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Abstract
   Product lifecycles continue to shrink, but the complexity of embedded systems continues to

grow. Existing design and implementation techniques often fail to scale with the complexity of
the device. Devices may also be conceived without business and organizational considerations,
resulting in products that do not meet the needs of the market, and may not be commercially
viable.

   This paper presents the basic principles of the Software Engineering Effectiveness Model
(SEEMª ), which enhances many current development processes. SEEM enables integration of
all aspects of development into a single streamlined workflow.  SEEM also includes a system-
wide iterative model that ensures meaningful oversight of artifact evolution across the product
lifecycle, thus guaranteeing the relevance and currency of workflow artifacts. SEEM handles the
unique challenges of embedded systems, such as immature tools, high-availability, and hardware
dependencies. In addition, SEEM strives to minimize process overhead and incorporate as much
of an enterpriseÕs current processes as practical.

Overview
The history of software development is filled with both triumph and failure, but unfortunately

there has been more failure than triumph.  In no other discipline (with the possible exception of
poetry) would the failure rates typical of software projects be tolerated.  To paraphrase Winston
Churchill, ÒNever have so many worked so hard to ship so littleÓ.  Results from the Standish
GroupÕs 2000 CHAOS Study [1] state that only 28% of software projects succeed, another 49%
are late or over budget, and 23% are never delivered.  When reported by project size, the larger
the project, the worse the numbers get. The success numbers are likely overstated as they measure
a project against its stated goals without regard to whether these goals were a good solution for
the customers in the first place. Taken in the context of the entire industry, it should be self-
evident that software development is a discipline in trouble.

This paper introduces ongoing research performed by the authors. SEEM seeks to improve the
state of the art of systems engineering by augmenting current development processes. The basis
of the SEEM philosophy is better communication and feedback mechanisms between the
enterpriseÕs  ÒstakeholdersÓ.  SEEM seeks to include domains specific to business, marketing,
electrical, mechanical and other disciplines. Each SEEM domain is divided into three layers: 

� A SEEM-based philosophy which drives each domain
� Development methodologies, practices and tools
� A formal model in UML

Proceedings Embedded Systems Conference (West) San Francisco, April 23-26, 2003
1



Software Engineering Effectiveness Model

There are five main components to SEEM:
1. Ar tifacts Ð a tangible work product that includes information flowing into the

development process, work products created by intermediate steps, and the products
delivered to the customer.  Examples might include requirements documents, video
interviews, design models, executables, etc.

2. Processes Ð a workflow describing how the artifacts are created and shared across the
enterprise. Most  enterprises have their own, often a variant of the ÒwaterfallÓ or iterative
life cycles.

3. Tri-Aspect Architecture Ð a philosophy that includes all aspects of an enterprise in the
development process. The aspects of an enterprise can be classified into three areas:
� Business
� Marketing
� Technical 

4. Systemic I teration Ð a means to accommodate change in the content of the artifacts that
recognizes their interdependencies. Systemic iteration ensures each artifact is always
consistent with the others. 

5. Metr ics Ð a pragmatic set of measures that determine the quality and progress of the
project over time. After all, you canÕt improve if you canÕt tell how youÕre doing! A
detailed discussion about metrics is beyond the scope of this paper.

Although this list covers many issues, most  enterprises already address many of them. SEEM
seeks to tie together existing processes, and adapt them to increase the effectiveness of current
development practices. A key concept that enables this effectiveness is Degree of Ceremony
(DoC)1, defined as the amount of formality applied to an endeavor. At one end of the scale is a
heavily reviewed document constructed from an elaborate template involving thousands of hours
of effort. At the other end of the spectrum is a scrap of paper tucked into a folder. Many
organizations have problems with a process that deals with artifacts other than ones that have a
high degree of ceremony. This becomes a barrier to using the process. It is much better to have
low degree of ceremony artifacts that are actually captured than to have the necessary
communication occur in hallway conversations. The DoC concept applies to all five components
of SEEM.

The SEEM approach can yield a more effective organization with a small additional
investment.  The SEEM motto is ÒEffectiveness, not OverheadÓ, and we mean it! An enterprise
may actually end up with less ÒprocessÓ than it has now. SEEMÕs experience indicates that
following  recommended processes substantially reduces the overall amount of work to be done.

Although this approach is applicable to many engineering disciplines, this paper focuses on
the application of this approach to the software domain (including embedded systems.) It should
be noted that SEEM applies to the entire enterprise, not just the technical organization. However,
this paper emphasizes the technical organization and addresses other parts of the enterprise as
they interface with the technical organization. Note that this is only an introduction to SEEM.
More information will be forthcoming in the future.

Artifacts
SEEM defines an artifact as tangible2 work products containing information related to the

development of a system. Artifacts permeate the entire lifecycle including those flowing into the

1 Degree of Ceremony is actually the sixth component of SEEM, and will be included in subsequent
publications.
2 The old government adage ÒIf itÕs not written down, it didnÕt happen.Ó applies here.
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development process, products created during intermediate steps, and the final deliverables to the
customer. 

