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Introduction

(This introduction is not part of IEEE Std 1220-1998, IEEE Standards for Application and Management of the Systems
Engineering Process.)

History

This standard was initially published in January 1995 as a trial-use standard. During the two-year trial-use
period, users of the standard gained experience with applying the document within their enterprises. In Janu-
ary 1998, the document was revised and balloted for full publication. The comments submitted by the ballot-
ers were considered, and those within the scope of the standard were incorporated. The revision was
completed in July 1998 and submitted to the IEEE Standards OfÞce for publication.

The key differences between this version of the standard and the trial-use version are

a) Increased emphasis on engineering the system for humans (operator and maintainer);

b) Partitioning functional analysis into context analysis and functional decomposition to provide a
clearer depiction of the functional analysis process in support of requirements analysis and synthesis;

c) Improved clauses to make conformance statements clearer;

d) SimpliÞed systems breakdown structure;

e) Increased emphasis on software.

Purpose

This standard deÞnes the requirements for an enterpriseÕs total technical effort related to development of
products (including computers and software) and processes that will provide life cycle support (sustain and
evolve) for the products. It prescribes an integrated technical approach to engineering a system and requires
the application and management of the systems engineering process throughout a product life cycle. The
systems engineering process is applied recursively to the development or incremental improvement of a
product to satisfy market requirements, and to simultaneously provide related life cycle processes for prod-
uct development, manufacturing, test, distribution, operation, support, training, and disposal.

The concept of systems engineering embodied in this document provides an approach for product develop-
ment in a system context. It is not meant to describe what an organizational entity called systems engineer-
ing does; or a job position for which a systems engineer is responsible. Rather, it encompasses what all
organizational entities and all enterprise personnel must accomplish to produce a quality, competitive prod-
uct that will be marketable, will provide an acceptable return on investment to the enterprise, will achieve
customer satisfaction, and will meet public expectations.

The fundamental systems engineering objective is to provide high-quality products and services, with the
correct people and performance features, at an affordable price, and on time. This involves developing, pro-
ducing, testing, and supporting an integrated set of products (hardware, software, people, data, facilities, and
material) and processes (services and techniques) that is acceptable to customers, satisÞes enterprise and
external constraints, and considers and deÞnes the processes for developing, producing, testing, handling,
operating, and supporting the products and life cycle processes. This objective is achieved by simultaneous
treatment of product and process content to focus project resources and design decisions for the establish-
ment of an effective system design. This involves an integrated handling of all elements of a system, includ-
ing those related to manufacturing, test, distribution, operations, support, training, and disposal.
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IEEE Standard for Application and 
Management of the Systems 
Engineering Process

1. Overview

1.1 Scope

This standard deÞnes the interdisciplinary tasks that are required throughout a systemÕs life cycle to trans-
form customer needs, requirements, and constraints into a system solution. This document is intended to
guide the development of systems (which include humans, computers, and software) for commercial, gov-
ernment, military, and space applications. The information applies to an enterprise within an enterprise that
is responsible for developing a product design and establishing the life cycle infrastructure needed to provide
for life cycle sustainment.

This standard speciÞes the requirements for the systems engineering process (SEP) and its application
throughout the product life cycle. It does not attempt to deÞne the implementation of each system life cycle
process, but addresses the issues associated with deÞning and establishing supportive life cycle processes
early and continuously throughout product development. In addition, the standard does not address the many
cultural or quality variables, which should be considered for successful product development. The standard
focuses on the engineering activities necessary to guide product development while ensuring that the product
is properly designed to make it affordable to produce, own, operate, maintain, and eventually to dispose of,
without undue risk to health or the environment.

The requirements of this standard are applicable to new products as well as incremental enhancements to
existing products. It applies to one-of-a-kind products, such as a satellite, as well as products that are mass
produced for the consumer marketplace. The requirements of this standard should be selectively applied for
each speciÞc system-development project. The role of systems engineering within the enterprise environ-
ment is described in Annex A.

The content of this standard describes an integrated approach to product development, which represents the
total technical effort for

a) Understanding the environments and the related conditions in which the product may be utilized,
and for which the product should be designed to accommodate;

b) DeÞning product requirements in terms of functional and performance requirements, quality factors,
usability, producibility, supportability, safety, and environmental impacts;

c) DeÞning the life cycle processes for manufacturing, test, distribution, support, training, and disposal,
which are necessary to provide life cycle support for products.
Copyright © 1999 IEEE. All rights reserved. 1
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1.2 Purpose

The purpose of this document is to provide a standard for managing a system from initial concept through
development, operations, and disposal. The inclusion of computers and associated software in todayÕs
products has made the need to engineer each of those products as a total system more acute. The human,
physical, and software components should all be addressed to optimize overall system performance.

1.3 Conformance

Conformance with this standard is deÞned as the establishment of enterprise procedures, and their execution,
for the SEP (Clause 6) and its application throughout the system life cycle (Clause 5). Individual clauses are
mandatory when the clause includes a ÒshallÓ statement. Clauses are recommended when the clause includes
a ÒshouldÓ statement. Clauses are optional when the clause includes a ÒmayÓ statement. To be compliant, an
enterprise should establish procedures for accomplishing all mandatory clauses, and selected recommended
and optional clauses, and should ensure that each project within the enterprise complies with these procedures.
Clause 4 provides some generic requirements for implementing systems engineering within an enterprise or
on a project. These requirements invoke a mandatory ÒshallÓ when the clause is mandatory.

Clause 6 deÞnes the SEP, which is accomplished iteratively to deÞne system products and life cycle pro-
cesses. Thus, the initial clause deÞning the subprocesses (requirements analysis, functional analysis, etc.)
includes a mandatory ÒshallÓ statement to ensure that an enterpriseÕs SEP addresses each of the subprocesses.
The remaining subclauses, when speciÞed within the deÞnition of the subprocesses, include a recommended
ÒshouldÓ statement to provide ßexibility in adapting the subprocesses to the purpose of the current iteration
of the SEP. During any particular iteration of the SEP, not all of the subclauses need to be accomplished to be
in conformance with this standard. Therefore, conformance with Clause 6 requires an enterprise to establish
policies and procedures for accomplishing the subclauses within the subprocesses.

1.4 How to use this standard

The description of the SEP, and its application throughout the life cycle, demands the use of a system para-
digm to aid the presentation of this material. The terms used to support this paradigm are deÞned in Clause 3.
As enterprises gain familiarity with the paradigm, they may substitute more familiar terms that are applicable
to their industry or business practices. The system paradigm is the foundation of this standard and is
described below to support the different uses of the term system.

On a large scale, there are biological systems, ecological systems, weather systems, solar systems, etc. Thus,
a system can be viewed as an element of a larger system, and the challenge is to understand the boundary of
the system, which is the focus of the development effort, and the relationships and interfaces between this
system and other systems. The focus of this standard is product-oriented systems such as the automobile, the
airplane, or information systems.

A system is typically composed of related elements (subsystems and components) and their interfaces.
Additionally, elements include the people required to develop, produce, test, distribute, operate, support, or
dispose of the elementÕs products, or to train those people to accomplish their role within the system.
Figure 1 provides a hierarchy of names for the elements making up a system. This generic system hierarchy
is a key concept within this standard because it ties the system architectures, speciÞcation and drawing trees,
system breakdown structure (SBS), technical reviews, and conÞguration baselines together. Many elements
within the system hierarchy can be considered a ÒsystemÓ by the classical deÞnition, but actually represent
subsystems within the system hierarchy. Likewise, the life cycle processes represent subsystems within the
overall system hierarchy.

Complex components represent system elements that are composed of hardware, software, and/or humans,
which are recognizable in terms of life cycle process (how to design, test, produce, support, etc., is known),
and the domain-speciÞc engineering team assumes responsibility for the development of the complex
2 Copyright © 1999 IEEE. All rights reserved.
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components. This is a judgement callÑcomplex components may demand the rigors of the SEP or may be
well suited for component development teams.  

The human elements are integral to the systems hierarchy, and may be present at any level. The human
elements are not identiÞed in the system hierarchy since the intent of the hierarchy is to identify the system
element for which the system is being deÞned, and the human/system integration issues should be addressed
in terms of the humanÕs role in operating, producing, supporting, etc., the system.

The hierarchy of elements within a system is provided to illustrate that systems may be comprised of other
systems (subsystems), which represent complex elements for which no existing design solution or supplier
can be identiÞed. The number of levels of subsystem or complex components is dependent on the complexity
of the system being developed. The SEP is applied at each level in the system hierarchy for which the system
element is a complex item for which no available design solution, or existing producer, can be identiÞed.
Once a system element can be identiÞed with a hardware, software, or human element, the discipline-speciÞc
design methodologies are utilized to design the system element.

The basic building blocks of a system are depicted in Figure 2Ñthe system, its related product(s), the life
cycle processes required to support the products, and the subsystems that make up the product(s). Each life
cycle processÑdevelopment, manufacturing, test, distribution, operation, support, training, or disposalÑ is
itself like a system in that products should be developed to fulÞll the purpose of the life cycle process. For
example, a product should be manufactured. Manufacturing is a life cycle process. The products associated
with the manufacturing life cycle process include special equipment, tools, facilities, and production
processes and procedures. The products that make up life cycle processes may also require life cycle
sustainment in that they may be required to be developed, tested, manufactured, distributed, operated, sup-
ported, trained, and disposed of.

A typical system is composed of products developed by the enterprise or by suppliers/subcontractors. Each
supplier/subcontractor considers its product as part of its system. The organization that purchases these
products for integration into a higher-level system should refer to these products as subcomponents, compo-
nents, complex components, or subsystems, depending on the signiÞcance of the element in contributing to
the systemÕs performance, functionality, and costs. 

The design of the products and life cycle processes should consider the human as an element of the system in
terms of operators, maintainers, manufacturing personnel, training personnel, etc., for the purpose of
understanding the human/system integration issues and ensuring that the system products are producible,

Figure 1ÑHierarchy of elements within a system

System

Product

Subsystem

Assemblies

Components

Subcomponents Subassemblies

Parts Subcomponents

Parts

Elements of the system may include hardware, software, and humans dependent on the system deÞnition.
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maintainable, and usable, and that the system processes are effectively established to ensure production
quality levels and reduce overall ownership cost. Thus, Figure 3 depicts the human elements associated with
the system products and processes. The operational process addresses the operation of the product(s) and
aids in the identiÞcation of operational procedures and human cognitive and anthropomorphic consider-
ations necessary to ensure system usability.      

Figure 2ÑBasic building blocks of a system

Figure 3ÑLife cycle process deÞnition
4 Copyright © 1999 IEEE. All rights reserved.
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The deÞnitions of system elements are generated by activities of the SEP. This process is described in detail
in Clause 6. The SEP is used during each level of development to structure systems engineering activities
that identify technical requirements and desired system behaviors, and synthesize the system design.

1.5 Organization of this standard

Ð Clause 1 provides the scope, purpose, and organization of this standard.

Ð Clause 2 provides the references applicable to this document.

Ð Clause 3 establishes the meaning of terms and acronyms, as used in this standard.

Ð Clause 4 establishes requirements for planning and implementing an effective systems engineering
capability within an enterprise. 

Ð Clause 5 provides a description of the application of the SEP through system deÞnition, subsystem deÞ-
nition, production, and customer support. 

Ð Clause 6 provides the detailed tasks of the SEP to be tailored and performed to develop product solu-
tions and their supporting life cycle processes.

Ð Annex A discusses the SEP as the total technical effort responsible for establishing the product design
and life cycle support products within an enterprise.

Ð Annex B provides a template to help an enterprise prepare a systems engineering management plan.

Ð Annex C provides bibliographical references.

1.6 Assumptions of this standard

This standard assumes that the user has a quality management system with capability that meets the require-
ments of ISO 9001: 1994 [B2].1 This standard also assumes that the organization responsible for the software
as the result of the use of this standard shall have implemented a set of processes that meet the requirements
of IEEE/EIA 12207.0-1996 [B1].

2. References 

This standard shall be used in conjunction with the following publications. If the following publications are
superseded by an approved revision, the revision shall apply.

IEEE Std 100-1996, IEEE Standard Dictionary of Electrical and Electronics Terms.2

IEEE Std 610.12-1990, IEEE Standard Glossary of Software Engineering Terminology.

3. DeÞnitions and acronyms

3.1 DeÞnitions

The deÞnitions listed below establish meaning in the context of this standard. If there is a conßict between
the terms in the references and this standard, then the deÞnitions provided here should take precedence as
they apply only to the practices and requirements of this standard.

1The numbers in brackets correspond to those of the bibliography in Annex C.
2IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://www.standards.ieee.org/).
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3.1.1 allocation: The decision to assign a function or decision to hardware, software, or humans. Allocation
may be made entirely to one of these three system element types or to some combination to be resolved upon
further functional decomposition.

3.1.2 behavioral analysis: The analysis of the logical (stimulus/response) and design (resource consump-
tion, event timing, throughput, etc.) execution of a system to assess the functional and design architectures. 

3.1.3 concurrent engineering: The simultaneous engineering of products and life cycle processes to ensure
usability, producibility, and supportability, and to control life cycle and total ownership costs.

3.1.4 conÞguration baseline: The conÞguration at a point in time recorded in documentation that fully
describes the functional, performance, usability, interface requirement, and design characteristics, as appro-
priate to the stage of the life cycle.

3.1.5 constraint: A limitation or implied requirement that constrains the design solution or implementation
of the systems engineering process, is not changeable by the enterprise, and is generally nonallocable.

3.1.6 customer. A person or organization ordering, purchasing, receiving, or affected by a product or process
provided by the enterprise. Customers include developers, manufacturers, testers, distributors, operators,
supporters, trainers, disposers, and the general public.

3.1.7 design architecture: An arrangement of design elements that provides the design solution for a prod-
uct or life cycle process intended to satisfy the functional architecture and the requirements baseline.

3.1.8 design characteristic: The design attributes or distinguishing features that pertain to a measurable
description of a product or process.

3.1.9 design to cost: Cost goals for the production cost (design to unit production cost) and life cycle cost
(design to life cycle cost) of the products used to make the design converge on cost targets, and is equivalent
to any other performance parameter.

3.1.10 design veriÞcation: The process of evaluating whether or not the requirements of the design architec-
ture are traceable to the veriÞed functional architecture and satisfy the validated requirement baseline.

3.1.11 effectiveness analysis: An analysis of how well a design solution will perform or operate given antic-
ipated operational scenarios.

3.1.12 effectiveness assessment: The evaluation of the design solution with respect to manufacturing, test,
distribution, operations, support, training, environmental impact, cost effectiveness, and life cycle cost.

3.1.13 effectiveness criteria: The measure of value used to determine the success or failure of a design
solution.

3.1.14 end item: An entity identiÞed with an element of the system breakdown structure. An end item is
represented by one or more of the following: equipment (hardware and software), data, facilities, material,
services, and/or techniques.

3.1.15 enterprise: The organization that performs speciÞed tasks.

3.1.16 event-based planning: An approach to establishing engineering plans, tasks, and milestones based
upon satisfying signiÞcant accomplishments associated with key events rather than calendar-oriented
milestones.
6 Copyright © 1999 IEEE. All rights reserved.
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3.1.17 functional architecture: An arrangement of functions and their subfunctions and interfaces (internal
and external) that deÞnes the execution sequencing, conditions for control or data ßow, and the performance
requirements to satisfy the requirements baseline.

3.1.18 functional requirement: A statement that identiÞes what a product or process must accomplish to
produce required behavior and/or results.

3.1.19 functional veriÞcation: The process of evaluating whether or not the functional architecture satisÞes
the validated requirements baseline.

3.1.20 human systems engineering: The activities involved throughout the system life cycle that addresses
the human element of system design (including usability, measures of effectiveness, measures of performance,
and total ownership cost). These activities include the deÞnition and synthesis of manpower, personnel, train-
ing, human engineering, health hazards, and safety issues.

3.1.21 integrated database: A repository for storing all information pertinent to the systems engineering
process to include all data, schema, models, tools, technical management decisions, process analysis infor-
mation, requirement changes, process and product metrics, and trade-offs.

3.1.22 integrated data package: The evolving output of the systems engineering process that documents
hardware, software, life cycle processes, and human engineering designs. 

3.1.23 interface speciÞcation: The description of essential functional, performance, and design requirements
and constraints at a common boundary between two or more system elements. This includes interfaces
between humans and hardware or software, as well as interfaces between humans themselves.

3.1.24 life cycle: The system or product evolution initiated by a perceived customer need through the dis-
posal of the products.

3.1.25 life cycle cost: The total investment in product development, manufacturing, test, distribution, opera-
tion, support, training, and disposal.

3.1.26 life cycle processes: The following eight essential functional processes that may be necessary to
provide total consumer satisfaction and meet public acceptance. Once the need for a life cycle process is
identiÞed, the life cycle process is treated as a system, and the systems engineering process is applied to
deÞne, design, and establish the life cycle process, and the supporting products and processes to maintain the
life cycle process in an operational condition.

a) Development. The planning and execution of system and subsystem deÞnition tasks required to
evolve the system from customer needs to product solutions and their life cycle processes.

b) Manufacturing. The tasks, actions, and activities for fabrication and assembly of engineering test
models and brassboards, prototypes, and production of product solutions and their life cycle process
products.

c) Test.
1) The tasks, actions, and activities for planning for evaluation and conducting evaluation of syn-

thesis products against the functional architecture or requirements baseline, or the functional
architecture against the requirements baseline.

2) The tasks, actions, and activities for evaluating the product solutions and their life cycle pro-
cesses to measure speciÞcation conformance or customer satisfaction.

d) Distribution. The tasks, actions, and activities to initially transport, deliver, assemble, install, test,
and checkout products to effect proper transition to users, operators, or consumers.

e) Operations. The tasks, actions, and activities that are associated with the use of the product or a life
cycle process.
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f) Support. The tasks, actions, and activities to provide supply, maintenance, and support material and
facility management for sustaining operations.

g) Training. The measurable tasks, actions, and activities (including instruction and applied exercises)
required to achieve and maintain the knowledge, skills, and abilities necessary to efÞciently and
effectively perform operations, support, and disposal throughout the system life cycle. Training is
inclusive of the tools, devices, techniques, procedures, and materials developed and employed to
provide training for all required tasks.

h) Disposal. The tasks, actions, and activities to ensure that disposal or recycling of destroyed or irrep-
arable consumer and life cycle processes and by-products comply with applicable environmental
regulations and directives. 

3.1.27 measure of effectiveness (MOE): The metrics by which a customer will measure satisfaction with
products produced by the technical effort.

3.1.28 measure of performance (MOP): An engineering performance measure that provides design
requirements that are necessary to satisfy a measure of effectiveness. There are generally several measures of
performance for each measure of effectiveness.

3.1.29 performance requirement: The measurable criteria that identiÞes a quality attribute of a function, or
how well a functional requirement must be accomplished.

3.1.30 precedented system: A system for which design examples exist within its class, so as to provide
guidance for establishing the design architecture, engineering and technical plans, speciÞcations, or low risk
alternatives.

3.1.31 project environment: An environment that deÞnes the objectives, success criteria, project mile-
stones, and associated management priorities that govern the systems engineering activities in support of
product development.

3.1.32 re-engineering: The process of improving a system after production through modiÞcation to correct
a design deÞciency or to make an incremental improvement.

3.1.33 requirement: A statement that identiÞes a product or process operational, functional, or design char-
acteristic or constraint, which is unambiguous, testable or measurable, and necessary for product or process
acceptability (by consumers or internal quality assurance guidelines).

