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products are growing. This creates a big chal-
lenge for embedded-software development. In
the years to come, the key to success will be
the ability to successfully develop high-quality
embedded systems and software on time. As
the complexity, number, and diversity of ap-
plications increase, more and more companies
are having trouble achieving sufficient product
quality and timely delivery. To optimize the
timeliness, productivity, and quality of embed-
ded software development, companies must
apply software engineering technologies that
are appropriate for specific situations.

Unfortunately, the many available software
development technologies don’t take into ac-
count the specific needs of embedded-systems
development. This development is fundamen-
tally different from that of nonembedded sys-
tems. Technologies for the development of
embedded systems should address specific
constraints such as hard timing constraints,
limited memory and power use, predefined
hardware platform technology, and hardware
costs. Existing development technologies don’t
address their specific impact on, or necessary
customization for, the embedded domain. Nor
do these technologies give developers any in-
dication of how to apply them to specific ar-
eas in this domain—for example, automotive
systems, telecommunications, or consumer
electronics. Consequently, tailoring a technol-
ogy for a specific use is difficult. Furthermore,

Embedded Software
Engineering:
The State of the Practice

M
any products today contain software (for example, mobile tele-
phones, DVD players, cars, airplanes, and medical systems).
Because of advancements in information and communication
technology, in the future even more products will likely contain

software. The market for these “enhanced” products is forecasted to grow
exponentially in the next 10 years.1 Moreover, these embedded systems’
complexity is increasing, and the amount and variety of software in these 
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the embedded domain is driven by reliability
factors, cost factors, and time to market. So,
this embedded domain needs specifically tar-
geted development technologies.

In industry, the general feeling is that the
current practice of embedded software devel-
opment is unsatisfactory. However, changes to
the development process must be gradual; a
direction must be supplied. To achieve this, we
need more insight into the currently available
and currently used methods, tools, and tech-
niques in industry.

To gain such insight, we performed an in-
dustrial inventory as part of the MOOSE (Soft-
ware Engineering Methodologies for Embed-
ded Systems, www.mooseproject.org) project.
MOOSE is an ITEA (Information Technology
for European Advancement, www.itea-office.
org) project aimed at improving software
quality and development productivity for em-
bedded systems. Not only did we gain an
overview of which technologies the MOOSE

consortium’s industrial partners use, we also
learned why they use or don’t use certain tech-
nologies. In addition, we gained insight into
what currently unavailable technologies might
be helpful in the future.

Methods and scope
The inventory involved seven industrial

companies and one research institute in three
European countries (see Table 1). These com-
panies build a variety of embedded software
products, ranging from consumer electronics to
highly specialized industrial machines. We per-
formed 36 one-hour interviews with software
practitioners. The respondents were engineers,
researchers, software or system architects, and
managers, with varying backgrounds. To get a
fair overview of the companies involved (most
of which are very large), we interviewed at least
three respondents at the smaller companies and
five or six at the larger companies.

We based the interviews on an outline spec-
ifying the discussion topics (see the sidebar).
To be as complete as possible, we based this
outline on a reference process model. Because
software process improvement methods have
such a (ideal) process model as their core, we
used one of them. We chose the BOOTSTRAP

methodology’s (www.bootstrap-institute.com)
process model because of its relative emphasis
on engineering processes compared to other
process models, such as those of the Capability
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Table 1
Inventoried companies

Company Products

TeamArteche (Spain) Measurement, control, and protection systems for 
electrical substations

Nokia (Finland) Mobile networks and mobile phones
Solid (Finland) Distributed-data-management solutions
VTT Electronics (Finland) Technology services for businesses
Philips PDSL (Netherlands) Consumer electronics
ASML (Netherlands) Lithography systems for the semiconductor industry
Océ (Netherlands) Document-processing systems
LogicaCMG (Netherlands) Global IT solutions and services

Here are some discussion topics and questions from the outline we used
for the interviews.

