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Abstract

Product lifecycles continueto shrink, but the complexity of embedded systems continues to
grow. Existing design and implementation techniques often fail to scale with thecomplexity of
thedevice. Devices may also be conceived without business and organizationd condderations
resulting in produds that do not meet the needs of the market, and may nat becommercialy
viable.

This pgpe presents the basic prinaples of the Software Engineering Effectiveness Modd
(SEEM?2 ), which enhances many current development processes. SEEM enables integration of
all aspects of development into a single streamlined workflow. SEEM aso indudes a system-
wideiterative modd that ensures meaningful oversight of artifact evolution across the produd
lifecycle, thusguaanteeing therelevance and currency of workflow artifacts. SEEM handlesthe
uniquechdlenges of embedded systems, such asimmature tools, high-availability, and hardware
dependencies. In addition, SEEM strives to minimize process overhead and incorporate as much
of an enterprise® current prooesses as practical.

Overview

Thehistory of software development isfilled with both triumph and failure, but unfortunaely
there has been more failure than triumph. 1n no other discipline (with the possible exception of
podry) would thefailure rates typica of software projects betolerated. To paraphrase Wingon
Churchill, ONever have so many worked so hard to ship so littleQ Results from the Standish
Group©®2000 CHAOS Study[1] state that only 28% of software projects succeed, anather 49%
are late or over budge, and 23%are never delivered. When reported by project size, thelarger
the project, theworse the nunmbers get. The success nunbes are likely overstated as they measure
aproject agang its stated gods withoutregard to whether these gods were a goodsolution for
thecugomersin thefirst place. Taken in the context of the entire indugry, it should be self-
evident that software development is adisciplinein trouble.

This pgpe introducss ongoing research peformed by theauthors. SEEM seeks to improvethe
state of the art of systems engineering by augmenting current devel opment processes. Thebasis
of the SEEM philosophyis better communication and feedback mechanisms between the
enterprise@ GtakeholdersO SEEM seeks to indudedomains specific to business, marketing,
electrical, mechanica and other disciplines. Each SEEM domain is divided into three layers:

A SEEM-based philosophywhich drives each domain
Development methodologies, practices and tod's
[] Aforma modd in UML
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There are five main components to SEEM:

1. Artifadsbatangible work produd tha indudes information flowing into the
development process, work produds created by intermediate steps, and the produds
ddivered to thecusomer. Examples might induderequirements documents, video
interviews, design modds, executables, etc.

2. Processes Daworkflow describing how the artifacts are created and shared across the
enterprise. Mogt enterprises have ther own, often a variant of the Qvaterfall Oor iterative
life cycles.

3. Tri-Aspect Architecture Da philosophy tha indudes all aspects of an enterprisein the
development process. The aspects of an enterprise can be classified into three areas:

Business
Marketing
Technical

4. Systemic Iteration Ba meansto accommodae change in thecontent of the artifacts tha
recognizes ther interdependencies. Systemic iteration ensures each artifact is always
congstent with theothers.

5. Metricsba pragmeatic set of measures tha determinethe qudity and progress of the
project over time. After all, you can®@improveif you can®tell how you@e doing! A
detailed discussion about metrics is beyondthe scopeof this pge.

Althoughthislist covers many issues, mos enterprises aready address many of them. SEEM
seeks to tie togeher existing processes, and adgpt them to increase the effectiveness of current
development practices. A key conapt that enables this effectiveness is Degree of Ceremony
(DoC)*, 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 barier to usng 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 halway convasations The DoC conaept appliesto all five components
of SEEM.

The SEEM approach can yield amore effective organization with a small additiond
investment. The SEEM motto is CEffectiveness, not OverheadQ) and we mean it! An enterprise
may actualy end up with less GorocessOthan it has now. SEEM @ experience ind cates that
following recommended processes subgantially reduces the overall amourt of work to be done.

Althoughthis approach is applicable to many engineering disciplines, this pgpe focuses on
the application of this approach to the software domain (induding embedded systems.) It should
benoted that SEEM applies to theentire enterprise, nat just thetechnica organization. However,
this pgper emphasizes thetechnical organization and addresses othe parts of theenterprise as
they interface with thetechnical organization. Note that thisis only an introdudion to SEEM.
More information will beforthcoming in thefuture.

Artifacts
SEEM d€fines an artifact as tangible? work products containing information related to the
development of a system. Artifacts permeate the entire lifecycle including those flowing into the

! Degree of Ceremony is actudly the sixth comporent of SEEM, andwill be induded in subssquent
publications L B )
2 Theold government adage QOf it@ nat written down, it didn®hgppen.Oapplies here.
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development process, produds created during intermediate steps and thefind ddiverablesto the
cusomer.