SEEM is an artifact-oriented approach, and envisages that these artifacts are critical entities
which are used for communication, documentation, assessment and progress-tracking purposes
across ÒspaceÓ and time. As described in detail in the ÒSystemic IterationÓ section, these artifacts
are also used in effectively managing change arising out of new and modified functionality
requirements, behavioral incorrectness, performance enhancements, etc. It is also important to
note that since, as mentioned above, ÒTri-Aspect ArchitectureÓ is a major feature of SEEM, these
artifacts are not confined to the technical organization alone. An enterprise that currently uses the
Rational Unified Process (RUP) [2], for example, may produce such artifacts, but these will  most
likely be confined to the technical organization. SEEM, however, seeks to extend the use of these
artifacts to the Business and Marketing organizations as well.

SEEM recommends leveraging existing enterprise artifacts wherever possible to reduce the
effects of organizational change. SEEM recommended processes are based on many existing
methodologies (e.g. RUP, eXtreme Programming (XP) [3], etc.) tempered by our collective
experience. In the absence of existing artifacts, UML-based entities are suggested. Recommended
artifacts include:  Use-Case Diagrams, Class Diagrams (describing the structure of a system to be
implemented), Sequence Diagrams (describing the behavior of such a system), Class-
Responsibility-Collaboration (CRC) cards, etc. 

SEEM considers the above-mentioned artifacts appropriate for the technical organization.
More importantly, it also advocates that similar artifacts, appropriate to the Business and
Marketing organizations, be created. Artifacts appropriate for the business organization could
include a Business Identity Document, Stakeholder Profiles, Business Vision Statement, etc. (see
section on ÒTri-Aspect ArchitectureÓ below). Artifacts created by the Marketing organization
consist of a Market Survey Document and User Stories used to describe the intended
functionality of the system in an implementation-independent manner. The key idea in SEEM is
that dependencies must be precisely and unambiguously identified amongst these artifacts. These
dependencies extend between the artifacts across organizational boundaries. For example, there is
an obvious dependency between the User Stories (owned by the Marketing organization) and the
Sequence Diagrams (an Analysis Model artifact, owned by the technical organization.) SEEM
requires that this dependency be explicitly identified, thereby establishing a clear channel of
communication between these two organizations, and also ensuring that such communication
happens via Systemic Iteration.

It is important to note that artifacts created are not required to be textual Ð they may be video
or audio data, for example. SEEM only requires that there be an explicit means of creating an
artifact (refer to the ÒProcessÓ section below) and that the dependency of an artifact to its peers is
well understood, thereby enabling such dependencies to be represented in a dependency graph.
Also, the means of effecting changes to the artifact during Systemic Iteration must be well
understood.

Processes
For each artifact, there is a process (implicit or otherwise) that describes the creation of the

artifact. Furthermore, there is also a process (implicit or otherwise) that captures the flow and
exchange of artifacts among the organizations of an enterprise. Collectively, these two categories
determine how a business functions day-to-day. 
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Ideally, each of the respective processes will be well documented and understood. However, in
the real3 world this is rarely true. The two ends of the process spectrum can be described as:

� An enterprise has a very well documented process, but the Degree of Ceremony is too
high to be effective.

� An enterprise that prides itself on its “efficiency” by eschewing formal process in all
forms.

SEEM seeks to balance these end points into an effective combination of process and
efficiency tailored to the organization that uses it. By limiting the artifacts to only  those
containing information that adds value to the effort, and adjusting the Degree of Ceremony to the
organization, the effectiveness of the organization is greatly improved.

SEEM comprehends that an enterprise has existing processes, and seeks to leverage them
wherever possible. To effect necessary change, while limiting wholesale change, SEEM suggests
first understanding existing processes, thereby placing a stake in the ground for further
understanding and improvement. Once understood and discussed, any misunderstandings can be
highlighted and corrected. Further, dependencies between artifacts can be discovered, and
interfaces between organizations can be clarified. For an enterprise desiring a high-degree of
ceremony, the collective processes can be gathered into a Business Process Model that describes
how the enterprise as a whole accomplishes their strategic and tactical tasks. 

SEEM understands the philosophy behind most well known software development processes
and has developed an abstract process model to suggest how artifacts are created and
communicated. Since the abstract process is understood, the processes specific to an enterprise
can be described in terms of the abstract model. The result is a better understanding of the
existing processes without having to change them. (Note that Also, this abstract model enables
SEEM to suggest a process where one does not exist! In practice, SEEM discovers many
redundant processes and superfluous activities within an enterprise. Modeling, understanding and
communicating the processes across the enterprise achieves economies of scale that can be
integrated to leverage commonality wherever possible. The results are typically a reduction in the
required effort, and increased effectiveness of existing activities. Consistency is another
beneficial effect of this effort, as a common  process yields common artifacts. Thus, artifact
creation is also simplified due to the same reduction in complexity and elimination of
redundancy. The actual content of the artifacts  is focused in the same manner.