Technology
What are the most important reasons for selecting development

technologies?
Impact of introducing new technologies (cost, time, and so on).
Why not use modern/different technologies?

Software life cycle

Software requirements engineering
How are the requirements being gathered?

� What are the different activities?
� What documents are produced?
� What about tool support?

How are the requirements being specified?

� What specification language?
� What about tool support? (Consider cost, complexity, automation, train-

ing, acceptance)
� What notations/diagrams?
� What documents are produced?
� How are documents reviewed?
� What are advantages/disadvantages of followed approaches?

Software architecture design
How is the architecture specified?

� What architecture description language?
� What about tool support? (Consider cost, complexity, automation, train-

ing, acceptance)
� Are design patterns used?
� What notations/diagrams?
� What documents are produced?
� How are documents reviewed?
� What are advantages/disadvantages of followed approaches?

A Sample of the Interview Outline



Maturity Model and SPICE (Software Process
Improvement and Capability Determina-
tion).2 BOOTSTRAP’s other advantage for this in-
ventory is that the BOOTSTRAP Institute devel-
oped it with the European software industry
in mind.

For every interview we created a report; we
consolidated the reports for a company into
one report. We then analyzed the company re-
ports for trends and common practices. Fi-
nally, we wrote a comprehensive report that,
for confidentiality reasons, is available only
to MOOSE consortium members. That report
forms the basis for this discussion.

Results
When considering the embedded software

development process, you need to understand
the context in which it is applied. After all,
most companies that develop embedded soft-
ware do not sell it. They sell mobile phones,
CD players, lithography systems, and other
products. The software in these products con-
stitutes only one (important) part. Embedded-
software engineering and other processes such
as mechanical engineering and electrical engi-
neering are in fact subprocesses of systems en-
gineering. Coordinating these subprocesses to
develop quality products is one of embedded-
system development’s most challenging as-
pects. The increasing complexity of systems
makes it impossible to consider these disci-
plines in isolation.

For instance, when looking at communica-
tion between different development teams, we
noticed that besides vertical communication
links along the lines of the hierarchy of archi-
tectures, horizontal communication links ex-
isted. Vertical communication occurs between
developers who are responsible for systems,
subsystems, or components at different ab-
straction levels (for example, a system archi-
tect communicating with a software architect).
Horizontal communication occurs between
developers who are responsible for these
things at the same abstraction level (for exam-
ple, a programmer responsible for component
A communicating with a programmer respon-
sible for component B).

Still, we found that systems engineering
was mostly hardware driven—that is, from a
mechanical or an electronic viewpoint. In some
companies, software architects weren’t even
involved in design decisions at the system

level. Hardware development primarily domi-
nated system development because of longer
lead times and logistical dependencies on ex-
ternal suppliers. Consequently, software devel-
opment started when hardware development
was already at a stage where changes would
be expensive. Hardware properties then nar-
rowed the solution space for software devel-
opment. This resulted in situations where soft-
ware inappropriately fulfilled the role of
integrator; that is, problems that should have
been solved in the hardware domain were
solved in the software domain. Embedded-
software developers felt that this was becom-
ing a serious problem. So, in many companies
this was changing; software architects were
becoming more involved on the system level.

Depending on the product’s complexity,
projects used system requirements to design a
system architecture containing multidiscipli-
nary or monodisciplinary subsystems. (A multi-
disciplinary subsystem will be implemented by
different disciplines; a discipline refers to soft-
ware, or mechanics, or electronics, or optics,
and so on. A monodisciplinary subsystem will
be implemented by one discipline.) Next, the
projects allocated system requirements to the
architecture’s different elements and refined
the requirements. This process repeated for
each subsystem. Finally, the projects decom-
posed the subsystems into monodisciplinary
components that an individual developer or
small groups of developers could develop. The
level of detail at which decomposition resulted
in monodisciplinary subsystems varied. In some
cases, the first design or decomposition step im-
mediately resulted in monodisciplinary subsys-
tems and the corresponding requirements. In
other cases, subsystems remained multidiscipli-
nary for several design steps.