SEEM is an artifact-oriented approach, and envisages tha these artifacts are critical entities
which are used for communication, doaumentation, assessment and progress-tracking purposs
across GpaceOand time. As described in detail in the Bystemic IterationOsection, these artifacts
are also used in effectively managing changearising out of new and modified fundiondity
requirements, behavioral inoorrectness, performance enhancements, etc. It isaso impoitant to
note that since, as mentioned above Orri-Aspect ArchitectureOis a major feature of SEEM, these
artifacts are not confined to thetechnical organization alone An enterprise tha currently uses the
Rationd Unified Process (RUP) [2], for example, may produce such artifacts, butthese will mos
likely be confined to thetechnica organization. SEEM, however, seeks to extend the use of these
artifacts to the Busness and Marketing organizationsas well.

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

SEEM congders theabove-mentioned artifacts appropriate for thetechnical organization.
More importantly, it also advocates tha similar artifacts, appropriate to the Business and
Marketing organizations be created. Artifacts appropriate for the business organization could
indudea Busness Identity Document, Stakeholder Profiles, Busness Vison Statement, etc. (see
section on OTri-Aspect ArchitectureObedow). Artifacts created by the Marketing organization
congst of aMarket Survey Document and User Stories used to describe theintended
fundiondity of the system in an implementation-ndependent mannea. Thekey ideain SEEM is
tha dependendes must be precisely and unanbiguousy identified anongg these artifacts. These
dependencies extend beween the artifacts across organizationd boundaies. For example, thereis
an obvious dependency between the User Stories (owned by the Marketing organization) and the
Sequence Diagrams (an Andysis Modd artifact, owned by thetechnical organization)) SEEM
requires tha this dependency beexplicitly identified, thereby establishing a clear channd of
communication between these two organizations and also ensuring tha such communication
hgppensvia Systemic Iteration.

It isimportant to note tha artifacts created are not required to betextud Bthey may bevideo
or audio data, for example. SEEM only requires tha there be an explicit means of creating an
artifact (refer to the QProcessOsection bdow) and tha the degpendency of an artifact to its peersis
well undestood thereby enabling such dependendes to berepresented in a dgpendency graph.
Also, themeans of effecting changes to the artifact during Systemic Iteration mug bewell
undestood.

Processes

For each artifact, thereisa process (implicit or otherwise) that describes the creation of the
artifact. Furthermore, thereis also a process (implicit or othewise) that captures the flow and
exchangeof artifacts anongthe organizations of an enterprise. Collectively, these two categories
determine how abusness fundionsday-to-day.
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Idedlly, each of therespective processes will bewell documented and undestood However, in
thereal® world thisisrarely true The two endsof the process spectrum can be described as:
An enterprise has avery well doaumented process, butthe Degree of Ceremony istoo
high to beeffective.
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.

® Tha is, mog organizationsdevel oping software produds.

4
ProceedingsEmbedded Systems Conference (West) San Francisco, April 23-26,2003



Software Engineering Effectiveness Model

Tri- AspectAr chitecture

Any enterprise involved in the creation of aprodud can bedivided into three virtud
organizations DBusiness, Marketing, and Technology. The Busness organization leadsthe
enterprise fromafinandal, adminigtrative, and process point of view. The Marketing organization
undestandstheenvironment of the market place where theprodud is ddivered, andthe
oppotunities for new produds. The Technology organization creates the product. The successful
enterprise integrates the virtud organizationsinto onefocused team, freely communicating to
accomplish thegod of the business oppotunity.

Unfortunaely, thisintegrationis not aways seamless Bthe communication between
organizationsoften breaks down. Further complicating thecommunication isthefact tha each
organization speaks a different QanguayeOand may have differing (and sometimes contradictory)
gods. Tri-Aspect Architecture seeks to re-integrate the organizationsby providing a means of
communicating amongg them in away understandable to al. Tri-Aspect Architecture alows an
enterprise to implement specific communi cation points amongg al its constituent organizations
with a specific common god usngacommon languae

Thedefacto definition of software architecture isrooted in thetechnology community, and
covers only concepts within thetechnology domain. Althowgh avaluable exercise, thislimited
view of architecture serves to aienate the other organizationsof an enterprise. SEEM seeks to
raise the abgraction of architecture to a new level, and encompass the Busness and Marketing
organizationsin the architecture activities.

Thefollowing discussion introducs avariety of artifacts and processes for accomplishing the
gods of Tri-Aspect Architecture. These are only examples, and represent a minimal starting point.
SEEM requires tha &l organizationshave some representation of theinformation in the
discussed work produds. For thefollowing paagraphs condder the philosophyof Tri-Aspect
Architecture as theimportant consderation.

Visualizing the three organizations

Thethree organizations of Business,
Marketing and Technica can be Busi Axi
visudized as a series of axes. The axes USIESS s

represent increasing organizationd

capability® of an enterprise in each of the

domeins Thefar left of each axis _hgarketmg Axis +
represents an enterprise with limited or A

no capability in the specified domain. Tec
Thefar right of the axis represents an
enterprise tha isworld-classin tha
domain. An enterprise can beevauated
with respect to the characteristics of each
axis, and their capability plotted (See
Figure 1.)