3 That is, most organizations developing software products.
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Tri- Aspect Ar chitecture
Any enterprise involved in the creation of a product can be divided into three virtual

organizations4 Ð Business, Marketing, and Technology. The Business organization leads the
enterprise from a financial, administrative, and process point of view. The Marketing organization
understands the environment of the market place where the product is delivered, and the
opportunities for new products. The Technology organization creates the product. The successful
enterprise integrates the virtual organizations into one focused team, freely communicating to
accomplish the goal of the business opportunity.

Unfortunately, this integration is not always seamless Ð the communication between
organizations often breaks down. Further complicating the communication is the fact that each
organization speaks a different ÒlanguageÓ and may have differing (and sometimes contradictory)
goals. Tri-Aspect Architecture seeks to re-integrate the organizations by providing a means of
communicating amongst them in a way understandable to all. Tri-Aspect Architecture allows an
enterprise to implement specific communication points amongst all its constituent organizations
with a specific common goal using a common language.

The de facto definition of software architecture is rooted in the technology community, and
covers only concepts within the technology domain. Although a valuable exercise, this limited
view of architecture serves to alienate the other organizations of an enterprise. SEEM seeks to
raise the abstraction of architecture to a new level, and encompass the Business and Marketing
organizations in the architecture activities. 

The following discussion introduces a variety of artifacts and processes for accomplishing the
goals of Tri-Aspect Architecture. These are only examples, and represent a minimal starting point.
SEEM requires that all organizations have some representation of the information in the
discussed work products. For the following paragraphs, consider the  philosophy of Tri-Aspect
Architecture as the important consideration.

Visualizing the three organizations
The three organizations of Business,

Marketing and Technical can be
visualized as a series of axes. The axes
represent increasing organizational
capability5 of an enterprise in each of the
domains. The far left of each axis
represents an enterprise with limited or
no capability in the specified domain.
The far right of the axis represents an
enterprise that is world-class in that
domain. An enterprise can be evaluated
with respect to the characteristics of each
axis, and their capability plotted (See
Figure 1.)

Examining the three axes yields
several interesting observations. If an
enterprise lies at the far left of each axis

4 Yes, even in the real world, we have virtual organizations.
5  At one end is an organization succeeding by heroic efforts of individuals. At the other end are well-
defined processes at the correct Degree of Ceremony yielding an effective result.
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(profile A,) then they are likely doomed to eventual failure. An enterprise that lies at the far right
of each axis has a far greater probability of success (profile B.) 

If we consider the extremes of each axis, the relationships between them can also be
characterized. If one aspect of an enterprise were categorized at the far end of one axis, and the
remaining two at the other end, characteristics of the resulting overall enterprise might be
suggested. Consider an enterprise with a very high degree of capability on the Business and
Marketing axes, but a low degree of capability on the Technical axis (profile C.) An enterprise
with this particular profile will be well organized, and have a good understanding of the target
market for their product. The lack of capability on the technical side will, however, ensure that
the developed product does not meet the specifications defined by Marketing, and will not meet
the requirements of schedule and return on investment specified by the Business organization.
Such an enterprise will appear to have a great product, but will have difficulty delivering the
product, and difficulty evolving  it over time.

Consider an enterprise with a high degree of Technical capability, but low capability on the
Marketing and Business axes (profile D.) An enterprise with this profile may have an excellent
product, but the product may not meet the needs of the market place for which it is destined. This
can be characterized as a Òsolution in search of a problemÓ. Further, because the lack of capability
on the Business axis  creates schedule and resource disruptions, the creation and delivery of the
product may not be stable. 

While these extreme examples are not likely6, they illustrate the importance of balancing the
three axes to achieve a viable business.  By plotting the profile of an enterprise, the location and
slope of the profile lines can also indicate the risk associated with an enterprise. The slope of  a
line segment connecting the capabilities of the three axes characterizes an increased risk factor in
that area. A successful enterprise will have a more vertical line connecting their characterization
scores. The location of the profile (left to right) determines the degree of risk for the overall
business venture.

Given a set of scores across the axes, any efforts to increase the capability of one axis
independently may not have the desired effect. Increasing the capabilities of the enterprise must
be done in such a way as to increase the slope of the line segments between axes (trend toward
the vertical), and generally move toward the right of the diagram together. This is counter-
intuitive, as organizations tend to further improve areas where they are already proficient. For
example, if you have a good Marketing organization, they will continue to improve, whilst
consuming more and more resources. This will not improve the enterprise, as it will decrease the
slope of the profile as described above.

6 At least not in your companyÉ
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Systems  Architecture
How does the above discussion relate to systems architecture?  SEEM integrates the three axes

into one approach to systems architecture. The process and artifacts described by SEEM facilitate
the communication between the axes and ensure the synchronicity of the three organizations.
Each axis is considered for a particular architecture, and the results of the analysis are fed to the
next axis for consideration. The result provides a dependant set of artifacts that ensure traceability
of requirements from start to finish. The dependant artifacts also ensure that changes to the
product (on any of the three axes) can be propagated throughout the architecture (see section on
ÒSystemic Iteration.Ó) Lets examine each of the axes independently, and the interfaces between
them.

