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1. INTRODUCTION

Reuse of products, processesl experience originating frothe systemlife cycle isseen
today as a feasible solution to g@blem of developing higher quality systems at a lower
cost. In fact,quality improvement is vergften achieved by reusing amaodifying over
and over the same elements, learning about them by direct experience.

This article presents an infrastructuregalled the experience factory aimed at
capitalization and reuse tifie cycle experience angroducts. Theexperience factory is a
logical andphysicalorganization, and its activitieme independerftom the ones of the
development organization. The activities tbe development organization and of the
experience factory can be outlined in the following way:

« Thedevelopment organizatipnvhosemission is todevelop and deliver systems,
provides theexperience factory withproduct development and environment
characteristics,data, and a diversity of modelgresources,quality, product,
process) currently used by the projects in order to deliver their capabilities.

« The experience factorythrough processinthis information andbther state-of-
the-practice notions, iv return directfeedback to each projeattivity, together
with goals and models tailored from previopsoject increments. It W also



produce, stor@and provide upon requelsaselinestools, lessons learnedlata, all
presented from a more generalized perspective.

2. MOTIVATION

Any successful business requires a combination of technical and managerial sdlbtons.
includes

« A well-definedset of producheeds to satisfihe customer, assist the developer in
accomplishing those needs and create competencies for future business;

« A well-defined set of processes taccomplish vmat needs to baccomplished,
control development, and improve the overall business;

« A closed-loop process that supports learning and feedback.

The key technologie®r supporting these requirements ud#: modeling, measurement,
and the reuse of processgspducts,and other forms of knowledge relevant to the
business.

In order to besuccessful inhe softwaréusinesshere are sombasic requirement{, 3,

13]. First, wemust understand the software process@oduct. Second, weustdefine

our business needs if ware toachieve themi.e., we mustefine process angbroduct
qualities. Third, we must evaluate evesgpect of thdusiness, i.e., we need to evaluate
our various successes and failurBsurth, we mushave a closed-looprocess, i.e., we

must feed back informatiofior project control.Fifth, each project should provide
information that allows us to do businds=ster, i.e., we muséarn fromour experiences.

Sixth, we mustuild competencies iour areas of business, i.e., we must package and
reuse units of experience relevant to our business to be able to achieve more in the future.

Almost any busines®day involvesthe development or use of software. It is either the
main aspect of theéusinessthe value added to the product, or on tledtical path to
project success. It permeates every aspect of life. If an organization is not investing heavily
in the basic aspects of the software business thah ot becompetitive andnaynot be

in the business in the future.

Part of the problem with the software business is the lack of understanding of the nature of
software and software development. To some extent, softwaté#fdsent from most
products.First of all, software is developed in the creativ@gellectual senseather than
produced in themanufacturing sense. Each softwayestem is developedather than
manufactured. Second, there is a non-visible nature to software. Unlike an automobile or a
television set, it is hard to see the structure or the function of software.



The software business requires understanding, continuous improvement, and the
packaging of experience for reuse. Theme certain concepts thatave become
understood with regard to software:

« There are factors that create similarities and differences among projeatseéns
that one model for software development does not work in all situations;

« There is a direct relationship betweamocess and produdthis meanne must
choose the right processes to create the desired product characteristics;

« Measurement is necessary and must be bas#tea@appropriate goals amtbdels;
that is, appropriate measurement provides visibility;

« Evaluation and feedback ammcessary foproject control:this means a closed
loop process for project control is needed,;

- Software developmentollows an experimental paradignthus, learning and
feedback are natural activities for software development and maintenance.

« Process, producknowledge, and quality models need to bé&dvedefined and
tailored; the components of the softwaresiness have an evolutionargture and
must be defined according to it;

« Evaluation and feedback anecessary folearning; a @sed loop folong range
improvement, as well as for individual project control, is needed;

+ New technologies must b®ontinually introduced; organizations and researchers
need to experiment with technologies;

« Reusing experience ithe form of processesproducts, and other forms of
knowledge is essentidr improvement, that is, reuse of knowledgéhisbasis of
improvement;

« Experience needs to be packaged; organizations tuikt competencies in
software;

« Experiences must be evaluated for reuse potential; an analysis process is required,;

- Software development andnaintenanceprocesses mussupport reuse of
experience, where reuse must be defined in terms of what, how and when to reuse;



« A variety of experiences can be packagaucess, product, resource, defect and
quality models can be developed and updated based on experience;

« Experiences can be packaged in a varietywafys; we canuse equations,
histograms, algorithms, etc. as mechanisms for packaging experience;

« Packaged experiences need to be integrated; an experience base is a repository of

integrated information, relatingsimilar projects, products,characteristics,
phenomena, etc.