3.1.34 speciÞcation: A document that fully describes a design element or its interfaces in terms of require-
ments (functional, performance, constraints, and design characteristics) and the qualiÞcation conditions and
procedures for each requirement.

3.1.35 speciÞcation tree: A hierarchy of speciÞcation elements and their interface speciÞcations that identi-
Þes the elements and the speciÞcations related to design elements of the system conÞguration which are to
be controlled.

3.1.36 state: A condition that characterizes the behavior of a function/subfunction or element at a point in
time.

3.1.37 system: A set or arrangement of elements [people, products (hardware and software) and processes
(facilities, equipment, material, and procedures)] that are related and whose behavior satisÞes customer/
operational needs, and provides for the life cycle sustainment of the products.

3.1.38 system architecture: The composite of the design architectures for products and their life cycle
processes.
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3.1.39 system breakdown structure (SBS): A hierarchy of elements, related life cycle processes, and per-
sonnel used to assign development teams, conduct technical reviews, and to partition out the assigned work
and associated resource allocations to each of the tasks necessary to accomplish the objectives of the project.
It also provides the basis for cost tracking and control.

3.1.40 system effectiveness: A measurement of the ability of a system to satisfy its intended operational
uses as a function of how the system performs under anticipated environmental conditions, and the ability to
produce, test, distribute, operate, support, train, and dispose of the system throughout its life cycle.

3.1.41 trade-off analysis: An analytical evaluation of design options/alternatives against performance,
design-to-cost objectives, and life cycle quality factors.

3.1.42 unprecedented system: A system for which design examples do not exist so that the design architec-
ture alternatives are unconstrained by previous system descriptions.

3.2 Acronyms

Term deÞnitions are consistent with IEEE Std 610.12-1990.3

BIT Built-in test

FAIT Fabrication, assembly, integration, and test

FIT Fault-isolation test

FMEA Failure, modes, and effects analysis

IPT Integrated product team

MOE Measure of effectiveness

MOP Measure of performance

SBS System breakdown structure

SEP Systems engineering process

TPM Technical performance measure

4. General requirements

The enterprise shall plan, implement, and control an integrated technical effort in accordance with this docu-
ment to develop a total system solution that is responsive to market opportunities, speciÞed customer
requirements, enterprise objectives, and external constraints. To meet this goal, the enterprise

a) Shall plan, conduct, and manage a fully integrated technical effort necessary to satisfy the general
requirements of this document, as tailored for the speciÞc project;

b) Shall apply the SEP for each level of system decomposition (e.g., concept deÞnition; system deÞni-
tion; subsystem design; fabrication, assembly, integration, and test; production; and sustainment);

c) Shall control progress through the conduct of

1) Technical reviews following each level of development;

2) Risk management;

3) Data management;

4) Interface management;

5) ConÞguration management;

6) Performance-based progress measurement;

3Information on references can be found in Clause 2.
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d) Shall generate models and prototypes to support trade-off;

e) Shall generate an integrated data package, which ensures that the product can be produced, tested,
delivered, operated, supported, and properly disposed of;

f) Should capture the outputs from all technical activities in an integrated database.

4.1 Systems engineering process (SEP)

The enterprise shall apply the SEP described in Clause 6, and illustrated in Figure 4, to produce the speciÞ-
cations and baselines and related products, as described in Clause 5. The SEP is a generic problem-solving
process, which provides the mechanisms for identifying and evolving the product and process deÞnitions of
a system. The SEP applies throughout the system life cycle to all activities associated with product
development, veriÞcation/test, manufacturing, training, operation, support, distribution, disposal, and human
systems engineering. Figure 4 depicts the elements of the SEP and shows how they iterate to produce a con-
sistent set of requirements, functional arrangements, and design solutions. The activities of this process are
described in detail in Clause 6.

4.2 Policies and procedures for systems engineering

The enterprise shall develop and maintain policies and procedures for governing the conduct of the SEP.
These policies and procedures specify requirements for the planning, implementation, and control of product
and process development and human/systems integration. These policies and procedures should establish the
enterpriseÕs paradigm for systems engineering from which training can be based and project speciÞc activi-
ties can be accomplished. Enterprise policies and procedures shall address the following:

a) The application of the SEP throughout a project life cycle; 

b) The preparation and approval of a systems engineering management plan; 

c) The preparation and approval of a systems engineering master schedule (SEMS) and systems engi-
neering detailed schedule;

d) The preparation and approval of the integrated data package;

e) Monitoring and reporting technical progress of the project;

f) The preparation for, and conduct of, technical reviews; 

g) The contents and maintenance of an integrated database;

h) The continuous improvement of products and processes.  

4.3 Planning the technical effort

The enterprise shall prepare and implement the technical plans and schedules necessary to guide the project
toward accomplishment of its objectives and proper conclusion. Given the projectÕs authorization and
objectives, the enterprise should establish an engineering plan, a master schedule, and a detail schedule. The
engineering plan should be the main planning document for all technical efforts and describes the tailored
application of this standard. The master schedule, an event-based schedule, and the detail schedule, a
calendar-based schedule derived from the master schedule, should address the development activities for the
product, as well as supporting life cycle processes. The master schedule and detail schedule may be com-
bined into a single engineering schedule. The enterprise should establish plans for the technical effort in
accordance with the following subclauses.

4.3.1 Engineering plan

The engineering plan shall be prepared and updated throughout the system life cycle to guide and control the
technical efforts of the project. The engineering plan should reßect an integrated technical effort responsible
for product development, which addresses all factors associated with meeting system life cycle requirements.
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The engineering plan should reßect the contents identiÞed in Annex B, which provides a generic outline and
description of the contents for an engineering plan. If an evolutionary or incremental development strategy is
to be pursued, the engineering plan should address the development strategy for initial product development
and insertion of incremental technology enhancements.

4.3.2 Master schedule

The master schedule should be prepared and updated throughout the system life cycle to establish key
events, their signiÞcant tasks, and the criteria by which completion of signiÞcant tasks are determined. A
properly designed master schedule should allow for the scheduling of activities associated with tasks, alloca-
tion of resources, budget preparation, assignment of personnel, establishment of task start and end dates, and
event completion criteria.

4.3.3 Detail schedule

The detail schedule should provide a calendar-based schedule of activities, tasks, and key events of the mas-
ter schedule. The detail schedule should be used to track the progress of the technical effort. Detail schedule
data should be used to construct a network of events, tasks, and activities to determine the critical path of the
engineering efforts and to analyze variances to schedule.

4.3.4 Technical plans

Technical plans shall be prepared to supplement the engineering plan, as needed. Technical plans should be
prepared by the engineering and technical specialty areas to which they apply and should be used to measure
technical progress against the plans. Technical plans are typically prepared for risk management, conÞgura-

Figure 4ÑSystems engineering process (SEP)
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tion management, technical reviews, veriÞcations, computer resources, manufacturing, maintenance, training,
security, and human systems engineering.

4.4 Development strategies

The enterprise should explore development strategies for developing the system and its capabilities (e.g.,
waterfall, incremental, evolutionary, and spiral). The capacity to change or enhance the product and life
cycle processes shall be designed into the system architecture to enable the cost-effective sustainment of the
system throughout its life cycle. This design attribute shall be established early in the system development
[when identifying customer or enterprise requirements or constraints (see 6.1.1 and 6.1.2)] to provide a basis
for planning each incremental development effort. Evolutionary development strategies should address
approaches for managing the introduction of new technologies, evolving requirements, or enhancing product
capabilities.

4.5 Modeling and prototyping

The enterprise shall establish the models, simulations, or prototypes needed to support requirements deÞni-
tion, analyze the system architecture and design, mitigate identiÞed risks, and thereby ensure that the Þnal
product satisÞes market needs, requirements, and constraints. This effort supports the assessment of system
functional and performance characteristics, producibility, supportability, environmental impact, and human
systems engineering issues such as maintainability, usability, operability, and safety.

4.6 Integrated database

The enterprise shall capture design data in an integrated database to have a repository for the evolving inte-
grated data package, and to provide a shared data source for the exchange and reuse of technical information.

4.6.1 Data and schema

The enterprise shall capture pertinent design data within an integrated database. These data include the engi-
neering plan; schedules; technical plans; functional, physical, and system architectures; rationale for design
decisions; trade-off analyses accomplished, including recommendations and impacts; effectiveness assess-
ments and their outcomes; risk assessments and handling options; sketches and drawings; engineering
changes; speciÞcation trees; speciÞcations and conÞguration baselines; operational environment; manpower,
personnel, training, and human engineering requirements and speciÞcations; archival data; technical objec-
tives, requirements, constraints, interfaces, and risks; SBSs; design models; test results; metrics; and any
other data that allow for traceability of requirements throughout the functional and design architectures.

4.6.2 Tools

The enterprise shall maintain traceability between the versions of tools and the models, analysis results, and
other outputs of tools to ensure the ability to reproduce execution results supporting the SEP.

4.7 Integrated data package

The enterprise shall generate an integrated data package, which documents architecture and design informa-
tion for product manufacturing and life cycle sustainment, as required. The integrated data package should
include the types of engineering data deÞned in Table 1, as required by the project. The speciÞc content of
the integrated data package shall be deÞned early in the system life cycle, should consist of the classes of
information identiÞed in 4.7.1 through 4.7.4, and should evolve with each application of the SEP to provide
more detail with each level of development.
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Table 1ÑIntegrated data package content

An integrated data package includes, but is not limited to the following items:

A. Hardware

1) Arrangement drawingsÑdocuments the relationship of the major subsystems or components of the system.

2) Assembly drawingsÑdocuments the relationship of a combination of parts and subassemblies required to form the next higher
indenture level of equipment or system.

3) Connection drawingsÑdocuments the electrical connections of an installation or of its component devices or parts.

4) Construction drawingsÑdocuments the design of buildings or structures.

5) Product drawingsÑan engineering drawing that documents conÞguration and conÞguration limitations, performance and test
requirements, weight and space requirements, access clearances, pipe and cable attachments, support requirements, etc., to the
extent necessary that an item may be developed or procured on the commercial market to meet the stated requirements.

6) Detail drawingsÑdocuments complete end-item requirements for the subcomponent(s) delineated in the drawing.

7) Elevation drawingsÑdocuments vertical projections of buildings and structures or proÞles of equipment.

8) Engineering drawingsÑan engineering document that discloses, by means of pictorial or textual presentations, or a combination
of both, the design and functional end-product requirements or design of an item.

9) Installation drawingsÑdocuments general conÞguration and complete information necessary to install an item relative to its
supporting structure or to associated items.

10) Logic diagramsÑdocuments, by means of graphic symbols or notations, the sequence and functions of logic circuitry and ßows
of sequences for operations, maintenance, test, and repair.

11) Numerical control drawingsÑdocuments complete design and functional engineering and product requirements of an item to
facilitate production by tape control means.

12) Piping diagramsÑdocuments the interconnection of components by piping, tubing, or hose; and when desired, the sequential
ßow of hydraulic ßuids or pneumatic air in the system.

13) Wire listsÑdocuments a book-form drawing consisting of tabular data and instructions required to establish wiring connections
within or between items.

14) Schematic diagramsÑdocuments, by means of graphical symbols, the electrical connections and functions of a speciÞc circuit
arrangement.

15) Wiring and cable harness drawingsÑdocuments the path of a group of wires laced together in a speciÞc conÞguration, so
formed to simplify installation.

16) Models, simulations, or design databasesÑprovides a physical, analytical, or digital representation of any of the items listed
above.

B. Software

1) Software design documentationÑdocuments the software items architecture, design requirements, implementation logic, and
data structures that provide a means of support.

2) Software source code listingsÑdocuments the actual source code instructions that represented the Òas-builtÓ implementation.

C. HumanÑdocuments cognitive, physical, and sensory characteristics of the humans who operate, maintain, and support the system
throughout its life cycle that directly contribute to, or constrain, system performance and impact human-machine interfaces.

1) Manpower, personnel, and training documentationÑdocuments the knowledge, skills, and abilities; training requirements;
and availability of the humans who operate, maintain, and support the system throughout its life cycle.

2) Workspace arrangement drawingsÑdocuments the relationship of humans that support each phase of the life cycle with major
subsystems or components of the system.

3) Interface design speciÞcations and drawingsÑdocuments all interfaces between the humans that support the system life cycle
and any aspect of the system, including human-human interfaces, human-hardware interfaces, and human-software interfaces. 

4) Operational sequence diagramsÑa graphical representation that documents the interaction between humans and other sub-
systems or components of the system in the performance of a task over time.

5) ProceduresÑdocuments the actions that humans who support each phase of the life cycle perform to develop, produce, test, dis-
tribute, operate, support, and dispose of the system or its products, or to train humans to accomplish these actions. These procedures
may be in the form of operational sequence diagrams, lists, or tables.

6) Safety speciÞcationsÑdocuments the equipment/system design features, performance speciÞcations, and training that reduces
the potential for human or machine errors or failures that cause injury or death within the constraints of operational effectiveness,
time, and cost throughout the equipment/system life cycle.

D. Life cycle processes

Process product design architectureÑdocuments the design architecture for the life cycle process products related to develop-
ment (systems engineering and integration), manufacturing, veriÞcation, distribution, support, training, and disposal. Products
include equipment, software, people, facilities, processes, and services integral to a speciÞc life cycle process.
Copyright © 1999 IEEE. All rights reserved. 13
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4.7.1 Hardware

The integrated data package shall include the technical design information that supports product manufac-
turing, assembly, and integration.

4.7.2 Software

The integrated data package includes the technical design information that supports software requirements,
design, source code, veriÞcation and validation, build instructions, operation, and maintenance.

4.7.3 Life cycle processes

The integrated data package includes the technical design information for the life cycle processes, and the
special equipment speciÞcations and baselines, software code listings, technical manuals, technical plans,
facility drawings, and special tools related to manufacturing, veriÞcation, distribution, operations, support,
training, and disposal.

4.7.4 Human

The integrated data package includes the information that supports the deÞnition of the role of the humans
who support the system life cycle. Example products include the human systems engineering plan, safety
speciÞcations, manpower, personnel, and training documentation; workspace arrangement drawings; inter-
face design speciÞcations and drawings; operational sequence diagrams; manual procedures; and models,
simulations, or design databases.

4.8 SpeciÞcation tree

The enterprise shall generate a speciÞcation tree modeled after the design architecture appropriate to the
level of development. The speciÞcation tree is composed of speciÞcation elements and interface speciÞca-
tions. Interface speciÞcations document the interface requirements among interacting elements. System
interface speciÞcations deÞne interfaces with external systems, platforms, and products. Subsystem interface
speciÞcations deÞne interfaces among subsystems, including hardware-hardware, hardware-software, soft-
ware-software, human-human, human-hardware, and human-software interfaces. The various speciÞcations
that deÞne the elements of a fully developed system are shown in Figure 5. Since enterprise generally works
on an element within a higher-level system, Figure 5 reßects how such an effort could be viewed in a system
context. The speciÞcation tree is developed top down. The number of levels of a speciÞcation tree depends
on the stage of the life cycle, as described in Clause 5. The lowest level of the speciÞcation tree is dependent
upon the complexity of the design element and to what level the decision can be made to make, buy, or reuse
the product associated with the speciÞcation. In the case of the humans who support the system throughout
its life cycle, the decision is whether personnel with the appropriate knowledge, skills, and abilities are avail-
able, or what level of hiring, recruiting, or training needs to be performed. This could be at the subsystem
level or any level down to the component level.

4.9 Drawing tree

The enterprise shall generate a drawing tree to reßect the drawings associated with the elements of the
design architecture. This tree should resemble the speciÞcation tree of Figure 5.

4.10 System breakdown structure (SBS)

The enterprise shall generate an SBS to depict the hierarchy of products and processes that comprise the sys-
tem architecture. The SBS shall be used by an enterprise for development and control of planning packages
and their conversion to work packages, sizing of work packages, conÞguration management, resource alloca-
tion, traceability of requirement changes, interface control, cost reporting, and event-based scheduling. The
life cycle processes are assigned to the product, assembly, and, if needed, the subassembly level of the SBS
14 Copyright © 1999 IEEE. All rights reserved.
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and the humans who support the life cycle. The manpower, personnel, and training speciÞcations that deÞne
the knowledge, skills, abilities, availability, and training required for the humans who support the system, its
subsystems, and components are developed to ensure that the system may be adequately operated and sup-
ported throughout its life cycle. The life cycle processes may be deÞned at each level of the SBS, as necessary,
to provide life cycle sustainment for elements of the product. The various system elements and life cycle pro-
cesses that make up an SBS for a representative fully developed system are shown in Figure 5. This Þgure
reßects the three major levels of development of a systemÑsystem deÞnition, preliminary design, and detailed
designÑthrough which a system evolves, as described in Clause 5.   

4.11 Integration of the systems engineering effort

The enterprise shall integrate the various inputs of the engineering and business specialties into the systems
engineering effort to meet project objectives. 

4.11.1 Concurrent engineering

The enterprise shall strive to integrate the concurrent design of products and their related life cycle processes.
Concurrent engineering should integrate product and process development to ensure that the product(s) are
producible, usable, and supportable. Computer-aided engineering tools should be used to support develop-
ment and manufacturing, and should be integrated into the integrated database.

4.11.2 Integrated teams

Integrated teams should be considered as a primary approach to organizing for efÞciency and effectiveness.
When integrated teams are utilized, the enterprise should assign teams to speciÞc elements of the SBS. Each
team should prepare the required planning documents (engineering plan, master schedule, etc.) for the sys-

Figure 5ÑThe speciÞcation tree
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tem element to which it is assigned; should be responsible for developing and satisfying the speciÞcations
and baselines associated with the element; and should complete the work outlined in tasking statements
related to the element, including the technical reviews of Clause 5.

4.12 Technical reviews

The enterprise shall conduct reviews, to include design reviews (system, subsystem, component, life cycle
processes, test readiness, production approval) and audits (functional and design conÞguration), for the pur-
pose of assessing technical progress. Normally, a design review should be conducted at the completion of
each application of the SEP. Each review should accomplish the following:

a) Assess the system requirements and allocations to ensure that requirements are unambiguous, con-
sistent, complete, feasible, veriÞable, and traceable to top-level system requirements;

b) Assess the design maturity based on technical development goals, SEMS events and accomplish-
ments, and empirical analysis and test data supporting progress to date;

c) Present the risks associated with a continued development effort;

d) Assess the life cycle processes and infrastructure necessary for product sustainment throughout the
system life cycle;

e) Identify resources required for continued development;

f) Determine whether to proceed with the next application of the SEP, to discontinue development, or
to take corrective actions before proceeding with the development effort.

Component, subsystem, and system design reviews shall be conducted, as appropriate, for each level of
development. Depending on the complexity of the system, lower-level reviews may be needed (see
Figure 6). Trade-off analysis and veriÞcation results should be available during design reviews in order to
substantiate design decisions. Reviews may result in the need to iterate through the SEP to resolve identiÞed
deÞciencies before progressing further in the development activity. Component, subsystem, and system
functional- and design-conÞguration audits shall be performed to ensure that supporting documentation has
been satisfactorily completed, that qualiÞcation tests for each speciÞcation requirement have been com-
pleted and all requirements satisÞed, and/or that products comply with Þnal drawings.

4.13 Quality management

The enterprise shall document and apply quality-management procedures for the development of products
and life cycle processes consistent with established quality practices (see IEEE/EIA 12207.0-1996 [B2]).

4.14 Product and process improvement

The enterprise shall monitor product and process quality factors and shall continuously improve products
and processes throughout the system life cycle, as described in the following subclauses. 

