
tend to lower levels, depending on the complexiof the Integration and Test Team. This member
ties of the project and the approach favored byould have a good general knowledge of both
management. testing and Product A. The member’s job would
be to assist the two teams in designing their end or
The team structure shown by Figure 18-1 is a&nabling products, and in making each understand
hierarchy that allows continuous vertical commu-how their decisions would impact the other team.
nication. This is achieved primarily by having the Similarly, the member that sits on both Product A
team leaders, and, if appropriate, other keyand B teams would have to understand the both
members of a team, be team members of the netdchnology and the interface issues associated with
highest team. In this manner the decisions of thboth items.
higher team is immediately distributed and
explained to the next team level, and the decision§he above is an idealized case. Each type of sys-
of the lower teams are presented to the higher teatam, each type of contractor organization, and each
on a regular basis. Through this method decisionkevel of available resources requires a tailoring of
of lower-level teams follow the decision making this structure. With each phase the focus and the
of higher teams, and the higher-level teamstasks change and so should the structure. As phases

Product A
Team

Integration
and
Test Team

Product B
Team

Figure 18-2. Cross Membership
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are transited, the enterprise structure and team You should limit over-uses of cross member-
membership should be re-evaluated and updated. ship. Limit membership on three or four teams
as a rough rule of thumb for the working level,
and
18.2 INTEGRATED TEAMS
» Ensure appropriate representation of govern-
Integrated teams are composed of representatives ment, contractor, and vendors to assure inte-
from all appropriate primary functional disciplines  gration across key organizations.
working together with a team leader to:
Team Development
» Design successful and balanced products,
When teams are formed they go through a series
» Develop the configuration for successful life- of phases before a synergistic self-actuating team

cycle control, is evolved. These phases are commonly referred
to as forming, storming, norming and performing.
» ldentify and resolve issues, and The timing and intensity of each phase will depend
on the team size, membership personality, effec-
» Make sound and timely decisions. tiveness of the team building methods employed,

and team leadership. The team leaders and an
The teams follow the disciplined approach of theenterprise-level facilitator provide leadership
systems engineering process starting with requireduring the team development.
ments analysis through to the development of con-
figuration baselines as explained earlier in thiFormingis the phase where the members are in-
book. The system-level design team should bé&oduced to their responsibilities and other mem-
responsible for systems engineering managemebters. During this period members will tend to need
planning and execution. The system-level manages structured situation with clarity of purpose and
ment team, the highest level program IPT, igrocess. If members are directed during this ini-
responsible for acquisition planning, resourcdial phase, their uncertainty and therefore appre-
allocation, and management. Lower-level teams areension is reduced. Facilitators controlling the team
responsible for planning and executing their owrbuilding should give the members rules and tasks,

processes. but gradually reduce the level of direction as the
team members begin to relate to each other. As
Team Organization members become more familiar with other mem-

bers, the rules, and tasks, they become more com-
Good teams do not just happen; they are the restittrtable in their environment and begin to interact
of calculated management decisions and actionat a higher level.
Concurrent with development of the enterprise
organization discussed above, each team must al3tis starts the storming phastormings the con-
be developed. Basically the following are keyflict brought about by interaction relating to the
considerations in planning for a team within anindividuals’ manner of dealing with the team tasks
enterprise network: and personalities. Its outcome is members who
understand the way they have to act with other
» The team must have appropriate representatiomembers to accomplish team objectives. The dy-
from the primary functions, technical special-namics of storming can be very complex and in-
ties, and business support, tense, making it the critical phase. Some teams will
go through it quickly without a visible ripple, oth-
» There must be links to establish vertical anders will be loud and hot, and some will never
horizontal communication in the enterprise, emerge from this phase. The team building facili-
tators must be alert to dysfunctional activity.
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Members may need to be removed or teamsorrectly. Three weeks to a month is reasonable
reorganized. Facilitators during this period musfor this process, if the members are in the same
act as coaches, directing but in a personal collabdecation. Proximity does matter and the team build-
rative way. They should also be alert for membering and later team performance are typically better
that are avoiding storming, because the team wilf the teams are co-located.
not mature if there are members who are not
personally committed to participate in it.
18.3 TEAM MAINTENANCE
Once the team has learned to interact effectively it
begins to shape its own processes and become mdreams can be extremely effective, but they can be
effective in joint tasks. It is not unusual to see soméragile. The maintenance of the team structure is
reoccurrence of storming, but if the storming phaseelated to empowerment, team membership issues,
was properly transitioned these incidences shouldnd leadership.
be minor and easily passed. In this phasening
the team building facilitators become a facilitatorEmpowerment
to the team—not directing, but asking penetrating
guestions to focus the members. They also monitdrhe term empowerment relates to how responsi-
the teams and correct emerging problems. bilities and authority is distributed throughout the
enterprise. Maintenance of empowerment is
As the team continues to work together on theifmportant to promote member ownership of the
focused tasks, their performance improves untilevelopment process. If members do not have
they reach a level of self-actuation and qualitypersonal ownership of the process, the effective-
decision making. This phageerforming cantake ness of the team approach is reduced or even
a while to reach, 18 months to two years for aneutralized. The quickest way to destroy partici-
system-level design team would not be uncommorpant ownership is to direct, or even worse, over-
During the performing stage, the team buildingturn solutions that are properly the responsibility
facilitator monitors the teams and correctsof the team. The team begins to see that the
emerging problems. responsibility for decisions is at a higher level
rather than at their level, and their responsibility is
At the start of a project or program effort, teamto follow orders, not solve problems.
building is commonly done on an enterprise basis
with all teams brought together in a team-buildingEmpowerment requires:
exercise. There are two general approaches to the
exercise: » The flow of authority through the hierarchy of
teams, not through personal direction (irrespec-
» Ateam-learning process where individuals are tive of organizational position). Teams should
given short but focused tasks that emphasize have clear tasking and boundaries established
group decision, trust, and the advantages of by the higher-level teams.
diversity.
» Responsibility for decision making to be
» Agroup work-related task that is important but  appropriate for the level of team activity. This
achievable, such as a group determination of requires management and higher-level teams to
the enterprise processes, including identifying be specific, clear, complete, and comprehensive
and removing non-value added traditional in establishing focus and tasking, and in speci-
processes. fying what decisions must be coordinated with
higher levels. They should then avoid imposing
Usually these exercises allow the enterprise to or overturning decisions more properly in the
passthrough most of the storming phase if done realm of a lower level.
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» Teams at each level be given a clear understandash awards, while civilians can. Con-sequently,
ing of their duties and constraints. Within themanagers must actively seek ways to reward all
bounds of those constraints and assigned dutiegeam members appropriately, leaving no group out
members should have autonomy. Higher-leveht the expense of others.
teams and management either accept their
decisions, or renegotiate the understanding dfeadership
the task.

Leadership is provided primarily by the organiza-

Membership Issues tional authority responsible for the program, the

enterprise facilitator, and the team leaders. In a

Another maintenance item of import is team mem-DoD program, the organizational leaders are usu-

ber turnover. Rotation of members is a fact of life ally the program manager and contractor senior

and a necessary process to avoid teams becomintanager. These leaders set the tone of the enter-
too closed. However, if the team has too fast a turrprise adherence to empowerment, the focus of the
over, or new members are not fully assimilatedtechnical effort, and the team leadership of the
the team performance level will decline and possisystem management team. These leaders are
bly revert to storming. The induction processresponsible to see that the team environment is
should be a team responsibility that includes thenaintained. They should coordinate their action
immediate use of the new team member in a jointlglosely with the facilitator.

performed, short term, easily achievable, but

important task. Facilitators

Teams are responsible for their own performancegnterprises that have at least one facilitator find
and therefore should have significant, say over ththat team and enterprise performance is easier to
choice of new members. In addition teams shouldnaintain. The facilitator guides the enterprise
have the power to remove a member; however, thigirough the team building process, monitors the
should be preceded by identification of the probteam network through metrics and other feed-
lem and active intervention by the facilitator. back,and makes necessary corrections through
Removal should be a last resort. facilitation. The facilitator position can be:

Awards for performance should, where possibles A separate position in the contractor organiza-
be given to the team rather than individuals (or tion,

equally to all individuals on the team). This

achieves several things: it establishes a team focus, Part of the responsibilities of the government
shows recognition of the team as a cohesive force, systems engineer or contractor project manager,
recognizes that the quality of individual effortis  or

at least in part due to team influence, reinforces

the membership’s dedication to team objectivess Any responsible position in the first level below
and avoids team member segregation due to uneven the above that is related to risk management.
awards. Some variation on this theme is appropri-

ate where different members belong to differenObviously the most effective position would be one
organizations, and a common award system dodhat allows the facilitator to concentrate on the
not exist. The system-level management tearteams’ performance. Enterprise level facilitators
should address this issue, and where possible ass@teould have advanced facilitator training and
equitable awards are given team members. A verfrecommended) at least a year of mentored expe-
real constraint on cash awards in DoD rises in theience. Facilitators should also have significant
case of teams that include both civilian and mili-broad experience in the technical area related to
tary members. Military members cannot be giverthe development.
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Team Leaders Teams use several tools to enhance their pro-
ductivity and improve communication among

The team leaders are essential for providing andnterprise members. Some examples are:

guiding the team focus, providing vertical com-

munication to the next level, and monitoring thee Constructive modeling (CAD/CAE/CAM/

team’s performance. Team leaders must have a CASE) to enhance design understanding and

clear picture of what constitutes good performance control,

for their team. They are not supervisors, though in

some organizations they may have supervisory Trade-off studies and prioritization,

administrative duties. The leader’s primary purpose

is to assure that the environment is present that Event-driven schedules,

allows the team to perform at its optimum level—

not to direct or supervise. » Prototyping,

The team leader’s role includes several difficulte Metrics, and most of all
responsibilities:

» Integrated membership that represents the life
» Taking on the role of coach as the team forms, cycle stakeholders.