Increasing Organizational Capability
>

Examining thethree axes yidds
severa interesting observations. If an Figure 1: Tri-Aspect Architecture
enterprise lies at thefar |eft of each axis

*Yes, evenin thereal world, we have virtud organizations
> At oneendisan organization succeeding by heroic efforts of individuds. At the other end are well-
defined processes at the correct Degree of Ceremony yielding an effective result.
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(profileA,) then they are likely doomed to eventud failure. An enterprise tha lies at the far right
of each axis has afar greater probability of success (profile B.)

If we condde the extremes of each axis, therelationships between them can also be
characterized. If oneaspect of an enterprise were categorized at the far end of oneaxis, and the
remaining two at the other end, characteristics of theresulting overall enterprise might be
suggested. Consde an enterprise with a very high degree of capability onthe Business and
Marketing axes, butalow degree of capability onthe Technical axis (profile C.) An enterprise
with this paticular profile will bewell organized, and have agoodundestanding of thetarge
market for ther product. Thelack of capability onthetechnical sidewill, however, ensure tha
thedevelopal produd does not meet the specificationsdeined by Marketing, and will nat meet
therequirements of schedule and retumn on investment specified by the Business organization.
Such an enterprise will appear to have agreat produd, but will have difficulty ddivering the
produd, and difficulty evolving it over time.

Condde an enterprise with ahigh degree of Technical capability, butlow capability onthe
Marketing and Busness axes (profile D.) An enterprise with this profile may have an excellent
produd, butthe produd may not meet the needs of the market place for which it is destined. This
can be characterized as aGolutionin search of a problemQ Further, because the lack of capability
ontheBusgness axis creates schedule and resource disruptions thecreation and ddivery of the
produd may notbestable.

While these extreme examples are nat likely®, they illugrate theimportance of badancngthe
three axesto achieve aviable busness. By plotting the profile of an enterprise, thelocation and
slopeof the profile lines can also ind cate therisk assodated with an enterprise. Theslopeaof a
line segment connecting the capabilities of thethree axes characteri zes an increased risk factor in
tha area. A successful enterprise will have amore vertica lineconnetingther characterization
scores. Thelocation of the profile (1eft to right) determines the degree of risk for the overall
busness venture.

Given a set of scores across the axes, any efforts to inarease the capability of oneaxis
independently may nat have thedesired effect. Inareasing the capabilities of the enterprise mug
bedonein such away asto increase the dopeof the line segments between axes (trend toward
thevertical), and generaly movetoward theright of the diagram togeher. Thisis countr-
intuitive, as organizationstend to further improve areas where they are aready proficient. For
example, if you have agoodMarketing organization, they will continue to improve, whilst
conauming more and more resources. Thiswill notimprove theenterprise, asit will decrease the
slopeof the profile as described above

¢ At least not in your companyE
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Systems Architecture

How does the abovediscussion relate to systems architecture? SEEM integrates the three axes
into oneapproach to systems architecture. The process and artifacts described by SEEM facilitate
the communication between the axes and ensure the synchronicity of thethree organizations
Each axis is congdered for a paticular architecture, and the results of theandysis are fed to the
next axis for consderation. Theresult provides a dependant set of artifacts that ensure traceability
of requirements from start to finish. The dependant artifacts also ensure tha changesto the
produd (on any of thethree axes) can bepropagated throughoutthe architecture (see section on
CBystemic Iteration.Q Lets examine each of the axes independently, and theinterfaces between
them.

Business’

The Busness axis leadsthe enterprise from afinandal, administrative, and process point of
view. It isbeyondthe scopeof this paper to suggest methodsfor leading an enterprise from this
perspective. SEEM does suggest andysis methodsand artifacts from the busness perspective for
developing a produd. A minimum of five artifacts is suggested for this axis. Theartifacts are:

Busness Context Diagram

Busness Identity

Busness Timeline (with respect to the produd unde condderation)
Business Process Model

Project Plan

The Busness Context diagram identifies all the stakeholders relative to the produd unde
condderation. Alongwith each of theidentified stakeholdesis a brief profile with a stated value
propostion, thegodsfor thebudness relative to tha stakeholder, and the gods of theprodud
unde condderation relative to the stakeholder. The Busness Identity defines themission, vision
and gods of thebusnessrdative to the produd devel opment effort. Derived from these are the
prindples tha guide the decision process asthe produd evolves. TheBusness Timeline identifies
key eventsin thelifecycle of the product, expected results, organization changes, and other
budness-specific issues related to the development of the produd. The Busness Process Modd
identifies al the artifacts to be created, and the processes for creating them. The Busness Process
Modd aso specifies how theartifacts communicate information to other organizationsinvolved
in the produd devel opment effort. The Project Plan indudes high-level resource requirements, a
project timeline, and estimates for cog and effort to indicate the scope of a project prior to
beginning the development effort.