4.14.1 Re-engineering

The enterprise should explore ways to improve existing products and processes. The enterprise should cap-
ture the design data, schema, tools, and models related to each development effort and design in the capacity
to evolve a product or process in order to improve system cost effectiveness and to correct deÞciencies.

4.14.2 Self assessment

The enterprise shall maintain a self-assessment program to determine the maturity of its systems engineering
practices to include the application of the SEP tasks of Clause 6. The enterprise applies insights gained
during self-assessment toward improving products, life cycle processes, and enterprise systems engineering
practices.
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4.14.3 Lessons learned

The enterprise shall capture the lessons learned on each project and incorporate them into enterprise training
courses, as appropriate, to improve the application of the SEP. Lessons learned provide a basis for establish-
ing future system development efforts, for improving metrics, and for avoiding problems encountered by
previous projects undertaken by the enterprise.

5. Application of systems engineering throughout the system life cycle

The enterprise shall apply the SEP (described in Clause 6) throughout the system life cycle for development
and support of system products and their life cycle processes related to development, manufacturing, veriÞ-
cation, distribution, support, training, and disposal. The SEP shall be applied during each level of system
development (system, subsystem, and component) to add value (additional detail) to the products deÞned in
the prior application of the process. The SEP shall be applied during fabrication, assembly, integration, and
test (FAIT), production, and consumer support stages to resolve reported problems, and for evolving prod-

Figure 6ÑThe system breakdown structure (SBS)
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ucts to improve performance or extend service life. The typical system life cycle stages of development and
operations are as follows:

Stages of development

a) System deÞnition;

b) Subsystem deÞnition
1) Preliminary design of subsystems;
2) Detailed design of subsystem components;
3) Fabrication, assembly, integration, and test;

Stages of operations

a) Production;

b) Customer support.

These stages are depicted in Figure 7.

The enterprise should satisfy the major exit events for each development stage of the system life cycle as
deÞned in 5.1 through 5.3. These major events include establishing product descriptions, completing speciÞ-
cations, establishing conÞguration baselines, and completing technical reviews. The enterprise should also
accomplish the systems engineering tasks described in 5.4 and 5.5, which include correcting design and pro-
cess deÞciencies/problems, evolving the system to provide added capabilities, extending the life of the system,
and completing technical reviews. Additionally, the enterprise should develop the life cycle processes that are
needed for system products to satisfy total life cycle needs and requirements. The activities related to life cycle
process developments are discussed in 5.6.

5.1 System deÞnition stage

The enterprise shall execute the system deÞnition stage to establish the deÞnition of the system with a focus
on system products required to satisfy operational requirements. The major events of this stage should
include completion of system, product, and subsystem interface speciÞcations, system and product speciÞ-
cations, and preliminary subsystem speciÞcations; establishment of a system baseline; and completion of
technical reviews appropriate to the system deÞnition stage. The documentation produced during system
deÞnition is required to guide subsystem developments. The technical reviews should evaluate the maturity
of the system development and the readiness to progress to subsystem deÞnition.

5.1.1 System deÞnition

The enterprise shall apply the SEP, described in Clause 6, for the purpose of generating system-level
validated requirements baseline, veriÞed functional and design architectures, speciÞcations and system base-
line, SBS, and updated engineering and technical plans. SpeciÞc activities to be accomplished are listed in
Table 2.

5.1.1.1 System concept

For precedented system developments, with incrementally improved or evolutionary growth products, the
enterprise should reÞne established system deÞnitions and product-line strategies to satisfy the market
opportunity or customer order. For unprecedented systems where the concept is not already deÞned, the

Figure 7Ñ Typical system life cycle
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enterprise should create and evaluate candidate alternative concepts that would satisfy a market opportunity
or customer order. One or more of the alternative concepts should be selected for further system deÞnition
during this Þrst stage of development. The risks associated with each alternative system should be assessed
to include risk identiÞcation and quantiÞcation. Additionally, the enterprise should complete preliminary
system and product speciÞcations for each viable alternative, along with system- and product-interface spec-
iÞcations and a system baseline.

5.1.1.2 Initial engineering plans

The enterprise shall establish the necessary engineering and technical plans for the system life cycle, which
include

a) The activity accomplishment criteria for determining system deÞnition progress assessment; and

b) The allocation of technical resources among the systems engineering activities.

For precedented systems, the engineering plan, master schedule, and detail schedule are prepared for the full
development life cycle, with the most detail for the current stage. For unprecedented systems, the engineering

Table 2ÑSystem deÞnition

Establish system deÞnition
a) Select system concept

b) Establish initial project and technical plans

c) mitigate system risks

d) Assess subsystem risks

e) Identify subsystems and subsystem interfaces

f) Identify human/system interface issues

g) DeÞne life cycle quality factors

1) Producibility
2) VeriÞability
3) Ease of distribution
4) Usability
5) Supportability
6) Trainability
7) Disposability
8) Total ownership costs

h) Revise engineering and technical plans for preliminary design

Complete speciÞcations
a) Complete system and product interface speciÞcations

b) Complete system and product speciÞcations

c) Complete subsystem interface speciÞcations

d) Complete preliminary subsystem speciÞcations

e) Complete preliminary human/system interface

f) Complete preliminary manpower, personnel, and training

Establish baselines
a) Establish system baseline

b) Establish preliminary subsystem Òdesign toÓ baselines

Complete technical reviews
a) Complete alternative concept review
b) Complete system deÞnition review
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plan, master schedule, and detail schedule are developed and evolved as the system is developed. Related
technical plans should be developed, as appropriate, for manufacturing, logistics, computer resources, secu-
rity, safety, reliability and maintainability, and training. Engineering and technical plans address development
of the system products to satisfy the operational functions, as well as development of life cycle processes
required to satisfy system-level development, manufacturing, test, distribution, support, training, and disposal
functions.

5.1.1.3 Subsystems and subsystem interfaces

The enterprise shall identify the subsystems of each product and deÞne the design and functional interface
requirements among the subsystems and their corresponding performance requirements and design con-
straints. System product functional and performance requirements should be allocated among the subsystems
so as to assure requirement traceability from the system products to their respective subsystems, and from
subsystems to their parent product.

5.1.1.4 Identify human/system interface issues

The enterprise shall identify the interface requirements between humans and products or subsystems. These
interface requirements include performance, workloads, design constraints, and usability.

5.1.1.5 System and subsystem risks

The enterprise shall mitigate system-level risks to include products risks that were assessed to be critical to
system development during concept selection. For critical risks associated with products, the enterprise uti-
lizes simulation, scale-model tests, or prototype tests to demonstrate mitigation of risks to an acceptable
level. The enterprise should assess subsystem risks and prioritize critical risks based upon probability of
occurrence and related consequences to cost, schedule, and/or performance. 

5.1.1.6 Life cycle quality factors

The enterprise shall deÞne the system life cycle quality factors that inßuence the systemÕs capability to meet
downstream requirements for producibility, test, ease of distribution (packaging, handling, transportation,
storage, installation, and transition), usability, supportability, ease of training, and disposability. The system
life cycle quality factors should be decomposed and allocated among the products, and then the subsystems,
in a manner which ensures that quality factors traceability is maintained.

5.1.1.7 Revised project and engineering plans

The enterprise shall update necessary engineering and technical plans in response to changes based on SEP
activities conducted during system deÞnition, and to reßect planning for the next stage of development.

5.1.2 SpeciÞcations

The enterprise shall prepare and control the following speciÞcations needed to guide the systems engineer-
ing efforts of the system deÞnition stage.

5.1.2.1 System, product, and subsystem interface speciÞcations

During the initial efforts of the concept/system deÞnition stage, the enterprise shall complete, and place under
change control, system and product interface speciÞcations. The system interface speciÞcation should deÞne
the external functional and design interfaces for the system with respect to other systems. External interfaces
unique to the selected system concept(s) shall be deÞned and documented in the system interface speciÞcation
in a manner that recognizes the unique nature of these special interface elements. Product interface speciÞca-
tions should deÞne the design and functional interface requirements between products of the system and life
cycle sustainment equipment, such as special test equipment and training aids. The subsystem interface spec-
iÞcations should deÞne design and functional interface requirements among subsystems for each product. The
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enterprise should identify which interface requirements provide constraints to system/product/subsystem
design, and which interfaces are sufÞciently critical to be managed through interface control working groups.

5.1.2.2 System and product speciÞcations

The enterprise should complete and control a system speciÞcation and a product speciÞcation for each product
of the system. The system speciÞcations should document the system requirements (functional and perfor-
mance requirements, design characteristics, and design constraints) and the qualiÞcation requirements for
each requirement in the system speciÞcation. The product speciÞcations should document the allocation of
system-level requirements to each product, and the qualiÞcation requirements for each requirement in a prod-
uct speciÞcation. The qualiÞcation sections of each speciÞcation should identify the methods used to conÞrm
that each system or product requirement has been satisÞed under normal and abnormal conditions.

5.1.2.3 Preliminary subsystem speciÞcations

The enterprise shall prepare a preliminary subsystem speciÞcation for each subsystem identiÞed in the sys-
tem design architecture. Preliminary subsystem speciÞcations should identify subsystem requirements
(functional and performance requirements, design characteristics, and design constraints) and the qualiÞca-
tion requirements for each requirement in the speciÞcation. The qualiÞcation section of the speciÞcations
should identify the methods used to conÞrm that each subsystem requirement has been satisÞed under nor-
mal and abnormal conditions.

5.1.2.4 Complete preliminary human/system interface speciÞcations

The enterprise shall prepare a preliminary human/system interface speciÞcation for the interaction among
humans and the hardware and software elements identiÞed in the system design architecture. The qualiÞcation
section of the speciÞcations should identify the methods used to conÞrm that each human/system interaction
requirement has been satisÞed under normal and abnormal conditions. In addition, human/system interface
speciÞcations include interface requirements between humans and/or subsystems or components. These
interfaces include human-human, human-hardware, and human-software. The requirements may include
functional and performance requirement, and workload and design constraints.

5.1.2.5 Complete preliminary, manpower, personnel, and training speciÞcations

The enterprise shall prepare a speciÞcation for the personnel required to operate, maintain, and support the
system throughout its life cycle. Analysis shall determine if personnel with the appropriate knowledge,
skills, and abilities are predicted to be available throughout the life cycle; the cognitive, physical, and sen-
sory characteristics of the available personnel; the safety features required of the system; and the level of
training required for such personnel.

5.1.3 ConÞguration baselines

The enterprise shall prepare and place under conÞguration control the following baselines needed to guide
the technical efforts of the system deÞnition stage.

5.1.3.1 System baseline

The enterprise shall establish, and place under control, the system baseline. This system-level conÞguration
baseline should include the system interface speciÞcation, the product interface speciÞcations, the system
speciÞcation, the product speciÞcations, and the integrated database that captures the design, data, models,
metrics, changes, design rationale, and other pertinent information on decisions or clariÞcation made to sys-
tem requirements.
Copyright © 1999 IEEE. All rights reserved. 21



IEEE
Std 1220-1998 IEEE STANDARD FOR APPLICATION AND MANAGEMENT
5.1.3.2 Subsystem design-to baselines

The enterprise shall generate a subsystem design-to baseline for each subsystem identiÞed in the system
architecture. Each design-to baseline should include applicable subsystem interface speciÞcations, the
related preliminary subsystem speciÞcation, and any subsystem drawings or sketches developed to deÞne the
systemÕs products.

5.1.4 Technical reviews

The enterprise shall plan and conduct applicable technical reviews to assess the maturity of the development
effort and to recommend whether the investment should be made to continue the development effort. The
system-level reviews completed in this stage of development may be held in conjunction with a project man-
agement review.

5.1.4.1 Alternative concept review

An alternative concept review, if needed, should be completed by the enterprise to select a concept or con-
cepts to which the system deÞnition activities described in 5.1.1.2 through 5.1.3.2 are to be applied. During
this review, each concept is evaluated based on

a) Product and subsystem allocations being reasonable and providing a sound system concept;

b) The capability of the concept to satisfy customer requirements and meet public expectations;

c) The completion of the system and product interface speciÞcations and preliminary system
speciÞcation;

d) The establishment of a system baseline;

e) The assessed risks associated with the concept;

f) The adequacy and completeness of systems analysis data to substantiate decisions made in deÞning
the concept and establishing that the concept satisÞes customer requirements and meet public
expectations.

5.1.4.2 System deÞnition review

A system deÞnition review should be completed by the enterprise at the completion of the system deÞnition
stage for the purpose of determining whether the system deÞnition is sufÞciently mature to progress to sub-
system deÞnition. The system deÞnition is reviewed to ensure that

a) It is sufÞciently mature to meet SEMS criteria;

b) System-level risks have been adequately addressed to justify continued development;

c) Trade-study data are adequate to substantiate that system requirements are achievable;

d) Decisions made in arriving at the system deÞnition conÞguration are well supported by analysis,
test, and/or other technical data.

5.2 Preliminary design stage

The enterprise shall execute the preliminary design stage to initiate subsystem design and create subsystem-
level speciÞcations and design-to baselines to guide component development. The enterprise shall apply the
SEP for the purpose of decomposing identiÞed subsystem functions into lower-level functions and allocating
functional and performance requirements to component-level functional and physical architectures in accor-
dance with the following subclauses.

Each preliminary subsystem speciÞcation and preliminary design-to baseline should be evolved into a
subsystem speciÞcation and a design-to baseline, respectively. Preliminary component speciÞcations and
build-to baselines should be deÞned for the components of the subsystem being developed. Final subsystem
documents should include identiÞcation of recommended components and interfaces; resolution of sub-
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system-level risks; assessment of component risks; and design for quality factors to include, as appropriate,
producibility, veriÞability, ease of distribution, usability, supportability, trainability, and disposability for
each subsystem.

5.2.1 Preliminary subsystem deÞnition

The enterprise shall apply the SEP, described in Clause 6, to each subsystem for the purpose of generating
subsystem functional and physical architectures. SpeciÞc activities to be accomplished are listed in Table 3.

5.2.1.1 Assemblies and assembly interfaces

The enterprise shall identify the assemblies of each subsystem and deÞne the design and functional interface
requirements among the assemblies and their corresponding performance requirements and design con-
straints. Subsystem performance requirements are allocated among the assemblies so as to assure require-
ments traceability from subsystems to appropriate assemblies, and from assemblies to the parent subsystem.

5.2.1.2 Components and component interfaces

The enterprise shall identify the components of each assembly and deÞne the design and functional interface
requirements among the components and their corresponding performance requirements and design
constraints. Assembly performance requirements are allocated among the components so as to assure
requirement traceability from the assemblies to their respective components, and from components to their
parent assembly.

Table 3ÑSubsystem deÞnitionÑpreliminary design

Establish preliminary subsystem deÞnitions
a) Identify assemblies and assembly interfaces
b) Identify components and component interfaces
c) Mitigate subsystem risks
d) Assess component risks
e) Design for life cycle quality factors
f) Complete preliminary drawings for each subsystem
g) Identify human/systems interface issues
h) Revise engineering and technical plans for detailed design

Complete speciÞcations
a) Update system and product speciÞcations
b) Complete subsystem and assembly speciÞcations
c) Complete component interface speciÞcations
d) Complete preliminary component speciÞcations
e) Update human/systems interface speciÞcations
f) Update manpower, personnel, and training speciÞcations

Establish baselines
a) Update system baselines
b) Establish Òdesign toÓ baselines
c) Establish preliminary Òbuild toÓ baselines

Complete technical reviews
a) Complete subsystem preliminary design reviews
b) Complete system preliminary design review
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5.2.1.3 Subsystem and component risks

The enterprise shall mitigate subsystem-level risks that were assessed to be critical to subsystem develop-
ment during system deÞnition, and shall assess and mitigate assembly risks associated with each subsystem.
For critical subsystem/assembly risks, simulations, scale model tests, or prototype tests should be used to
demonstrate mitigation to an acceptable risk level with respect to cost, schedule, and/or performance. The
enterprise should assess component risks and prioritize critical risks based on the probability of occurrence
and related consequences to cost, schedule, and/or performance.

5.2.1.4 Identify human/system interface issues

The enterprise shall identify the interface requirements between humans and assemblies or components.
These interface requirements include performance, workloads, design constraints, and usability.

5.2.1.5 Life cycle quality factors

The enterprise shall identify and quantify subsystem life cycle quality factors that inßuence each sub-
systemÕs capability to meet downstream requirements for producibility, test, ease of distribution (packaging,
handling, transportation, storage, installation, and transition), usability, supportability, ease of training, and
disposability. The subsystem life cycle quality factors should be decomposed and allocated among the
assemblies, and then the components, in a manner that ensures that quality-factor traceability is maintained.

5.2.1.6 Engineering and technical plans

The enterprise should update engineering and technical plans in order to respond to changes based on SEP
activities conducted during subsystem deÞnition, and to reßect planning for the next stage of development.

5.2.2 Subsystem speciÞcations

The enterprise shall prepare and control the speciÞcations needed to guide component design activities of
the detailed design stage of subsystem deÞnition.

5.2.2.1 System and product speciÞcations

During the preliminary design stage, the enterprise should update and control all changes to established
speciÞcations. Typically for this stage in the life cycle, speciÞcations under control include the system inter-
face speciÞcation, subsystem interface speciÞcations, product speciÞcations, and the system speciÞcation.

5.2.2.2 Subsystem speciÞcations

The enterprise should complete a subsystem speciÞcation for each subsystem, and place it under conÞgura-
tion control. These speciÞcations should document the functional and performance requirements, design
requirements or other imposed design constraints, and the qualiÞcation requirements for each subsystem.
The qualiÞcation section of individual subsystem speciÞcations should identify the methods used to conÞrm
that each subsystem requirement has been satisÞed under normal and abnormal conditions.

5.2.2.3 Component interface speciÞcations

The enterprise should prepare, and place under conÞguration control, a component interface speciÞcation for
each product component identiÞed in the design architecture. Component interface speciÞcations should
document the functional and design interfaces among components, which shall be satisÞed during compo-
nent development. The enterprise should identify which assembly interface requirements provide constraints
to component design and which shall have changes managed through interface control working groups.
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5.2.2.4 Preliminary component speciÞcations

The enterprise should prepare a preliminary component speciÞcation for each product component identiÞed
in the design architecture. The preliminary component speciÞcation should identify the functional and
performance requirements, design requirements or constraints, and the qualiÞcation requirements for each
performance requirement in a preliminary component speciÞcation. The qualiÞcation section of individual
speciÞcations should identify the methods that will be used to conÞrm that each component requirement has
been satisÞed under normal and abnormal conditions.

5.2.2.5 Update preliminary human/system interface speciÞcations

The enterprise shall update human/system interface speciÞcations for the interaction among humans and the
hardware and software elements identiÞed in the design architecture. The qualiÞcation section of the speciÞ-
cations should identify the methods used to conÞrm that each human/system interaction requirement has
been satisÞed under normal and abnormal conditions. In addition, human/system interface speciÞcations
include interface requirements between humans, subsystems, or components. These interfaces include
human-human, human-hardware, and human-software. The requirements may include functional and perfor-
mance requirement, and workload and design constraints.

5.2.2.6 Update preliminary, manpower, personnel, and training speciÞcations

The enterprise shall update the speciÞcations for the personnel required to operate, maintain, and support the
system throughout its life cycle. Analysis shall determine if personnel with the appropriate knowledge,
skills, and abilities are predicted to be available throughout the life cycle; the cognitive, physical, and sen-
sory characteristics of the available personnel; the safety features required of the system; and the level of
training required for such personnel.