» Facilitating as the team becomes self-sustainingntegrated Team Rules

» Sometimes serving as director (only when arhe following is a set of general rules that should
team has failed, needs refocus or correction, anguide the activities and priorities of teams in a
is done with the facilitator), system design environment:

» Providing education and training for members,s Design results must be communicated clearly,
effectively, and timely.
» Facilitating team learning,
» Design results must be compatible with initially
* Representing the team to upper management defined requirements.
and the next higher-level team, and
» Continuous “up-the-line” communication must
» Facilitating team disputes. be institutionalized.

Team leaders should be trained in basic facilitator Each member needs to be familiar with all

principles. This training can be done in about a system requirements.

week, and there are numerous training facilities or

companies that can offer it. » Everyone involved in the team must work from
the same database.

18.4 TEAM PROCESSES » Only one member of the team has the authority
to make changes to one set of master documen-

Teams develop their processes from the principles tation.

of system engineering management as presented

earlier in the book. The output of the teams i® All members have the same level of authority

the design documentation associated with prod- (one person, one vote).

ucts identified on the system architecture, includ-

ing both end product components and enabling Team participation is consistent, success-

products. oriented, and proactive.
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» Team discussions are open with no secrets. ¢ Draft meeting summaries should be provided
to members within one working day of the
» Team member disagreements must be reasoned meeting. A final summary should be issued
disagreement (alternative plan of action versus within two working days after the draft
unyielding opposition). comments deadline.

» Trade studies and other analysis techniques are
used to resolve issues. 18.5 BARRIERS TO INTEGRATION

» Issues are raised and resolved early. There are numerous barriers to building and main-
taining a well functioning team organization, and
» Complaints about the team are not voicedhey are difficult to overcome. Any one of these
outside the team. Conflicts must be resolvedarriers can negate the effectiveness of an inte-
internally. grated development approach. Common barriers
include:
Guidelines for Meeting Management
» Lack of top management support,
Even if a team is co-located as a work unit, regular
meetings will be necessary. These meetings and Team members not empowered,
their proper running become even more important
if the team is not co-located and the meeting is the Lack of access to a common database,
primary means of one-on-one contact. A well-run
technical meeting should incorporate the followinge Lack of commitment to a cultural change,
considerations:
» Functional organization not fully integrated into
» Meetings should be held only for a specific ateam process,
purpose and a projected duration should be
targeted. » Lack of planning for team effort,

» Advance notice of meetings should normallys Staffing requirements conflict with teams,
be at least two weeks to allow preparation and
communication between members. » Team members not collocated,

» Agendas, including time allocations for topicse Insufficient team education and training,
and supportive material should be distributed
no less than three business days before the team Lessons learned and successful practices not
meeting. The objective of the meeting should shared across teams,
be clearly defined.
» Inequality of team members,
» Stick to the agenda during the meeting. Then
cover new business. Then review action itemss Lack of commitment based on perceived
uncertainty,
» Meeting summaries should record attendance,
document any decision or agreements reacheel, Inadequate resources, and
document action items and associated due-
dates, provide a draft agenda for the next Lack of required expertise on either the part of
meeting, and frame issues for higher-level the contractor or government.
resolution.
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Breaking Barriers .

Common methods to combat barriers include:

Education and training, and then more educa-
tion and training: it breaks down the uncertainty

Where co-location is not possible have regular
working sessions of several days duration. Tele-
communications, video conferencing, and other
technology based techniques can also go far to
alleviate the problems of non-collocation.

of change, and provides a vision and methodummary Comments

for success.

Use a facilitator not only to build and maintain
teams, but also to observe and advise manage-
ment.

Obtain management support up front. Manage-
ment must show leadership by managing the
teams’ environment rather than trying to manage
people.

Use a common database open to all enterprise
members.

Establish a network of teams that integrates the
design and provides horizontal and verticale
communication.

Establish a network that does not over-tax avail-
able resources. Where a competence is not avail-
able in the associated organizations, hire it
through a support contractor.

Integrating system development is a systems
engineering approach that integrates all
essential primary function activities through the

use of multi-disciplinary teams, to optimize the

design, manufacturing and supportability

processes.

Team building goes through four phases:
forming, storming, norming, and performing.

Key leadership positions in a program network
of teams are the program manager, facilitator,
and team leaders.

A team organization is difficult to build and
maintain. It requires management attention and
commitment over the duration of the teams
involved.
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SUPPLEMENT 18-A

IPPD — A DOD
MANAGEMENT PROCESS

The DoD policy of Integrated Product and Procesgarticipants empowered and authorized, to the
Development (IPPD) is a broad view of integratednaximum extent possible, to make commitments
system development which includes not onlyfor the organization or the functional area they
systems engineering, but other areas involved irepresent. IPTs are composed of representatives
formal decision making related to system develfrom all appropriate functional disciplines work-
opment. DoD policy emphasizes integratedng together to build successful programs and en-
management at and above the Program Managabling decision makers to make the right decisions
(PM) level. It requires IPPD at the systemsat the right time.

engineering level, but does not direct specific

organizational structures or procedures in recogboD IPT Structure

nition of the need to design a tailored IPPD process

to every individual situation. The DoD oversight function is accomplished
through a hierarchy of teams that include levels of
Integrated Product Teams management from DoD to the program level. There

are three basic levels of IPTs: the Overaching IPT
One of the key IPPD tenets is multi-disciplinary (OIPT), the Working IPTs (WIPT), and Program
integration and teamwork achieved through the us#’Ts with the focus and responsibilities as shown
of Integrated Product Teams (IPTs). While IPTsby Figure 18-3. For each ACAT | program, there
may not be the best solution for every managewill be an OIPT and at least one WIPT. WIPTs
ment situation, the requirement to produce intewill be developed for particular functional topics,
grated designs that give consideration to a wide.g., test, cost/performance, contracting, etc. An
array of technical and business concerns leads mdstegrating IPT (1IPT) will coordinate WIPT efforts
organizations to conclude that IPTs are the besind cover all topics not otherwise assigned to
organizational approach to systems managemerdnother IPT. These teams are structurally organized
PMs should remember that the participation of as shown on Figure 18-4.
contractor or a prospective contractor on a IPT
should be in accordance with statutory require©Overarching IPT (OIPT)
ments, such as procurement integrity rules. The
service component’s legal advisor must reviewThe OIPT is a DoD level team whose primary re-
prospective contractor involvement on IPTs. Tosponsibility is to advise the Defense Acquisition
illustrate issues the government-contractor teankxecutive on issues related to programs managed
arrangement raises, the text box at the end of thet that level. The OIPT membership is made up of
section lists nine rules developed for governmenthe principals that are charged with responsibility
members of the Advanced Amphibious Assaulfor the many functional offices at the Office of the
Vehicle (AAAV) design IPTs. Secretary of Defense (OSD).

The Secretary of Defense has directed that DoFhe OIPT provides:
perform oversight and review by using IPTs.
TheselPTs function in a spirit of teamwork with « Top-level strategic guidance,
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Organization Teams Focus Participant
Responsibilities
OSD and OIPT*  Strategic Guidance * Program Success
Components * Tailoring * Functional Area Leadership
* Program Assessment ¢ Independent Assessment
* Resolve Issues Elevated by WIPTs p Issue Resolution
WIPTs* » Planning for Program Success » Functional Knowledge and Experience
« Opportunities for Acquisition « Empowered Contribution
Reform (e.g. innovation, streamlining) ¢| Recom.s for Program Success
« ldentify/Resolve Program Issues Communicate Status and Unresolved
* Program Status Issues
Program Program * Program Execution * Manage Complete Scope of Program
Teams and IPTs** ¢ |dentify and Implement Acquisition Resources, and Risk
System Reform « Integrate Government and Contractor
Contractors Efforts for Report Program Status and

Issues

* Covered in “Rules of the Road”
** Covered in “Guide to Implementation and Management of IPPD in DoD Acquisition”

Figure 18-3. Focus and Responsibilities of IPTs

Oversight
and
Review

Execution

Cost/

Performance IPT

MDA
DAB or MAISRC

Overarching
IPT

WIPTs

Integrating IPT

Cost/
Performance IPT

Cost/
Performance IPT

Cost/
Performance IPT

Environment

Program Management

<¢— Program IPTs
(System Mgmt Teams)

Extracted from Rules of the Road, A Guide for Leading Successful Integrated Product Teams.

Figure 18-4. IPT Structure
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Functional area leadership, * Proposing tailored document and milestone
requirements,
» Forum for issue resolution,
» Reviewing and providing early input to docu-
» Independent assessment to the MDA, ments,

» Determine decision information for next « Coordinating WIPT activities with the OIPT
milestone review, and members,

» Provide approval of the WIPT structures ands Resolving or evaluating issues in a timely
resources. manner, and

Working-Level IPT (WIPT) » Obtaining principals’ concurrence with appli-
cable documents or portions of documents.