This generic embedded-systems-develop-
ment process resulted in a tree of requirements
and design documents (see Figure 1). Each
level represented the system at a specific ab-
straction level. The more complex the system,
the more evident this concept of abstraction
levels was in the development process and its
resulting artifacts (for example, requirements
documentation).

In the process in Figure 1, requirements on
different abstraction levels are related to each
other by design decisions, which were recorded
in architecture and design documentation. At
the system level, these decisions concerned par-

N o v e m b e r / D e c e m b e r  2 0 0 3 I E E E  S O F T W A R E 6 3

We found that
systems

engineering
was mostly
hardware
driven—

that is, from a
mechanical or
an electronic

viewpoint.



titioning of the functional and nonfunctional
requirements over software and hardware
components. The criteria used for such concur-
rent design (codesign) were mostly implicit and
based on system architects’ experience.

Requirements engineering
Typically, embedded-systems development

involved many stakeholders. This was most
apparent during requirements engineering.
Figure 2 depicts our view of the most common
stakeholders and other factors.

In requirements engineering’s first phase,
the customer determines the functional and
nonfunctional requirements. Depending on
the product domain, the customer negotiates
the requirements via the marketing and sales
area or directly with the developers.

The first phase’s output is the agreed re-
quirements specification, which is a descrip-
tion of the system that all stakeholders can un-
derstand. This document serves as a contract
between the stakeholders and developers. At
this point, we noticed a clear difference be-
tween small and large projects. In small proj-
ects, the stakeholder requirements also served
as developer requirements. In large projects,
stakeholder requirements were translated into
technically oriented developer requirements.

Requirements specify what a system does; a
design describes how to realize a system. Soft-
ware engineering textbooks strictly separate
the requirements and the design phases of
software development; in practice, this separa-
tion is less obvious. In fact, the small compa-
nies often put both the requirements and de-
sign into the system specification. These
companies did not translate the system re-
quirements explicitly into software require-
ments. The development processes in the larger
companies did result in separate requirements
and design documents on different abstrac-
tion levels. However, in many cases, these
companies directly copied information from a
design document into a requirements docu-
ment for the next abstraction level instead of
first performing additional requirements
analysis.

Requirements specification. Companies usu-
ally specified requirements in natural language
and processed them with an ordinary word
processor. They normally used templates and
guidelines to structure the documents. The
templates prescribed what aspects had to be
specified. However, not all projects at a com-
pany used these templates, so requirements
specifications from different projects some-
times looked quite different.

Because embedded software’s nonfunc-
tional properties are typically important, we
expected these templates to reserve a section
on nonfunctional requirements next to func-
tional requirements. This wasn’t always the
case. For example, the requirements specifica-
tion didn’t always explicitly take into account

6 4 I E E E  S O F T W A R E h t t p : / / c o m p u t e r. o r g / s o f t w a r e

. . .

Subsystem

Requirements

Architecture

Requirements

Architecture

Requirements

Architecture

System

. . .

Component

Requirements

Requirements

Architecture

Architecture design

Requirements analysis

Requirements

Architecture

Requirements

Architecture

Architecture

Figure 1. The 
decomposition of the
embedded-systems-
development process.

Stakeholders

Manufacturing Marketing

Customers/users

Maintainance

Context

Stakeholder
requirements

Standards

Legacy systems

Regulators

Suppliers

Requirements
engineering

Figure 2. Embedded-
systems-development
stakeholders and other
factors.



real-time requirements. Sometimes a project
expressed them in a separate section in the re-
quirements documents, but often they were im-
plicit. Requirements specification and design
also usually didn’t explicitly address other typ-
ical embedded-software requirements, such as
those for power consumption and memory use.