To address the business needs of software, sofevayieeering offers a framework based
on an evolutionary quality management paradigm tailtwedhe softwarebusiness, the
Quality Improvement Paradignihe Paradigm isupported by a tool foestablishing
project andcorporategoals and amechanismfor measuring againgihose goals, the
Goal/Question/Metric Paradignsde Articl¢, and by an organizational approach for
building software competencies asdpplying them tqorojects, the Experience Factory

Organization.

The rest of this article W define and discusthe Experience Factory Organization
concept, after greliminary discussion oits basic methodological devicéhe Quality
Improvement Paradigm.

3. THE QUALITY IMPROVEMENT PARADIGM

The Quality Improvement Paradigmtise basic methodological devider the Experience
Factory, and as such it isbasiccomponent ofour discussion. Therefore it isseful to
take a closer look at some of the issues associated with it and with its phases.

The Quality Improvement Paradigm developed Bgsili, etal., [2] is the result of the
application ofthe scientific method to theproblem of softwarejuality improvement. As
such it is related to the Shewart-Demigrle Plan/Do/Check/Act [13yidely used in the
industry for the implementation of quality management plans.

The Quality Improvement Paradigm is articulated into the following six steps (Figure x):

1. Characterize Understand theenvironment basedpon available models, data,
intuition, etc. Establish baselines withe existing businesgprocesses in the
organization and characterize their criticality.

2. Set GoalsOn thebasis ofthe initial characterization and of theapabilitiesthat
have a strategic relevancett® organization, sefuantifiable goal$or successful
project and organization performance and improvement. The reasonable



expectations ardefined basedpon thebaselineprovided by the characterization
step.

3. Choose Proces®n the basis of the characterization oféhgironment and of the
goals that have beeset, choose the appropriate processesriprovement, and
supporting methods artdols, makingsure that theyre consistent with thgoals
that have been set.

4. Execute Perform the processes constructing the prodaiets providing project
feedback based upon the data on goal achievement that are being collected

5. Analyze At the end of eachlpecificproject,analyzethe dataand theinformation
gathered to evaluate the current practicketermine problemsecord findings,
and make recommendations for future project improvements.

6. Package Consolidate thexperience gained itne form of new, orupdated and
refined, models andther forms of structured knowledggained from this and
prior projects, andstore it in anexperience base so it @&vailablefor future

projects.
Figure x
Package Characterize
Analyz Set Goals
Execute Choose Process

The Quality Improvement Paradigm implements two feedback cycles:

« The project feedbacgycle (control cycle) isthe feedback that is provided to the
project during the execution phase: whatever the goals of the organization, the
project used as a pilot should use its resources in thgpbesble waytherefore



guantitative indicators at project and téskel are useful inorder to prevent and
solve problems;

« The corporatéeedback cycle (capitalization cycle)tige feedback that is provided
to the organization and has the double purpose of

Providing analytical informatiombout projectperformance at project
completion time by comparinthe project datavith the nominalrange in
the organization and analyzing concordance and discrepancy;

Accumulating reusable experiencetlie form of software artifacts that are
applicable toother projectsand are, in generaimproved based on the
performed analysis.

An appropriate and unambiguous characterization oéik@onment is a prerequisite to a
correctapplication ofthe paradigmThis characterization requires that wssify the
current project with respect tovariety of characteristics. It allows us to isoltte class
of projects withsimilar characteristics and goals to the projeeingdeveloped. This way
we can distinguishthe relevant projectenvironment for the current project.
Characterization provides a context for gdafinition, reuse of experience amidoducts,
process selection, evaluation and comparison, and prediction.

There are a largaumber ofproject andenvironmental characteristics that affect the
software development process gmoduct [1,5].These include peoplactors, such as
thenumber of peopldevel of expertise, group organizatioproblem experience, process
experience; problerfactors, such as thepplication domain, newness state of the art,
susceptibility to change, problem constraiqsycess factors, such & cycle models,
methods, techniquemols, programming languagether notations; product factorsjch

as deliverables, system size, required qualiges.,, reliability, portability; and resource
factors, such agarget and development machines, calendar tirbadget, existing
software.

A realistic definition ofthe goals is an important correlate to the characterization of the
environment. We need to establish models and doalshe processes angroducts.

These goals should be measurable, driven by models, and defined from a variety of
perspectives, e.g., the user, customer, project, corporation. Thesevaral techniques

for defining measurablgoals: theQuality Function DeploymermApproach (QFD) [16],

the Goal/Question/MetridParadigm (GQM)[7] , and the SoftwareQuality Metrics
Approach (SQM) [9].