The WIPTs may be thought of as teams that link

the PM to the OIPT. WIPTs are typically func- Program IPTs

tionally specialized teams (test, cost-performance,

etc.). The PM is the designated head of the WIPTRrogram IPTs are teams that perform the program

and membership typically includes representatiotiasks. The integration of contractors with the gov-

from various levels from the program to OSD staff.ernment on issues relative to a given program truly

The principal functions of the WIPT are to adviseoccurs at the program IPT level. The development

the PM is the area of specialization and to adviseeams (product and process teams) described ear-

the OIPT of program status. lier in this chapter would be considered program
IPTs. Program IPTs would also include teams
The duties of the WIPT include: formed for business reasons, for example teams

established to prepare Planning, Programming, and
» Assisting the PM in developing strategies andBudgeting System (PPBS) documentation, to pre-
in program planning, as requested by the PMpare for Milestone Approval, to develop the RFP,
or the like.
» Establishing IPT plan of action and milestones,
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SUPPLEMENT 18-B

GOVERNMENT ROLE ON IPTs

The following list was developed by the Advanced
Amphibious Assault Vehicle (AAAV) program to in-
form its government personnel of their role on con-
tractor/government integrated teams. It addresses
government responsibilities and the realities im-
posed by contractual and legal constraints. Though
it is specific to the AAAV case, it can be used as
guidance in the development of team planning for
other programs.

1. The IPTs are contractor-run entities. We do not
lead or manage the IPTs.

5.

2. We serve as “customer” representatives on the
IPTs. We are there to REDUCE THE CYCLE
TIME of contractor-Government (customer)
communication. In other words, we facilitate
contractor personnel getting Government
input faster. Government IPT members also
enable us to provide the contractor IPT Status
and issue information up the Government
chain on a daily basis (instead of monthly or
quarterly).

3. WE DO NOT DO the contractor’s IPT WORK, 6.

or any portion of their work or tasks. The con-
tractor has been contracted to perform the tasks
outlined in the contract SOW; their personnel
and their subcontractors’ personnel will per-
form those tasks, not us. But Government IPT
members will be an active part of the delib-
erations during the development of, and par-
ticipate in “on-the-fly” reviews of deliverables

called out in CDRLs. 7.

4. When asked by contractor personnel for the
Government’s position or interpretation, Gov-
ernment IPT members can offer their personal
opinion, as an IPT member, or offer expert
opinion; you can provide guidance as to our

“customer” opinion and what might be
acceptable to the Government but you can only
offer the “Government” position for items that
have been agreed to by you and your Supervi-
sor. IT IS UP TO YOUR SUPERVISORS TO
EMPOWER EACH OF YOU TO AN APPRO-
PRIATE LEVEL OF AUTHORITY. It is ex-
pected that this will start at a minimal level of
authority and be expanded as each individual’'s
IPT experience and program knowledge
grows. However... (see items 5 and 6).

Government IPT members CAN NOT autho-

rize any changes or deviations to/from the con-
tract SOW or Specifications. Government IPT

members can participate in the deliberations
and discussions that would result in the sug-
gestion of such changes. If/When an IPT con-
cludes that the best course of action is not in
accordance with the contract, and a contract
change is in order, then the contractor must
submit a Contract Change Request (CCR)
through normal channels.

Government IPT members CAN NOT autho-

rize the contractor to perform work that is in

addition to the SOW/contract requirements.
The contractor IPTs can perform work that is
not specifically required by the contract, at

their discretion (provided they stay within the

resources as identified in the Team Operating
Contract (TOC).

Government IPT member participation in
contractor IPT activities IS NOT Government
consent that the work is approved by the Gov-
ernment or is chargeable to the contract. If an
IPT is doing something questionable, identify
it to your supervisor or Program Management
Team (PMT) member.
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8. Government members of IPTs do not approve

or disapprove of IPT decisions, plans, or
reports. You offer your opinion in their
development, you vote as a member, and you
coordinate issues with your Supervisor and
bring the “Government” opinion (in the form
of your opinion) back to the IPT, with the goal
of improving the quality of the products; you
don't have veto power.

Government IPT members are still subject to
all the Government laws and regulations re-
garding “directed changes,” ethics, and con-
duct. Your primary function is to perform those
functions that are best done by Government
employees, such as:

Conveying to contractor personnel your
knowledge/expertise on Marine Corps
operations and maintenance techniques;

Interfacing with all other Government
organizations (e.g., T&E);

Control/facilitization of government fur-
nished equipment and materials (GFE and
GFM);

Ensuring timely payment of submitted
vouchers; and

Full participation in Risk Management.
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CONTRACTUAL
CONSIDERATIONS

19.1 INTRODUCTION The role of technical managers or systems engi-
neers is crucial to satisfying these diverse concerns.

This chapter describes how the systems enginediheir primary responsibilities include:

supports the development and maintenance of the

agreement between the project office and the cons Supporting or initiating the planning effort.

tractor that will perform or manage the detail work  The technical risk drives the schedule and cost

to achieve the program objectives. This agreement risks which in turn should drive the type of

has to satisfy several stakeholders and requires contractual approach chosen,

coordination between responsible technical, mana-

gerial, financial, contractual, and legal personnels Prepares or supports the preparation of the

It requires a document that conforms to the Fed- source selection plan and solicitation clauses

eral Acquisition Regulations (and supplements), concerning proposal requirements and selection

program PPBS documentation, and the System criteria,

Architecture. As shown by Figure 19-1, it also has

to result in a viable cooperative environment thate Prepares task statements,

allows necessary integrated teaming to take place.

Contract

WBS

SOO/SOW

Government

CDRL

Performance-Based
SPECs and STDs

Cooperative Systems Engineering Effort

Figure 19-1. Contracting Process
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» Prepares the Contract Data Requirements List9.2 SOLICITATION DEVELOPMENT
(CDRL),
As shown by Figure 19-2, the DoD contracting
» Supports negotiation and participates in sourcerocess begins with planning efforts. Planning in-
selection evaluations, cludes development of a Request for Proposal
(RFP), specifications, a Statement of Objective
* Forms Integrated Teams and coordinates th€SOO) or Statement of Work (SOW), a source
government side of combined government andelection plan, and the Contract Data Requirements
industry integrated teams, List (CDRL).
» Monitors the contractor’s progress, and Request for Proposal (RFP)
» Coordinates government action in support ofThe RFP is the solicitation for proposals. The gov-
the contracting officer. ernment distributes it to potential contractors. It
describes the government’s need and what the
This chapter reflects the DoD approach to contracwefferor must do to be considered for the contract.
ing for system development. It assumes that theri establishes the basis for the contract to follow.
is a government program or project office that is
tasking a prime contractor in a competitive envi-The key systems engineering documents included
ronment. However, in DoD there is variation toin a solicitation are:
this theme. Some project activities are tasked di-
rectly to a government agency or facility, or aree A statement of the work to be performed. In
contracted sole source. The processes described DoD this is a SOW. A SOO can be used to ob-
in this chapter should be tailored as appropriate tain a SOW or equivalent during the selection

'

'

for these situations. process.
Acquisition Planning
Requirement Requirement Procurement
Determination > Specification > Requests (RFP)

)

Procurement Planning

r Source Selection

S . L Selection
Solicitation —| Evaluation —»| Negotiation [—P of Source —>| Award >l
l Contract Administration
Assianment System Performance Contract Completlot?/
9 > Control > Measurement > Modifications > }(ji?gsn;?)r;t

Figure 19-2. Contracting Process

ENGINER)SS8G-PDH.COM
| PRJ-118 |



Chapter 19 Contractual Considerations

» A definition of the system. Appropriate speci- the SOW. During the solicitation phase the tasks
fications and any additional baseline informa-can be defined in very general way by a SOO.
tion necessary for clarification form this Specific details concerning SOOs and SOWs are
documentation. This is generated by the systeneattached at the end of this chapter.
engineering process as explained earlier in this
book. As shown by Figure 19-3, solicitation tasking

approaches can be categorized into four basic op-

» Adefinition of all data required by the customer.tions: use of a basic operational need, a SOO, a
In DoD this accomplished through use of theSOW, or a detail specification.

Contract Data Requirements List (CDRL).
Option 1maximizes contractor flexibility by sub-

The information required to be in the proposalamitting the Operational Requirements Document

responding to the solicitation is also key for the(ORD) to offerors as a requirements document (e.g.

systems engineer. An engineering team will decidén place of SOO/SOW), and the offerors are re-

the technical and technical management merits ajuested to propose a method of developing a

the proposals. If the directions to the offerors aresolution to the ORD. The government identifies

not clearly and correctly stated, the proposal willits areas of concern in Section M (evaluation fac-

not contain the information needed to evaluate th&ors) of the RFP to provide guidance. Section L

offerors. In DoD Sections L and M of the RFP arg(instructions to the offerors) should require the

those pivotal documents. bidders write a SOW based on the ORPas of
their proposal. The offeror proposes the type of
Task Statement system. The contractor develops the system speci-

fication and the Work Breakdown Structure
The task statement prepared for the solicitation willWBS). In general this option is appropriate for
govern what is actually received by the governearly efforts where contractor input is necessary
ment, and establish criteria for judging contractotto expand the understanding of physical solutions
performance. Task requirements are expressed and alternative system approaches.