Projects that employed diagrams to support
requirements used mostly free-form and box-
line diagrams in a style that resembles the Uni-
fied Modeling Language, dataflow diagrams,
or other notations. Project members primarily
used general-purpose drawing tools to draw
the diagrams. Because of the lack of proper
syntax and semantics, other project members
often misinterpreted the diagrams. This was
especially true for project members working in
other disciplines that employ a different type
of notation.

UML was not common practice yet, but
most companies were at least considering its
possibilities for application in requirements
engineering. Use cases were the most-used
UML constructs in this phase. Some projects
used sequence diagrams to realize use cases;
others applied class diagrams for domain
modeling. However, the interpretation of
UML notations was not always agreed on dur-
ing requirements engineering. It wasn’t always
clear, for instance, what objects and messages
in UML diagrams denote when a sequence di-
agram specifies a use case realization.

On the lowest levels, projects commonly
used pre- and postconditions to specify soft-
ware requirements. They specified interfaces as
pre- and postconditions in natural language, C,
or some interface definition language.

Projects rarely used formal specifications.
One reason was that formal specifications
were considered difficult to use in complex in-
dustrial environments and require specialized
skills. When projects did use them, communi-
cation between project members was difficult
because most members did not completely un-
derstand them. This problem worsened as
projects and customers needed to communi-
cate. In one case, however, a project whose
highest priority was safety used the formal no-
tation Z for specification.

Requirements management. When looking at
Figures 1 and 2, you can imagine that it’s hard
to manage the different requirements from all
these different sources throughout develop-

ment. This issue was important especially in
large projects.

Another complicating factor was that most
projects didn’t start from scratch. In most
cases, companies built a new project on previ-
ous projects. So, these new projects reused re-
quirements specifications (even for developing
a new product line). Consequently, keeping 
requirements documents consistent was diffi-
cult. To keep all development products and
documents consistent, the projects had to ana-
lyze the new features’ impact precisely. How-
ever, the projects frequently didn’t explicitly
document relations between requirements, so
impact analysis was quite difficult. This trace-
ability is an essential aspect of requirements
management. Tracing requirements was diffi-
cult because the relations (for example, be-
tween requirements and architectural compo-
nents) were too complex to specify manually.

Available requirements management tools
didn’t seem to solve this problem, although tai-
lored versions worked in some cases. A general
shortcoming of these tools was that the rela-
tions between the requirements had no mean-
ing. In particular, tool users could specify the
relations but not the rationale behind the link.

When projects did document relations 
between requirements, they used separate
spreadsheets. Some companies were using or
experimenting with more advanced require-
ments management tools such as RequisitePro
(Rational), RTM (Integrated Chipware), and
DOORS (Telelogic). These experiments weren’t
always successful. In one case, the tool’s users
didn’t have the right skills, and learning them
took too long. Also, the tool handled only the
more trivial relations between requirements,
design, and test documents. So, developers
couldn’t rely on the tool completely, which is
important when using a tool.

Requirements management also involves
release management (managing features in re-
leases), change management (backwards com-
patibility), and configuration management.
Some requirements management tools sup-
ported these processes. However, because
most companies already had other tools for
this functionality, integration with those tools
would have been preferable.

Architecture
Small projects didn’t always consider the ex-

plicit development, specification, and analysis
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of the product architecture necessary. Also, ow-
ing to time-to-market pressure, the scheduled
deadlines often obstructed the development of
sound architectures. Architects often said they
didn’t have enough time to do things right.

The distinction between detailed design
and architecture seemed somewhat arbitrary.
During development, the projects interpreted
architecture simply as high-level design. They
didn’t explicitly use other architectural as-
pects, such as nonlocality,3 that are often con-
sidered in the scientific literature.

