CHAPTER 17

PRODUCT IMPROVEMENT
STRATEGIES

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

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

157



Systems Engineering Fundamentals

Chapter 17

Planned Improvement

A

Design Changes

Deployment

T

Production
Modifications

| Upgrades

Integrated Inputs of All Functional Disciplines

Figure 17-1. Types of Product Improvement

Strategies

Requirements Analysis
» General for the System
 Specific for the Core

| Concept of Operations

v

Preliminary
System
Architecture

CORE

Define — FUND — Develop — Operationally Test CORE

| >[Refine and Update

Requirements
Block A

Define — FUND — Develop — Operationally Test Block A

)

CORE
B|C

___________ continue “as required”

F--»

“-

Flexible/Incremental ORD, TEMP, etc.

Customer
Feedback
“Managed”

by Req
Analysis

“The lack of specificity
and detail in identifying the final
system capability is what
distinguishes Evolutionary
Acquisition from an
acquisition strategy based
on P31
—JLC EA Guide

Figure 17-2. Evolutionary Acquisition

158



Chapter 17 Product Improvement Strategies

Evolutionary Acquisition: Evolutionary acquisi- rather than in the traditional single grand design
tion is the preferred approach to systems acquisapproach. Planning for evolutionary acquisition
tion in DaD. In an environment where technologyalso demands that engineering designs be based
is a fast moving target and the key to military su-on open system, modular design concepts that per-
periority is a technically superior force, the require-mit additional increments to be added over time
ment is to transition useful capability from devel-without having to completely re-design and re-
opment to the user as quickly as possible, whilelevelop those portions of the system already
laying the foundation for further changes to occuffielded. Open designs will facilitate access to recent
at later dates. Evolutionary acquisition is an ap<hanges in technologies and will also assist in con-
proach that defines requirements for a core capadrolling costs by taking advantage of commercial
bility, with the understanding that the core is to becompetition in the marketplace. This concept is
augmented and built upon (evolved) until the sysnot new; it has been employed for years in the
tem meets the full spectrum of user requirement€C4ISR community, where system are often in
The core capability is defined as a function of useevolution over the entire span of their lifecycles.
need, technology maturity, threat, and budget. The
core is then expanded as need evolves and the otlimeplanned Product Improvement (P31)0ften
factors mentioned permit. referred to as P3l, preplanned product improve-
ment is an appropriate strategy when requirements
A key to achieving evolutionary acquisition is theare known and firm, but where constraints (typi-
use of time-phased requirements and continuousally either technology or budget) make some
communication with the eventual user, so that reportion of the system unachievable within the
guirements are staged to be satisfied incrementallgchedule required. If it is concluded that a militarily
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Figure 17-3. Pre-Planned Product Improvement
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useful capability can be fielded as an interim soluadvice on issues related to configuration changes.
tion while the portion yet to be proceeds through
development, then P3l is appropriate. The approadBlock Change before Deploymerilock changes
generally is to handle the improvement as a sepaepresent an attempt to improve configuration
rate, parallel development; initially test and delivermanagement by having a number of changes
the system without the improvement; and provegrouped and applied such that they will apply con-
and provide the enhanced capability as it becomesistently to groups (or blocks) of production items.
available. The key to a successful P3l is the estali-his improves the management and configuration
lishment of well-definedhterfacerequirements for control of similar items substantially in compari-
the system and the improvement. Use of a P3l wilkon to change that is implemented item by item
tend to increase initial cost, configurationand single change order by single change order.
management activity, and technical complexityWhen block changes occur, the life cycle impact
Figure 17-3 shows some of the considerations ishould be carefully addressed. Significant differ-
deciding when it is appropriate. ences in block configurations can lead to different

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

updated requirements.
Changes in Design or Production

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

Block UpgradesfPost-production block upgrades Traps in Upgrading Deployed Systems

are improvements to a specific group of the system

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

production serve the same general purpose of

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

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

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

» Prototype the chosen improvement alternativeMinimal resources availableModifications tend

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

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

Figure 17-4. Funding Rule for DoD System Upgrades

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

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

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

is especially problematic if the original systemusually include:

components were commercial or NDls that the de-

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

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

must take place before the designer or vendor can

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

pending on the specific system, this could be a

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

early in the modification process because it has

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

Government funding rulesAs Figure 17-4 shows

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

upgrades has restrictions. The purpose of the up-

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

efforts. contract, but would normally include:

» Technical planning related to execution,
17.3 ROLES AND RESPONSIBILITIES

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

System Engineering Role
17.4 SUMMARY POINTS
The systems engineering role in product improve-
ment includes: » Complex systems do not usually have stagnant
configurations.
» Planning for system change,
* Planned improvements strategies include
» Applying the systems engineering process, evolutionary acquisition, preplanned product
development, and open systems.
» Managing interface changes,
* A major rebuild should be treated as a new
 |dentifying and using interface standards which  system development.
facilitate continuing change,
» Upgrading an existing system is a matter of
» Ensuring life cycle management is implemented, following the system engineering process, with
an emphasis on configuration and interface
» Monitoring the need for system modifications, management.
and
» Pay attention to the traps. Upgrade projects have
many.
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SUPPLEMENT 17-A

OPEN SYSTEM APPROACH

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

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

v

Complete System
P Architecture
Developed

L Implementation

Figure 17-5. C4l and IT Development
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Figure 17-6. Simplified Computer Resource Reference Model

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

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

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

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

capability must be developed to establish the basis
The open system approach impacts all threéor further development. Where a core capability
essential elements of systems engineering manags-used, core requirements should be complete and
ment: systems engineering phasing, the systenfem, and the process for adding expanded
engineering process, and life cycle considerationsequirements should be clear and controlled.
It requires enhanced interface management in the
systems engineering process, and requires specifystem Definition Phase
design products be developed prior to engineer-
ing-event milestones. The open systems approac®ystem interface definitions, such as the technical
is inherently life-cycle friendly. It favorably architecture, and high-level (open) system archi-
impacts production and support functions, but itecture should be complete in initial form at the
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Preliminary Design Review ﬂ >
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Figure 17-7. Phasing of Open System Development

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

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

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

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

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

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

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

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