5.2.3 ConÞguration baselines

The enterprise should place under conÞguration control the following baselines needed to guide the techni-
cal efforts of the subsystem deÞnition stage.

5.2.3.1 System baseline

During the preliminary design stage, the enterprise should update and control all changes to the system
baseline.

5.2.3.2 Design-to baseline

The enterprise evolves/reÞnes and establishes the design-to baseline for each subsystem from the preliminary
design-to baseline generated during system deÞnition. This baseline includes the assembly and component
interface speciÞcations, subsystem speciÞcations, assembly speciÞcations, and the integrated database,
which captures the design, data, models and tools used, metrics, changes, design rationale, and other perti-
nent information on decisions or clariÞcation made to subsystem requirements.

5.2.3.3 Component build-to baseline

The enterprise evolves/reÞnes a component build-to baseline for each component of a subsystem. This base-
line includes the component interface drawings and the draft component speciÞcation.

5.2.4 Technical reviews

The enterprise should conduct applicable technical reviews to assess the maturity of the development effort
and to determine whether the investment should be made to continue to detailed design. Technical reviews
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below the system level should not normally be held as project management reviews, but held as strictly tech-
nical reviews.

5.2.4.1 Subsystem reviews

Subsystem reviews should be completed by the enterprise for each subsystem at the completion of its pre-
liminary design stage. The purpose of each review is to assure that

a) The subsystem deÞnition is sufÞciently mature to meet SEMS criteria;

b) Component allocations and preliminary component speciÞcations are reasonable and provide a
sound subsystem concept;

c) Subsystem risks have been assessed and mitigated to a level appropriate to continue development;

d) Trade-study data are adequate to substantiate that subsystem requirements are achievable;

e) Decisions made in arriving at the subsystem conÞguration deÞnition are well supported by analysis
and technical data. 

5.2.4.2 System review

A system-level review should be completed by the enterprise after completion of subsystem reviews. This
review is to determine whether the total system approach to detailed design satisÞes the system baseline;
unacceptable risks are mitigated; issues for all subsystems, products, and life cycle processes are resolved;
and accomplishments and plans warrant continued development effort.

5.3 Detailed design stage

The enterprise shall execute the detailed design stage of the system life cycle to complete subsystem design
down to the lowest component level, and create a component speciÞcation and build-to component baseline
for each component. The outputs of this stage are used to guide fabrication of preproduction prototypes for
development test. The enterprise shall apply the SEP, described in Clause 6, as many times as needed to
decompose identiÞed component functions into lower-level functions, and allocate functional and perfor-
mance requirements throughout the resulting lower-level functional and design architectures.

Each preliminary component speciÞcation and build-to baseline generated during preliminary design of the
subsystem should be evolved into a component speciÞcation and a build-to baseline, respectively. Final
component documents should include identiÞcation of recommended parts and interfaces; resolution of
component-level risks; and for each component, down to the lowest subcomponent, the design for quality
factors to include, as appropriate, producibility, veriÞability, ease of distribution, usability, supportability,
trainability, and disposability.

5.3.1 Detailed subsystem deÞnition

The enterprise shall apply the SEP to each component and its subcomponents for the purpose of generating
component functional and design architectures. SpeciÞc activities to be accomplished are listed in Table 4. 

5.3.1.1 Component deÞnition

The enterprise should decompose the components of each assembly to a level sufÞcient for design complete-
ness, complete the deÞnition of each subcomponent and the component, and control the interfaces among
the subcomponents. Component requirements should be allocated among the subcomponents in a manner
which ensures that requirements traceability is maintained in both directions.
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5.3.1.2 Component risks

The enterprise should mitigate component-level risks that were assessed to be critical to component
development during subsystem deÞnition. For critical component risks, simulations, scale model tests, or
prototype tests should be used to demonstrate mitigation to an acceptable risk level with respect to cost,
schedule, and/or performance. The enterprise should assess and mitigate subcomponent risks and prioritize
critical risks based on probability of occurrence and related consequences to cost, schedule, and/or
performance.

5.3.1.3 Identify human/system interface issues

The enterprise shall identify the interface requirements between humans and components, subassemblies, or
subcomponents, as necessary. These interface requirements include performance, workloads, design con-
straints, and usability.

5.3.1.4 Life cycle quality factors

The enterprise should identify and quantify component life cycle quality factors, which inßuence each
componentÕs capability to meet downstream requirements for producibility, veriÞability (test), ease of distri-
bution (packaging, handling, transportation, storage, installation, and transition), usability, supportability,
trainability, and disposability. The component life cycle quality factors should be decomposed and allocated
among the componentÕs subcomponents, and then lower subcomponents, in a manner which ensures that
quality-factors traceability is maintained.

Table 4ÑSubsystem deÞnitionÑdetailed design

Establish detailed subsystem deÞnitions

a) Complete component deÞnition (for hardware and software)

b) Resolve component risks

c) Design in life cycle quality factors

d) Identify human/system interface issues

e) Prepare integrated data package

f) Revise engineering and technical plans for fabrication, assembly, integration, and test

Complete speciÞcations

a) Update system, product, subsystem, and assembly speciÞcations

b) Complete component speciÞcations (for hardware and software)

c) Update human/system interface speciÞcations

d) Update manpower, personnel, and training speciÞcations

Establish baselines
a) Update system and Òdesign toÓ baselines
b) Establish Òbuild toÓ baselines

Complete technical reviews
a) Complete component detailed design reviews
b) Complete subsystem detailed design reviews
c) Complete system detailed design review
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5.3.1.5 Integrated data package

The enterprise should complete detailed documentation for each component and its subcomponents to satisfy
functional architecture requirements as allocated to the component, component interface speciÞcations, and
the assembly speciÞcation. The integrated data package should be produced and captured in the integrated
database, and should contain the detailed drawing, code listing, manual procedures, etc., as deÞned in 4.7.

5.3.1.6 Engineering and technical plans

The enterprise should update necessary engineering and technical plans in order to accommodate changes
based on SEP activities conducted during detailed design for subsystem deÞnition, and to reßect planning
for the FAIT stage.

5.3.2 SpeciÞcations

The enterprise should prepare and control the following speciÞcations needed to guide FAIT activities of
subsystem deÞnition.

5.3.2.1 System, product, subsystem, and assembly speciÞcations

The enterprise should update and control all changes to approved speciÞcations during the detailed design
stage. Typically for this stage in the life cycle the approved speciÞcations may include the system, sub-
system, and component interface speciÞcations; the system speciÞcation; and product, subsystem, and
assembly speciÞcations.

5.3.2.2 Component speciÞcations

The enterprise should complete a component speciÞcation for each component identiÞed in the design
architecture. The component speciÞcation identiÞes the functional and performance requirements for the
component, in addition to design requirements, or design constraints, and the qualiÞcation requirements for
each performance requirement. The qualiÞcation section of individual speciÞcations should identify the
methods that will be used to conÞrm that each component requirement has been satisÞed under normal and
abnormal conditions.

5.3.2.3 Update human/system interface speciÞcations

The enterprise shall update human/system interface speciÞcations for the interaction among humans and the
hardware and software elements identiÞed in the design architecture. The qualiÞcation section of the speciÞ-
cations should identify the methods used to conÞrm that each human/system interaction requirement has
been satisÞed under normal and abnormal conditions. In addition, human/system interface speciÞcations
include interface requirements between humans, subsystems, or components. These interfaces include
human-human, human-hardware, and human-software. The requirements may include functional and perfor-
mance requirements, and workload and design constraints.

5.3.2.4 Update manpower, personnel, and training speciÞcations

The enterprise shall update the speciÞcations for the personnel required to operate, maintain, and support the
system throughout its life cycle. Analysis shall determine if personnel with the appropriate knowledge,
skills, and abilities are predicted to be available throughout the life cycle; the cognitive, physical and sensory
characteristics of the available personnel; the safety features required of the system; and the level of training
required for such personnel.
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5.3.3 ConÞguration baselines

The enterprise should prepare, and place under conÞguration control, the following baselines needed to
guide the technical efforts of the subsystem deÞnition stage.

5.3.3.1 System and design-to baselines

The enterprise should update and control all changes to the established system baseline and to established
design-to baselines.

5.3.3.2 Build-to baselines

The enterprise should establish the build-to baseline for each component from the build-to baseline gener-
ated during preliminary design. This baseline should include the component interface speciÞcations, the
component speciÞcations, and the integrated database, which captures the design, data, models and tools
used, metrics, changes, design rationale, and other pertinent information on decisions or clariÞcation made
to component requirements.

5.3.4 Technical reviews

The enterprise should conduct applicable technical reviews to assess the maturity of the development effort
and to recommend whether the investment should be made to continue into FAIT. Technical reviews below
the system level should normally not be held as project management reviews, but held as strictly technical
reviews.

5.3.4.1 Component reviews

Component reviews should be completed by the enterprise for each component at the completion of the
detailed design stage. The purpose of this review is to ensure that

a) Each detailed component deÞnition is sufÞciently mature to meet measure of effectiveness/measure
of performance (MOE/MOP) criteria;

b) Component speciÞcations are reasonable and provide a sound component concept;

c) Component and related life cycle process risks have been assessed and mitigated to a level appropri-
ate to support FAIT;

d) Trade-study data are adequate to substantiate that detailed component requirements are achievable;

e) Decisions made in arriving at the detailed component deÞnition conÞguration are well supported by
analysis and technical data.

5.3.4.2 Subsystem reviews

Subsystem-level reviews should be completed by the enterprise for each subsystem after completion of com-
ponent reviews associated with the subsystem. This review is to determine whether the subsystem detailed
design satisÞes the design-to baseline; risks are mitigated and remaining risks are acceptable; issues for all
components, assemblies, and life cycle processes are resolved; and accomplishments and plans warrant con-
tinuation with FAIT.

5.3.4.3 System review

A system-level review should be completed by the enterprise after completion of subsystem detailed design
reviews. This review is to determine whether the detailed design of the system satisÞes the system baseline;
unacceptable risks are mitigated; issues for all subsystems, products, and life cycle processes are resolved;
accomplishments and plans satisfy criteria for continuation of the technical effort; and the system is ready to
continue into FAIT by having resolved outstanding product or life cycle process issues.
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5.4 Fabrication, assembly, integration, and test (FAIT) stage

The enterprise shall apply the SEP, described in Clause 6, during this stage for the purpose of resolving
product deÞciencies when speciÞcations for the system, product, subsystem, assembly, or component are not
met, as determined by inspection, analysis, demonstration, or test. The purpose of the FAIT stage of sub-
system deÞnition is to verify that the products designed satisfy speciÞcations. The major activities of this
stage are shown in Table 5.  

5.4.1 System integration and test

The enterprise shall execute integration activities to ensure that combining the lower-level elements results
in a functioning and uniÞed higher-level element, with logical and design interfaces satisÞed. The enterprise
shall execute the test activities to verify that the system meets system requirements. The enterprise com-
pletes this by Þrst testing the components and then conducting tests at each level up to, and including, the
total system. The enterprise shall progressively assemble and integrate subcomponents into complete com-
ponents, components into assemblies, assemblies into subsystems, subsystems into products, and then,
where meaningful, products and their life cycle processes and services into a complete system. At each level
of assembly and integration, the components, assemblies, subsystems, products, and system should be sub-
jected to sufÞcient testing to ensure operational effectiveness, usability, trainability, interface conformance,
conformance with speciÞed requirements, producibility, and supportability. The enterprise is responsible for
the proper handling and disposal of test articles and all hazardous wastes generated by tests or used in con-
junction with tests.

5.4.2 Analyze, Þx, and retest

When a subcomponent, component, assembly, subsystem, or product fails to satisfy its requirements, the
enterprise should analyze the deÞciency to determine the cause of the problem and shall apply the SEP to
resolve the problem. The enterprise should then retests the product to ensure operational effectiveness,

Table 5ÑSubsystem deÞnitionÑfabrication, assembly, integration, and test (FAIT)

Conduct system integration and test

a) Fabricate hardware components, implement software components

b) Assemble, integrate, and test components and assemblies

c) Assemble, integrate, and test subsystems and products

d) Establish life cycle processes

e) Analyze and Þx failures/deÞciencies and retest

f) Update all speciÞcations and baselines

g) Revise engineering and technical plans for production

Complete technical reviews
a) Complete component test readiness reviews

b) Complete subsystem test readiness reviews

c) Complete system test readiness review

d) Complete component functional conÞguration audits

e) Complete subsystem functional conÞguration audits

f) Complete system functional conÞguration audit

g) Complete component production approval reviews

h) Complete subsystem production approval reviews

i) Complete system production approval review
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usability, trainability, interface conformance, conformance with speciÞed requirements, producibility, and
supportability.

5.4.3 Project and engineering plans

The enterprise should update necessary engineering and technical plans in order to respond to changes based
on SEP activities conducted during the FAIT stage for subsystem deÞnition, and to reßect planning for
production.

5.4.4 SpeciÞcations

The enterprise should update and control all changes to approved speciÞcations.

5.4.5 ConÞguration baselines

The enterprise should update and control all changes to the established baselines.

5.4.6 Technical reviews

The enterprise should plan and conduct applicable technical reviews to assess the maturity of the develop-
ment effort, to determine readiness to conduct qualiÞcation testing, and to determine whether the investment
should be made to continue into production. Technical reviews below the system level should not normally
be held as project management reviews, but held as strictly technical reviews.

5.4.6.1 Test readiness reviews

Test readiness reviews (as needed for components, assemblies, subsystems, products, and the system) should
be completed by the enterprise to assure that

a) Test procedures comply with test plans and descriptions, demonstrate adequacy to accomplish test
requirements, and satisfy speciÞcation qualiÞcation requirements;

b) Pretest predictions and informal test results (if any) indicate testing shall conÞrm satisfaction of
speciÞcation requirements;

c) New or modiÞed test support equipment, facilities, and procedural manuals, required to accomplish
test and evaluation, should be available and should satisfy their requirements;

d) Required speciÞcation, baseline, and other supporting documentation are complete and accurate.

5.4.6.2 Functional conÞguration audits

Functional conÞguration audits (as needed for components, subsystems, and the system) shall be completed
by the enterprise to verify that products have achieved requirements; that they satisfy the characteristics as
speciÞed in speciÞcations, interface speciÞcations, and other baseline documentation; and that test plans and
procedures were complied with.

5.4.6.3 Production approval reviews

A system level production approval review shall be completed by the enterprise after completion of product
functional conÞguration audits to demonstrate that the total system (people, products, and processes) has
been veriÞed to satisfy speciÞcation and baseline requirements for each system level, and to conÞrm readi-
ness for production, distribution, operations, support, training, continuing improvement (if applicable), and
disposal. The enterprise should conÞrm that

a) Issues for the components, assemblies, subsystems, products, and life cycle processes and services
are resolved;
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b) Test procedures for components, assemblies, subsystems, and products were completed and were
accurate; 

c) The system and products were conÞrmed ready for test;

d) Tests were conducted in accordance with established procedures;

e) An audit trail from design reviews, held after detailed design, is established with changes substanti-
ated, and all component, subsystem, and system products meet speciÞcation requirements;

f) Risk-handling procedures are satisfactory for production;

g) Evolutionary development requirements and plans have been reÞned;

h) Planning is complete and procedures, resources, and other requisite people, products, and processes
are available (or programmed to be available) to initiate production, distribution, operations, sup-
port, training, disposal, and evolutionary development (if any).

5.5 Production and customer support stages

The enterprise shall apply the SEP, in accordance with Clause 6, to correct deÞciencies discovered during
production, assembly, integration, and acceptance testing of products and/or life cycle process products. The
enterprise shall also apply the SEP during customer support to evolve the product to implement an incremen-
tal change, resolve product or service deÞciencies, or to implement planned evolutionary growth. The major
events of these two stages of a productÕs life cycle are shown in Figure 8.

5.5.1 System products

The enterprise should perform appropriate production inventory and control activities; production, assembly,
integration, and acceptance test activities; and packaging, handling, storage, delivery, and installation
activities to provide system products to consumers and support organizations. The enterprise should manage
suppliers to ensure the timely delivery of products, materials, and services needed to carry out production
activities.

5.5.1.1 Product and process deÞciencies

The enterprise shall apply the SEP to correct product and/or process deÞciencies found during production,
acceptance testing, or distribution.

Figure 8ÑProduction and customer support

Production
Customer support

Produce system products
a) Perform production inventory and control activities

b) Produce and assemble consumer products

c) Correct product- and process-design deÞciencies

d) Dispose of by-products and wastes

Complete technical reviews

a) Complete component physical conÞguration audits

b) Complete subsystem physical conÞguration audits

c) Complete system physical conÞguration audits

Provide customer support
a) Provide customer service

b) Provide Òafter marketÓ products

Complete system evolution

a) Evolve design to

1) Make an incremental change

2) Resolve product deÞciencies
3) Exceed competitive products
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5.5.1.2 By-products and waste disposal

The enterprise should ensure the proper handling and disposal of hazardous wastes and materials generated
by or used in production, acceptance testing, and distribution. In some cases, enterprises may be responsible
for proper disposal of products after completing service life.

5.5.2 Technical reviews

Design conÞguration audits (as needed for components, subsystems, and the system) should be completed
by the enterprise to assure the system elements conform to the technical documentation that deÞnes the
Òbuild-toÓ baseline.

5.5.3 Customer support

Once products are in the Þeld, the enterprise should continue to support customers with needed services and
after-market products, and to maintain supplier relationships.

5.5.4 System evolution

The enterprise shall apply the SEP during customer support to make incremental improvements to Þelded
products and services; to resolve product or process deÞciencies discovered during consumer use of products
or during service activities; and to make changes to products and services to compete with products and ser-
vices offered by competitors, and to ensure personnel with the appropriate knowledge, skills, and abilities to
support the evolving product are available.

5.5.4.1 Revise project and engineering plans

The enterprise should update necessary engineering and technical plans in order to respond to changes based
on SEP activities conducted during production and customer support.

5.5.4.2 SpeciÞcations

The enterprise should update and control all changes to approved speciÞcations. 

5.5.4.3 ConÞguration baselines

The enterprise should update and control all changes to established baselines. 

5.6 Simultaneous engineering of life cycle processes

The enterprise shall accomplish planning activities and apply the SEP, in accordance with Clause 6, to
develop life cycle processes and services for system product development, production, test, distribution, sup-
port, training, and disposal. Life cycle processes and services include such items as special tooling and
equipment for manufacturing or maintenance; special processes for manufacturing; software and hardware
for support equipment or training or test simulators; training or maintenance manuals; development, manu-
facturing, and test plans; facilities for test, manufacturing, or disposal; and procedures for services related to
each downstream activity. The life cycle processes and services are needed to enable the capability of prod-
ucts to be fully realized throughout their life cycle. The development of life cycle processes should be
delayed by the enterprise until requirements are deÞned for the products the life cycle processes support. The
phasing for the simultaneous engineering of life cycle process products and services is presented in Figure 9.

Although development of life cycle process deÞnitions may not be initiated prior to when the product (sys-
tem product, subsystem assembly, or component subassembly) for which it is intended to support is deÞned,
the enterprise shall schedule applicable downstream life cycle processes to be available at the time needed to
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enable the process to be supportive of the product for which it is intended. Since most life cycle processes
are not as complex as the product for which they are intended to support, the development cycle should be
shorter and should be available when needed.

5.6.1 Life cycle process development

The enterprise should initiate development of applicable downstream life cycle processes for development,
production, test, distribution, support, training, and disposal to provide life cycle support to products and
their subsystems, and for assemblies and their components. If system elements are being procured from sup-
pliers or subcontractors, then consideration for life cycle support of the system elements should be
addressed. Each life cycle process goes through the same development events and activities as described for
products in 5.1 through 5.5, including technical reviews.