Collectively, these items definethe business aspect of architecture. In many projects, this
information exists, but israrely communicated across organization boundaies. Capturing the
information explicitly, and usng aformat and language easily undestood by others can readily
communicate theBusness Architecture. This, in tum, allows others downgream in the
development process to make more intelligent decisionsin thear area of expertise. It is important
to note tha these artifacts are typically distillation of existing doauments. Althoughan overal
budgness plan may indudeall of thisinformation, the business plan may not beexpressed in
languae suitable for comprehenson by (say) technical persons By extracting theinformation
and summarizing thekey points, theinformationis more likely to be assimilated.

Marketing

The Marketing organization undestandsthe environment of the market where theprodud will
beddivered as well as thebusgness oppotunities in that market. This statement eventualy bals

” As mentioned in the overview, these sections are presented in thelanguage of atechnical audience.
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down into thefeatures and fundiondity tha are communicated to thedevel opment team as
produd requirements. Again, it is beyond the scopeof this pgper to cove the details of collecting
and andyzing thisinformation. SEEM indicates theinformation should be captured and
communicated in away tha others can assimilate. Themarket aspect condsts of four primary
artifacts:

Market Survey

User Stories

Problem Definition Modd

Produd Roadmap

TheMarket Survey is acomprehengve evaluation of other produds currently in the
marketplace. These produds may bedirect competitors to the proposd produd, or may be
otherwise related to the produd. The Market Survey identifies a set of minimum features required
to enter the market space, aswell as oppotunities for new features and fundions TheMarket
Survey may also indudeinformation indicating where themarket is trending, a valuable ingght
for creating a produd roadmap. The Market Survey identifies technologies specific to the market,
indicating either a solution condraint or a market oppottunity.

User Stories, in thar simplest form, identify wha problem the produd will solve. EachA
Uuser Sstory specifies oneworkflow in the problem domein, and trand ates to oneor more
features of the produd. By condraining theuser stories to the problem domein, they do not bias
thereader toward aparticular solution. Further, the user stories can beleveraged across multiple
produds in the same domain. A User Story conssts of aname, description, and a sequence of
events. In addition, the User Story may indudepre-conditionsrequired for the prope application
of tha User Story. Findly, the User Story defines ameasurable result for theuser.

In the Problem Definition Modd, each User Story mapsinto a series of sequence diagrams
and other artifacts tha comprise the problem definition. For the sequence diagrams, entities
within the praoblem domain are identified and assigned roles and responsbilities. The sequence
diagrams illudrate the sequence of events as defined by theuser story, and map theeventsto roles
and responsbilities of thediscovered entities.

Other artifacts are used to capture information extracted from the problem domain. State
diagrams can be used if the problem lendsitself to state-specific behaviors (e.g., a system with a
protoool). Similarly, an activity diagram may bemore appropriate for a behavior-based system.
Regadless, theroles and responsbilities of each identified entity are captured on an Entity-
Relationsip-Collaboration (ERC) card. The ERC card details the name of theentity, indudes a
brief description, and detail stheresponsbilities of theentity (wha it knows, and wha it does.)
For each responshility, collaboration with other entities may beidentified. The User Stories and
the Problem Definition Modd form thebasis for the devel opment effort. Specifically, the User
Stories map directly into Use Cases, the primary means of specifying requirements for the
solution, as described in the Orechnical Osub-section bd ow.

Thefind market artifact isa Produd Roadmap. The Produd Roadmap defines the evolution of
theprodud over time. TheUser Stories are prioritized according to ther risk, impact and
complexity. TheUser Stories are then laid into a series of releases over time. Each release
accomplishes discrete gods for the user, which are traceable back to the Stakeholder Profiles. The
Produd Roadmap isahighdeve schedule driven by the needs of the market. Theroadmap feeds
into the project plan, butdoes nat replace it.

8
ProceedingsEmbedded Systems Conference (West) San Francisco, April 23-26,2003



Software Engineering Effectiveness Model

Technical

The Technical organizationitself may befurthe divided into multiple axes, perhgps
representing software, electrical and mechanica organizations that need to interact to
successfully ddiver the produd . These sub-organizationsinteract in the same fashion (described
in this pgoer), as dothe Budness, Market and Technical organizationsof the overall enterprise.
Togehe, these sub-organizationsare responsble for extracting information from previous
artifacts, which are then mapped into a condse set of produd requirements. These requirements
are thestarting point for thetechnical artifacts, which are created by mapping the problem
domain artifacts into the solution domain.