Business7

The Business axis leads the enterprise from a financial, administrative, and process point of
view. It is beyond the scope of this paper to suggest methods for leading an enterprise from this
perspective. SEEM does suggest analysis methods and artifacts from the business perspective for
developing a product. A minimum of five artifacts is suggested for this axis. The artifacts are:

� Business Context Diagram
� Business Identity
� Business Timeline (with respect to the product under consideration)
� Business Process Model
� Project Plan

The Business Context diagram identifies all the stakeholders relative to the product under
consideration. Along with each of the identified stakeholders is a brief profile with a stated value
proposition, the goals for the business relative to that stakeholder, and the goals of the product
under consideration relative to the stakeholder.  The Business Identity defines the mission, vision
and goals of the business relative to the product development effort. Derived from these are the
principles that guide the decision process as the product evolves. The Business Timeline identifies
key events in the lifecycle of the product, expected results, organization changes, and other
business-specific issues related to the development of the product. The Business Process Model
identifies all the artifacts to be created, and the processes for creating them. The Business Process
Model also specifies how the artifacts communicate information to other organizations involved
in the product development effort. The Project Plan includes high-level resource requirements, a
project timeline, and estimates for cost and effort to indicate the scope of a project prior to
beginning the development effort.

Collectively, these items define the business aspect of architecture. In many projects, this
information exists, but is rarely communicated across organization boundaries. Capturing the
information explicitly, and using a format and language easily understood by others can readily
communicate the Business Architecture. This, in turn, allows others downstream in the
development process to make more intelligent decisions in their area of expertise. It is important
to note that these artifacts are typically distillation of existing documents. Although an overall
business plan may include all of this information, the business plan may not be expressed in
language suitable for comprehension by (say) technical persons. By extracting the information
and summarizing the key points, the information is more likely to be assimilated. 

Marketing
The Marketing organization understands the environment of the market where the product will

be delivered as well as the business opportunities in that market. This statement eventually boils
7 As mentioned in the overview, these sections are presented in the language of a technical audience.
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down into the features and functionality that are communicated to the development team as
product requirements. Again, it is beyond the scope of this paper to cover the details of collecting
and analyzing this information. SEEM indicates the information should be captured and
communicated in a way that others can assimilate. The market aspect consists of four primary
artifacts:

� Market Survey
� User Stories
� Problem Definition Model
� Product Roadmap

The Market Survey is a comprehensive evaluation of other products currently in the
marketplace. These products may be direct competitors to the proposed product, or may be
otherwise related to the product. The Market Survey identifies a set of minimum features required
to enter the market space, as well as opportunities for new features and functions.  The Market
Survey may also include information indicating where the market is trending, a valuable insight
for creating a product roadmap. The Market Survey identifies technologies specific to the market,
indicating either a solution constraint or a market opportunity.

User Stories, in their simplest form, identify what problem the product will solve.  EachA
Uuser Sstory specifies one workflow in the problem domain, and translates to one or more
features of the product. By constraining the user stories to the problem domain, they do not bias
the reader toward a particular solution. Further, the user stories can be leveraged across multiple
products in the same domain. A User Story consists of a name, description, and a sequence of
events. In addition, the User Story may include pre-conditions required for the proper application
of that User Story. Finally, the User Story defines a measurable result for the user. 

In the Problem Definition Model, each User Story maps into a series of sequence diagrams
and other artifacts that comprise the problem definition. For the sequence diagrams, entities
within the problem domain are identified and assigned roles and responsibilities. The sequence
diagrams illustrate the sequence of events as defined by the user story, and map the events to roles
and responsibilities of the discovered entities. 

Other artifacts are used to capture information extracted from the problem domain. State
diagrams can be used if the problem lends itself to state-specific behaviors (e.g., a system with a
protocol). Similarly, an activity diagram may be more appropriate for a behavior-based system.
Regardless, the roles and responsibilities of each identified entity are captured on an Entity-
Relationship-Collaboration (ERC) card. The ERC card details the name of the entity, includes a
brief description, and details the responsibilities of the entity (what it knows, and what it does.)
For each responsibility, collaboration with other entities may be identified. The User Stories and
the Problem Definition Model form the basis for the development effort. Specifically, the User
Stories map directly into Use Cases, the primary means of specifying requirements for the
solution, as described in the ÒTechnicalÓ sub-section below.

The final market artifact is a Product Roadmap. The Product Roadmap defines the evolution of
the product over time.  The User Stories are prioritized according to their risk, impact and
complexity. The User Stories are then laid into a series of releases over time. Each release
accomplishes discrete goals for the user, which are traceable back to the Stakeholder Profiles. The
Product Roadmap is a high-level schedule driven by the needs of the market. The roadmap feeds
into the project plan, but does not replace it.
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Technical
The Technical organization itself may be further divided into multiple axes, perhaps

representing software, electrical and mechanical organizations, that need to interact to
successfully deliver the product . These sub-organizations interact in the same fashion (described
in this paper), as do the Business, Market and Technical organizations of the overall enterprise.
Together, these sub-organizations are responsible for extracting information from previous
artifacts,  which are then mapped into a concise set of product requirements. These requirements
are the starting point for the technical artifacts, which are created by mapping the problem
domain artifacts into the solution domain.