Architecture design. Designing a product’s or
subsystem’s architecture was foremost a cre-
ative activity that was difficult to divide into
small, easy-to-take steps. Just as system re-
quirements formed the basis for system ar-
chitecture decisions, system architecture deci-
sions constrained the software architecture.

In some cases, a different organizational
unit had designed the system architecture. So,
the architecture was more or less fixed—for
instance, when the hardware architecture was
designed first or was already known. This led
to suboptimal (software) architectures. Be-
cause software was considered more flexible
and has a shorter lead time, projects used it to
fix hardware architecture flaws, as we men-
tioned before.

The design process didn’t always explicitly
take into account performance requirements.
In most cases where performance was an issue,
projects just designed the system to be as fast
as possible. They didn’t establish how fast un-
til an implementation was available. Projects
that took performance requirements into ac-
count during design did so mostly through
budgeting. For example, they frequently di-
vided a high-level real-time constraint among
several lower-level components. This division,
however, often was based on the developers’
experience rather than well-funded calcula-
tions. Projects also used this technique for
other nonfunctional requirements such as for
power and memory use.

Projects sometimes considered COTS (com-
mercial off-the-shelf) components as black
boxes in a design, specifying only the external
interfaces. This was similar to an approach
that incorporated hardware drivers into an
object-oriented design. However, developers
of hardware drivers typically don’t use OO
techniques. By considering these drivers as

black boxes and looking only at their inter-
faces, the designers could nevertheless include
them in an OO design. For the COTS compo-
nents, the black box approach wasn’t always
successful. In some cases, the projects also had
to consider the components’ bugs, so they
couldn’t treat the components as black boxes.

The software architecture often mirrored
the hardware architecture, which made the
impact of changes in hardware easier to deter-
mine. Most cases involving complex systems
employed a layered architecture pattern.
These layers made it easier to deal with em-
bedded systems’ growing complexity.

Architecture specification. UML was the most
commonly used notation for architectural
modeling. On the higher abstraction levels, the
specific meaning of UML notations in the ar-
chitecture documentation should be clear to
all stakeholders, which was not always the
case. Some projects documented this in a ref-
erence architecture or architecture manual (we
discuss these documents in more detail later).

The Rational Rose RealTime modeling tool
(www.rational.com/products/rosert) lets de-
velopers create executable models and com-
pletely generate source code. A few projects
tried this approach. One project completely
generated reusable embedded software com-
ponents from Rational Rose RealTime mod-
els. However, most of these projects used Ra-
tional Rose RealTime experimentally.

For creating UML diagrams, respondents
frequently mentioned only two tools: Mi-
crosoft Visio and Rational Rose. Projects used
these tools mostly for drawing rather than
modeling. This means, for instance, that mod-
els weren’t always syntactically correct and
consistent.

Other well-known notations that projects
used for architectural modeling were dataflow
diagrams, entity-relationship diagrams, flow-
charts, and Hatley-Pirbhai diagrams.4 Projects
often used diagrams based on these notations
to clarify textual architectural descriptions in
architecture documents. Some projects used
more free-form box-line drawings to document
and communicate designs and architectures.

One project used the Koala component
model5 to describe the software architecture.
Compared to box-line drawings, the Koala
component model’s graphical notation has a
more defined syntax. Koala provides interface
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and component definition languages based on
C syntax. A Koala architecture diagram speci-
fies the interfaces that a component provides
and requires. This project used Microsoft Vi-
sio to draw the Koala diagrams.

Projects often used pseudocode and pre-
and postconditions to specify interfaces. Al-
though this technique is more structured than
natural language, the resulting specifications
were mostly incomplete, with many implicit
assumptions. This not only sometimes led to
misunderstandings but also hampered the use
of other techniques such as formal verification.

Some projects referred to a reference archi-
tecture or an architecture user manual. These
documents defined the specific notations in ar-
chitectural documents and explained which
architectural concepts to use and how to spec-
ify them.