Thetechnica artifacts consist of thefollowing:
Use Cases
Technical Project Plan
Sequence Diagrams
Class-Responsbility-Collaboration Cards
[0 State Diagrams
Activity Diagrams
Class/Object Diagrams
Source Code
Test Plans
Visud Interface Prototype
Interface Specifications

Thetechnical artifacts map previoudy defined User Stories into Use Cases representing the
solution behaviors. The Use Cases form the basis of the Technica Project Plan, which captures
information aboutthe work breakdown, resource allocation, effort estimations etc. Theuse cases
are mappel into sequence diagrams as appropriate, defining entities within the solution space
(subsystems, modules or classes.) Use Cases are also mappel into test plans, which represent a
meansfor measuring not only qudity, but progress aganst the project plan [4]. Roles and
responsbilities are defined for the identified solution entities. As before, artifacts from other
methodobgies can be applied where appropriate.

Aswith all efforts, each diagram isintended to besimple, with a hierarchy of diagrams
representing the complexity of the complete system. In mog cases, each diagram should be
limited to 7 (+/-2) entities [5]. Each layer of the hierarchy should be acongstent level of
abgtraction, and should providemore detail than the diagram Gabovedit in the hierarchy. Also
important to note is thetraceability inherent in an abgraction hierarchy. All diagrams shoud be
traceable back to theorigind user story diagram of the problem définition.

The solution definition modd ultimately mapsonto a set of Class-Responsbility-
Collaboration (CRC) cards which collectively represent the entire behavior of the solution. The
CRC cardsare dedlt out to developa's for implementation. The solution modd thuscaptures all
theinterfaces and interactionsbeween 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, addingits work breakdown, and
estimating theeffort required. Effort is estimated by categorizing the use cases according to risk
and complexity. Dependendes beween Use Case redlizations resource availabilities, and other
condraints are also captured. As thisis an iterative solution, the Project Plan defines the User
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Stories (and therefore Use Cases) to beimplemented first. The Technica Project Plan tracks the
completion of Use Cases, and therefore the completion status of the produd over time.

In some cases, software produds are heavily degpendant on their visud presentation to theuser.
For thistype of application an early artifact should bea mockup of the user interface for review
with the stakehol ders. Rendered on paper, whiteboad, Microsoft PowerPoint™ , HTML, or other
visudizationtool, theVisud Interface Prototype conveys the essence of the presentation to the
stakeholders. Further, thelack of behavior ensures tha the stakeholders undestand tha thisis a
communication tool, and they are more comfortable suggesting changes.

Itisaso likdly the solutionwill produe modules with an externd interface. This may indude
other software modules, or hardware with a specific interface. If theinterface has an inherent
dependency, a complete interface specification shoud be provided.

Theartifacts created are at the discretion of theimplementation team, as is thedegree of
ceremony required for each artifact. A minimum set is suggested to ensure the solution iswell
conddered before implementation begins Large teams require a highe degree of ceremony, and
may require more deailed artifacts aswell as additiond artifacts. The mature development team
has jug enough artifacts with the appropriate degree of ceremony, and no more®.

With thisin mind, it isworth noting tha while the abovediscussion appears to add more effort
(and overhead) to a project, in practice it reduces theamount of effort. Our experience suggests
tha undestanding a problem and a solution before implementation greatly reduces the number of
required iterations The overall effect isto align decisionsto the appropriate place in the process
(where they were origindly made) to ensure they are well reasoneal across thelife of the project.

Systemiclteration

SEEM is an artifact-oriented approach. Artifacts serve as appropriate milestones to indicate,
monitor and measure project progress, and also serve as arepostory of knowedgegahered in
the course of the project. These artifacts thusbecome invd uable asintellectud propeaty
assod ated 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
Quaterfall @ may bewell undestood, it is notclear how these artifacts are utilized and maintained
ove aprodud@ evolution. Requiring that al relevant artifacts berevisited in the course of
project changes ensures that the overall effect is the appropriate people making decisionsat the
appropriate level®. Further, the appropriate context is conddered for al perturbaions While this
implies an increase in theteam workload, our experience indi cates this practice reduces effort
ove time by ensuring all aspects of achangeare duly consdered.

This leadsusto the conaept of Systemic Iteration. SEEM defines Systemic Iteration as the
phenomenontha requires a project to return to previousartifacts, and recondder theam in the
context of thechange Causes for this may vary. For example, design work reved s that
architectural andysis structures are infeasible for the technology mandated for the solution
domain. Test results may indicate the need for alternate design and andysis models to obtain the
expected behavior. Design modds and implementation may have to be modified to incorporate
additiona third-party software. An often-mentioned cause of suchiterationistheneed for
QhangemanagementOD changes dictated after major produd releases and arising out of new