5.6.2 SpeciÞcations

The enterprise should prepare and control speciÞcations of the same type, as described in 5.1 through 5.5,
for the life cycle processes and services.

5.6.3 Baselines

The enterprise should prepare and control baselines of the same type, as described in 5.1 through 5.5, for the
life cycle processes and services.

6. The systems engineering process (SEP)

This clause describes the detailed requirements of the SEP (see Figure 4). For each subprocess of the SEP, a
Þgure is provided to diagram the general ßow of tasks for the subprocess. The enterprise should tailor the
activities of each task by adding or deleting activities, or tailor the subprocess tasks by adding or deleting
tasks, according to the scope of the project.

6.1 Requirements analysis

The enterprise shall perform requirements analysis for the purpose of establishing what the system shall be
capable of accomplishing; how well system products should perform in quantitative, measurable terms; the
environments in which system products operate; the human/system interfaces requirements; the physical/
aesthetic characteristics; and constraints that affect design solutions. The market needs, requirements, and
constraints are derived from customer expectations, project and enterprise constraints, external constraints,
and higher-level system requirements. These are documented in a requirements baseline. The requirements
baseline guides the remaining activities of the SEP and represents the deÞnition of the problem that should

Figure 9ÑSimultaneous engineering of life cycle processes
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be solved. The tasks associated with requirements analysis are identiÞed in Figure 10. The enterprise
assesses and analyzes inputs deÞned in tasks 6.1.1 through 6.1.9 to identify cost, schedule, and performance
risks; to deÞne functional and performance requirements; and identify conßicts. Trade-off analyses are con-
ducted to resolve such conßicts so as to arrive at a balanced requirements baseline. The trade-off analysis
and risk assessment, analysis, and handling tasks are discussed in 6.7. For each application of the SEP, the
enterprise reÞnes previously deÞned requirements for upper levels of the system architecture, as appropriate,
and deÞnes requirements for the system under development (refer to the discussion in 1.3).

6.1.1 DeÞne customer expectations

The enterprise deÞnes and quantiÞes the customer expectations for the system. Customer expectations may
come from marketing, a customer order, a recognized market opportunity, direct communications from cus-
tomers, or the requirements from a higher-level system. Customer expectations include

a) What the customer wants the system (product(s), life cycle processes, and desired quality factors) to
accomplish (functional requirements); 

b) How well each function should be accomplished (performance requirements); 

c) The natural and induced environments in which the product(s) of the system operates or may be used;

d) Constraints (e.g., funding; cost or price objectives; schedule; technology; nondevelopmental and
reusable items; design characteristics; hours of operation per day; on-off sequences; external inter-
faces; and speciÞed existing equipment, procedures, or facilities related to life cycle processes).

The deÞnition of customer expectations should be balanced with an analysis of their effects on the overall
system design and performance, as well as on the human engineering; knowledge, skills, and abilities; avail-
ability; reliability; safety; and training requirements of the humans required to support life cycle processes.

6.1.2 DeÞne project and enterprise constraints

The enterprise identiÞes and deÞnes project and enterprise constraints that impact design solutions. 

6.1.2.1 Project constraints

Project constraints may include

a) Approved speciÞcations and baselines developed from prior applications of the SEP;

b) Updated engineering and technical plans;

c) Team assignments and structure;

d) Automated tools availability or approval for use;

e) Control mechanisms;

f) Required metrics for measuring technical progress. 

6.1.2.2 Enterprise constraints

Enterprise constraints may include

a) Management decisions from a preceding technical review;

b) Enterprise general speciÞcations, standards, or guidelines;

c) Policies and procedures;

d) Domain technologies;

e) Established life cycle process capabilities;

f) Physical, Þnancial, and human resource allocations to the technical effort.
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Figure 10ÑRequirements analysis process
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The enterprise may also impose long-range planning constraints on the technical effort, which may demand
an evolutionary development strategy in order to achieve project or enterprise goals.

6.1.3 DeÞne external constraints

The enterprise identiÞes and deÞnes external constraints that impact design solutions or the implementation
of SEP activities. These constraints include

a) Public and international laws and regulations;

b) The technology base;

c) Industry, international, and other general speciÞcations, standards, and guidelines;

d) Human-related speciÞcations, standards, and guidelines;

e) Human availability, recruitment, and selection;

f) Competitor product capabilities.

6.1.4 DeÞne operational scenarios

The enterprise identiÞes and deÞnes the operational scenarios that deÞne the range of the anticipated uses of
system product(s). For each operational scenario, the enterprise deÞnes expected interactions with the envi-
ronment and other systems; human tasks and task sequences; and physical interconnections with interfacing
systems, platforms, or products.

6.1.5 DeÞne measures of effectiveness (MOEs)

The enterprise deÞnes system effectiveness measures that reßect overall customer expectations and satisfac-
tion. Key MOEs may include performance, safety, operability, usability, reliability, maintainability, time and
cost to train, workload, human performance requirements, or other factors.

6.1.6 DeÞne system boundaries

The enterprise deÞnes

a) Which system elements are under design control of the enterprise and which fall outside their con-
trol; and

b) The expected interactions among system elements under design control and external and/or higher-
level and interacting systems outside the system boundary.

6.1.7 DeÞne interfaces

The enterprise deÞnes the functional and design interfaces to external and/or higher-level and interacting
systems, platforms, humans, and/or products in quantitative terms. Mechanical, electrical, thermal, data,
communication-procedural, human-machine, and other interactions are included.

6.1.8 DeÞne utilization environments

The enterprise deÞnes the utilization environments for each of the operational scenarios. All environmental
factors, natural or induced, which may affect system performance, should be identiÞed and deÞned. Factors,
which ensure that the system minimizes the potential for human or machine errors or failures that cause inju-
rious accidents or death, and impart minimal risk of death, injury, or acute chronic illness, disability, and/or
reduced job performance of the humans who support the system life cycle, are identiÞed. SpeciÞcally,
weather conditions (e.g., rain, snow, sun, wind, ice, dust, and fog), temperature ranges, topologies (e.g.,
ocean, mountains, deserts, plains, and vegetation), biological (e.g., animal, insects, birds, and fungi), time
(e.g., day, night, and dusk), induced (e.g., vibration, electromagnetic, acoustic, and chemical), or other envi-
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ronmental factors are deÞned for possible locations and conditions where the system may be operated.
Effects on hardware, software, and humans should be assessed for impact on system performance and life
cycle processes.

6.1.9 DeÞne life cycle process concepts

The enterprise analyzes the outputs of tasks 6.1.1 through 6.1.8 to deÞne life cycle process requirements
necessary to develop, produce, test, distribute, operate, support, train, and dispose of system products under
development.

6.1.9.1 Manpower

The enterprise identiÞes and deÞnes the required job tasks and associated workload used to determine the
number and mix of humans who support the system life cycle processes.

6.1.9.2 Personnel

The enterprise evaluates and determines the human experiences, aptitudes, knowledge, skills, and abilities
required to perform the job tasks that are associated with the humans who support the system life cycle
processes.

6.1.9.3 Training

The enterprise identiÞes and develops the instruction, education, and on-the-job or team training necessary to
provide humans and teams with knowledge and job skills needed to support the system life cycle processes at
the speciÞed levels of performance. This includes the tools, devices (including embedded training systems),
training simulators, techniques, procedures, and training materials and technical manuals to be developed and
employed to provide training for all required tasks.

6.1.9.4 Human engineering

The enterprise identiÞes and accounts for those human cognitive, physical, and sensory characteristics of the
humans who support the system life cycle that directly contribute to, or constrain, system performance and
that impact human-machine interfaces.

6.1.9.5 Safety

The enterprise accounts for the system design features that create signiÞcant risks of death, injury, or acute
chronic illness, disability, and/or reduce job performance of personnel who operate, maintain, or support the
system.

6.1.10 DeÞne functional requirements

The enterprise performs functional context analysis (6.3.1) for the purpose of deÞning what the system
should be able to do (the functional requirements). The functions identiÞed are used in 6.1.11 to deÞne how
well the functions must be performed and to establish the performance requirements. The functions identi-
Þed through functional context analysis shall be further decomposed during functional decomposition
(6.3.2) to provide a basis for identifying and assessing design alternatives. All requirements of a system shall
involve a functional and performance aspect, and it is viewing system requirements as having both func-
tional and performance aspects which ensures that the requirements are complete, consistent, and veriÞable.

6.1.11 DeÞne performance requirements

The enterprise deÞnes the performance requirements for each function of the system. Performance require-
ments describe how well functional requirements must be performed to satisfy the MOEs. These performance
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requirements are the MOPs that are allocated to subfunctions during functional decomposition analysis and
that are the criteria against which design solutions [derived from synthesis (see 6.5)] are measured. There are
typically several MOPs for each MOE, which bind the acceptable performance envelope.

6.1.12 DeÞne modes of operation

The enterprise deÞnes the various modes of operation (embedded training capability, fully operational, etc.)
for the system products under development. The conditions (environmental, conÞguration, operational, etc.),
which determine the modes of operation, are deÞned.

6.1.13 DeÞne technical performance measures (TPMs)

The enterprise identiÞes the TPMs, which are key indicators of system performance. Selection of TPMs
should be limited to critical MOPs that, if not met, put the project at cost, schedule, or performance risk.
SpeciÞc TPM activities are integrated into the SEMS to periodically determine achievement to date and to
measure progress against a planned value proÞle.

6.1.14 DeÞne design characteristics

The enterprise identiÞes and deÞnes required design characteristics (e.g., color, texture, size, anthropomor-
phic limitations, weight, and buoyancy) for the system products under development. The enterprise identiÞes
which design characteristics are constraints and which can be changed based on trade-off analyses.

6.1.15 DeÞne human factors

The enterprise identiÞes and deÞnes human-factor considerations (e.g., design space limits, climatic limits,
eye movement, reach, ergonomics, cognitive limits, and usability) that affect operation of the system under
development. The enterprise identiÞes which human factors are constraints and which can be changed based
on trade-off analyses.

6.1.16 Establish requirements baseline

The output of tasks 6.1.1 through 6.1.15 is recorded in three views (operational, functional, and design) to
form a requirements baseline that establishes the system problem to be solved by the enterprise. The opera-
tional view describes how the system products serve their users. It establishes who operates and supports the
system and its life cycle processes, and how well and under what conditions the system products are to be
used. The functional view describes what the system products do to produce the desired behavior described
in the operational view and provides a description of the methodology used to develop the view and decision
rationale. The design view describes the design considerations of the system products development and
establishes requirements for technologies and for design interfaces among equipment and among humans
and equipment. The content of these views may include the following:

a) Operational view 
1) Operational need description;
2) Results of system operational analyses;
3) Operational sequences/scenarios (best portrayed in pictures), which include utilization environ-

ments, MOEs, and how the system products should be used;
4) Conditions/events to which system products should respond;
5) Operational constraints, including MOEs;
6) IdentiÞed human roles, including job tasks and skill requirements;
7) Training requirements, including how humans will be trained to be a part of the system and

support system life cycle processes through formal, informal, embedded, on-the-job, or other
forms of training;

8) IdentiÞcation of what operations are required to ensure safety;
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9) Life cycle process concepts to include MOEs, critical MOPs, and already existing products and
services;

10) Operational interfaces with other systems, platforms, humans, and/or products;
11) System boundaries.

b) Functional view 
1) Functional requirements that describe what system products and life cycle processes must do or

accomplish; 
2) Performance requirements including qualitative (how well), quantitative (how much, capacity),

and timelines or periodicity (how long, how often) requirements;
3) Functional sequences for accomplishing system objectives;
4) TPM criteria;
5) Functional interface requirements with external, higher-level, or interacting systems, platforms,

humans, and/or products;
6) Modes of operations;
7) Functional capabilities for planned evolutionary growth.

c) Design view
1) Previously approved speciÞcations and baselines;
2) Design interfaces with other systems, platforms, humans, and/or products;
3) Human system engineering elements, including safety, training, and knowledge, skills, and

abilities required to accomplish functions of the system, and characteristics of information dis-
plays and operator controls;

4) Characterization of operator(s) and support personnel including special design requirements
and applicable movement, or visual or workload limitations;

5) Characterization of information displays and operator controls;
6) System characteristics including design limitations (capacity, power, size, weight); technology

limitations (precision, data rates, frequency, language); inherent human limitations (physical
and cognitive workload, perceptual abilities, and reach and anthropometric limitations); and
standardized end items, nondevelopmental items, and reusability requirements;

7) Design constraints, including project, enterprise, and external constraints, which limit design
solutions and/or development procedures;

8) Design capabilities and capacities for planned evolutionary growth.

6.2 Requirements validation

The enterprise shall perform a validation of the requirements baseline established during requirements anal-
ysis. Validation consists of the following two types of activities:

a) Evaluation of the requirements baseline to ensure that it represents identiÞed customer expectations
and project, enterprise, and external constraints; and

b) Assessment of the requirements baseline to determine whether the full spectrum of possible system
operations and system life cycle support concepts has been adequately addressed. 

When voids in needs, constraints, etc. are identiÞed or needs are not properly addressed, requirements anal-
ysis and validation are repeated until a valid requirements baseline is generated. The validated requirements
baseline is documented in the integrated database and is an input to functional analysis. The tasks associated
with validation are identiÞed in Figure 11.

6.2.1 Compare to customer expectations

The enterprise analyzes and compares the established requirements baseline against customer expectations
to ensure that the technical requirements adequately represent the customerÕs needs, requirements, and
constraints for system products and life cycle support concepts. This involves direct customer involvement
(end-user, marketing, etc.) and/or customer-provided requirement documents.
40 Copyright © 1999 IEEE. All rights reserved.



IEEE
OF THE SYSTEMS ENGINEERING PROCESS Std 1220-1998
6.2.2 Compare to enterprise and project constraints

The enterprise analyzes and compares the established requirements baseline against enterprise and project
constraints to ensure that the technical requirements correctly represent, and stay within, enterprise and
project policies and procedures, acceptable risk levels, plans, resources, technology limitations, objectives,
decisions, standards, or other documented constraints. 

6.2.3 Compare to external constraints

The enterprise analyzes and compares the established requirements baseline against external constraints to
ensure that the speciÞed technical requirements correctly represent, and stay within, applicable national and
international laws (including environmental protection, hazardous material exclusion lists, waste handling,
and social responsibility laws); correctly state external interface requirements with existing or evolving sys-
tems, platforms, or products; include applicable general speciÞcation and standard provisions affecting the
development; and adequately deÞne competitive product capabilities and characteristics.

Figure 11ÑRequirements validation
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6.2.4 Identify variances and conßicts

The enterprise identiÞes and deÞnes variances and conßicts that arise out of the validation tasks 6.2.1
through 6.2.3. Each variance or conßict should be resolved by iterating through requirements analysis to
reÞne the requirements baseline.

6.2.5 Establish validated requirements baseline

Once the established requirements baseline variations and conßicts are satisfactorily resolved, the require-
ments baseline is considered valid. This validated requirements baseline is then used as input to functional
analysis (6.3) and documented in the integrated database.

6.3 Functional analysis

The enterprise shall perform functional analysis to accomplish the following two related objectives:

a) To describe the problem deÞned by requirements analysis in clearer detail; and

b) To decompose the system functions to lower-level functions that shall be satisÞed by elements of the
system design (e.g., subsystems, components, or parts). 

This is accomplished by translating the validated requirements baseline into a functional architecture. The
functional architecture describes the functional arrangements and sequencing of subfunctions resulting from
decomposing (breaking down) the set of system functions to their subfunctions. Functional analysis should
be performed without consideration for a design solution. Groups of subfunctions generated during synthe-
sis (6.5) set the criteria that guide the deÞnition of product and subsystem solutions. The tasks of functional
analysis are identiÞed in Figure 12.

6.3.1 Functional context analysis

The enterprise analyzes each system function to determine the responses (output) of the system to stimuli
(inputs) necessary to accomplish system objectives.

6.3.1.1 Analyze functional behaviors

Analyses are conducted to understand the functional behavior of the system under various conditions and to
assess the integrity of the functional architecture. Analyses should involve the simulation or stimulation of
functional models utilizing operational scenarios that expose the models to a variety of stressful and non-
stressful situations that reßect anticipated operational usage and environments.

6.3.1.2 DeÞne functional interfaces

As system functions are decomposed into functions, interfaces between interacting functions are created.
The enterprise identiÞes these interfaces and deÞnes their functional interactions, such as start and end states
or inputs and outputs.

6.3.1.3 Allocate performance requirements

Performance requirements are divided into allocable sets and are directly allocated to functions. Requirements
that are not directly allocable, such as range, should be translated into derived performance requirements, such
as fuel capacity, engine efÞciency, and vehicle resistance, through appropriate engineering techniques and
analyses. The enterprise documents the allocation of system performance requirements to functions to provide
traceability and to facilitate later changes.
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6.3.2 Functional decomposition

The enterprise decomposes the system into subfunctions with the intent of deÞning

a) Alternative subfunction arrangements and sequences;

b) Their functional interfaces;

c) Their performance requirements.

The extent of functional decomposition depends on establishing a clear understanding of what the system
must accomplish. Trade-off analyses and risk analyses (6.7) are performed to select a balanced set of sub-
functions and to allocate performance requirements to subfunctions to assure that the functional architecture
satisÞes the system requirements.

Figure 12ÑFunctional analysis process
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6.3.2.1 DeÞne subfunctions

Functions are decomposed in terms of their functional behaviors, states and modes of operation, functional
timelines, conditions for control of data ßow, functional failure modes and effects, and potential hazard mon-
itoring functions that are needed. Alternative arrangements and sequencing of subfunctions are explored to
assure a balanced set of subfunctions. The enterprise analyzes resulting subfunction arrangements to deter-
mine the degree of redundancy. IdentiÞed redundant functions, not speciÞcally needed for safety, reliability,
or other critical requirement, should be eliminated. The enterprise selects the best functional architecture and
documents it in the integrated database.

6.3.2.2 DeÞne subfunction states and modes

The enterprise analyzes the functional architecture to identify and deÞne the states and modes for which sub-
functions exhibit different behaviors. The analyses include state or mode transitions between start and end
conditions of a subfunction, or aggregate of subfunctions.

6.3.2.3 DeÞne functional timeline

The enterprise analyzes sequences of subfunctions and their behaviors to identify and deÞne a functional
timeline for each operational scenario. The ranges for the execution time for each subfunction and the condi-
tions that cause normal and abnormal performance are identiÞed in support of the functional timeline.

6.3.2.4 DeÞne data and control ßows

The enterprise analyzes sequences of subfunctions and their behaviors to identify and deÞne data ßows among
the subfunctions for each operational scenario. These data ßows are captured in a data-ßow diagram or related
object-oriented notation. The execution control of the functional architecture is identiÞed and deÞned for each
operational scenario and captured in a control-ßow diagram or related object-oriented notation.

6.3.2.5 DeÞne functional failure modes and effects

The enterprise analyzes and prioritizes potential functional failure modes to deÞne failure effects and identify
the need for fault detection and recovery functions. Functional reliability models are established to support
the analysis of system effectiveness for each operational scenario. Failures, which represent signiÞcant safety,
performance, or environmental hazards, are modeled to completely understand system impacts.

6.3.2.6 DeÞne safety-monitoring functions

The enterprise analyzes subfunctions and aggregates of subfunctions to identify operational hazards that
could result in personal injury, property or product damage, or environmental impacts. Additional functional
requirements are derived and deÞned for monitoring dangerous operational conditions, or notifying or warn-
ing operators of impending hazards.

