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There are a large number of life cycle process models.
As discussed in the System Life Cycle Process Drivers
and Choices article, those models described fall into
three major categories: (1) primarily pre-specified
single-step or multistep, also known as traditional or
sequential processes; (2) evolutionary sequential (or the
Vee Model) and (3) evolutionary opportunistic and
evolutionary concurrent (or incremental agile). The
concurrent processes are known by many names: the
agile unified process (formerly the Rational Unified
Process), the spiral models) and include some that are
primarily interpersonal and unconstrained processes
(e.g., agile development, Scrum, extreme programming
(XP), the dynamic system development method, and
innovation-based processes).

This article specifically focuses on the Vee Model as the
primary example of pre-specified and sequential
processes. In this discussion, it is important to note that
the Vee model, and variations of the Vee model, all
address the same basic set of systems engineering (SE)
activities. The key difference between these models is
the way in which they group and represent the
aforementioned SE activities.

General implications of using the Vee model for system
design and development are discussed below; for a more
specific understanding of how this life cycle model
impacts systems engineering activities, please see the
other knowledge areas (KAs) in Part 3.
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A Primarily Pre-specified and
Sequential Process Model: The
Vee Model

The sequential version of the Vee Model is shown in
Figure 1. Its core involves a sequential progression of
plans, specifications, and products that are baselined
and put under configuration management. The vertical,
two-headed arrow enables projects to perform
concurrent opportunity and risk analyses, as well as
continuous in-process validation. The Vee Model
encompasses the first two life cycle stages listed in the
"Generic Life Cycle Stages their purposes, and decision
gate options" table of the INCOSE Systems Engineering
Handbook: concept, and development (INCOSE 2015).
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the Sequential Vee Model (INCOSE 2015,
Mooz, and Cotterman 2005, Reprinted with

permission of John Wiley & Sons Inc. All other rights are reserved
by the copyright owner.

The Vee Model endorses the INCOSE Systems
Engineering Handbook (INCOSE 2015) definition of life
cycle stages and their purposes or activities, as shown in
Figure 2 below. Replace Figure 2 with the updated
figure that removes the first Exploratory stage.
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Figure 2. An Example of Stages, Their Purposes and Major

Decision Gates. (SEBoK Original)

A more detailed version of the Vee diagram incorporates
life cycle activities into the more generic Vee model. This
Vee diagram, developed at the U.S. Defense Acquisition
University (DAU), can be seen in Figure 3 below.
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Figure 3. The Vee Activity Diagram (Prosnik 2010). Released
by the Defense Acquisition University (DAU)/U.S. Department of
Defense (DoD).

Application of the Vee Model

Lawson (Lawson 2010) elaborates on the activities in
each life cycle stage and notes that it is useful to
consider the structure of a generic life cycle stage model
for any type of system-of-interest (Sol) as portrayed in
Figure 4. This (T) model indicates that one or more
definition stages precede a production stage(s) where
the implementation (acquisition, provisioning, or
development) of two or more system elements has been
accomplished.
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Figure 4. Generic (T) Stage Structure of System Life Cycle
Models (Lawson 2010). Reprinted with permission of Harold
Lawson. All other rights are reserved by the copyright owner.

Figure 5 shows the generic life cycle stages for a variety
of stakeholders, from a standards organization (ISO/IEC)
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to commercial and government organizations. Although
these stages differ in detail, they all have a similar
sequential format that emphasizes the core activities as
noted in Table 1 (concept, production, and
utilization/retirement).

Generic life cycle (ISO/IEC/IEEE 15288:2015)
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Figure 5. Comparisons of Life Cycle Models (Forsberg,
Mooz, and Cotterman 2005). Reprinted with permission of John
Wiley & Sons. All other rights are reserved by the copyright owner.

It is important to note that many of the activities
throughout the life cycle are iterated. This is an example
of recursion as discussed in the Part 3 Introduction.

Fundamentals of Life Cycle Stages
and Program Management Phase

For this discussion, it is important to note that:

» The term stage refers to the different states of a
system during its life cycle; some stages may overlap
in time, such as the utilization stage and the support
stage. The term “stage” is used in ISO/IEC/IEEE 15288.

» The term phase refers to the different steps of the
program that support and manage the life of the
system; the phases usually do not overlap. The term
“phase” is used in many well-established models as
an equivalent to the term “stage.”

Program management employs phases, milestones, and
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decision gates which are used to assess the evolution of
a system through its various stages. The stages contain
the activities performed to achieve goals and serve to
control and manage the sequence of stages and the
transitions between each stage. For each project, it is
essential to define and publish the terms and related
definitions used on respective projects to minimize
confusion.

A typical program is composed of the following phases:

» The feasibility or study phase consists of studying
the feasibility of alternative concepts to reach a
second decision gate before initiating the execution
stage. During the feasibility phase, stakeholders'
requirements and system requirements are identified,
viable solutions are identified and studied, and virtual
prototypes (glossary) can be implemented. During this
phase, the decision to move forward is based on:

= whether a concept is feasible and is considered
able to counter an identified threat or exploit an
opportunity;

= whether a concept is sufficiently mature to warrant
continued development of a new product or line of
products; and

= whether to approve a proposal generated in
response to a request for proposal.

= The execution phase includes activities related to
four stages of the system life cycle: development,
production, utilization, and support. Typically, there
are two decision gates and two milestones associated
with execution activities. The first milestone provides
the opportunity for management to review the plans
for execution before giving the go-ahead. The second
milestone provides the opportunity to review progress
before the decision is made to initiate production. The
decision gates during execution can be used to
determine whether to produce the developed Sol and
whether to improve it or retire it.

These program management views apply not only to the
Sol, but also to its elements and structure.