& Albert Eingein said GEverything should be made as simple as possible, but not onebit simpler.O
° Revisit does notimply revision, only reconsderation.
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cugomer requirements, hardware changes, or other factors. While thisisamajor influencer of
iterations SEEM recognizes tha iterationsarise at variouspointsin time, and from various
sources. SEEM acknowl edges tha changes do not come only from Marketing requests, and nat
only at theinception of the project. Thefundamenta nature of these iterationsis the same,
irrespective of ther source. In fact, the need for iteration may beconsdered to beafundanental
Qact of lifeQin software development'®. Thisis the reason why SEEM utilizes the labd Systemic
Iteration. While other changemanagement processes recognize that changehgppensduring the
process, they offer preciouslittle guidance as to how to managethe change

Artifact Creation

SEEM indicates aminima set of artifacts tha need to be created for thethree organizationd
axes (Bugness, Marketing and Technical). To encourage the adopion of the SEEM approach, the
precise set of artifacts to be utilized by a particular project may bedictated by the process
currently in use. It isimportant to nate, however, tha these legacy artifacts must be condstent and
complete with theminima set of information identified by SEEM. Additiond details may be
induded in an artifact, or additiond artifacts induded, degpending on the degree of ceremony
desired by theteam. Consequently, it isimpaortant to identify theinitid set of artifactsto be
created for a paticular project. All three organizationd axes mug beinvolved in the
identification of the artifacts shared amongst the organizations Theremaining artifacts may be
created by theindvidud organizations themselves. For example, thetechnical organization may
use an approach suggested by RUP or XP, and identify a set of artifacts tha enhances rapid
prototyping, re-factoring and inaemental functiondity additions.

Artifact Dependencies

SEEM introduces the concept of the dependendes amongst the artifacts. These dependendes
among4 the artifacts must be completely and explicitly identified. Dependencies are created
when oneartifact is directly referenced for the creation of another, or when it isevident tha a
changein onemay introdue a changein anather. For example, an artifact tha is referenced to
create subsquent artifacts is linked to thelatter by a dependency. This dependency, possibly in
both directions would be exercised whenever either artifact is consgdered for change Any artifact
tha islinked to another artifact is conddered a dependant of tha artifact.

An example of such dependendesis shown in Figure 2 bd ow. Theartifacts in this graph may
beconddered to bea set tha is condstent with wha RUP advocates. Creating acompaable
graphfor your organizationis critical when it comes to handing artifact updates during Systemic
Iteration, as described bd ow.

Artifact Updaies

The SEEM approach is amajor step forward in managing artifact revisions SEEM recognizes
tha any change(whatever its source) can beeffectively handled by iterating theartifacts
impacted by tha 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
theimpact onthese artifacts should be gaugad quantitatively. Depending ontheimpeact, the
process mug now identify how theimpacts cascade to othe artifacts of the project. This results
in theidentification of the next set of dependant artifactsimpacted by the changes to thefirst set
of artifacts. These changes cascade to another set of artifacts, until it can bedegermined tha the
impacted set is null. Such determination comes when it can be gauged that the changes to a set of
artifacts are internd, and do not propagae to a dependant set. It isimportant to note tha each

1© And forms the basis of the philosophy behind Agile Methods[6]
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artifact mug be examined to determinetheimpact prior to making any changes. This ensures the
condgstency of theresulting changes when they are applied.

Condder thisandogy to hdp undestand the nature of this updde process. Think of the nodes
in thegraphin Figure 2 below to be OnarblesOlaid out on atable. Imagine each link between a
par of nodesto bea string connecting those two marblesto each other. Let usnow assume tha
we have identified the marbles tha are theinitia set of impacted artifacts. Choosng oneof these,
we lift that marble up.Asthemarble rises and pulls up the attached strings theset of artifacts tha
thismodified artifact (possibly) impacts a so rise abovethetable surface. We now know which
artifacts to look at duringthe next step of theiteration. Note tha some of these may notbe
impacted. Those tha are impacted may be marked in a different color. Each newly colored marble
isthen lifted in turn to consder itsimpact and dependendies. Dueto thebi-directiond naure of
thestringsconnecting the threads, this and ogy demondrates the need to check each impacted
artifact more than onae. In fact, theiteration cycle may revisit each artifact multiple times, with
potentially a different impact, but eventudly damping out

An additiond point to nate aboutthediagram in Figure 2 istha the artifacts are categorized as
bdongingto a particular phase (in other words they are created during tha phase) of the
development process, and the sequence of phases shown are indicated from left to right™.
Dependend es between phases are shown in the diagram, and imply tha artifacts in a phase may
bedependant on artifacts in thenext and previousphases. Such a hierarchical depiction of
dependency, rendaed possible by artifact categorization, reduces thevisud complexity of the

graph.