6.3.3 Establish functional architecture

The enterprise establishes the functional architecture, appropriate to the level of development, to deÞne the
allocation of performance requirements from which design solutions shall be determined via synthesis (6.5).
Prior to synthesis, the functional architecture should be veriÞed to assure that it meets the requirements of
the validated requirements baseline.
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6.4 Functional veriÞcation

The enterprise shall conduct the functional-veriÞcation process to assess the completeness of the functional
architecture in satisfying the validated requirements baseline and to produce a veriÞed functional architec-
ture for input to synthesis. The tasks that deÞne functional veriÞcation are identiÞed in Figure 13.

6.4.1 DeÞne veriÞcation procedures

The enterprise deÞnes the procedures for verifying the established functional architecture.

Figure 13ÑFunctional veriÞcation
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6.4.2 Conduct veriÞcation evaluation

The enterprise conducts deÞned procedures to verify that each requirement and constraint described by the
established functional architecture is upward traceable to the validated requirements baseline, and that all
top-level system requirements and constraints recorded in the requirements baseline are downward traceable
to the functional architecture.

6.4.2.1 Verify architecture completeness

The enterprise veriÞes that system functional and operational requirements included in the requirements
baseline are traceable to the functional architecture. 

6.4.2.2 Verify functional and performance measures

The enterprise veriÞes that all system-level functional and performance requirements of the requirements
baseline are traceable to the established functional architecture. 

6.4.2.3 Verify satisfaction of constraints

The enterprise veriÞes that all system-level policy, procedural, standardization, functional, and design con-
straints of the requirements baseline are traceable to the established functional architecture. 

6.4.3 Identify variances and conßicts

The enterprise identiÞes variances and conßicts resulting from veriÞcation evaluation activities of task 6.4.2.
When incompleteness is shown, functional analysis tasks (6.3) are repeated to correct voids. When functional
architecture requirements are not upward traceable to the validated requirements baseline, it should be deter-
mined if nonrequired functions and/or performance requirements were introduced during functional analysis,
or whether valid functional and/or performance requirements were derived and need to be reßected in the
requirements baseline. The former requires that functional analysis (6.3) be repeated to eliminate nonrequired
functions and/or performance requirements. For the latter, requirements analysis (6.1) and validation (6.2)
should be repeated to produce a revised validated requirements baseline.

6.4.4 Establish veriÞed functional architecture

The functional architecture is veriÞed upon satisfactorily resolving the variances and conßicts identiÞed in
6.4.3. The veriÞed functional architecture, with rationale justifying the structure, trade-off analyses per-
formed, and key decisions, is documented in the integrated database. This veriÞed functional architecture is
used in synthesis to generate design solutions to satisfy customer expectations and meet public acceptance as
deÞned by the validated requirements baseline. 

6.5 Synthesis

The enterprise shall perform synthesis for the purpose of deÞning design solutions and identifying sub-
systems to satisfy the requirements of the veriÞed functional architecture. Synthesis translates the functional
architecture into a design architecture that provides an arrangement of system elements, their decomposi-
tion, interfaces (internal and external), and design constraints. The activities of synthesis involve selecting a
preferred solution or arrangement from a set of alternatives and understanding associated cost, schedule, per-
formance, and risk implications. Systems analysis (6.7) is used, as necessary, to evaluate alternatives; to
identify, assess, and quantify risks, and select proper risk mitigation approaches; and to understand cost,
schedule, and performance impacts. As subsystem requirements are deÞned, the identiÞcation of the needs,
requirements, and constraints for life cycle processes is completed. The tasks that deÞne synthesis are identi-
Þed in Figure 14.
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Figure 14ÑSynthesis process
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6.5.1 Group and allocate functions

The enterprise groups common functions and subfunctions of the veriÞed functional architecture into logical
functional elements in a manner that permits their allocation to design elements. Allocation to design elements
occurs when it is determined that the functional element can be accomplished by existing or newly developed
items. If the functional element requires decomposition to permit its allocation, the functional decomposition
is performed (6.3.2) to partition the functional element sufÞciently to permit its allocation among hardware,
software, and humans. Requirements traceability is established and recorded to ensure that all functions are
allocated to elements of the system; each system element performs at least one function.

6.5.2 Identify design solution alternatives

The enterprise generates alternative design solutions for the functional elements identiÞed in 6.5.1. These
solutions should be composed of one or more of the following: hardware, software, material, data, facility,
people, and techniques. As tasks 6.5.3 through 6.5.14 are completed, alternatives and aggregates of alterna-
tives are analyzed to determine which design solution best satisÞes allocated functional and performance
requirements, interface requirements, and design constraints and adds to the overall effectiveness of the sys-
tem or higher-level system. As these tasks are completed, specialty engineers work with design engineers to
ensure requirements such as reliability, availability, maintainability, supportability, usability, safety, health
factors, security, survivability, electromagnetic compatibility, and radio frequency management are designed
as appropriate. Additionally, life cycle process requirements are identiÞed and deÞned for each alternative
system product solution and aggregate of solutions.

6.5.3 Assess safety and environmental hazards

The enterprise analyzes alternatives of 6.5.2, and aggregates of alternatives, to identify potential hazards to the
system, humans involved in the system and supporting the system life cycle processes, or the environment.
Special attention is placed on assessing safe operations of the system and assessing pollutants, hazardous
wastes, or by-products associated with manufacturing, test, distribution, operation, support, training, or
disposal of the system as developed to date.

6.5.4 Assess life cycle quality factors

The enterprise assesses alternatives of 6.5.2 to determine the degree to which quality factors (producibility,
testability, ease of distribution, usability, supportability, trainability, and disposability) have been included in
the solutions. Additionally, the enterprise assesses whether associated life cycle process needs, requirements,
and constraints of the processes are identiÞed and deÞned.

6.5.5 Assess technology requirements

The enterprise assesses alternatives of 6.5.2 to determine the technological needs necessary to make the
design solution effective. The risks associated with the introduction of any new or advanced technologies to
meet requirements should be identiÞed and assessed. The enterprise assesses alternatives to determine the
human requirements necessary to make the system effective. The tasks, roles, and jobs assigned to humans
should be analyzed and assessed to determine whether or not the humans who are a part of the system have
the required knowledge, skills, and abilities. Training and personnel pipelines should also be evaluated to
ensure that they meet the speciÞed requirements.

6.5.6 DeÞne design and performance characteristics

The enterprise identiÞes and documents the design and performance characteristics of design alternatives.
This includes the estimation or measurement of human physical and cognitive workload levels. The design
characteristics and human-engineering elements associated with life cycle quality factors should be identi-
Þed and assessed.
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6.5.7 DeÞne physical interfaces

The enterprise identiÞes and deÞnes the physical interfaces among products, subsystems, humans, life cycle
processes, and external interfaces to higher-level systems or interacting systems. Physical interfaces that
impact design include communication, data, support, test, control, display, connectivity, or resource
replenishment characteristics of the interaction among subsystems, the products, humans, or other interfac-
ing systems or a higher-level system.

6.5.8 Identify standardization opportunities

The enterprise analyzes alternatives of 6.5.2 to assess whether use of standardized end items would be tech-
nologically and economically feasible.

6.5.9 Identify off-the-shelf availability

The enterprise analyzes alternatives of 6.5.2 to determine availability of an off-the-shelf item (nondevelop-
mental hardware or software). Each identiÞed off-the-shelf item must be assessed to determine cost
effectiveness, quantity, availability, supportability, and viability of the supplier and/or their product.

6.5.10 Identify make-or-buy alternatives

The enterprise performs economic analysis of design alternatives to support make-or-buy decisions. This
analysis should address whether it is more cost effective for the enterprise to produce the design element vs.
going to an established supplier.

6.5.11 Develop models and prototypes

The enterprise develops models and/or prototypes to assist in

a) Identifying and reducing risks associated with integrating available and emerging technologies;

b) Verifying that the design solution (made up of hardware, software, material, humans, facilities, tech-
niques, data, and/or service) meets allocated functional and performance requirements, interface
requirements, workload limitations, and constraints;

c) Verifying that the design solution satisÞes functional architecture and requirements baseline require-
ments.

The models, data Þles, and supporting documentation should be maintained, and each version of a model or
data Þle that impacts requirements, designs, or decisions should be saved in the integrated database. Models
may be digital, partial, or complete and may be hardware, software, or a combination of both, or may
include human models or human-in-the-loop simulations or mock-ups for usability testing and workload
measurement.

6.5.12 Assess failure modes, effects, and criticality

The enterprise assesses failure modes, the effects, and the criticality of failure for design alternatives. The
hardware, software, and human elements of the design alternatives should be analyzed, and historical or test
data should be applied, to reÞne an estimate of the probability of successful performance of each alternative.
A failure modes and effects analysis (FMEA) should be used to identify the strengths and weaknesses of the
design solution. For critical failures, the enterprise conducts a criticality analysis to prioritize each alternative
by its criticality rating. The results of this analysis are used to direct further design efforts to accommodate
redundancy and to support graceful system degradation.
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6.5.13 Assess testability needs

The enterprise assesses the testability of design alternatives to determine built-in test (BIT) and/or fault-
isolation test (FIT) requirements to support operational or maintenance considerations. BIT-FIT mechanisms
should be provided for those elements that are normally maintained by the operators, customer, or Þeld sup-
port engineers. BIT-FIT can be used for diagnostic operations to support lower-level maintenance actions.

6.5.14 Assess design capacity to evolve

The enterprise assesses design alternatives to determine the capacity of the design solution to evolve or be
re-engineered, accommodate new technologies, enhance performance, increase functionality, or incorporate
other cost-effective or competitive improvements once the system is in production or in the marketplace.
Limitations that may preclude the ability of a system to evolve should be identiÞed, and approaches ana-
lyzed and deÞned for resolving limitations. The enterprise should perform conÞguration management on
products to ensure that products that have the capacity to evolve can be re-engineered cost effectively. The
supportability of an evolving system may require the support process to evolve along with the product. This
consideration may weigh signiÞcantly upon support funding and training requirements.

6.5.15 Finalize design

The enterprise Þnalizes the design for the selected alternative. The designation and description of interfaces
(internal and external) among design elements are Þnalized.

6.5.16 Initiate evolutionary development

The enterprise initiates an evolutionary development, if necessary, for any design element for which a lesser
technology solution was selected over a higher-risk technology, and for which the capacity to evolve was
designed into the element and interfacing elements.

6.5.17 Produce integrated data package

The enterprise completes the drawing, schematics, software documentation, manual procedures, etc., as nec-
essary, to document the selected design elements in an integrated data package.

6.5.18 Establish design architecture

The enterprise establishes the design architecture, appropriate to the level of development, to document the
design solution and interfaces. The design architecture includes the requirements traceability and allocation
matrices, which capture the allocation of functional and performance requirements among the system
elements. Design architecture deÞnitions should be stored in the integrated database, along with trade-off
analysis results, design rationale, and key decisions to provide traceability of requirements up and down the
architecture. VeriÞcation of the design architecture (6.6) should be accomplished to demonstrate that the
architecture satisÞes both the validated requirements baseline and the veriÞed functional architecture.

6.6 Design veriÞcation

The enterprise shall perform design veriÞcation for the purpose of assuring that

a) The requirements of the lowest level of the design architecture, including derived requirements, are
traceable to the veriÞed functional architecture; and

b) The design architecture satisÞes the validated requirements baseline. 

The design veriÞcation tasks are identiÞed in Figure 15.
50 Copyright © 1999 IEEE. All rights reserved.



IEEE
OF THE SYSTEMS ENGINEERING PROCESS Std 1220-1998
6.6.1 Select veriÞcation approach

The enterprise selects the approaches for verifying the design architecture, assessing design completeness,
and determining the satisfaction of MOEs and MOPs.

Figure 15ÑDesign veriÞcation
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6.6.1.1 DeÞne inspection, analysis, demonstration, or test requirements

The enterprise selects the appropriate veriÞcation method [inspection, analysis (including mock-ups or sim-
ulations), demonstration, or test] for evaluating whether functional and performance requirements, and design
characteristic identiÞed in the design architecture, are satisÞed. A veriÞcation matrix is developed to trace the
veriÞcation method(s) to requirements of the functional architecture and requirements baseline. The enterprise
also selects the models or prototypes to be used, which may be partial or complete, and may or may not include
humans depending on the purpose and objectives of the veriÞcation task.

6.6.1.2 DeÞne veriÞcation procedures

The enterprise deÞnes procedures for each veriÞcation method selected, identiÞes the purpose and objectives
of each veriÞcation procedure, identiÞes the pretest and posttest actions, and deÞnes the criteria for deter-
mining the success or failure of the procedure for planned and abnormal conditions.

6.6.1.3 Establish veriÞcation environment

The enterprise establishes the environment for methods selected and procedures deÞned. Environment
considerations include facilities, equipment, tools, simulations, measuring devices, personnel, and climatic
conditions. Environment should be checked-out prior to conducting veriÞcation.

6.6.2 Conduct veriÞcation evaluation

The enterprise conducts veriÞcation evaluation to ensure that each requirement and constraint is traceable to
the veriÞed functional architecture and that the design element solutions satisfy the validated requirements
baseline. The veriÞcation results are evaluated to ensure that the behavior exhibited by the design element
solutions was anticipated and satisÞes requirements.

6.6.2.1 Verify architecture completeness

The enterprise veriÞes that

a) Design elements descriptions are traceable to requirements of the functional architecture (upward
traceability); and

b) The requirements of the functional architecture are allocated and traceable to the design architecture. 

All internal and external design interfaces should be upward and downward traceable to their source
requirement.

6.6.2.2 Verify functional and performance measures

The enterprise veriÞes that the evaluation results from activities deÞned by 6.6.1 satisfy the functional and
performance requirements (including human performance requirements) of the validated requirements
baseline.

6.6.2.3 Verify satisfaction of constraints

The enterprise veriÞes that the

a) Evaluation results from activities, as deÞned by 6.6.1, satisfy the constraints, including interfaces, of
the functional architecture; and

b) Constraints of the established design architecture are traceable to the validated requirements
baseline.
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6.6.3 Identify variances and conßicts

The enterprise identiÞes variances and conßicts resulting from verifying activities. When variances show
incompleteness, synthesis tasks (6.5) or functional analyses tasks (6.3) are repeated to correct omissions.
When evaluation results do not verify functional architecture requirements, or when design architecture
requirements are not traceable to the functional architecture, it should be determined if nonrequired func-
tions and/or performance requirements or design elements were introduced during synthesis, or whether
valid functional and/or performance requirements were introduced and need to be reßected in the functional
architecture. The former requires that synthesis (6.5) be repeated to eliminate nonrequired functions and/or
performance requirements. For the latter variance or conßict, requirements analysis through functional veri-
Þcation (6.1 through 6.4) should be repeated to produce a new validated requirements baseline and veriÞed
functional architecture. When design architecture requirements are not traceable to the validated
requirements baseline, it may require that synthesis be repeated to eliminate nonrequired functional and or
performance requirements; or it may require that the SEP activities be repeated, as necessary, to include
those missing requirements.

6.6.4 VeriÞed design architecture

The design architecture is veriÞed upon satisfactorily resolving the variances and conßicts identiÞed in
6.4.3. The veriÞed design architecture, with rationale justifying the architecture, trade-off analyses per-
formed, and key decisions, is documented in the integrated database. This veriÞed design architecture is
used to form the speciÞcation tree for the system, and when combined with the veriÞed life cycle process
design architectures, forms the system architecture.

6.6.5 VeriÞed design architectures of the life cycle process

The enterprise completes requirements analysis, functional analysis, and synthesis tasks to identify, deÞne,
and design architectures for life cycle processes. The enterprise performs tasks 6.1 through 6.4 to verify the
design architecture for each life cycle process product. The products associated with each life cycle process
are bought or made and integrated with other products related to the process or other processes, in a timely
manner, to support key technical events.

6.6.6 VeriÞed system architecture

A complete system architecture is composed of all life cycle process design architectures and product design
architectures. The system architecture is veriÞed upon satisfactorily completing the veriÞcation of the prod-
ucts and their life cycle process products.

6.6.7 Establish speciÞcations and conÞguration baselines

After veriÞcation of the design architecture, the enterprise develops/updates product and interface speciÞca-
tions appropriate to the stage of development (see Clause 4) for each element of the design architecture. In
addition, the enterprise develops/updates appropriate conÞguration baselines for each element of the design
architecture. The hierarchy of speciÞcations (product and interface) for the design architecture forms the
speciÞcation tree appropriate for the stage of development (see Figure 5). The speciÞcation tree delineates
speciÞcation elements for which a product must be fabricated, manufactured, bought, or coded. SpeciÞca-
tions are stored in the integrated database and used in the next application of the SEP. The design solution for
the next level of development must satisfy these speciÞcations. 

6.6.8 Develop system breakdown structure (SBS)

The enterprise develops an SBS for the system designed, including life cycle process requirements (see
Figure 6). The SBS is stored in the integrated database and is used to structure and manage technical activi-
ties of the next stage of development. 
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6.7 Systems analysis

The enterprise shall perform systems analyses for the purpose of resolving conßicts identiÞed during
requirements analysis, decomposing functional requirements and allocating performance requirements dur-
ing functional analysis, evaluating the effectiveness of alternative design solutions and selecting the best
design solution during synthesis, assessing system effectiveness, and managing risk factors throughout the
systems engineering effort. Systems analysis provides a rigorous quantitative basis for establishing a
balanced set of requirements and for ending up with a balanced design. The tasks of systems analysis are
identiÞed in Figure 16. Even if a trade-off analysis is not done, an overall assessment of the system effective-
ness shall be completed.

6.7.1 Assess requirement conßicts

The enterprise assesses conßicts among requirements and constraints identiÞed during requirements analysis
to identify alternative functional and performance requirements, where necessary. Requirements trade-off
analyses and assessments are performed to identify the recommended set of requirements and constraints in
terms of risk, cost, schedule, and performance impacts.

6.7.2 Assess functional alternatives

The enterprise assesses possible alternative subfunction arrangements for the decomposition of a function
and for the allocation of allocable performance requirements to the subfunctions during functional analysis.
Functional trade-off analyses and assessments are performed to identify the recommended set of
subfunctions for each function and performance requirement allocations in terms of risk, cost, schedule, and
performance impacts.

6.7.3 Assess design alternatives

The enterprise assesses potential groupings and allocations of functions from the veriÞed functional archi-
tecture and identiÞed design alternatives during synthesis. Design trade-off analyses and assessments are
performed to identify the recommended design trade-offs in terms of risk, cost, schedule, and performance
impacts.

6.7.4 Identify risk factors

The enterprise assesses requirements and constraints from requirements analysis, subfunction arrangements
resulting from functional decomposition, allocation of subfunctions to functional elements, design decisions
made during synthesis, and design elements of the design architecture to identify the risk factors to successful
completion of the project. These evaluations should be made from an entire life cycle perspective. IdentiÞca-
tion of risk should be in a form to understand

a) The circumstances that might lead to risk factor occurrence and the probability of occurrence;

b) How the risk factor can be recognized if it does occur;

c) How the risk factor affects cost, schedule, and performance.