The technical artifacts consist of the following:
� Use Cases
� Technical Project Plan 
� Sequence Diagrams
� Class-Responsibility-Collaboration Cards
� State Diagrams
� Activity Diagrams
� Class/Object Diagrams
� Source Code
� Test Plans
� Visual Interface Prototype
� Interface Specifications

The technical artifacts map previously defined User Stories into Use Cases representing the
solution behaviors. The Use Cases form the basis of the Technical Project Plan, which captures
information about the work breakdown, resource allocation, effort estimations, etc. The use cases
are mapped into sequence diagrams as appropriate, defining entities within the solution space
(subsystems, modules or classes.) Use Cases are also mapped into test plans, which represent a
means for measuring not only quality, but progress against the project plan [4]. Roles and
responsibilities are defined for the identified solution entities. As before, artifacts from other
methodologies can be applied where appropriate.

As with all efforts, each diagram is intended to be simple, with a hierarchy of diagrams
representing the complexity of the complete system. In most cases, each diagram should be
limited to 7 (+/-2) entities [5]. Each layer of the hierarchy should be a consistent level of
abstraction, and should provide more detail than the diagram ÒaboveÓ it in the hierarchy. Also
important to note is the traceability inherent in an abstraction hierarchy. All diagrams should be
traceable back to the original user story diagram of the problem definition. 

The solution definition model ultimately maps onto a set of Class-Responsibility-
Collaboration (CRC) cards, which collectively represent the entire behavior of the solution. The
CRC cards are dealt out to developers for implementation. The solution model thus captures all
the interfaces and interactions between the classes.  When implemented and deployed, the classes
interact to accomplish the work of the solution.

The Technical Project Plan is created by listing each use case, adding its work breakdown, and
estimating the effort required. Effort is estimated by categorizing the use cases according to risk
and complexity.  Dependencies between Use Case realizations, resource availabilities, and other
constraints are also captured. As this is an iterative solution, the Project Plan defines the User
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Stories (and therefore Use Cases) to be implemented first.  The Technical Project Plan tracks the
completion of Use Cases, and therefore the completion status of the product over time.

In some cases, software products are heavily dependant on their visual presentation to the user.
For this type of application an early artifact should be a mockup of the user interface for review
with the stakeholders. Rendered on paper, whiteboard, Microsoft PowerPoint¨ , HTML, or other
visualization tool, the Visual Interface Prototype conveys the essence of the presentation to the
stakeholders. Further, the lack of behavior ensures that the stakeholders understand that this is a
communication tool, and they are more comfortable suggesting changes.

It is also likely the solution will produce modules with an external interface. This may include
other software modules, or hardware with a specific interface. If the interface has an inherent
dependency, a complete interface specification should be provided.

The artifacts created are at the discretion of the implementation team, as is the degree of
ceremony required for each artifact. A minimum set is suggested to ensure the solution is well
considered before implementation begins. Larger teams require a higher degree of ceremony, and
may require more detailed artifacts as well as additional artifacts.  The mature development team
has just enough artifacts with the appropriate degree of ceremony, and no more8. 

With this in mind, it is worth noting that while the above discussion appears to add more effort
(and overhead) to a project, in practice it reduces the amount of effort. Our experience suggests
that understanding a problem and a solution before implementation greatly reduces the number of
required iterations. The overall effect is to align decisions to the appropriate place in the process
(where they were originally made) to ensure they are well reasoned across the life of the project.

Systemic I teration
SEEM is an artifact-oriented approach. Artifacts serve as appropriate milestones to indicate,

monitor and measure project progress, and also serve as a repository of knowledge gathered in
the course of the project. These artifacts thus become invaluable as intellectual property
associated with the project (or enterprise). Any artifact-based approach outlines the set of
expected artifacts and details a process for the creation of these artifacts as the project progresses.

While the approach to creating these artifacts, and utilizing them in later stages of the
ÒwaterfallÓ, may be well understood, it is not clear how these artifacts are utilized and maintained
over a productÕs evolution. Requiring that all relevant artifacts be revisited in the course of
project changes ensures that the overall effect is the appropriate people making decisions at the
appropriate level9. Further, the appropriate context is considered for all perturbations. While this
implies an increase in the team workload, our experience indicates this practice reduces effort
over time by ensuring all aspects of a change are duly considered.

This leads us to the concept of Systemic Iteration. SEEM defines Systemic Iteration as the
phenomenon that requires a project to return to previous artifacts, and reconsider them in the
context of the change. Causes for this may vary. For example, design work reveals that
architectural analysis structures are infeasible for the technology mandated for the solution
domain. Test results may indicate the need for alternate design and analysis models to obtain the
expected behavior.  Design models and implementation may have to be modified to incorporate
additional third-party software. An often-mentioned cause of such iteration is the need for
Òchange managementÓ Ð changes dictated after major product releases and arising out of new

8 Albert Einstein said ÒEverything should be made as simple as possible, but not one bit simpler.Ó 
9 Revisit does not imply revision, only reconsideration.
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customer requirements, hardware changes, or other factors. While this is a major influencer of
iterations, SEEM recognizes that iterations arise at various points in time, and from various
sources. SEEM acknowledges that changes do not come only from Marketing requests, and not
only at the inception of the project. The fundamental nature of these iterations is the same,
irrespective of their source. In fact, the need for iteration may be considered to be a fundamental
Òfact of lifeÓ in software development10. This is the reason why SEEM utilizes the label Systemic
Iteration. While other change management processes recognize that change happens during the
process, they offer precious little guidance as to how to manage the change.