Let usnow condde how theexact traversal agorithm operates. Given the hierarchical graph
in Figure 2, we start by identifying the first impacted artifact as the Make vs. BuyOplan. We
execute thetraversal as described in this section (Qulling up themarbles! Q. This addsthe artifact
CBolution Proposl Oand the Orhird-Party Integration PlanCOto the next set of dependant artifacts.
We now condder the dependendes amongst the phases. Thus we now condder tha the Viake
vs. BuyOplan artifact has a cross-phase impact notonly onthe Orhird Party Integration PlanOand
CBolution Proposal Qartifacts, but aso onthe GAndysis Model Oartifact in the etailed AnaysisO
phase. Therefore, lifting up the Make vs. BuyOplan marble also lifts upthe Andysis Modd O
marble, and we have to indudetha in thedependant set for the next iteration step as well.

1 The phases shown are cons stent with the Incepti on-Elaboration-Congruction-Trandtion sequence
advocated by RUP.
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Figure 2: Dependendes amongs SEEM artifacts

Let usfocuson another example utilizing highe-level dependendes. For example, defects
identified from the testing activities in the condruction phase indicate the need to changethe
source code Consequently, we identify a significant changeto the (Source CodeQartifact. As
indicated by therelationship graph, this changeimpliestha we condder the changesto artifacts
of theprevious phase Bnamely, Design. Werealize tha as aresult of the significant changgs) to
the source codg the Mesign ModdOartifact has to be updated to maintain condgstency. The
expected impact to the Mesign Modd Opropayates backwardsto the Detailed Andysis phase, and
uponexamination of thisimpact, we find that the QAnalysis ModelOhas to be updated to be
congstent with the expected new esign ModdQ At this stage, however, we find that the
changes to the Anadysis ModdOare internd and do not propagae backwards to the Solution
Proposil phase, and so theiterationimpact andysis ends there. The QAnalysis Model Ois updaed,
leading to a new esign ModdQ which then leadsto updated CBource CodeQ Assuming this
updaed Gsource CodeOproduces acceptable test results, theiteration is complete.
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Systemic Iteration significantly enhances the effectiveness of a software development process
for large and small projects, and throughoutthe entire life cycle of a project. Systemic Iteration
allows organizationsto add four crudal pieces to thar development process:

A systematic way to map the dependend es between artifacts
Determinewhich artifacts are QiveO

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.

CaseStudy

In thefollowing paragraphs we describe a project encompassing three different applications
to meet a set of requirements for scanning driver@ licenses. Initialy, therequirements were il
defined as theapplicationswere intended to be marketing prototypes for soliciting further
requirements. Additiondly, thetarget platform was notyet identified, and had the potential of
spanning a PC desktop (or laptop), to a Pocket PC or PAm OS application.

We began'? by andyzing thethree problems to be solved. Starting with a busness context
diagram, we identified the stakeholders for each of the three applications and captured the results
ononepage A stakeholder profile was then created for each of theidentified stakeholders to
undestand each vaue propostion.

At this paint, the gods for the architecture were identified as follows:
- Retain platform independence
- Strictly conform to aModd-View-Controller architecture patern
- Didtill the essence of thethree applicationsinto onecore set of busnessrules
- Retain maximum flexibility for the user interface to enable fast, easy changes
- Ensure the QorototypeOwas produdion-qudity codeto maximize the retum on our
investment in the architecture

Thevalue propostionswere mapped into a set of User Stories tha covered the essential
behaviors of the three applications To begin, only thekey behaviors were modded. However, we
continual to discuss al therequired behaviorsto ensure we did not rule out any required
fundiondity.

Each behavior was represented by a user story describing the problem solely in the problem
domain. Theentities identified in theuser story were then mapped onto a sequence diagram that
accomplished thework of the user story. From the collective set of sequence diagrams, theroles,
responsbilities and collaborationsof each entity was captured.

Once the problem model was created and undestood, a variety of implementation
mechanisms were consdered for a solution. Those requirements subject to change (or not wel
undestood)were abgracted to ensure changes would not affect other aspects of the application.
Various design paternswere conddered and adgpted to suit the specific needs of the solution. By

2Whilethe material is presented in alinear fashion, the actual development was very iterative.
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exploring and conddering multiple concepts, and drawing on our past experiences, we created an
initial model of asolution.

The problem sequence diagrams were then mapped onto the solution entities identified in the
conoept phase. Artifacts created in this phaseindude

o Usecase diagrams and textud descriptions

0 Sequence Diagrams

0 ClassCads(CRC)

0 ClassDiagrams

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
theoriginal problem domain, and supplemented with entities from the solution concept phase.
Theroles, responsbilities and collaborationsof each entity in the solution modd were captured
onto class cards Theresulting class cards became the basis for theimplementation phase. For
more detailed information on these artifacts and thar usage, see [7].

We chaose to implement the core enginein C++, and limited our externd dependendesto
only the standard template library (which isavailable for mog platforms.) We also chos to
present our user interface in HTML to ensure compdibility with multiple platforms. We assumed
a thetimetha abrowser could be used to run the program, or a cusom browser could be created
usngVisud Basic.