IdentiÞed risks are prioritized based upon criticality to the successful development of the system. Acceptable
levels of risk should be identiÞed, depending on the stage of development, to provide a basis for establishing
and monitoring risk reduction activities and mitigating unacceptable risks.
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Figure 16ÑSystems analysis process
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6.7.5 DeÞne trade-off analysis scope

The enterprise should deÞne the scope of the trade-off analysis to be conducted. A trade-off analysis can be

a) JudgmentalÑa selection made based on the judgment of the analyst or designer, which does not
require the rigor of a more formal study and for which the consequences are not too important; one
alternative that is clearly superior to others; and/or time that may not be available for a more formal
approach (most trade-off analyses done in accomplishing the tasks of the SEP are of the mental
type); 

b) InformalÑfollows the same methodology of a formal trade-off analysis but is not documented as
formally and is of less importance to the customer;

c) FormalÑformally conducted with results reviewed at technical reviews.

Informal and formal trade-off analysis objectives, execution, data collection requirements, schedule of activ-
ities, analysis of results, and expected outcomes need to be fully deÞned. Each trade-off analysis is conducted
for the purpose of selecting among competing alternatives to support customer needs, system effectiveness,
design-to-cost, or life cycle cost objectives within acceptable levels of risk.

6.7.5.1 Select methodology and success criteria

The enterprise selects the general approach, resources, and procedures for performing trade-studies based
upon the trade-study deÞnition, its level of importance, and availability of tools, facilities, special equip-
ment, and related resources. The enterprise also lists the set of selection criteria, which includes factors that
characterize what makes a speciÞc alternative desirable, such as cost, schedule, performance and risk; life
cycle quality factors; reuse; and size, weight, and power consumption. Adverse qualities as well as favorable
qualities should be included as criteria.

6.7.5.2 Identify alternatives

The enterprise identiÞes and lists the viable alternative solutions to be evaluated. Each alternative should be
compared with respect to completeness, and sensitivity analysis should be conducted to understand how
each alternative withstands changes in the environment, technology base, or within the bounds of the evolu-
tionary strategy.

6.7.5.3 Establish trade-study environment

The enterprise establishes metrics for each criterion that characterizes how well various alternatives satisfy
the criterion. In addition, the enterprise establishes weighting factors for each criterion, which distinguish
the degree of importance to the trade-off analysis deÞnition. Models (representative or simulations) are
established, when needed, to support conduct of a formal or informal trade-study. The selection of models
depends on the nature of the trade-off analysis, the development stage, the type of information needed, and
the characteristics of interest for an alternative. Models should be validated prior to application in a trade-off
analysis.

6.7.6 Conduct trade-off analysis

The enterprise completes tasks 6.7.6.1 through 6.7.6.4, to the degree appropriate, to complete trade-off anal-
yses for

a) Requirements analysis to both resolve conßicts with and satisfy customer/market needs, require-
ments, and constraints;

b) Functional analysis to support decomposition of functions into subfunctions and to allocate perfor-
mance requirements;

c) Synthesis to support design decisions.
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Formal and informal trade-off analyses are conducted under controlled conditions to generate data pertain-
ing to each alternative. The results of the trade-off analyses are recorded and analyzed to quantify the impact
each alternative has on the system or technical effort. These results are compared against the success criteria
to determine which alternative is recommended.

6.7.6.1 Analyze life cycle costs

The enterprise analyzes the costs to the enterprise and to the customer for alternative system approaches
considered in a trade-off analysis or system effectiveness assessment. Life cycle cost analyses

a) Provide requisite cost information to support trade-off analysis decisions;

b) Provide requisite cost information for system effectiveness assessments;

c) Include the cost of development, manufacturing, test, distribution, operations, support, training, and
disposal;

d) Include established design-to-cost goals, a current estimate of these costs, and known uncertainties
in these costs;

e) Identify the impacts on life cycle cost of proposed changes.

6.7.6.2 Analyze system and cost effectiveness

The enterprise analyzes the relationships between system effectiveness and life cycle costs to

a) Determine performance impacts on costs;

b) Understand value added as a function of cost;

c) Support identiÞcation of performance objectives and requirements;

d) Support allocation of performance to functions.

System and cost effectiveness analyses are conducted on life cycle processes of manufacturing, test, distribu-
tion, operations, support, training, and disposal to support inclusion of life cycle quality factors into system
product designs, and to support the deÞnition of functional and performance requirements for life cycle pro-
cesses. The results of these analyses are used in evaluating trade-off analysis alternatives and for effectiveness
assessments of the system.

6.7.6.3 Analyze safety and environmental impacts

The enterprise identiÞes safety and environmental impacts associated with system implementation. Applica-
ble environmental laws and regulations should be identiÞed, and the enterprise should ensure that these are
complied with by any alternative solution. The enterprise completes an environmental impact and safety
analysis to determine the impact on and by system products, and the impact of their life cycle processes on
the environment, or to personnel. Use of materials, or generating by-products, which present a known hazard
to the environment, are to be avoided to the extent feasible. Where not feasible, provisions must be provided
for proper handling, storage, and disposal of hazardous materials or by-products. Results of these analyses
inßuence trade-off analysis recommendations and assessments of system effectiveness.

6.7.6.4 Quantify risk factors

The enterprise quantiÞes the impact of identiÞed risk factors on the system or alternative being considered
based on exposure to the probability of an undesirable consequence. For system effectiveness assessments,
each element of the system architecture developed to date is assessed to determine what can go wrong, and if
it goes wrong, what impact it may have on the system. For trade-off analyses, risk levels assessed during life
cycle cost, system and cost effectiveness, and environmental impact analyses are prioritized and reported as
part of trade-off analysis recommendations.
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6.7.7 Select risk-handling options

The enterprise assesses various risk-handling options to select those that may mitigate risks consistent with
the current stage of development and risk-management policies set by the project. Risk, which may be
reduced by lessening either the likelihood or the impact, or both, may be accepted given the cost, schedule,
and performance impacts and planned mitigation approaches. An analysis of the risk-handling options
should be accomplished to quantify costs and effects on the probability and impact of risk. The enterprise
should select those risk-handling options that are feasible, and that reduce risks to acceptable levels with the
best cost/beneÞt ratio. The expected remaining risks after risk-handling mitigation efforts are implemented
should be identiÞed and quantiÞed. Throughout risk identiÞcation, quantiÞcation, and handling, integration
is needed from lower levels of the system architecture up through the system level to understand cause-and-
effect interactions. Risk reduction approaches and expected remaining risks are included in a risk reduction
plan, which is included in trade-off analysis recommendations and effectiveness assessment reports. The
complete risk reduction effort is documented in the engineering plan and integrated into the master schedule
for the next stage of development, and briefed at appropriate technical reviews.

6.7.8 Select alternative recommendation

The enterprise utilizes the results of trade-off analyses and risk-reduction planning information to recom-
mend a preferred alternative to the decision maker. The enterprise should assess the trade-off analysis to
assure that the methodologies and data collection instrumentation were sufÞcient to support a fair and com-
plete evaluation. Each recommendation should be presented in terms of conÞguration and cost, schedule,
performance, and risk impact.

6.7.9 Trade-offs and impacts

The enterprise documents the recommended trade-off alternative(s) with corresponding impacts and presents
the results to the appropriate decision makers within the SEP activity who are making or requesting the trade-
off analysis. The Þnal alternative selection is made based on the criteria established to judge a desirable
solution. Key trade-off analysis activities, decisions, rationale, and recommendations are documented in the
integrated database.

6.7.10 Design effectiveness assessment

The enterprise determines the effectiveness of the current system design based on the results of the assess-
ments and analyses. The results of these assessments and analyses are documented in the integrated database
and briefed at appropriate technical and project reviews.

6.8 Control

The enterprise shall perform the tasks of control for the purpose of managing and documenting the activities
of the SEP. The tasks of control are identiÞed in Figure 17. Outputs and test results, the planning for the
conduct of the SEP activities (engineering plan, master schedule, and detail schedule), and technical plans
generated by engineering specialties are controlled by the enterprise. The control tasks provide

a) A complete and up-to-date picture of SEP activities and results, which are used in accomplishing
other activities;

b) Planning for and inputs to future applications of the SEP;

c) Information for production, test, and customer support;

d) Information for decision makers at technical and project reviews.  
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6.8.1 Technical management

The enterprise manages the tasks and activities of the SEP to control data generated, conÞguration of the
design solutions, interfaces, risks, and technical progress. The enterprise needs to maintain the correct staff-
ing, facilities, equipment, and tools; manage costs and schedules; replan development activities, as required;

Figure 17ÑControl process
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coordinate technical interactions with customers; assure proper training of technical personnel and team
members; measure technical progress; and coordinate the activities among the technical and business spe-
cialties needed to accomplish the systems engineering tasks of this standard.

6.8.1.1 Data management

The enterprise conducts data management to support the development, control, and delivery of required
technical data throughout the technical effort. Data-management activities include setting up appropriate
databases and procedures for capturing and retaining design data and schema, tools, and models. Data perti-
nent to the technical effort are readily accessible and should be maintained throughout the system life cycle.
Safeguards are implemented to ensure data integrity and security, and to prevent inadvertent loss or modiÞ-
cation of data. The enterprise has the responsibility to assure that the data is collected, stored, controlled, and
available for proper conÞguration management of the evolving product designs, speciÞcations, and base-
lines. Data-management and design-capture activities should be coordinated.

6.8.1.2 ConÞguration management

The enterprise plans and implements the functions of

a) IdentiÞcation of end items to be controlled (through speciÞcations, interface control drawings/docu-
ments, and conÞguration baselines);

b) Control of engineering changes;

c) Status accounting;

d) ConÞguration audits.

Data pertinent to conÞguration management are readily accessible throughout the system life cycle. The
enterprise establishes and maintains conÞguration control boards to process, review, and approve engineer-
ing changes to end items.

6.8.1.3 Interface management

The enterprise plans and implements the functions of interface deÞnition, interface control, interface
compatibility assessments, and interface coordination. Data pertinent to interface management are readily
accessible throughout the system life cycle. The enterprise establishes and maintains interface working
groups to process, review, and make recommendations on approval of interface changes.

6.8.1.4 Risk management

The enterprise should conduct risk management to systematically control the uncertainty in the projectÕs
ability to meet cost, schedule, and performance objectives. The enterprise conducts that part of risk manage-
ment that directly impacts the technical effort and involves risk-management preparation, risk assessment,
risk-handling option assessment, and risk control. These activities are described as follows:

a) Risk-management preparation includes identifying acceptable levels of risk for each stage of devel-
opment; identifying potential sources of risk; identifying and evaluating risk-management tools and
techniques; training team members to accomplish risk-management activities; deciding on the
means by which the analysis and decisions that occur should be documented; and deciding on how
risk-management information should be captured, processed, and disseminated. 

b) Risk assessment includes identifying and describing those circumstances which might result in
adverse effects; quantifying these circumstances to determine their likelihood and potential cost,
schedule, and performance effects; and ranking and integrating these risks to produce a risk assess-
ment for each element of the SBS appropriate to the stage of development. 
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c) Risk-handling option assessment involves evaluating risk-handling options to determine those that
are feasible and that reduce risks to acceptable levels. Lower-level risk-handling options should be
integrated with higher-level options that are feasible and that provide the best balance between cost,
schedule, performance, and risk for the technical effort and the project.

d) Risk control involves continuously assessing risk in order to provide current risk information, and to
ensure that risk stays within acceptable levels.

6.8.1.5 Performance-based progress measurement

The enterprise measures, evaluates, and tracks the progress of technical efforts with the help of the master
schedule, TPM, cost and schedule performance measurements, and technical reviews. The activities associ-
ated with these measurements are described as follows:

a) The master schedule identiÞes tasks and activities, with associated success criteria, of an element of
the SBS that should be accomplished to pass a deÞned technical event. A master schedule provides
top-level process control and progress measurements that

1) Ensure completion of required technical tasks; 

2) Demonstrate progressive achievements and maturity; 

3) Ensure that integrated, interdisciplinary information is available for decisions and events;

4) Demonstrate control of cost, schedule, and performance risks in satisfying technical tasks,
requirements, and objectives. 

b) TPMs, when appropriately selected, are key to progressively assessing technical progress. Each crit-
ical technical parameter should be tracked relative to time, with dates established as to when
progress will be checked, and when full conformance will be met. Key technical parameters are
measured relative to lower-level elements of the SBS by estimate, analysis, or test, and values are
rolled up to the system level. TPM is also used to

1) Assess conformance to requirements;

2) Assess conformance to levels of technical risk;

3) Trigger development of recovery plans for identiÞed deÞciencies;

4) Examine marginal cost beneÞts of performance in excess of requirements.

The enterprise reports out-of-tolerance measurements to the project manager so that needed correc-
tive actions may be taken.

c) Cost and schedule performance measurements assess progress based on actual cost of the work
performed, the planned cost of the work performed, and the planned cost of the work scheduled.
Calculated cost and/or schedule variances quantify the effect of problems being experienced. Cost
and schedule performance measurements are integrated with TPMs to provide current cost, sched-
ule, and performance impacts, and to provide an integrated corrective action to variances identiÞed.

d) Technical reviews are conducted at the completion of an application of the SEP and/or end of a stage
of development to assure that all master schedule criteria have been met; assess development matu-
rity to date and the productÕs ability to satisfy requirements; assure traceability of requirements and
validity of decisions; and assess risks related to investment needed for, and preparation for, the next
stage of the life cycle. Clause 5 describes the reviews and audits required and their relationship to
life cycle activities.

6.8.2 Track systems analysis and test data

The enterprise collects, analyzes, and tracks data from systems analyses to document activities, rationale,
recommendations, and impacts, and from tests to document results, variances, and follow-up activities.
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6.8.3 Track requirement and design changes

The enterprise collects and sorts data to track requirement and design changes and to maintain traceability of
change source, processing, and approval.

6.8.4 Track progress against project plans

The enterprise collects and sorts data reßecting plan activities and tracks progress against the engineering
plan, master schedule, and detail schedule. Deviations from plans and needed changes shall be requested in
advance, and shall be undertaken only when approved. 

6.8.5 Track progress against engineering plans

The enterprise collects and sorts data reßecting plan activities and tracks progress against engineering and
technical plans to determine deviations from plans and needed changes, and to document changes, decisions,
and accomplishments.

6.8.6 Track product and process metrics

The enterprise collects, analyzes, and tracks product and process metrics to

Ñ Determine technical areas requiring project management attention;

Ñ Determine the degree of customer satisfaction and public acceptance;

Ñ Provide cost and schedule estimates for new products and provide faster response to customers.

Metrics are collected, tracked, and reported at preestablished control points during each stage of develop-
ment to enable the

Ñ Establishment of a quality system and achievement of efÞcient use of resources;

Ñ Overall system quality and productivity evaluation;

Ñ Comparison to planned goals and targets;

Ñ Early detection of problems;

Ñ Benchmarking of the SEP.

6.8.7 Update speciÞcations and conÞguration baselines

The enterprise updates speciÞcations and conÞguration baselines to reßect all changes approved by the con-
Þguration control board. The original conÞguration baseline, with approved changes, provides the basis for
continuing technical efforts.

6.8.8 Update requirements views and architectures

The enterprise updates requirements views and the functional, design, and system architectures to reßect
changes brought about by a customer, systems analysis, validation and veriÞcation deviation, or manage-
ment decision. The updated requirements baseline or functional, physical, or system architecture is used for
continuing SEP activities.

6.8.9 Update engineering plans

The enterprise should update the engineering plans to reßect changes brought about by a customer, systems
analysis, cost or schedule deviation, or management decision. Updates should include SEP and scheduling
planning activities for the next stage of the life cycle.
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6.8.10 Update technical plans

The enterprise should update the technical plans to reßect changes brought about by a customer, systems
analysis, plan activity deviation, or management decision. Updates should include technical planning activi-
ties for the next stage of the life cycle.

6.8.11 Integrated database

The enterprise prepares and maintains a database to store all pertinent data and information from tasks 6.8.1
through 6.8.10. This database is a repository for all information used and generated by the SEP and describes
the current state of the system development and its evaluation. An electronic medium is preferred over a man-
ual storage and retrieval database. It should be a sharable database so that all development team participants
have access to the data/information needed. The integrated database needs to be accurate, unambiguous,
secure, survivable, easily accessible by authorized users, and complete. The enterprise should regularly back
up the database using appropriate media to enable recovery from disaster, failure of equipment or media, or
accidental deletion of data.
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Annex A

(informative) 

The role of systems engineering within an enterprise

A.1 The systems engineering process (SEP)

The SEP provides a focused approach for product development that attempts to balance all factors associated
with product life cycle viability and competitiveness in a global marketplace. This process provides a struc-
tured approach for considering alternative design and conÞgurations. Figure A.1 provides a view of the SEP
and its role within enterprise and external environments to establish a system design associated with a prod-
uct offering.

The SEP is applied recursively, one level of development at a time. Initially, it is applied to identify the best
concept, or approach, to satisfy the market opportunity. This could be a concept for a totally new product/
system or a concept for making an incremental improvement to an already established product. The second

Figure A.1ÑSystems engineering environment within an enterprise
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application of the process adds value to the concept by fully describing the product/system deÞnition and
establishing a conÞguration baseline. This application provides the basis for accomplishing the more
detailed engineering development of subsystems, components, and elements of a total system; or the appro-
priate parts of an established product undergoing incremental improvement during the next application.

A.2 Systems engineering internal to an enterprise

The intent of the portrayal in Figure A.1 is to represent systems engineering as the total technical effort
responsible for establishing the product design, as well as the concurrent establishment of the development,
test, manufacturing, support, operations, training, distribution, and disposal processes. Thus, the term
systems engineering implies that a total system perspective should be applied to the development of a sys-
tem. An enterprise should be concerned with two key processes in order to commercialize a product and
achieve customer and public acceptance. The SEP establishes the design of the product and its supporting
life cycle infrastructure. The manufacturing process transforms raw material, parts, etc. and assembles them
into Þnished products in accordance with integrated data package speciÞcations and instructions. The fol-
lowing subclauses discuss some of the general concepts addressed by Figure A.1.

A.2.1 Market opportunity

The enterprise may recognize an opportunity that arises from market research, research and development
activities, or technology applications. In such cases, the enterprise is not responding to clearly deÞned cus-
tomer requirements or needs, but is attempting to stimulate product acceptance through innovation. In some
instances, technological advancement and the system development of this technology provide new market
opportunities. Collateral material representing market research or related material pertinent to the product
may be available and should establish the customer quality attributes that deÞne a quality product offering
within the marketplace. Additionally, an opportunity may arise when an enterprise is contracted to produce a
product at the request of a customer. This relationship demands that the enterprise understand the customerÕs
needs and develop a product (in a system context) to satisfy customer and public expectations.

A.2.2 New technological advances

New technologies may have a broad effect on the performance and capabilities of new products. Thus, as an
input to the requirements process, new technologies should be assessed for their value to improving the
productÕs design or capability.

A.2.3 Project environment

The project environment deÞnes the objectives, success criteria, project milestones, and associated manage-
ment priorities that will govern the integrated technical activities in support of product development. The
methods by which the project is to be accomplished within the project environment should be documented in
a systems integrated management plan. The efÞciency and effectiveness of project integrated technical activ-
ities are enhanced by

a) Integrated, multidisciplinary teamwork; and

b) Appropriate computer-aided integrated tools.

A.2.4 Enterprise environment

The enterprise establishes the policies and procedures that govern project activities associated with product
development. Additionally, enterprise standards and general speciÞcations or guidelines govern development
activities and product designs. These directives represent enterprise guidelines for establishing a viable
product in a competitive marketplace. Enterprise management should allocate the resources available to
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accomplish the project systems engineering tasks and activities in support of establishing the product design,
manufacturing, test, operations, support distribution, training, and disposal processes. Enterprise activities
include the training of project personnel, establishing key application technologies, and implementing the
enterprise information infrastructure for control of projects. The domain technologies of the enterprise also
constrain tool availability and use, design alternatives, and process solutions. 