Government Develops Contractor Develops
—
S ORD —JPpEvaluation —Pnstructions [—Proposed ——Prstem —WBS —sSPpW  —Pntract
B Factors to Offerors Concept(s) Spec Signed
[ O |
N Select ——————ppDraft  Sele] PEvaluation ——Ppastructions f———POW ————Pmntract
_5 Concept(s) Technical Factors to Offerors Signed
a Requirements
o and WBS
™ ) '
e Select ————ppDraft PWVBS PSOW PEvaluation ——Pmstructions —Qntract
2 Concept(s) System Factors to Offerors Signed
8— Spec
2 Detail Spec PSOW Pinstructions ——ontract
2 and to Bidders Signed
8— Drawings

Figure 19-3. Optional Approaches
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Option 2provides moderate contractor flexibility the government has detailed specifications or
by submitting a SOO to the offerors as the Sectionther product baseline documentation that de-
C task document (e.g., in place of SOW.) The govfines thedeliverable item sufficient for produc-
ernment identifies its areas of concern in Sectiotion. It is generally used for simple build-to-print
M (evaluation factors) to provide guidance. Secteprocurement.
tion L (instructions to the offerors) should require
as part of the proposal that offerors write a SOWData Requirements
based on the SOO. In this case the government
usually selects the type of system, writes a draffs part of the development of an IFB or RFP, the
technical-requirements document or system specprogram office typically issues a letter that de-
fication, and writes a draft WBS. This option is scribes the planned procurement and asks inte-
most appropriate when previous efforts have nogirated team leaders and affected functional man-
defined the system tightly. The effort should notagers to identify and justify their data requirements
have any significant design input from the previ-for that contract. The data should be directly as-
ous phase. This method allows for innovative thinksociated with a process or task the contractor is
ing by the bidders in the proposal stage. It is aequired to perform.
preferred method for design contracts.
The affected teams or functional offices then
Option 3 lowers contractor flexibility, and in- develop a description of each data item needed.
creases clarity of contract requirements. In thiData Item Descriptions (DIDs), located in the
option the SOW is provided to the Contractor asAcquisition Management Systems and Data
the contractual task requirements document. ThRequirements Control List (AMSDL), can be used
government provides instructions in Section L tofor guidance in developing these descriptions.
the offerors to describe the information needed bypescriptions should be performance based, and
the government to evaluate the contractor’s abilitformat should be left to the contractor as long as
to accomplish the SOW tasks. The governmenall pertinent data is included. The descriptions are
identifies evaluation factors in Section M to pro-then assembled and submitted for inclusion in the
vide guidance for priority of the solicitation re- solicitation. The listing of data requirements in the
guirements. In most cases, the government seleatentract follows an explicit format and is referred
the type of system, and provides the draft systeno as the CDRL.
spec, as well as the draft WBS. This option is most
appropriate when previous efforts have defined thén some cases the government will relegate the data
system to the lower WBS levels or where thecall to the contractor. In this case it is important
product baseline defines the system. Specificallghat the data call be managed by a government/
when there is substantial input from the previousontractor team, and any disagreements be resolved
design phase and there is a potential for a differeqtrior to formal contract change incorporating data
contractor on the new task, the SOW method isequirements. When a SOO approach is used, the
appropriate. contractor should be required by section L to pro-
pose data requirements that correspond to their
Option 4 minimizes contractor flexibility, and proposed SOW.
requires maximum clarity and specificity of con-
tract requirements. This option uses an InvitatiorThere is current emphasis on electronic submis-
for Bid (IFB) rather than an RFP. It provides bid- sion of contractually required data. Electronic Data
ders with specific detailed specifications or taskinterchange (EDI) sets the standards for compatible
statements describing the contract deliverablesiata communication formats.
They tell the contractor exactly what is required
and how to do it. Because there is no flexibility inAdditional information on data management,
the contractual task, the contract is awarded basdypes of data, contractual considerations, and
on the low bid. This option is appropriate whensources of data are presented in Chapters 10 and
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13. Additional information on CDRLs is provided personnel. In this environment, even minor
at the end of this chapter. mistakes can cause distortion of proper selection.

Technical Data Package Controversy The process starts with the development of a

Source Selection Plan (SSP), that relates the orga-
Maintenance of a detailed baseline such as the “aszational and management structure, the evalua-
built” description of the system, usually referredtion factors, and the method of analyzing the
to as a Technical Data Package (TDP), can be venfferors’' responses. The evaluation factors and their
expensive and labor intensive. Because of thigriority are transformed into information provided
some acquisition programs may not elect to purto the offerors in sections L and M of the RFP. The
chase this product description. If the Governmenbfferors’ proposals are then evaluated with the pro-
will not own the TDP the following questions must cedures delineated in the SSP. These evaluations
be resolved prior to solicitation issue: establish which offerors are conforming, guide

negotiations, and are the major factor in contrac-
» What are the pros and cons associated with thier selection. The SSP is further described at the

TDP owned by the contractor? end of this chapter.

» What are the support and reprocurementimpactsihe system engineering area of responsibility
includes support of SSP development by:
* What are the product improvement impacts?
» Preparing the technical and technical manage-
* What are the open system impacts? ment parts of evaluation factors,

In general the government should have sufficient Organizing technical evaluation team(s), and
data rights to address life cycle concerns, such as

maintenance and product upgrade. The extent to Developing methods to evaluate offerors’ pro-
which government control of configurations and  posals (technical and technical management).
data is necessary will depend on support and

reprocurement strategies. This, in turn, demands

that those strategic decisions be made as early 49.3 SUMMARY COMMENTS

possible in the system development to avoid pur-

chasing data rights as a hedge against the possibility Solicitation process planning includes develop-
that the data will be required later in the program ment of a Request for Proposal, specifications,

life cycle. a Statement of Objective or Statement of Work,
a source selection plan, and the Contract Data
Source Selection Requirements List.

Source Selection determines which offeror will bes  There are various options available to program
the contractor, so this choice can have profound offices as far as the guidance and constraints
impact on program risk. The systems engineer must imposed on contractor flexibility. The govern-
approach the source selection with great care ment, in general, prefers that solicitations be
because, unlike many planning decisions made performance-based.

early in product life cycles, the decisions made

relative to source selection can generally not be Data the contractor is required to provide the
easily changed once the process begins. Laws and government is listed on the CDRL List.
regulations governing the fairness of the process

require that changes be made very carefully—anel Source Selection is based on the evaluation
often at the expense of considerable time and effort criteria outlined in the SSP and reflected in
on the part of program office and contractor Sections L and M of the RFP.
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SUPPLEMENT 19-A

STATEMENT OF OBJECTIVES
(SO0)

The SOO is an alternative to a government pres Draft WBS and dictionary.

pared SOW. A SOO provides the Government’s

overall objectives and the offeror’s required sup-Step 2:0Once the program objectives are defined,
port to achieve the contractual objectives. Offerorshe SOO is constructed so that it addresses prod-
use the SOO as a basis for preparing a SOW whialct-oriented goals and performance-oriented
is then included as an integral part of the proposakquirements.

which the government evaluates during the source

selection. SOO and Proposal Evaluations

Purpose Section L (Instructions to Offerors) of the RFP
must include instructions to the offeror that require
SOO expresses the basic, top-level objectives afsing the SOO to construct and submit a SOW. In
the acquisition and is provided in the RFP in lieuSection M (Evaluation Criteria) the program office
of a government-written SOW. This approach givesshould include the criteria by which the proposals,
the offerors the flexibility to develop cost effec- including the contractor’s draft SOW, will be evalu-
tive solutions and the opportunity to proposeated. Because of its importance, the government’s
innovative alternatives. intention to evaluate the proposed SOW should be
stressed in Sections L and M.
Approach
Offeror Development of
The government includes a brief (1- to 2-pagethe Statement of Work
SOO in the RFP and requests that offerors provide
a SOW in their proposal. The SOO is typically The offeror should establish and define in clear,
appended to section J of the RFP and does not bgnderstandable terms:
come part of the contract. Instructions for the con-
tractor prepared SOW would normally be included Non-specification requirements (the tasks that
in or referenced by Section L. the contractor must do),

SOO Development * What has to be delivered or provided in order
for him to get paid,

Step 1:.The RFP team develops a set of objectives

compatible with the overall program direction. What data is necessary to support the effort,

including the following: and

+ User(s) operational requirements,  Information that would show how the offerors
would perform the work that could differenti-

* Programmatic direction, ate between them in proposal evaluation and

contractor selection.
» Draft technical requirements, and
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SO0 Example:
Joint Air-to-Surface Standoff Missile (JASSM)
Statement of Objectives

The Air Force and Navy warfighters need a standoff missile that will destroy the enemies’ war-
sustaining capabilities with a launch standoff range outside the range of enemy area defenses.
Offerors shall use the following objectives for the pre-EMD and EMD acquisition phases of the
JASSM program along with other applicable portions of the RFP when preparing proposals and
program plans. IMP events shall be traceable to this statement of objectives:

Pre-EMD Objectives

a. Demonstrate, at the sub-system level as a minimum, end-to-end performance of the sys-
tem concept. Performance will be at the contractor-developed System Performance Speci-
fication requirements level determined during this phase without violation of any key
performance parameters.

b. Demonstrate the ability to deliver an affordable and producible system at or under the average
unit procurement price (AUPP).

c. Provide a JASSM system review including final system design, technical accomplishments,
remaining technical risks and major tasks to be accomplished in EMD.