The Goal/Question/Metric Paradigmtise mechanisimused by theQuality Improvement
Paradigm fordefining and evaluating @et of operational goalgsing measurement. It



represents a systematic approach for tailoring and integrating goalsnaatbls of the
software processes, produetsd quality perspectives ofterest, based upon tispecific
needs of the project and the organization.

The choice of the process executmndel involves choosing and tailoring appropriate
genericlife cycle model, aset of methodsand techniques. It should beoted that
choosing and tailoringny form of processinvolves providing itsgoal and procedure
definition. Choosing and tailoringre alvaysperformed in the context of treavironment,
project characteristics, and goals established for products and processes.

For the purpose dfiscussion, we define and differentidkee terms technique, method,
life cycle model, and engineering.

« Techniqueis a basic algorithm, aset of steps to b®llowed in constructing or
assessinghe software. Foexample,codereading by stepwise abstraction is a
technique for assessing the code.

« Methodis an organized approach based uppplyingsome technique. A method
has associated with it a technique wadl as aset ofguidelinesabout how and
when to applythe techniquewhen to stop applying it, when the technique is
appropriate and how we can evaluate Hor example, a method ilv have
associated with it a set of entry and exit criteria asdtaxfmanagemergupports.
Code Inspection is a method, based upon smading technique, which has a
well-definedset ofentry and exit criteria asell as aset ofmanagement functions
defined for how to manipulate the technique.

« Life cycle modehs an integrated set of methods that covers ttire éfe cycle of
a software product.

There are aariety of softwarelife cycle models, each of which is usefuhderdifferent
circumstancef6, 8, 20].The waterfall mode]20] is basically a equential processiodel
where each of thenajor documentsre developed in sequence, starting with the most
abstract, i.e. the requirements document. Wwheerfall model ignostefficient when the
problem is well define@nd the solution isvell understood, thas, whenthere are not a
lot of iterations through theycle. If the problem orthe solution arenot well-defined,
other processnodelsmay bemore effective. The iterative enhancement m¢@eis an
incremental model that builds several versionthesystem, each with mofanctionality.

It starts with a sirple initial implementation of aubset of thegroblem and iteratively
enhanceghe existing version untithe full system is implemented. At easkep of the
process, nobnly extensions®ut design modificationare made, based upon what kave
learnedabout theproblem andhe solution.This procesanodel results in several versions
of the system. Iterative enhancement is effective when the problem or solutrost aedi
understoodschedule forfull function a risk, orthe requirementshangingover time. It



allowsthe developer téearnthrough eacltycle of developmerand the user to provide
timely essential feedback, improving each version uhélfinal version ofthe system is
produced. Thepiral model8] is anothernncremental model that organizée activities
like a spiral withmanycycles:the radial dimension othe spiral represent the cost of the
systemthe anguladimensiornrepresents the progress of the project. At each stage of the
development, thenodel requireshe identification of uncertainties and risks involved, and
the development of strategies forsolving them. Anotheeffective processmodel is
prototyping. Itinvolvesthe development of aexperimental version of sonaspect of the
system. Theprototype istypically built in a very high levelahguage or using some
modeling or simulationtools. It provides a bettespecification of the problem
requirements and is effective whitre user is unsure of tlsystem needs, sonaspect of
the system is unclear, or an experimental version of the system is needed for analysis.

In order to execute the processesgperience should be accessible paakaged form as
processes that have been chosgeior productsavailablefor reuse, appropriate resource
anddatamodels, and software developmenodels that allow tdake advantage of the
reusable packages. One needartalyzethe data according to the projegtecific models
and goals in close to real time in order to make the pragbte to management and feed
back informationfor corrective action. Dataollection must be integrated into the
processes, naonsidered as an adad, e.g., the defecassification form should beart

of the configuration control achanism. R&ta validation is important to assure we are
making decisions basegbonvalid data. It isclear that automation is necessarystpport
some mechanical tasks, deal with the large amourttatabind information, and aid in the
data analysis.

There is a wide variety odlata thatcan be collected. Resourdatainclude effort by
activity, phase, type of personnehmputer time, and calendar time. Change and defect
datainclude changes and defects by various classification sch@meEessneasurement
includes process definition, process conformance, and domain understandifRyathiat
dataincludesproductcharacteristics, botlogical,( e.g., application domain, function)
and physical ( e.g. size, structure) and use and context information.