Architecture analysis. Most projects did not
explicitly address architecture verification
during design; those that did primarily used
qualitative techniques. Few projects used
quantitative techniques such as Petri nets or
rate monotonic scheduling analysis.6 One rea-
son is that quantitative-analysis tools need de-
tailed information. In practice, projects often
used an architecture only as a vehicle for com-
munication among stakeholders.

The most commonly employed qualitative
techniques were reviews, meetings, and check-
lists. Another qualitative technique employed
was scenario-based analysis. With this tech-
nique, a project can consider whether the pro-
posed architecture supports different scenar-
ios. By using different types of scenarios (for
example, use scenarios and change scenarios),
a project not only can validate that the archi-
tecture supports a certain functionality but
also can verify qualities such as changeability.

The respondents typically felt that formal
verification techniques were inapplicable in an
industrial setting. They considered these tech-
niques to be useful only in limited application
areas such as communication protocols or
parts of security-critical systems. The few
projects that used Rational Rose RealTime
were able to use simulation to verify and vali-
date architectures.

Reuse. Reuse is often considered one of the
most important advantages of development
using architectural principles. By defining

clean, clear interfaces and adopting a compo-
nent-based development style, projects should
be able to assemble new applications from
reusable components.

In general, reuse was rather ad hoc. Proj-
ects reused requirements, design documents,
and code from earlier, similar projects by
copying them. This was because most prod-
ucts were based on previous products.

For highly specialized products, respondents
felt that using configurable components from a
component repository was impossible. Another
issue that sometimes prevented reuse was the
difficulty of estimating both a reuse approach’s
benefits and the effort to introduce it.

In some cases a project or company explic-
itly organized reuse. One company did this in
combination with the Koala component model.
The company applied this model together with
a proprietary method for developing product
families.

Some companies had adopted a product
line approach to create a product line or fam-
ily architecture. When adopting this approach,
the companies often had to extract the prod-
uct line architecture from existing product ar-
chitectures and implementations. This is called
reverse architecting.

In most cases, hardware platforms served
as the basis for defining product lines, but
sometimes market segments determined prod-
uct lines. When a company truly followed a
product line approach, architecture design
took variability into account.

One company used a propriety software
development method that enabled large-scale,
multisite, and incremental software develop-
ment. This method defined separate long-term
architecture projects and subsystem projects.
The company used the subsystems in short-
term projects to instantiate products.

Another company had a special project that
made reusable components for a certain sub-
system of the product architecture. The com-
pany used Rational Rose RealTime to develop
these components as executable models.

Some companies practiced reuse by devel-
oping general platforms on top of which they
developed different products. This strategy is
closely related to product lines, which are of-
ten defined per platform.

Discussion
You might well ask, are these results repre-
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sentative of the whole embedded software do-
main? By interviewing several respondents with
different roles in each company, we tried to get
a representative understanding of that company’s
embedded-software-development processes. The
amount of new information gathered during
successive interviews decreased. So, we con-
cluded we did have a representative under-
standing for that company.

With respect to embedded software devel-
opment in general, we believe that the large
number of respondents and the companies’ di-
versity of size, products, and country of origin
make this inventory’s results representative,
for Europe at least. However, whether we can
extend these results to other areas (for exam-
ple, the US) is questionable.

Another point for discussion is that the
methods, tools, and techniques the companies
used were rather general software engineering
technologies. We expected that the companies
would use more specialized tools in this do-
main. Memory, power, and real-time require-
ments were far less prominent during software
development than we expected. That’s because
most general software engineering technolo-
gies didn’t have special features for dealing
with these requirements. Tailoring can be a so-
lution to this problem, but it involves much ef-
fort, and the result is often too specific to ap-
ply to other processes. Making software
development technologies more flexible can
help make tailoring more attractive. So, flexi-
ble software development technologies are
necessary.

We noticed a relatively large gap between
the inventory’s results and the available soft-
ware development technologies. Why isn’t in-
dustry using many of these technologies? Dur-
ing the interviews, respondents mentioned
several reasons. We look at three of them here.