EMD Objectives
a. Demonstrate through test and/or analysis that all requirements as stated in the contractor
generated System Performance Specification, derived from Operational Requirements, are

met, including military utility (operational effectiveness and suitability).

b. Demonstrate ability to deliver an affordable and producible system at or under the AUPP
requirement.

c. Demonstrate all production processes.

d. Produce production representative systems for operational test and evaluation, including
combined development/operational test and evaluation.

At contract award the SOW, as changed through
negotiations, becomes part of the contract and the
standard for measuring contractor’s effectiveness.
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SUPPLEMENT 19-B

STATEMENT OF WORK
(SOW)

The SOW is a specific statement of the work to bé&ection 3: Requirements States the tasks the
performed by the contractor. It is derived from thecontractor has to perform to provide the
Program WBS (System Architecture). It shoulddeliverables. Tasks should track with the WBS. The
contain, at a minimum, a statement of scope an8OW describes tasks the contractor has to do. The
intent, as well as a logical and clear definition ofspecifications describe the products.
all tasks required. The SOW normally consists of
three parts: Statement of Work Preparation
and Evaluation Strategies
Section 1: Scope Befines overall purpose of the
program and to what the SOW applies. SOWs should be written by an integrated team of
competent and experienced members. The team
Section 2: Applicable Documents Lists the should:
specifications and standards referenced in Section

3. * Review and use the appropriate WBS for the
SOW framework,
Requirement WBS Elements
System Spec
ATYEEE 1600 Aircraft Subsystems
| E—

| 1600 Aircraft Subsystems | 1610 Landing Gear Systems

I L]
| 1610 Landing Gear Systems | °

SOO/SOW

31 Aircraft Subsystems (WBS 1600)

Conduct a development program to
include detailed design, manufacture,
assembly, and test of all aircraft subsystems

Figure 19-4. Requirement-WBS-SOW Flow
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» Set SOW objectives in accordance with thes Include data requirements or deliverable
Acquisition Plan and systems engineering products.
planning,
In section 2Applicable Documents:
» Develop a SOW tasking outline and check list,
DO NOT:
» Establish schedule and deadlines, and
* Include guidance documents that apply only to
» Develop a comprehensive SOW from the above. Government PMOs (e.g., DoD 5000 series and
service regulations).
Performance-based SOW
In section 3Requirements:
The termperformance-based SOkés become a
common expression that relates to a SOW that task¥0O NOT:
the contractor to perform the duties necessary to
provide the required deliverables, but is not specifie Define work tasks in terms of data to be deliv-
as to the process details. Basically, all SOWs should ered.
be performance based, however, past DoD gener-
ated SOWSs have had the reputation of being overly Order, describe, or discuss CDRL data (OK to
directive. A properly developed SOW tasks the reference).
contractor without telling him how to accomplish
the task. » Express work tasks in data terms.

Evaluating the SOW * Invoke, cite, or discuss a DID.

The WBS facilitates a logical arrangement of thee Invoke handbooks, service regulations, techni-
elements of the SOW and a tracing of work effort  cal orders, or any other document not specifi-
expended under each of the WBS elements. It helps cally written in accordance with MIL-STD-961/
integrated teams to ensure all requirements have 962.

been included, and provides a foundation for track-

ing program evolution and controlling the changes Specify how task is to be accomplished.
process. As shown by Figure 19-4, the WBS serves

as a link between the requirements and the SOW. Use the SOW to amend contract specifications.

In the past, DoD usually wrote the SOW and, over Specify technical proposal or performance
time, an informal set of rules had been developed criteria or evaluation factors.
to assist in drafting them. While the government
today generally does not write the SOW, but, rathes, Establish delivery schedules.
more often evaluates the contractor’s proposed SOW,
those same rules can assist in the government rale Over specify.
of evaluator.
In section 3Requirements:
Statement of Work Rules
DO:
In section 1Scope:
» Specify work requirements to be performed
DO NOT: under contract.

* Include directed work statements.
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» Set SOW objectives to reflect the acquisitions Use WBS as an outline.
plan and systems engineering planning.
» List tasks in chronological order.
» Provide a priceable set of tasks.
» Limit paragraph numbering to 3rd sub-level
» Express work to be accomplished in work (3.3.1.1.) — Protect Government interests.
words.
» Allow for contractor’s creative effort.
» Use “shall” whenever a task is mandatory.

» Use “will” only to express a declaration of
purpose or simple futurity.
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Contractual Considerations

The Contract Data Requirements List (CDRL) isData requirements can also be identified in the
a list of authorized data requirements for a specificontract via Special Contract Clauses (Federal
procurement that forms a part of the contract. It iAAcquisition Clauses.) Data required by the FAR
comprised of a series of DD Forms 1423 (Indi-clauses are usually required and managed by the

SUPPLEMENT 19-C

CONTRACT DATA

REQUIREMENTS LIST

vidual CDRL forms) containing data requirementsContracting Officer.
and delivery instructions. CDRLs should be linked
directly to SOW tasks and managed by the program
office data manager. A sample CDRL data
requirement is shown in Figure 19-5.

ATCHNR: 3
TO CONTRACT/PR: F33657-86-C-2085

CONTRACT DATA REQUIREMENTS LIST

TO EXHIBIT:
CATEGORY: X

SYSTEM/ITEM: ATF DEM/VAL PHASE
CONTRACTOR: LOCKHEED

1)
3100

2) SOW 3.1 6) 10) 12)

3)

ASD/TASE

ONE/R

60DAC

4)
OT E62011

5) SOW 3.1

7

8)

D

9)

11)

13)
SEE 16

16)

NOTE:

BLK 4: SEE APPENDIXES TO CDRL FOR DID.

THIS DID ISTAILORED AS FOLLOWS:

(1) CONTRACTOR FORMAT IS ACCEPTABLE.

(2) CHANGE PARAGRAPH 2a OF DID TO READ: “PROGRAM RISK
ANALYSIS.THIS SECTION SHALL DESCRIBE THE PLAN AND
METHODOLOGY FOR A CONTINUING ASSESSMENT OF
TECHNICAL, SUPPORTABILITY, COST, AND SCHEDULE RISKS OF
THE SYSTEM PROGRAM. THIS SECTION SHOULD BE
CONSISTENT WITH AND NOT DUPLICATE THE SYSTEM
INTEGRATION PLAN (REFERENCE DI-S-3563/T); i.e., ONE PLAN
MAY REFERENCE THE OTHER.”

BLK 13: REVISIONS SHALL BE SUBMITTED AS REQUIRED BY CHANGE

RESULTING FROMTHE SYSTEMS ENGINEERING PROCESS.
SCHEDULES ASSOCIATED WITH THIS PLAN SHALL BE
INTEGRATED WITH THE MASTER PROGRAM PLANNING
SCHEDULE SUBMITTED ON MAGNETIC MEDIA IN ACCORDANCE
WITH DI-A-3007/T.

14)
ASD/TASE

ASD/TASM
ASD/TASL

ACO

2/0
2/0
2/0
1/0

15)
7/0

PREPARED BY:

DATE:
86 JUN 11

APPROVED BY:

DATE:
86 JUNE 11

DD FORM 1423

ADPE ADAPTATION SEP 81 (ASD/YYD)

Figure 19-5. CDRL Single Data Item Requirement Example
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Data Requirement Sources Block 9: Distribution Statement Required:

Standard Data Item Descriptions (DID) define dataCategory A is unlimited-release to the public.
content, preparation instructions, format, intended

use, and recommended distribution of data require@ategory B is limited-release to government
of the contractor for delivery. The Acquisition agencies.

Management Systems and Data Requirements

Control List (AMSDL) identifies acquisition man- Category C limits release to government agencies
agement systems, source documents, and standamad their contractors.

DIDs. With acquisition reform the use of DIDs has

declined, and data item requirements now are eicategory D is limited-release to DoD offices and
ther tailored DIDs or a set of requirements specifitheir contractors.

cally written for the particular RFP in formats

agreeable to the contractor and the government.Category E is for release to DoD components only.

DD Form 1423 Road Map Category F is released only as directed and
normally classified.
Block 1: Data Item Number — represents the CDRL
sequence number. Block 12: Date of First Submission — indicates
year/month/day of first submission and identifies
Block 2: Title of Data Item — same as the title specific event or milestone data is required.
entered in item 1 of the DID (DD Form 1664).
Block 13:Date of Subsequent Submission — if data
Block 4: Authority (Data Acquisition Document is submitted more than once, subsequent dates will
Number) — same as item 2 of the DID form andbe identified.
willinclude a “/t” to indicate DID has been tailored.
Block 14: Distribution — identify each addressee
Block 5: Contract Reference — identifies the DID and identify the number of copies to be received
authorized in block 4 and the applicable documenby each. Use office symbols, format of data to be
and paragraph numbers in the SOW from whichdelivered, command initials, etc.
the data flows.
Block 16:Remarks — explain only tailored features
Block 6: Requiring Office — activity responsible of the DID, any additional information for blocks
for advising the technical adequacy of the data. 1-15, and any resubmittal schedule or special con-
ditions for updating data submitted for government
Block 7: Specific Requirements — may be neededpproval.
for inspection/acceptance of data.