Life Cycle Stages

Variations of the Vee model deal with the same general
stages of a life cycle:



= New projects typically begin with an exploratory
research phase which generally includes the activities
of concept definition, specifically the topics of
business or mission analysis and the understanding of
stakeholder needs and requirements. These mature as
the project goes from the exploratory stage to the
concept stage to the development stage.

= The production phase includes the activities of system
definition and system realization, as well as the
development of the system requirements (glossary)
and architecture (glossary) through verification and
validation.

» The utilization phase includes the activities of system
deployment and system operation.

» The support phase includes the activities of system
maintenance, logistics, and product and service life
management, which may include activities such as
service life extension or capability updates, upgrades,
and modernization.

= The retirement phase includes the activities of
disposal and retirement, though in some models,
activities such as service life extension or capability
updates, upgrades, and modernization are grouped
into the "retirement" phase.

Additional information on each of these stages can be
found in the sections below (see links to additional Part 3
articles above for further detail). It is important to note
that these life cycle stages, and the activities in each
stage, are supported by a set of systems engineering
management processes.

Concept Stage

User requirements analysis and agreement is part of the
concept stage and is critical to the development of
successful systems. Without proper understanding of the
user needs, any system runs the risk of being built to
solve the wrong problems. The first step in the concept
stage is to define the user (and stakeholder)
requirements and constraints. A key part of this process
is to establish the feasibility of meeting the user
requirements, including technology readiness
assessment. As with many SE activities this is often done
iteratively, and stakeholder needs and requirements are
revisited as new information becomes available.

A recent study by the National Research Council
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(National Research Council 2008) focused on reducing
the development time for US Air Force projects. The
report notes that, “simply stated, systems engineering is
the translation of a user’s needs into a definition of a
system and its architecture through an iterative process
that results in an effective system design.” The iterative
involvement with stakeholders is critical to the project
success.

Except for the first and last decision gates of a project,
the gates are performed simultaneously. See Figure 6
below.
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Figure 6. Scheduling the Development Phases. (SEBoK
Original)

During the concept stage, alternate concepts are created
to determine the best approach to meet stakeholder
needs. By envisioning alternatives and creating models,
including appropriate prototypes, stakeholder needs will
be clarified and the driving issues highlighted. This may
lead to an incremental or evolutionary approach to
system development. Several different concepts may be
explored in parallel.

Development Stage

The selected concept(s) identified in the concept stage
are elaborated in detail down to the lowest level to
produce the solution that meets the stakeholder
requirements. Throughout this stage, it is vital to
continue with user involvement through in-process
validation (the upward arrow on the Vee models). On
hardware, this is done with frequent program reviews
and a customer resident representative(s) (if
appropriate). In agile development, the practice is to
have the customer representative integrated into the
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development team.

Production Stage

The production stage is where the Sol is built or
manufactured. Product modifications may be required to
resolve production problems, to reduce production costs,
or to enhance product or Sol capabilities. Any of these
modifications may influence system requirements and
may require system re-qualification, re-verification, or
re-validation. All such changes require SE assessment
before changes are approved.

Utilization Stage

A significant aspect of product life cycle management is
the provisioning of supporting systems which are vital in
sustaining operation of the product. While the supplied
product or service may be seen as the narrow system-of-
interest (NSOI) for an acquirer, the acquirer also must
incorporate the supporting systems into a wider system-
of-interest (WSOI). These supporting systems should be
seen as system assets that, when needed, are activated
in response to a situation that has emerged in respect to
the operation of the NSOI. The collective name for the
set of supporting systems is the integrated logistics
support (ILS) system.

It is vital to have a holistic view when defining,
producing, and operating system products and services.
In Figure 7, the relationship between system design and
development and the ILS requirements is portrayed.
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The requirements for reliability, resulting in the need of
maintainability and testability, are driving factors.

Support Stage

In the support stage, the Sol is provided services that
enable continued operation. Modifications may be
proposed to resolve supportability problems, to reduce
operational costs, or to extend the life of a system. These
changes require SE assessment to avoid loss of system
capabilities while under operation. The corresponding
technical process is the maintenance process.

Retirement Stage

In the retirement stage, the Sol and its related services
are removed from operation. SE activities in this stage
are primarily focused on ensuring that disposal
requirements are satisfied. In fact, planning for disposal
is part of the system definition during the concept stage.
Experiences in the 20th century repeatedly
demonstrated the consequences when system retirement
and disposal was not considered from the outset. Early
in the 21st century, many countries have changed their
laws to hold the creator of a Sol accountable for proper
end-of-life disposal of the system.
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Life Cycle Reviews

To control the progress of a project, different types of
reviews are planned. The most commonly used are listed
as follows, although the names are not universal:

» The system requirements review (SRR) is planned
to verify and validate the set of system requirements
before starting the detailed design activities.

= The preliminary design review (PDR) is planned to
verify and validate the set of system requirements,
the design artifacts, and justification elements at the
end of the first engineering loop (also known as the
"design-to" gate).

= The critical design review (CDR) is planned to verify
and validate the set of system requirements, the
design artifacts, and justification elements at the end
of the last engineering loop (the “build-to” and “code-
to” designs are released after this review).

» The integration, verification, and validation reviews
are planned as the components are assembled into
higher level subsystems and elements. A sequence of
reviews is held to ensure that everything integrates
properly and that there is objective evidence that all
requirements have been met. There should also be an
in-process validation that the system, as it is evolving,
will meet the stakeholders’ requirements (see Figure
7).

» The final validation review is carried out at the end of
the integration phase.

» Other management related reviews can be planned
and conducted in order to control the correct progress
of work, based on the type of system and the
associated risks.
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