Theinitid framework classes were then implemented, and asingle use case was chosen as
thefirst benavior. Therequired classes were implemented, and thefirst use case tested.
Subsequent use cases were implemented in tumn, each tested at completion. Over the
implementation phase, desigh changes were consgdered and implemented where necessary.
Systemic Iteration was used to ensure the previous artifacts were all updaed to reflect the change
prior to changing the source code

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

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

Two additiond major changes were required in thistimeframe. Thefirst involved the
introdudion of an SQL daabase 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 opeate
with aMicrosoft Access’ database. Althowgh the ODBC interface itself required significant
effort, integrating the resulting classesinto the core fundiondity was trivial. Theonly required
change was the addition of a configuration parameter to specify the persistence option of flat files
or theODBC daabase.

The second mgjor changewas the addition of an image-processing library to massagethe
image of the 2-dimengond barcodeto improvethe reliability of data decoding. It became evident
that the obtained image would have to befurther processed (e.g., via auto-contrast/ganma
adjugments.) Using Systemic Iteration, the artifacts were examined, and theimpact consdered.
By traversing the dependendes, theimpact was percolated to theoverdl busness plan. Usingthe
knowledgegathered, schedule condraints and resource availability issues led the management
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team to decideto purchase athird-party image-processing produd rather than develop our own.
An appropriate third-party prodict, tha met theprice rangeof thebusness was identified. This
triggeed another roundof Systemic Iteration. Starting with the Make vs. Buy Plan artifact, the
impact was percolated to theThird-party Integration Plan, and further to the Third-Party Test
Plan. By congdering thenature of the changes to these artifacts, the devel opment team precisely
identified those aspects of thethird-party software tha were necessary to incorporate into the
system for processing the barcode images. To verify the approach, a small prototypeto test those
aspects of thethird-party software was developed. It became clear to thedevelopment team that
there was no need to fully understand al of thethird-party software, butonly those aspects
necessary to improvethereiability of thebarcodedecode, and gan confidence tha thos aspects
worked well. Asaresult of Systemic Iteration, the project team was able to quickly gan this
confidence.

Having obtained confidence in the third-party produd, the project team initiated a third
iteration of Systemic Iteration to effect the changes to the produd. The Design Modd had to be
changed in order to accommodée thenew third-party produd. Since the changeto the Design
Modd was significant enough(new classesintroduced, new behavior added to existing class
methodsto invokefeatures of thenew software), theAndysis Modd and Andysis-level Test Plan
were aso impacted. However, since theaddition of thethird-party software did notchangethe
system behavior as observed by thecusomer (but merely madeit more correct accordingto the
origind specification) the changes did not propagate to the Solution Proposal phase artifacts.
Therefore, theiteration endal. Changesidentified to theAndysis Modd and Andysis-level Test
Plan were carried ou, as well as updating the Design Modd. TheWork Breskdown Structure
artifact was modified to indudethenew tasks. The programmer team was given the updated
Design Modd and Work Breskdown Structure artifacts, and they implemented a new internd
rel ease of thesource codeon tha basis.

Updéing thecodebase for this new release was significantly smpler on accountof theclear
mappingsidentified from theDesign Modd to the source code Further unit testing and
integration testing was carried out onthebas s of upddes to the Test Plan. The new release of the
codehad a 99%correctness level, in contrast to the previous60% correctness. Thekey fact to
note istha achieving this enhanced level of correctness, in a manne condstent with maintaining
theintegrity of thearchitecture and preventing hackingQof the code was accomplished in a
relatively shott time frame thanksto the use of Systemic Iteration.

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



Software Engineering Effectiveness Model

References

1.
2.

3.

7.

8.

9

The Standish Group Internaiond, 2000.The Standish Group, CHAOS Chronicles
Kruchten, Philippe 1999.The Rational Unified Process. Addison-Wesley. ISBN
0-201-604590

Beck, Kent. 2000.eXtreme Programming eXplained. Addison-\Wesey. ISBN 0-
201616416

Schnader, Winters. 1998.Applying Use Cases: A Practical Guide Addison-
Wesley. ISBN 0-2013-0981-5, See chapter 8§ for further information.

Booch, Grady. 1994. Object Oriented Analysis and Design with Applications 2™
Edition. Addison-Wedley. ISBN 0-805353402. See discussion starting on page
12

Cockbum, Alistair. 2002.Agile Sotware Developrrent. Addison-Wesley. ISBN 0-
201699699

Fowler, Scott. 2000.UML Distilled Second Edition DA Brief Guideto the
Standad Object Modding Language Addison-Wedley. ISBN 0-201-65783X
Bredemeyer, Dana See http://www.bredemeyer.com.
http://www.bleedingedgesoftware.com

16. http://www.ArchSynergy.com

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