Block 8: Approval Code — if “A," it is a critical
data item requiring specific, advanced, written
approval prior to distribution of the final data item.
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SUPPLEMENT 19-D

THE SOURCE
SELECTION PLAN

Prior to solicitation issuance, a source selectiofSSAC) provides advice to the SSA based on the
plan should be prepared by the Program Manage&ource Selection Evaluation Board's (SSEB's)
(PM), reviewed by the Contracting Officer, andfindings and the collective experience of SSAC
approved by the Source Selection Authority (SSA)members. The SSEB generates the information the
A Source Selection Plan (SSP) generally consistSSA needs by performing a comprehensive evalu-
of three parts: ation of each offeror’s proposal. A Technical Evalu-
ation Review Team(s) evaluates the technical por-
» The first part describes the organization,tion of the proposals to support the SSEB. The
membership, and responsibilities of the sourcgrocess flow is shown in Figure 19-6.
selection team,
The PM is responsible for developing and imple-
» The second part identifies the evaluation factorsmenting the acquisition strategy, preparing the SSP,
and and obtaining SSA approval of the plan before the
formal solicitation is issued to industry. The System
» The last part establishes detailed procedures fdEngineer or technical manager supports the PM’s

the evaluation of proposals. efforts. The Contracting Officer is responsible for
preparation of solicitations and contracts, any com-
Source Selection Organization munications with potential offerors or offerors,

consistency of the SSP with requirements of the
The SSA is responsible for selecting the sourc&ederal Acquisition Regulation (FAR) and DoD
whose proposal is most advantageous to the go¥AR Supplement (DFARS), and award of the
ernment. The Source Selection Advisory Councikontract.

Source Selection
Authority

f

Source Selection
Advisory Council

?

Source Selection
Evaluation Board

Pl o

Other Review Technical Evaluation
Panels Review Panel

Figure 19-6. Source Selection Process
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SSP Evaluation Factors Factors to Consider

The evaluation factors are a list, in order of rela-There is not sufficient space here to attempt to ex-
tive importance, of those aspects of a proposal thdmaustively list all the factors that might influence
will be evaluated quantitatively and qualitatively tothe decision made in a source selection. The

arrive at an integrated assessment as to witich

following are indicative of some of the key

posal can best meet the Government’s need a®nsideration, however:
described in the solicitation. Figure 19-7 shows
an example of one evaluation category, life cycle
cost. The purpose of the SSP evaluation is to
inform offerors of the importance the Govern-
ment attaches ta@vious aspects of a proposal ande
to allow the government to make fair and reasoned
differentiation between proposals.

In general the following guidance should be used
in preparing evaluation factors:

Limit the number of evaluation factors,

Tailor the evaluation factors to the Governmens
requirement (e.g., combined message of the
SOO0/SOW, specification, CDRL, etc.), and

Cost is always an evaluation factor. The identi-
fication of the cost that is to be used and its
relative importance in rating the proposal shoulc
be clearly identified.

Is the supplier’'s proposal responsive to the
government’s needs as specified in the RFP?

Is the supplier’s proposal directly supportive of
the system requirements specified in the system
specification and SOO/SOW?

Have the performance characteristics been
adequately specified for the items proposed?
Are they meaningfulmeasurableand traceable
from the system-level requirements?

Have effectiveness factors been specified
(e.qg. reliability, maintainability, supportability,
and availability?) Are they meaningfuhea-
surable, and traceable, from the system-level
requirements?

Has the supplier addressed the requirement for
test and evaluation of the proposed system
element?

Rating Evaluation Criteria — Life Cycle Cost
(Points)
9-10 Offeror has included a complete Life Cycle Cost analysis that supports their proposal.
7-8 Offeror did not include a complete Life Cycle Cost analysis but has supported their
design approach on the basis of Life Cycle Cost.
5-6 Offeror plans to complete a Life Cycle Cost analysis as part of the contract effort and
has described the process that will be used.
34 Offeror plans to complete a Life Cycle Cost analysis as part of the contract effort but did
not describe the process that will be used.
0-2 Life Cycle Cost was not addressed in the Offeror’'s proposal.

Figure 19-7. Evaluation Factors Example
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» Hauve life cycle support requirements been idens Does the supplier’s proposal address all aspects
tified (e.g., maintenance resource requirements, of total life cycle cost?
spare/repair parts, test and support equipment,
personnel quantities and skills, etc?) Have these Does the supplier have previous experience in
requirements been minimized to the extent the design, development, and production of
possible through design? system elements/components which are simi-

lar in nature to the item proposed?

» Does the proposed design configuration reflect

growth potential or change flexibility? Proposal Evaluation

» Has the supplier developed a comprehensiv@roposal evaluation factors can be analyzed with
manufacturing and construction plan? Are keyany reasonable trade study approach. Figure 19-8
manufacturing processes identified along withshows a common approach. In this approach each
their characteristics? factor is rated based on the evaluation factor ma-

trix established for each criteria, such as that shown

» Does the supplier have an adequate qualityn Figure 19-7. It is then multiplied by a weight-
assurance and statistical process contrahg factor based on the perceived priority of each
programs? criteria. All the weighted evaluations are added

together and the highest score wins.

» Does the supplier have a comprehensive
planning effort (e.g., addresses program taskd,ike trade studies the process should be examined
organizational structure and responsibilities, dor sensitivity problems; however, in the case of
WBS, task schedules, program monitoring andgource selection, the check must be done with
control procedures, etc.)? anticipated values prior to release of the RFP.
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WT. | Proposal A Proposal B Proposal C
Evaluation Criteria Factor
(%) |Rating | Score [Rating |Score Rating $core
A. Technical Requirements: 25
1. Performance Characteristics 6 4 24 5 30 5 30
2. Effectiveness Factors 4 3 12 4 16 3 12
3. Design Approach 3 2 6 3 9 1 3
4. Design Documentation 4 3 12 4 16 2 8
5. Test and Evaluation Approach 2 2 1 2 2 4
6. Product Support Requirements 4 2 8 3 12 2 8
B. Production Capability 20
1. Production Layout 8 5 40 6 48 6 48
2. Manufacturing Process 5 2 10 3 15 4 20
3. Quality Control Assurance 7 5 35 6 42 4 28
C. Management 20
1. Planning (Plans/Schedules) 6 4 24 5 30 4 24
2. Organization Structure 4 4 16 4 12 4 16
3. Available Personnel Resources 5 3 15 3 20 3 15
4. Management Controls 5 3 15 3 20 4 20
D. Total Cost 25
1. Acquisition Price 10 7 70 5 50 6 60
2. Life Cycle Cost 15 9 135 10 150 8 120
E. Additional Factors 10
1. Prior Experience 4 4 16 3 12 3 12
2. Past Performance 6 5 30 5 30 3 18
*
Grand Total 100 476 516 450
* Select Proposal B

Figure 19-8. Source Evaluation
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CHAPTER 20

MANAGEMENT CONSIDERATIONS
AND SUMMARY

20.1 MANAGEMENT CONSIDERATIONS fact is that, in too many cases, we are producing
excellent systems, but systems that take too long
The Acquisition Reform Environment to produce, cost too much, and are often outdated

when they are finally produced. The demand for
No one involved in systems acquisition, eitherchange has been sounded, and systems engineer-
within the department or as a supplier, can avoiéhg management must respond if change is to take
considering how to manage acquisition in theplace. The question then becomes how should one
current reform environment. In many ways, re-manage to be successful in this environment? We
thinking the way we manage the systems engineehave a process that produces good systems; how
ing process ismplicit in reforming acquisition should we change the process that has served us
management. Using performance specificationsvell so that it serves us better?
(instead of detailed design specifications), leaving
design decisions in the hands of contractorsAt the heart of acquisition reform is this idea: we
delaying government control of configuration can improve our ability to provide our users with
baselines—all are reform measures related directlgighly capable systems at reasonable cost and
to systems engineering management. This text hashedule. We can if we manage design and devel-
already addressed and acknowledged managing tbpment in a way that takes full advantage of the
technical effort in a reform environment. expertise resident both with the government and