The first reason is compliance with legacy.
As we mentioned before, most projects didn’t
start from scratch. Developers always have to
deal with this legacy, which means that the
technology used in current projects should at
least be compatible with the technology used
in previous products. Also, companies can of-
ten use previous products’ components in new
products with few or no adaptations. This
contradicts the top-down approach in Figure
1. Unlike with that approach, components at
a detailed level are available from the start, be-
fore the new product’s architecture is even de-

fined. This would suggest a bottom-up ap-
proach. However, because most available soft-
ware development approaches are top-down,
they don’t address this issue.

Another reason is maturity. Most develop-
ment methods are defined at a conceptual
level; how to deploy and use them is unclear.
When methods are past this conceptual stage
and even have tool implementations, their ma-
turity can prevent industry from using them.
This was the case for some requirements man-
agement tools. Some respondents said that
these tools weren’t suited for managing the
complex dependencies between requirements
and other development artifacts, such as design
and test documentation. Also, integrating these
tools with existing solutions for other prob-
lems such as configuration management and
change management was not straightforward.

The third reason is complexity. Complex de-
velopment technologies require highly skilled
software engineers to apply them. But the de-
velopment process also involves stakeholders
who aren’t software practitioners. For in-
stance, as we mentioned before, project team
members might use architecture specifications
to communicate with (external) stakeholders.
These stakeholders often do not understand
complex technology such as formal archi-
tecture description languages. Still, formal
specifications are sometimes necessary—for
example, in safety-critical systems. To make
such highly complex technologies more appli-
cable in industry, these technologies should
integrate with more accepted and easy-to-
understand technologies. Such a strategy will
hide complexity.

We’ve discussed only some of the op-
portunities for improving embedded-
software-engineering technologies

for requirements engineering and architecture
design. Our inventory also considered soft-
ware engineering processes that we haven’t
presented in this article. We’ll use all these re-
sults in MOOSE to define cases where new tech-
nologies can be applied and tailored to indus-
trial needs.
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reviewer: One who is not part of the development unit. 
budget review: A formal meeting at which the monetary ex-

penditures for a system or software engineering project
are presented to the user, customer, or other interested
parties for comment and approval. Expenditures are
compared to the budget. Differences between budget
estimates and actual expenditures are explained.  

management review: A review to determine the project sta-
tus as it applies to project plans, schedules, budget,
staffing, training, and so on. Monetary expenditures
are compared with the budget, and differences be-
tween the budget estimates and actual expenditures
are explained. Completion dates are compared with
the master schedule, and differences between the
scheduled and actual completion dates are explained.  

milestone review: 1. A project management review that is
conducted at the completion of each of the software
development lifecycle phases (a milestone), including
requirements, preliminary-design, detailed-design, im-
plementation, test, and sometimes installation and
checkout phases. 2. A formal review of the manage-

ment and technical progress of a development project.
software specification review: A milestone review con-

ducted to finalize software configuration item require-
ments so that the developer can initiate preliminary soft-
ware design. The SSR is conducted when software
configuration item requirements have been sufficiently
defined to evaluate the developer’s responsiveness to
an interpretation of the system-level or segment-level
technical requirements. A successful SSR is predicated
on the developer’s determination that the software re-
quirements specification and interface specifications
form a satisfactory basis for proceeding into the prelim-
inary design phase. [Military Std. 1521B-1985] 

system design review: A system milestone review conducted
when system requirements and the design approach
are defined, in sufficient detail to ensure a technical un-
derstanding between developer and customer. Alterna-
tive design approaches and corresponding test require-
ments have been considered and the developer has
defined and selected the required equipment, logistic
support, personnel, procedural data, and facilities. The
system segments are identified in the design specifica-
tion; the hardware and software configuration items
are identified in the requirements specifications.
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