Artifact Creation
SEEM indicates a minimal set of artifacts that need to be created for the three organizational

axes (Business, Marketing and Technical). To encourage the adoption of the SEEM approach, the
precise set of artifacts to be utilized by a particular project may be dictated by the process
currently in use. It is important to note, however, that these legacy artifacts must be consistent and
complete with the minimal set of information identified by SEEM. Additional details may be
included in an artifact, or additional artifacts included, depending on the degree of ceremony
desired by the team. Consequently, it is important to identify the initial set of artifacts to be
created for a particular project. All three organizational axes must be involved in the
identification of the artifacts shared amongst the organizations. The remaining artifacts may be
created by the individual organizations themselves. For example, the technical organization may
use an approach suggested by RUP or XP, and identify a set of artifacts that enhances rapid
prototyping, re-factoring and incremental functionality additions. 

Artifact Dependencies
SEEM introduces the concept of the dependencies amongst the artifacts. These dependencies

amongst the artifacts must be completely and explicitly identified. Dependencies are created
when one artifact is directly referenced for the creation of another, or when it is evident that a
change in one may introduce a change in another. For example, an artifact that is referenced to
create subsequent artifacts is linked to the latter by a dependency. This dependency, possibly in
both directions, would be exercised whenever either artifact is considered for change. Any artifact
that is linked to another artifact is considered a dependant of that artifact.

An example of such dependencies is shown in Figure 2 below. The artifacts in this graph may
be considered to be a set that is consistent with what RUP advocates. Creating a comparable
graph for your organization is critical when it comes to handling artifact updates during Systemic
Iteration, as described below.

Artifact Updates
The SEEM approach is a major step forward in managing artifact revisions. SEEM recognizes

that any change (whatever its source) can be effectively handled by iterating the artifacts
impacted by that change. The exact artifacts affected are determined by the source of the change
itself.

SEEM requires an initial set of impacted artifacts to be identified. Furthermore, the extent of
the impact on these artifacts should be gauged quantitatively. Depending on the impact, the
process must now identify how the impacts cascade to other artifacts of the project. This results
in the identification of the next set of dependant artifacts impacted by the changes to the first set
of artifacts. These changes cascade to another set of artifacts, until it can be determined that the
impacted set is null. Such determination comes when it can be gauged that the changes to a set of
artifacts are internal, and do not propagate to a dependant set. It is important to note that each

10 And forms the basis of the philosophy behind Agile Methods [6]
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artifact must be examined to determine the impact  prior to making any changes. This ensures the
consistency of the resulting changes when they are applied.

Consider this analogy to help understand the nature of this update process. Think of the nodes
in the graph in Figure 2 below to be ÒmarblesÓ laid out on a table. Imagine each link between a
pair of nodes to be a string connecting those two marbles to each other. Let us now assume that
we have identified the marbles that are the initial set of impacted artifacts. Choosing one of these,
we lift that marble up. As the marble rises and pulls up the attached strings, the set of artifacts that
this modified artifact (possibly) impacts also rise above the table surface. We now know which
artifacts to look at during the next step of the iteration. Note that some of these may not be
impacted. Those that are impacted may be marked in a different color. Each newly colored marble
is then lifted in turn to consider its impact and dependencies. Due to the bi-directional nature of
the strings connecting the threads, this analogy demonstrates the need to check each impacted
artifact more than once. In fact, the iteration cycle may revisit each artifact multiple times, with
potentially a different impact, but eventually damping out.

An additional point to note about the diagram in Figure 2 is that the artifacts are categorized as
belonging to a particular phase (in other words, they are created during that phase) of the
development process, and the sequence of phases shown are indicated from left to right11.
Dependencies between phases are shown in the diagram, and imply that  artifacts in a phase may
be dependant on  artifacts in the next and previous phases. Such a hierarchical depiction of
dependency, rendered possible by artifact categorization, reduces the visual complexity of the
graph. 

Let us now consider how the exact traversal algorithm operates. Given the hierarchical graph
in Figure 2, we start by identifying the first impacted artifact as the ÒMake vs. BuyÓ plan. We
execute the traversal as described in this section (Òpulling up the marbles!Ó). This adds the artifact
ÒSolution ProposalÓ and the ÒThird-Party Integration PlanÓ to the next set of dependant artifacts.
We now consider the dependencies amongst the phases. Thus, we now consider that the ÒMake
vs. BuyÓ plan artifact has a cross-phase impact not only on the ÒThird Party Integration PlanÓ and
ÒSolution ProposalÓ artifacts, but also on the ÒAnalysis ModelÓ artifact in the ÒDetailed AnalysisÓ
phase. Therefore, lifting up the ÒMake vs. BuyÓ plan marble also lifts up the ÒAnalysis ModelÓ
marble, and we have to include that in the dependant set for the next iteration step as well.