the contractor. This translates into the government
To a significant extent, the systems engineeringtating its needs in terms of performance outcomes
processes—and systems engineers in general—atesired, rather than in terms of specific design
victims of their own successes in this environmentsolutions required; and, likewise, in having con-
The systems engineering process was created atrdctors select detailed design approaches that
evolved to bring discipline to the business of pro-deliver the performance demanded, and then
ducing very complex systems. It is intended taakingresponsibility for the performance actually
ensure that requirements are carefully analyzedchieved.
and that they flow down to detailed designs. The
process demands that details are understood afithis approach has been implemented in DoD, and
managed. And the process has been successfinl.other government agencies as well. In its earlier
Since the 1960s manufacturers, in concert witlimplementations, several cases occurred where the
government program offices, have produced government managers, in an attempt to ensure that
series of ever-increasingly capable and reliabléhe government did not impose design solutions
systems using the processes described in this texin contractors, chose to deliberately distance the
The problem is, in too many cases, we have ovegovernment technical staff from contractors. This
laid the process with ever-increasing levels ofpresumed that the contractor would step forward
controls, reports, and reviews. The result is thato ensure that necessary engineering disciplines and
the cycle time required to produce systems hafunctions were covered. In more than one case,
increased to unacceptable levels, even as technahe evidence after the fact was that, as the
ogy life cycles have decreased precipitously. Thgovernment stepped back to a less directive role
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in design and development, the contractor did natudimentary understanding that communication
take a corresponding step forward to ensure thahvolves two elements—a transmitter and a
normal engineering management disciplines wereeceiver. Even if we have a valid message and the
included. In several cases where problems aroseapacity for expressing our positions in terms that
after-the-fact investigation showed important ele-enable others to understand what we are saying,
ments of the systems engineering process weteue communication may not take place if the
either deliberately ignored or overlooked. intended receiver chooses not to receive our mes-
sage. What can we do, as engineering managers to
The problem in each case seems to have bedwlp our own cause as far as ensuring that our
failure to communicate expectations between theommunications are received and understood?
government and the contractor, compounded by a
failure on the part of the government to ensure thatluch can be done to condition others to listen and
normal engineering management disciplines wergive serious consideration to what one says, and,
exercised. One of the more important lessonsf course, the opposite is equally true—one can
learned has been that while the systems engineagendition others to ignore what he/she says. It is
ing process can—and should be—tailored to th@rimarily a matter of establishing credibility based
specific needs of the program, there is substantian integrity and trust.
risk ignoring elements of the process. Before one
decides to skip phases, eliminate reviews, or takEirst, however, it is appropriate to discuss the
other actions that appear to deliver shortenedystems engineer’s role as a member of the man-
schedules and less cost, one must ensure thagement team. Systems engineering, as practiced
thosedecisions are appropriate for the risks thain DoD, is fundamentally the practice of engineer-
characterize the program. ing management. The systems engineer is expected
to integrate not only the technical disciplines in
Arbitrary engineering management decisions yieldeaching recommendations, but also to integrate
poor technical results. One of the primary requiretraditional management concerns such as cost,
ments inherent in systems engineering is to assesshedule, and policy into the technical manage-
the engineering management program for its comment equation. In this role, senior levels of man-
sistency with the technical realities and risks conagement expect the systems engineer to understand
fronted, and to communicate his/her findings andhe policies that govern the program, and to ap-
recommendations to management. DoD policy igreciate the imperatives of cost and schedule. Fur-
quite clear on this issue. The government is not, ithermore, in the absence of compelling reasons to
most cases, expected to take the lead in the deveéhe contrary, they expect support of the policies
opment of design solutions. That, however, doegnunciated and they expect the senior engineer to
not relieve the government of its responsibilitiesbalance technical performance objectives with cost
to the taxpayers to ensure that sound technical arahd schedule constraints.
management processes are in place. The systems
engineer must take the lead role in establishing thBoes this mean that the engineer should place his
technical management requirements for the prosebligation to be a supportive team member above
gram and seeing that those requirements are corhis ethical obligation to provide honest engineer-
municated clearly to program managers and to thimg judgment? Absolutely not! But it does mean

contractor. that, if one is to gain a fair hearing for expression
of reservations based on engineering judgment, one
Communication — Trust and Integrity must be viewed as a member of the team. The indi-

vidual who always fights the system, always ob-
Clearly, one of the fundamental requirements fojects to established policy, and, in general, refuses
an effective systems engineer is the ability to comto try to see other points of view will eventually
municate. Key to effective communication is thebecome isolated. When others cease listening, the
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communication stops and even valid points of viewwatch works, but many times communication is
are lost because the intended audience is no longenhanced and time saved by providing a confident
receiving the message—valid or not. and concise answer.

In addition to being team players, engineeringWhen systems engineers show themselves to be
managers can further condition others to be recetrong and knowledgeable, able to operate effec-
tive to their views by establishing a reputation fortively in a team environment, then communication
making reasoned judgments. A primary requireproblems are unlikely to stand in the way of effec-
ment for establishing such a reputation is that martive engineering management.
agers must have technical expertise. They must be
able to make technical judgments grounded in a
sound understanding of the principles that gover20.2 ETHICAL CONSIDERATIONS
science and technology. Systems engineers must
have the education and the experience that justiFhe practice of engineering exists in an environ-
fies confidence in their technical judgments. In thement of many competing interests. Cost and sched-
absence of that kind of expertise, it is unlikely thatule pressures; changes in operational threats,
engineering managers will be able to gain the rerequirements, technology, laws, and policies; and
spect of those with whom they must work. Andchanges in the emphasis on tailoring policies in a
yet, systems engineers cannot be expert in all theommon-sense way are a few examples. These
areas that must be integrated in order to create@mpeting interests are exposed on a daily basis
successful system. Consequently, systems engas organizations embrace the integrated product
neers must recognize the limits of their expertis&nd process development approach. The commu-
and seek advice when those limits are reachedication techniques described earlier in this chap-
And, of course, systems engineers must have buier, and the systems engineering tools described in
a reputation for integrity. They must have demon-earlier chapters of this book, provide guidance for
strated a willingness to make the principled stan@éngineers in effectively advocating the importance
when that is required and to make the tough calbf the technical aspects of the product in this envi-
even when there are substantial pressures to donment of competing interests.
otherwise.

But, what do engineers do when, in their opinion,
Another, perhaps small way, that engineers cathe integrated team or its leadership are not put-
improve communication with other members ofting adequate emphasis on the technical issues?
their teams (especially those without an engineerfhis question becomes especially difficult in the
ing background) is to have confidence in the posieases of product safety or when human life is at
tion being articulated and to articulate the positiorstake. There is no explicit set of rules that directs
concisely. The natural tendency of many engineerthe individual in handling issues of ethical integ-
is to put forward their position on a subject alongrity. Ethics is the responsibility of everyone on the
with all the facts, figures, data and required proofsntegrated team. Engineers, while clearly the ad-
that resulted in the position being taken. This somerocate for the technical aspects of theintgrated
times results in explaining how a watch workssolution, do not have a special role as ethical
when all that was asked was “What time is it?"watchdogs because of their technical knowledge.
Unless demonstrated otherwise, team members
will generally trust the engineer’s judgment and Richard T. De George in his article entittetthical
will assume that all the required rationale is inResponsibilities of Engineers in Large Organiza-
place, without having to see it. There are soméons: The Pinto Casanakes the following case:
times when it is appropriate to describe how théThe myth that ethics has no place in engineering

1 Ethical Issues in Engineeringohnson, Ch 15.
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has been attacked, and at least in some corners®f There must be strong evidence that making the
the engineering profession been put to rest. Another information public will in fact prevent the
myth, however, is emerging to take its place—the threatened serious harm.
myth of the engineer as moral hero.”
Most ethical dilemmas in engineering management
This emphasis, De George believes, is misplacedan be traced to different objectives and expecta-
“The zeal of some preachers, however, has gon#ons in the vertical chain of command. Higher
too far, piling moral responsibility upon moral re- authority knows the external pressures that impact
sponsibility on the shoulders of the engineerprograms and tends to focus on them. System
Though engineers are members of a profession thahgineers know the realities of the on-going
holds public safety paramount, we cannot reasordevelopment process and tend to focus on the
ably expect engineers to be willing to sacrifice theiiinternal technical process. Unless there is commu-
jobs each day for principle and to have a whistlanication between the two, misunderstandings and
ever by their sides ready to blow if their firm strayslate information can generate reactive decisions and
from what they perceive to be the morally rightpotential ethical dilemmas. The challenge for sys-
course of action.” tem engineers is to improve communication to help
unify objectives and expectations. Divisive ethi-
What then is the responsibility of engineers tocal issues can be avoided where communication is
speak out? De George suggests as a rule of thuméspected and maintained.
that engineers and others in a large organization
are morally permitted to go public with informa-
tion about the safety of a product if the following 20.3 SUMMARY
conditions are met:
The material presented in this book is focused on
1. Ifthe harm that will be done by the product tothe details of the classic systems engineering
the public is serious and considerable. process and the role of the systems engineer as the
primary practitioner where the activities included
2. If they make their concerns known to theirin that process are concerned. The systems engi-
superiors. neering process described has been used success-
fully in both DoD and commercial product devel-
3. If, getting no satisfaction from their immedi- opment for decades. In that sense, little new or revo-
ate supervisors, they exhaust the channellsitionary material has been introduced in this text.
available within the operation, including going Rather, we have tried to describe this time-proven
to the board of directors (or equivalent). process at a level of detail that makes it logical
and understandable as a tool to use to plan, design,
De George believes if they still get no action atand develop products that must meet a defined set
this point, engineers or others are morally permitof requirements.
ted to make their concerns public but not morally
obligated to do so. To have a moral obligation tdn DoD, systems engineers must assume roles of
go public he adds two additional conditions to thosengineering managers on the program or project
above: assigned. They must understand that the role of
the systems engineer is necessarily different from
4. The person must have documented evidenddat normal to the narrowly specialized functional
that would convince a reasonable, impartialengineer, yet it is also different from the role played
observer that his/her view of the situation isby the program manager. In a sense, the role of the
correct and the company policy wrong. systems engineer is a delicate one, striving to bal-
ance technical concerns with the real management
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pressures deriving from cost, schedule, and policyf the role of the systems engineer is to evaluate
The systems engineer is often the person in therogress, consider alternatives, and ensure the prod-
middle; it is seldom a comfortable position. Thisuct remains consistent and true to the requirements
text has been aimed at that individual. upon which the design is based. The tools and tech-
niques presented in Part 3 are the primary means
The first two parts of the text were intended to firstoy which a good engineering management effort
give the reader a comprehensive overview of sysaccomplishes these tasks.
tems engineering as a practice and to demonstrate
the role that systems engineering plays within thé&inally, in Part 4, we presented some of the
DoD acquisition management process. Part 2, isonsiderations beyond the implementation of a
particular, was intended to provide relatively de-disciplined systems engineering process that the
tailed insights into the specific activities that makeengineering manager must consider in order to be
up the process. The government systems enginegsuccessful. Particularly in today’s environment
may find him/herself deeply involved in some of where new starts are few and resources often lim-
the detailed activities that are included in the proited, the planning function and the issues associ-
cess, while less involved in others. For exampleated with product improvement and integrated team
government systems engineers may find themmanagement must move to the forefront of the
selves very involved in requirements definition andsystems engineer’s thinking from the very early
analysis, but less directly involved in design synstages of work on any system.
thesis. However, the fact that government engineers
do not directly synthesize designs does not reliev&his book has attempted to summarize the primary
them from a responsibility to understand theactivities and issues associated with the conduct
process and to ensure that sound practices asmd management of technical activities on DoD
pursued in reaching design decisions. It is for thiprograms and projects. It was written to supple-
reason that understanding details of the procesaent the material presented courses at the Defense
are critical. Systems Management College. The disciplined
application of the principles associated with
Part 3 of the book is perhaps the heart of the texdystems engineering has been recognized as one
from an engineering management perspective. Iimdicator of likely success in complex programs.
Part 3, we have presented discussions on a seri@s always, however, the key is for the practitioner
of topics under the general heading of Systemto be able to absorb these fundamental principles
Analysis and Control. The engine that translateand then to tailor them to the specific circumstances
requirements into designs is defined by the requirezonfronted. We hope that the book will prove use-
ments analysis, functional analysis and allocationful in the future challenges that readers will face
and design synthesis sequence of activities. Muchs engineering managers.
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SYSTEMS ENGINEERING