A.2.5 External environment

The external environment provides the political and social opinions or constraints that affect enterprise
endeavors to commercialize new products. The enterprise should ensure that the product is designed to be
compliant with applicable sociopolitical constraints. These constraints constitute the sociopolitical climate
under which commercial or industrial activities are regulated and include environmental protection regula-
tions, safety regulations, technological constraints, and other regulations established by federal and local
government agencies to protect the interests of consumers. Additionally, international, government, and
industry standards and general speciÞcations constrain enterprise and project activities and design options.
CompetitorsÕ products should be understood by the enterprise in order to set benchmarks for improving their
product designs or make the decision not to compete in a given product area. Another constraint on product
solutions is provided by the natural and induced environments in which a product will operate. The impact
of these environments, as well as the impact a given product may have on these environments, establish to a
large extent the public acceptability of the product in the marketplace.

A.2.6 Products

A basic interest of an enterprise is to market products that satisfy customer expectations and have general
public acceptance. Acceptance includes having the applicable services of distribution, training, support, and
disposal available when needed to sustain product use.

A.3 The systems engineering problem and solution space

In this context, systems engineering is responsible for the total development effort necessary to establish a
product design that can be tested, manufactured, supported, operated, distributed, and disposed of. Also, the
training for operation, support, distribution (installation, etc.), and disposal should be accounted for. The
challenge of engineering a system to satisfy the combination of customer expectations, enterprise policies,
and social, legal, and geopolitical restrictions requires a structured process for exploring options in system
alternatives to ensure that a cost-effective, practical design is developed. Figure A.2 depicts the problem
space that should be explored and well understood in order to begin developing a product solution.
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Figure A.2ÑProblem and solution space for systems engineering
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Annex B

(informative) 

The systems engineering management plan

B.1 Engineering plan template

The purpose of this engineering plan template is to provide an enterprise with a format for preparing a sys-
tems engineering management plan. Typically, a project has a project-speciÞc engineering plan for each stage
of development and uses it to guide and track systems engineering activities. The project-speciÞc engineering
plan should be compliant with project management plans; enterprise plans, capabilities, and constraints; and
customer expectations.

Since each project may have unique life cycle dimensions, tolerance for risk, and need for data, the engineer-
ing plan should be tailored for each application.

B.2 Engineering plan structure

The engineering plan is a living document and needs to be structured to allow for ease of updating to reßect
changes and progress throughout a stage of the life cycle. Frequently changed data may be collected in a
table. Data that require high-level approval to change should be separate from that which the enterprise may
change. A conÞguration management plan for the engineering plan should be included in the engineering
plan. Information should not be duplicated in multiple sections. A simple cross reference would be helpful in
appropriate sections. As a guide to a preparer, typical sections are provided in the recommended template
structure. A description of what each section and subsection should contain is given below.

Title Page. Includes the words Òsystems engineering management plan,Ó the document control number for
the project, organization involved, and the document title and/or applicable system. Figure B.1 provides an
example of a title page with the necessary information identiÞed.

Table of Contents. Lists the section title and page number of each titled paragraph and subparagraph. The
table of contents should also list the title and page number of each Þgure, table, and appendix, in that order.
(Page numbers in Figure B.2 represent template references only. No document length is inferred or implied.)

Section 1.0ÑScope. Includes a brief description of the purpose of the system to which the engineering plan
applies and a summarization of the purpose and content of the engineering plan and how its conÞguration
will be managed.

Section 2.0ÑApplicable Documents. Lists all government, ISO, industry, enterprise, project, and other direc-
tive documents applicable to the conduct of the tasks within the engineering plan.

Section 3.0ÑSystems Engineering Process (SEP) Application. Describes the tasking/enterpriseÕs SEP activi-
ties as they are to be applied to the total engineering effort of the project and the organizational
responsibilities and authority for systems engineering activities, including control of supplier engineering.
Descriptions include the tasks needed to satisfy each accomplishment criteria identiÞed in the master sched-
ule and the milestones and schedules of the systems engineering detailed schedule (detail schedule) for the
project. Descriptions include narratives, supplemented as necessary by graphical presentations, detailing the
plans, processes, and procedures for the application of the SEP.
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Section 3.1 Systems Engineering Process Planning. Brießy describes an overview of the key project technical
objectives, deliverables and results from the process, needed process inputs, and product work breakdown
structure development.

Section 3.1.1 Major Deliverables and Results. Describes in detail the major technical deliverables and
results, both to the customer and internal within Company X, as a result of the SEP activities.

Section 3.1.1.1 Integrated Database. Describes the implementation of the decision database. Includes a
description of how information will be captured, traced, and maintained. Provides a description of the provi-
sioning for design-capture data/schema to include domain models (processes, technologies, etc.); product
models (design prototypesÑlocation, availability, characterization, etc.); archival data (lessons learned, past
designs, empirical data); requirements, goals, and constraints; project management models (cost, schedule,
and risk); integrated views, multiple views, and multidisciplinary designs and their rationale; trade-off anal-
yses and system/cost-effectiveness analysis rationale and results; veriÞcation data; and product and process
metrics.

Section 3.1.1.2 SpeciÞcations and Baselines. Describes how the generation of speciÞcations and baselines
will be documented and controlled.

Section 3.1.2 Process Inputs. IdentiÞes the depth of detailed information needed to be able to accomplish the
activities (appropriate to the level of development) of the SEP, how needed information will be acquired, and
how conßicts will be resolved.

Section 3.1.3 Technical Objectives. Describes the technical objectives related to success of the project, sys-
tem, and system effectiveness [e.g., customer measures of effectiveness (MOEs)]. Technical objectives may
include those related to the system products and their life cycle processes.

Figure B.1ÑExample title page

Systems Engineering Management Plan

Document type identiÞer

Telecommunications System

Project/system identiÞer

PCN 1000000

Document/project control number

Company ZYX Electronics

Company/organization identiÞer

July 18, 1998

Date prepared
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Figure B.2ÑExample table of contents
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Section 3.1.4 System Breakdown Structure (SBS). Describes how the elements of the SBS will be developed.
The relationship of the speciÞcation tree and the drawing tree with the elements of the SBS and how the sys-
tem products and their life cycle processes will be related should be explained. This section should describe
for each element of the SBS the methods for development and control of work packages; development of
planning packages and their conversion to work packages; sizing of work packages; resource use, including
integrated product teams (IPTs); traceability of changes; cost reporting and its integration to scheduling and
critical path identiÞcation; and conÞguration management.

Section 3.1.5 Training. IdentiÞes both internal and external (suppliers/customers) training needed. Includes
analysis of performance or behavior deÞciencies or shortfalls, required training to remedy, and schedules to
achieve required proÞciencies.

Section 3.1.6 Standards and Procedures. Describes major standards and procedures that the project will fol-
low. Incorporates implementation of standardization tasking into pertinent sections of the SEP.

Section 3.1.7 Resource Allocation. Describes the method of resource allocation to technical tasks. Includes
resource-requirements identiÞcation, procedures for resource control, and reallocation procedures.

Section 3.1.8 Constraints. Describes major constraints on the project. Includes those things the project can-
not or will not do. Also includes funding, personnel, facilities, manufacturing capability/capacity, critical
resources, or other constraints.

Section 3.1.9 Work Authorization. Describes the method by which work to be performed is authorized within
the project. Also describes the method by which changes to work efforts will be authorized.

Section 3.2 Requirements Analysis. Documents the approach and methods for analysis of system product
uses; utilization environments; inherent human limitations and capabilities; performance expectations; and
design constraints and identiÞcation of needs, requirements, and constraints related to life cycle processes.
Documents the approach and methods for analysis of hardware, software, and human systems engineering
(manpower, personnel, training, human engineering, and system safety). Also documents the approach and
methods to be used to deÞne the functional and performance requirements for the following quality factors:
producibility, testability, and integrated diagnostics, distributability (including packaging and handling,
transportability, and installability), usability, supportability, trainability, and disposability; and for the follow-
ing engineering specialty areas: reliability, maintainability, electromagnetic compatibility and electrostatic
discharge, health hazards and environmental impact, system security, infrastructure support, and any other
engineering specialty bearing on the determination of functional and performance requirements for the sys-
tem for the appropriate level of development. Additionally, the approach and methods for evolving system
products are described.

NOTEÑSome areas may impact requirements analysis only after synthesis efforts identify implementation solution
alternatives. Some of the descriptive information may be more appropriately covered under other SEP activities.

Section 3.3 Requirements Baseline Validation. Includes the approach and methods to validate that the
requirements baseline established from requirements analysis is both upward and downward traceable to
customer expectations, project and enterprise constraints, and external constraints.

Section 3.4 Functional Analysis. Includes a description of the approach and methods planned to determine
lower-level functions, to allocate performance and other limiting requirements to lower-level functions, to
deÞne functional interfaces, and to deÞne the functional architecture. Approaches and methods for the qual-
ity factors and engineering specialty areas in Section 3.2 are also deÞned.

Section 3.5 Functional VeriÞcation. Includes a description of the approach and methods planned to verify
that the functional architecture established from functional analysis is both upward and downward traceable
to the validated requirements baseline.
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Section 3.6 Synthesis. Includes the approach and methods to transform the functional architecture into a
design architecture (hardware, software, and humans to support the system life cycle), to deÞne alternative
system concepts, to deÞne physical interfaces, and to select preferred product and process solutions.
Describes how requirements are converted into detailed design speciÞcations for hardware, software, human
engineering, manpower, personnel, safety, training, and interfaces. Approaches and methods for the engi-
neering areas, quality factors, and engineering specialty areas in Section 3.2 are also deÞned. In addition,
nondevelopmental items and parts control are included.

Section 3.7 Design VeriÞcation. Includes a description of the approach and methods planned to verify that
the design architecture, established from synthesis, is both upward and downward traceable to the functional
architecture and satisÞes the requirements of the validated requirements baseline; and supports baseline of
conÞgurations and speciÞcations (including the human engineering, manpower, personnel, safety, and train-
ing speciÞcation).

Section 3.8 Systems Analysis. Includes an overview of the approach and methods planned to be utilized to
arrive at a balanced set of requirements, and a balanced functional and design architecture to satisfy those
requirements and control the level of development dependent outputs of the SEP. Provides an overview of
the speciÞc systems analysis efforts needed (including hardware, software, and human allocation analysis).
Includes methods and tools for trade-off analyses, systems and cost effectiveness analyses, and risk
management.

Section 3.8.1 Trade-off Analyses. Describes the studies planned to make trade-offs among stated
requirements; design; project schedule; functional and performance requirements; function; task; and deci-
sion allocation between human, software, and hardware and life cycle/design to cost. Describes the use of
criteria for decision-making and trade-off of alternative design solutions. Includes a description of technical
objectives, criteria and weighting factors, and utility curves as applicable. Also describes the methods and
tools planned to be used and interfaces with the integrated database.

Section 3.8.2 System/Cost Effectiveness Analyses. Describes the implementation of system and cost effec-
tiveness analyses to support the development of life cycle balanced products and processes and to support
risk management. Describes the MOEs, how they interrelate, and criteria for the selection of measures of
performance (MOPs) to support the evolving deÞnition and veriÞcation of the system. Includes description
of the overall approach for system/cost-effectiveness analysis as well as manufacturing analysis; veriÞcation
analysis; distribution analysis; operational analysis; human engineering, manpower, personnel, and training
analysis; usability analysis; supportability analysis; safety, health hazards, and environmental analysis; and
life cycle cost analysis. Describes how analytical results will be integrated.

Section 3.8.3 Risk Management. Describes the technical risk program, including the approach, methods, pro-
cedures, and criteria for risk assessment (identiÞcation and quantiÞcation), selection of the risk-handling
options, and integration into the decision process. Also describes the risks associated with the development
and veriÞcation requirements. IdentiÞes critical risk areas. Describes plans to minimize technical risks (addi-
tional prototyping, technology and integration veriÞcation, and evolutionary system development). IdentiÞes
risk control and monitoring measures including special veriÞcations, technical performance measure param-
eters, and critical milestones/events. Describes the method of relating technical performance measurement
(TPM), the master schedule, and the detail schedule to cost and schedule performance measurement, and the
relationship to the SBS.

Section 3.9 Control. Provides an overview of plans for design capture, interface management, data manage-
ment, event-based scheduling, calendar-based scheduling, TPM, technical reviews, supplier control, and
requirements traceability.

Section 3.9.1 Design Capture. Describes the approach and methods planned to manage the system deÞnition
(conÞguration) of identiÞed system products and the related life cycle processes for manufacturing, veriÞca-
tion, distribution, support, training, and disposal. Includes a description of change management, conÞguration
72 Copyright © 1999 IEEE. All rights reserved.



IEEE
OF THE SYSTEMS ENGINEERING PROCESS Std 1220-1998
control procedures, and baseline management. Describes the design record for alternatives, trade-off analyses,
decisions/conclusions, and lessons learned.

Section 3.9.2 Interface Management. Describes the approach and methods planned to manage the internal
interfaces appropriate to the level of development to ensure that external interfaces (external to the project or
at a higher level of the functional or design architecture) are managed and controlled. Includes description of
change management and the interrelationship with conÞguration control procedures.

Section 3.9.3 Data Management. Describes the approach and methods planned to establish and maintain a
data management system and the interrelationship with the design-capture system and decision database.
Includes descriptions of how and which technical documentation will be controlled and the method of docu-
mentation of project engineering and technical information. Plans for security and preparation of deliverable
data will also be described.

Section 3.9.4 Systems Engineering Master Schedule (SEMS). Describes the critical path methodology and
criteria for event transition used to derive the master schedule and supporting systems engineering detailed
schedule (detail schedule) and their structure. Includes a description of the approach and methods planned to
update and maintain both the master schedule and the detail schedule.

Section 3.9.5 Technical Performance Measurement. Describes the approach and methods to identify, estab-
lish, and control key technical parameters (limited to those that are critical and/or identiÞed by the customer).
Descriptions include the thresholds, methods of measuring and tracking, update frequencies, level of tracking
depth, and response time to generate recovery plans and planned proÞle revisions. Described parameters
include identiÞcation of related risks. Describes the relationship between the selected parameter and lower-
level parameters that must be measured to determine the critical parameter achievement value, which is
depicted in the form of tiered dependency trees and reßects the tie in to the related system performance
requirement (critical parameter). Includes deÞnition of the correlation of each parameter in the dependency
tree to a speciÞc SBS element.

Section 3.9.6 Technical Reviews. Describes the technical reviews and/or audits (system, subsystem,
component, and life cycle process) applicable to the level(s) of development covered by the engineering
plan. Describes the approach and procedures planned to complete identiÞed reviews and/or audits. The tasks
associated with the conduct of each review, including responsibilities of personnel involved and necessary
procedures (e.g., action item closeout procedures) are described. Includes a description of how conformance
with the tasking activity engineering plan/master schedule and/or this engineering plan and enterprise master
schedule will be determined, how the discrepancies identiÞed as not meeting engineering plan/master sched-
ule requirements will be handled, and how system products and related life cycle processes assessed to have
a moderate to high risk of conformance will be addressed prior to conducting the review.

Section 3.9.7 Supplier Control. Describes the technical control of suppliers and vendors. Includes the
approach and methods to ßow-down requirements, manage interfaces, control quality, build long-term rela-
tionships, and assure participation on IPTs.

Section 3.9.8 Requirements Traceability. Describes how requirements traceability will be implemented.
Includes the traceability between SEP activities, SBSs, and correlation, as pertinent, with the master
schedule and the detail schedule. Describes the interrelationship of requirements traceability with data man-
agement and the integrated database.

Section 4.0ÑTransitioning Critical Technologies. Describes the approach and methods for identifying key
technologies and their associated risks, and the activities and criteria for assessing and transitioning critical
technologies from technology development and demonstration projects internal to the enterprise or from sup-
pliers or other sources. Describes how alternatives will be identiÞed and selection criteria established to
determine when and which alternative technology will be incorporated into the product when moderate- to
high-risk technologies are assessed, as required, to meet functional and performance requirements. Describes
the planned method for engineering and technical process improvement, including procedures for establish-
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ing an evolutionary system development to enable an incremental improvement approach for system products
as technologies mature, or for evolution of the system.

Section 5.0ÑIntegration of the Systems Engineering Effort. Describes how the various inputs into the systems
engineering effort will be integrated and how integrated product teaming will be implemented to integrate
appropriate disciplines into a coordinated systems engineering effort that meets cost, schedule, and perfor-
mance objectives. Provides a brief description of the approach and methods planned to assure integration of
the engineering specialties to meet project objectives.

Section 5.1 Organizational Structure. Describes how the organizational structure will support teaming.
Describes the composition of teams organized to support a speciÞc element of the SBS. Also describes
major responsibilities and authority of team members by name, and includes present and planned project
technical stafÞng. Includes planned personnel needs by discipline and performance level, human resource
loading, and identiÞcation of key personnel.

Section 5.2 Required Systems Engineering Integration Tasks. Describes the approach and methods for systems
engineering integration tasks such as technology veriÞcation, process prooÞng, fabrication of engineering test
articles, development test and evaluation, implementation of software designs for system products, and cus-
tomer and supplier engineering and problem solving support. This description includes an articulation of the
required support team.

Section 6.0ÑAdditional Systems Engineering Activities. Contains a brief description of other areas not spe-
ciÞcally covered in Sections 1.0 through 5.0, but essential for planning a total systems engineering effort.
Includes a brief description of additional systems engineering activities essential to successfully engineering
a total system solution.

Section 6.1 Long-lead Items. Describes the long-lead items that affect the critical path of the project.

Section 6.2 Engineering Tools. Describes the systems engineering methods and tools that are planned to be
implemented on the program to support systems engineering. IdentiÞes those tools to be acquired and train-
ing requirements.

Section 6.3 Design to Cost. Describes the design-to-cost planning and how cost will be implemented and
controlled as a design parameter.

Section 6.4 Value Engineering. Describes the approach and methods planned to address value engineering
throughout the development cycle.

Section 6.5 Systems Integration Plan. Describes the approach and methods by which the system is assem-
bled and integrated.

Section 6.6 Interface with other life cycle support functions. Describes the approach and methods to assure
compatibility with other life cycle support functions consistent with project and enterprise plans.

Section 6.7 Safety Plan. Describes the approach and methods for conducting safety analysis and assessing
the risk to operators, the system, the environment, or the public.

Section 6.8 Other Plans and Controls. Describes the approach and methods for any other plans and controls
designated the tasking activity or which the enterprise system architect, systems engineer, or system integra-
tor will use.

Section 7.0ÑNotes. Contains any general information that aids in understanding the engineering plan (e.g.,
background information; alphabetical listing of all acronyms, abbreviations, and their meanings, as used in
the engineering plan; and glossary of terms used). Explains which of the items in this section are mandatory
or are provided for general information.
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Section 7.1 General Background Information. Provides background information that will help the imple-
menters and managers of the activities and tasks of this engineering plan better understand and accomplish
their responsibilities.

Section 7.2 Acronyms and Abbreviations. Provides an alphabetical list of acronyms and abbreviations, and
their meanings.

Section 7.3 Glossary. Provides an alphabetical listing of key terms and their applied meaning within the con-
text of this engineering plan.

Appendices. Appendices are included, as necessary, to provide information published separately for conve-
nience in document maintenance. Included would be charts and proprietary data applicable to the systems
engineering efforts required in the engineering plan. Also included as an appendix would be a summary of
technical plans associated with the project. Each appendix should be referenced in one of the sections of the
engineering plan where data would normally have been provided.
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