11 The phases shown are consistent with the Inception-Elaboration-Construction-Transition sequence
advocated by RUP.
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Let us focus on another example utilizing higher-level dependencies. For example, defects
identified from the testing activities in the construction phase indicate the need to change the
source code. Consequently, we identify a significant change to the ÒSource CodeÓ artifact. As
indicated by the relationship graph, this change implies that we consider the changes to artifacts
of the previous phase Ð namely, Design. We realize that as a result of the significant change(s) to
the source code, the ÒDesign ModelÓ artifact has to be updated to maintain consistency. The
expected impact to the ÒDesign ModelÓ propagates backwards to the Detailed Analysis phase, and
upon examination of this impact, we find that the ÒAnalysis ModelÓ has to be updated to be
consistent with the expected new ÒDesign ModelÓ. At this stage, however, we find that the
changes to the ÒAnalysis ModelÓ are internal and do not propagate backwards to the Solution
Proposal phase, and so the iteration impact analysis ends there. The ÒAnalysis ModelÓ is updated,
leading to a new ÒDesign ModelÓ, which then leads to updated ÒSource CodeÓ. Assuming this
updated ÒSource CodeÓ produces acceptable test results, the iteration is complete.
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Systemic Iteration significantly enhances the effectiveness of a software development process
for large and small projects, and throughout the entire life cycle of a project. Systemic Iteration
allows organizations to add four crucial pieces to their development process:  

� A systematic way to map the dependencies between artifacts
� Determine which artifacts are ÒliveÓ
� Establish gatekeepers for artifacts
� Determine criteria for updating artifacts based on changes to dependents  

When used with SEEM’s Tri-Aspect Architecture, clear and unambiguous dependencies can
be established not only amongst artifacts relevant to the Technical axis (as shown in Figure 2), but
also amongst artifacts pertaining to the Business and Marketing axes. Changes to business plans
and market profiles can be clearly captured, and the impact of these changes can be better
understood. This allows the enterprise to precisely understand the impact on the development
process, and improve resource allocation and schedule estimates. The organizations that comprise
the enterprise can then execute to this plan, enhancing their effectiveness.

Case Study 
   In the following paragraphs, we describe a project encompassing three different applications

to meet a set of requirements for scanning driverÕs licenses. Initially, the requirements were ill
defined as the applications were intended to be marketing prototypes for soliciting further
requirements. Additionally, the target platform was not yet identified, and had the potential of
spanning a PC desktop (or laptop), to a Pocket PC or Palm OS application. 

   We began12 by analyzing the three problems to be solved. Starting with a business context
diagram, we identified the stakeholders for each of the three applications, and captured the results
on one page. A stakeholder profile was then created for each of the identified stakeholders to
understand each value proposition. 

At this point, the goals for the architecture were identified as follows:
- Retain platform independence
- Strictly conform to a Model-View-Controller architecture pattern
- Distill the essence of the three applications into one core set of business rules
- Retain maximum flexibility for the user interface to enable fast, easy changes
- Ensure the ÒprototypeÓ was production-quality code to maximize the return on our

investment in the architecture

The value propositions were mapped into a set of User Stories that covered the essential
behaviors of the three applications. To begin, only the key behaviors were modeled. However, we
continued to discuss all the required behaviors to ensure we did not rule out any required
functionality.

   Each behavior was represented by a user story describing the problem solely in the problem
domain. The entities identified in the user story were then mapped onto a sequence diagram that
accomplished the work of the user story. From the collective set of sequence diagrams, the roles,
responsibilities and collaborations of each entity was captured. 

   Once the problem model was created and understood, a variety of implementation
mechanisms were considered for a solution. Those requirements subject to change (or not well
understood) were abstracted to ensure changes would not affect other aspects of the application.
Various design patterns were considered and adapted to suit the specific needs of the solution. By

12 While the material is presented in a linear fashion, the actual development was very iterative.
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exploring and considering multiple concepts, and drawing on our past experiences, we created an
initial model of a solution.

   The problem sequence diagrams were then mapped onto the solution entities identified in the
concept phase. Artifacts created in this phase include: 

o Use case diagrams and textual descriptions
o Sequence Diagrams
o Class Cards (CRC)
o Class Diagrams

Use cases were used to capture the behavior in the solution domain, and the use cases were
mapped onto sequence diagrams. The entities used in the sequence diagrams were selected from
the original problem domain, and supplemented with entities from the solution concept phase.
The roles, responsibilities and collaborations of each entity in the solution model were captured
onto class cards. The resulting class cards became the basis for the implementation phase. For
more detailed information on these artifacts and their usage, see [7].

   We chose to implement the core engine in C++, and limited our external dependencies to
only the standard template library (which is available for most platforms.) We also chose to
present our user interface in HTML to ensure compatibility with multiple platforms. We assumed
at the time that a browser could be used to run the program, or a custom browser could be created
using Visual Basic. 