4. THE EXPERIENCE FACTORY

The Quality Improvement Paradigm is basgabn the notion thamprovingthe software
process andproduct requires thecontinual accumulation of evaluated experiences
(learning) in a form that can leffectively understood andhodified (experience models)

into a repository of integrated experience models (experience base) that can be accessed
and modified to reet the needs of the current project (reuse). pradigmimplies the

logical separation of project development (performed by the Project Organiziton)

the systematic learning and packaging of reusable experiences (performed by the
Experience Factory) [3].



The Experience Factory islagical and/or physicabrganization that supports project
developments by analyzing and synthesizalginds of experience, acting as a repository
for such experience, arstipplying that experience to various potgeon demand (Figure
2). It packages experience byilding informal, formal orschematized, and productized
models and measures of variossftware processes, productnd other forms of
knowledge via people, documents, and automated support.

Figure 2
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The development organization, whose goal iprimduce andnaintainsoftware, provides
the analysisorganization with project anenvironment characteristics, developmedata,
resource usage informatioguality records, and process infoation. It also provides
feedback on the actual performance of the models processeddxptreence factory and
utilized by the project.

The analysisorganization, by processing this information received ftbendevelopment
organization, W return directfeedback to each projet¢ggetherwith goals and models
tailored fromsimilar projects. It also produces and provides upon redueesslinestools,
lessons learned, and data, parametrized in some fayrden to be adapted to tepecific
characteristics of a project.

The supporbrganization sustains and facilitatie® interaction between developers and
analysts, by saving andaintainingthe information,making it efficientlyretrievable, and
controlling and monitoring the access to it.



The analysisand interpretation of thdata collected ibased upon the goals. We can use
this data to:

« characterize and understaKel.g., what projeatharacteristics affe¢he choice of
processes, methods and techniquelsieh phase isypically the greatest source of
errors?);

- evaluate and analyzé.g., what is the statement coverage of the acceptaste
plan? does the Inspection Process reduce the rework effort?);

- predict and control(e.g., given aset of project characteristics, what is the
expected cost and reliability, based upon our history);

- motivate and improve(e.g., for whatclasses okrrors is a particular ¢anique
most effective?).

Systematic learning requiressipport for recordingexperience, off-line generalizing and
tailoring of experience, and formalizing experience. Packaging useful experience requires a
variety of models and formalotations that are tailorablextendible, understandable, and
accessible.

An effective experience base contains an accessibleirdedrated set ofanalyzed,
synthesized, and packaged experience modelscHptire pasexperiences. Systematic
reuse requiresupport forusing existing experience, and necessary generalizing or
tailoring of candidate experience. This combination of ingredients requires an
organizational structure that supports them. This includes: a software evolutiontinabdel
supports reuse, a set of processesemming, packaging, and storing experience, and the
integration of theséwo functions. The experience factorytige organizational unithat
performs this integration.

It is important to understand that the term "reuse” is used heneaomore than product
reuse. Reuse, in the softwademain, has been a lomgpught after goalvith little
historical successWhy has reuse been a problemtire softwaredomain?There are
several reasons. First we need to reuse more thacogist weneed to reuse the context
from whichthe code originates. Second, the reusexpierience isoo informal, not fully
incorporated into the developmentmaintenancgrocess models. Third, experience has
not yet been analyzed and evaluafed it reuse potential, nonas been appropriately
packaged. Fourth, it is ofteassumed that reuseeansreuse as is. Othe contrary most
experiences need to be tailored in some way to theeteeds of a new contekastly, it

is also often assumed that reusable packages of experiencerdguitt, process or any
other form of experience, could be developed as a by-product of the pGigacty this is
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not thecase. The project focus delivery,not reuse. If we want reuse, thetivitiesthat
create reusable packages of experience need to be outside of the project.

The packaging of experience is basedenets and techniques that diferent from the
problem solving activity used in project development:

In a correctimplementation othe experience factory paradigm projects and facteitly
have differenprocess models: each projedll whoose its processodel basedipon the
characteristics of the softwapeoduct that vll be delivered, whilethe experience factory
will define (and change) its processodel basedipon organizational and performance
issues.

This creates the need for separate organizations, atfieast logicalpoint of view: the
Project Organization foproductdevelopment and the Experience Factorypgackaging
experienceBoth organizationsiave different focuses and priorities, use different process
models, and have different expertise requirements. Tryinguitothem in the same
organization is destined to failure [11].

In practice, the Quality Improvement Paradigm/Experiendeéactory Organization
approach ismplemented by firsputting the organization in plac&his means collecting
data toestablish baseline®.g., defectsand resources, that are process anoduct
independent, and measuritige strengths and weaknesses of the organizatiorder to
provide business focus and gofis theimprovementprocess. Thénitial datacollection

is also criticalfor establishingthe productquality baseline that should be improved
through the programUsing this information,the organization selects methods and
techniques to improv@rocess andgroducts,and experiments with thenBetter and
measurable processes candeéined and tailored based tre experience and knowledge
gained withinthe projectenvironments. The resultse alwayssalidated withrespect to
process conformance and domain understanding.