AAAV
ACAT
ACR
AMSDL
ASR
AUPP
AWP

BL
BLRIP

C4ISR

CAD
CAE
CAIV
CALS
CAM
CASE
CATIA
cCB
CCR
CDR
CDRL
CDS
CE

FUNDAMENTALS

Advanced Amphibious Assault Vehicle
Acquisition Category

Alternative Concept Review

Acquisition Management Systems Data List
Alternative Systems Review

Average Unit Procurement Price

Awaiting Parts

Baseline

Beyond Low Rate Initial Production

Command, ontrol, Communications, Computers, Intelligence,
and Reconnaissance

Computer-Aided Design

Computer-Aided Engineering

Cost As an Independent Variable

Continuous Acquisition and Life Cycle Support
Computer-Aided Manufacturing
Computer-Aided Systems Engineering
Computer-Aided Three-Dimensional Interactive Application
Configuration Control Board

Contract Change Request

Critical Design Review

Contract Data Requirement List

Concept Design Sheet

Concept Exploration
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CEO

Cl

Circular A-109
CM

CM

COTS

CSCl

CWwiI

DAU

DCMC

DDR

DFARS

DID

DoD
DoD 5000.2-R

DoDISS
DSMC
DT
DTC
DT&E

EC
ECP
EDI

EIA
EIA 1S 632
EIA 1S-649

EOA

Chief Executive Officer

Configuration Item

Major Systems Acquisitions
Configuration Management

Control Manager

Commercial Off-The-Shelf

Computer Software Configuration ltem

Continuous Wave lllumination

Defense Acquisition University

Defense Contract Management Command

Detail Design Review

Defense Supplement to the Federal Acquisition Regulation
Data Item Description

Department of Defense

Mandatory Procedures for Major Defense Acquisition Programs (MDAPSs), and
Major Automated Information System Acquisition Programs (MAIS)

DoD Index of Specifications and Standards
Defense Systems Management College
Developmental Testing

Design To Cost

Developmental Test and Evaluation

Engineering Change
Engineering Change Proposal
Electronic Data Interchange

Electronic Industries Alliance
Electronic Industries Association Interim Standard 632, on Systems Engineering

Electronic Industries Association Interim Standard 649, on Configuration
Management

Early Operational Assessments
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FAR Federal Acquisition Regulation
FCA Functional Configuration Audit
FEO Field Engineering Order
FFBD Functional Flow Block Diagram
FIPS Federal Information Processing Standard
FMECA Failure Modes, Effects, and Ciriticality Analysis
FOT&E Follow-On Operational Test and Evaluation
FOR Formal Qualification Review
GFE Government Furnished Equipment
GFM Government Furnished Material
ICD Interface Control Documentation
ICWG Interface Control Working Group
IDE Integrated Digital Environment
IDEF Integration Definition Function
IDEFO Integrated Definition for Function Modeling
IDEF1x Integration Definition for Information Modeling
IEEE Institute of Electrical and Electronics Engineers
IEEE/EIA 12207 |IEEE/EIA Standard 12207, Software Life Cycle Processes
IEEE P1220 IEEE Draft Standard 1220, Application and Management of the Systems
Engineering Process
IFB Invitation for Bid
IIPT Integrating Integrated Product Teams
IMS Integrated Master Schedule
IOC Initial Operational Capability
IOT&E Initial Operational Test and Evaluation
IPPD Integrated Product and Process Development
IPR In-Progress/Process Review
IPT Integrated Product Teams
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JASSM
JROC
JTA

KPPs

LFT&E
LRU
LRIP

M&S

MAIS

MAISRC
MBTF

MDA

MDAP
MIL-HDBK-61
MIL-HDBK-881
MIL-STD 499A
MIL-STD-961D
MIL-STD 962
MIL-STD-973
MNS

MOE

MOP

MOS

MRP II

MS

MTTR

NDI
NIST

Joint Air-to-Surface Standoff Missile
Joint Requirements Oversight Council

Joint Technical Architecture

Key Performance Parameters

Live Fire Test and Evaluation
Line-Replaceable Unit

Low Rate Initial Production

Modeling and Stimulation

Major Automated Information System

Major Automated Information Systems Review Council

Mean Time Between Failure

Milestone Decision Authority

Major Defense Acquisition Program

Military Handbook 61, on Configuration Management

Military Handbook 881, on Work Breakdown Structure

Military Standard 499A, on Engineering Management

Military Standard 961D, on Standard Practice for Defense Specifications
Military Standard 962, on Format and Content of Defense Standards
Military Standard 973, on Configuration Management

Mission Need Statement

Measure of Effectiveness

Measure of Performance

Measure of Suitability

Manufacturing Resource Planning Il

Milestone

Mean Time To Repair

Non-Developmental Item

National Institute of Standards and Technology
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NRTS

OA
OIPT
OMB

OPS
ORD

(ON1D)
OT&E

P3lI
PAR
PCA
PDR

PDRR
PEO
PM
PME
PMO
PMT
PPBS
PRR

QA
QFD

R&D
RAS
RCS

RDT&E
RFP

Not Repairable This Station

Operational Assessment

Overarching Integrated Product Teams
Office of Management and Budget
Operations

Operational Requirements Document
Office of the Secretary of Defense

Operational Test and Evaluation

Preplanned Product Improvement
Production Approval Reviews

Physical Configuration Audit
Preliminary Design Review

Program Definition and Risk Reduction
Program Executive Office

Program Manager

Program/Project Manager — Electronics
Program Management Office

Program Management Team

Planning, Programming and Budgeting System

Production Readiness Review

Quality Assurance

Quality Function Deployment

Research and Development

Requirements Allocation Sheets

Radar Cross Section

Research, Development, Test and Evaluation

Request for Proposal
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S&T
SBA
SBD
SD&E
SDefR
SDR
SE
Section L
Section M
SEDS
SEMS
SEP
SFR
Sl
SI&T
SO0
SOW
SPEC
SSA
SSAC
SSEB
SSP
SSR
SRR
SRU
STD
SVR
SIW

Science and Technology

Simulation Based Acquisition

Schematic Block Diagram

System Development and Demonstration

System Definition Review (as referred to in IEEE P1220)
System Design Review

Systems Engineering

Instructions to Offerors (Portion of Uniform Contract Format)
Evaluation Criteria (Portion of Uniform Contract Format)
Systems Engineering Detail Schedule

Systems Engineering Master Schedule

Systems Engineering Process

System Functional Review

Software Item

System Integration and Test

Statement of Objectives

Statement of Work

Specification

Source Selection Authority

Source Selection Advisory Council

Source Selection Evaluation Board

Source Selection Plan

Software Specification Review

System Requirements Review

Shop-Replaceable Unit

Standard

System Verification Review

Software
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T&E
TDP
TEMP
TLS
TOC
TPM
TPWG
TRR

VV&A

WIPT

Test and Evaluation

Technical Data Package

Test and Evaluation Master Plan
Timeline Analysis Sheet

Team Operating Contract

Technical Performance Measurement
Test Planning Work Group

Test Readiness Review

Verfication, Validation, and Accreditation

Working-Level Integrated Product Team
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