   The initial framework classes were then implemented, and a single use case was chosen as
the first behavior.  The required classes were implemented, and the first use case tested.
Subsequent use cases were implemented in turn, each tested at completion. Over the
implementation phase, design changes were considered and implemented where necessary.
Systemic Iteration was used to ensure the previous artifacts were all updated to reflect the change
prior to changing the source code. 

   Once the core functionality was completed, three different user interfaces were implemented
to represent the three applications. The three applications were pressed into service as
demonstrations of technology and capability.

   Over the course of the next three months, multiple variations were requested. In each case,
the core functionality remained the same, and only the presentation was modified to
accommodate the new requirements. 

   Two additional major changes were required in this timeframe. The first involved the
introduction of an SQL database rather than the existing flat files. Since this particular change
was expected at the beginning, an abstraction layer had been used for the persistence mechanism.
An ODBC interface was created to conform to the abstraction layer and configured to operate
with a Microsoft Access̈  database. Although the ODBC interface itself required significant
effort, integrating the resulting classes into the core functionality was trivial. The only required
change was the addition of a configuration parameter to specify the persistence option of flat files
or the ODBC database.

   The second major change was the addition of an image-processing library to massage the
image of the 2-dimensional barcode to improve the reliability of data decoding. It became evident
that the obtained image would have to be further processed (e.g., via auto-contrast/gamma
adjustments.) Using Systemic Iteration, the artifacts were examined, and the impact considered.
By traversing the dependencies, the impact was percolated to the overall business plan. Using the
knowledge gathered, schedule constraints and resource availability issues led the management
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team to decide to purchase a third-party image-processing product rather than develop our own.
An appropriate third-party product, that met the price range of the business was identified. This
triggered another round of Systemic Iteration. Starting with the Make vs. Buy Plan artifact, the
impact was percolated to the Third-party Integration Plan, and further to the Third-Party Test
Plan. By considering the nature of the changes to these artifacts, the development team precisely
identified those aspects of the third-party software that were necessary to incorporate into the
system for processing the barcode images. To verify the approach, a small prototype to test those
aspects of the third-party software was developed. It became clear to the development team that
there was no need to fully understand all of the third-party software, but only those aspects
necessary to improve the reliability of the barcode decoder, and gain confidence that those aspects
worked well. As a result of Systemic Iteration, the project team was able to quickly gain this
confidence. 

Having obtained confidence in the third-party product, the project team initiated a third
iteration of Systemic Iteration to effect the changes to the product. The Design Model had to be
changed in order to accommodate the new third-party product. Since the change to the Design
Model was significant enough (new classes introduced, new behavior added to existing class
methods to invoke features of the new software), the Analysis Model and Analysis-level Test Plan
were also impacted. However, since the addition of the third-party software did not change the
system behavior as observed by the customer (but merely made it more correct according to the
original specification) the changes did not propagate to the Solution Proposal phase artifacts.
Therefore, the iteration ended. Changes identified to the Analysis Model and Analysis-level Test
Plan were carried out, as well as updating the Design Model. The Work Breakdown Structure
artifact was modified to include the new tasks. The programmer team was given the updated
Design Model and Work Breakdown Structure artifacts, and they implemented a new internal
release of the source code on that basis. 

Updating the code base for this new release was significantly simpler on account of the clear
mappings identified from the Design Model to the source code. Further unit testing and
integration testing was carried out on the basis of updates to the Test Plan. The new release of the
code had a 99% correctness level, in contrast to the previous 60% correctness. The key fact to
note is that achieving this enhanced level of correctness, in a manner consistent with maintaining
the integrity of the architecture and preventing ÒhackingÓ of the code, was accomplished in a
relatively short time frame thanks to the use of Systemic Iteration.

Proceedings Embedded Systems Conference (West) San Francisco, April 23-26, 2003
16



Software Engineering Effectiveness Model

References
1. The Standish Group International, 2000. The Standish Group, CHAOS Chronicles
2. Kruchten, Philippe. 1999. The Rational Unified Process. Addison-Wesley. ISBN

0-201-60459-0
3. Beck, Kent. 2000. eXtreme Programming eXplained. Addison-Wesley. ISBN 0-

201-61641-6
4. Schneider, Winters. 1998. Applying Use Cases: A Practical Guide. Addison-

Wesley.  ISBN 0-2013-0981-5, See chapter 8 for further information.
5. Booch, Grady. 1994. Object Oriented Analysis and Design with Applications. 2nd

Edition. Addison-Wesley. ISBN 0-8053-5340-2. See discussion starting on page
12

6. Cockburn, Alistair. 2002. Agile Software Development. Addison-Wesley. ISBN 0-
201-69969-9

7. Fowler, Scott. 2000. UML Distilled Second Edition Ð A Brief Guide to the
Standard Object Modeling Language. Addison-Wesley. ISBN 0-201-65783-X

8. Bredemeyer, Dana. See http://www.bredemeyer.com.
9. http://www.bleedingedgesoftware.com  
10.http://www.ArchSynergy.com  

Proceedings Embedded Systems Conference (West) San Francisco, April 23-26, 2003
17