Whentherelationship between sonpeocess characteristics apobductqualities within a
specific environment is bettamderstood, the organization lisady to manipulate its
processes t@chievethose productharacteristics. Changes in processsblish new
baselines and provide new goals for improvement.

In this waythe organizatiorefines itself as continuously improving, even if its maturity
level isnot very high, because it learns from a&n businessnot from an externalideal
process model. Processiprovementsare based upon the understanding of the
relationship between process and product in the specific organization. Techntlsgy

is motivated by the local problems, and people are more willing to try something new.
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5. EXAMPLES OF PACKAGED EXPERIENCE

The experience factory can packadjekinds of experience. It caouild resourcemodels
and baselines, change addfect models anthaselinesproduct models and baselines,
procesddefinitions and modelsnethod and technique models and evaluatipnsgucts
and product models, a library of lessons learned, and a variety of quality models.

There are a variety of forms for packaged experience:
- Equations defining the relationship between variables, ttprt = alSize);
« Histograms or pie charts of raw or analyzed data, (e.g. % of each class of fault);

« Graphsdefining ranges of "normal‘(e.g., graphs o§ize growth over ime with
confidence levels);

« Specific lessons learnealssociated with project types, phases, activitieg(
reading by stepwise abstraction is meiectivefor finding interface faults), or in
the form of risks or recommendations, (e.g., definition of a unit fortesitin Ada
needs to be carefully defined);

« Models or algorithmspecifyingthe processes, methods, or techniqgesy. an
SADT diagramdefining Desigrinspections with the reading techniquevasable
dependent upon the focus and reader perspective);

Examples ofresourcemodels and baselines includ®st models, resourcallocation

models for staffing, schedule, andomputer utilization, andhe relationship between
resources and various factors that affect resources,spagific methods, customer
complexity, the application, the environment, and defect classes [4].

In building resource models, thexperience factory is interested in capturidgta
associated with a variety &dctors associated with prior projecesg.,size, effort, pages

of documentation, calendar time. These relationships can be ubeddtequations that
define the empirical relationshipbetween these factorlsing these data itan either
generate separate equations represeriagacteristically different environments (based
upon characterizing factors), or it can use the characterizing factors to adjust the
equations to provide better fits the range of datarhese relationships package the
organization's experience witlespect to various resources. The characterizing factors
also provide insight intthose factors thatffect resources. The equations can be used for
prediction, project monitoring, and evaluation.

12



Examples of change and defect models laesklinesleveloped by an experience factory
include: change baselines by various classificatiosfect baselines by various
classifications, defect prediction models, reliability models [22].

An appropriateanalysiscan capture th@umber oferrors,faults and failuresssociated
with various phase.g., in total, byarious classegerror domain, time ofdetection,
omission/commissionsoftware aspectfailure by resolution date opened/date closed).
Histograms andPareto charts areuilt to analyzethe various defeatlasses irorder to
identify overall patterns aswell as commonpatterns representingharacteristically
different environments. These defect distributions packiageorganization'experience
with respect to defects associated with various project characteridigg.can be used
for prediction, project monitoring, evaluation, and provideecific focuses for
improvement.

Project characteristimodels and baselinefeveloped by an experience factanglude:
growth and change histories for siz&affing, computer usenumber oftest casestest
coverage, etc. These can be compared with the norm fentl®nment offor a set of
characteristicallimilar projets to make predictions and estimatestifi@r current project

and provide guidance for the project manager based upon variation from expectation [17].

For avariety of data theexperience factory cadefine graphs of various variables/er
time. The accumulation of suaata over avariety of projects providebaselines for
planningand monitoring projects-or example, it carplot: growth inlines of code vs.
schedule, CPU hours vs. calendar titie, amount of code covered vaimber of tests
run, the amount of reuse in each project over time.

The experience factory packages experiences with techniques, methodiée apde
models by defining and refining modelstbéir definitions andjoals, understanding where
theyare appropriate and hatlvey need to be tailored to a particudat ofenvironmental
characteristics. To focus on improvemetite organization needs to introduce new
technology. It needs to experiment aadord the findings in terms &dssons learned and
eventually adjustments tthe current processes. héh the technology issubstantially
different from what we are currentlysing,the experimentatiomay beoff-line. It may
take theform of a controlled experimeftor detailedevaluation inthe small) or of acase
study (to study thescale effects). Irboth cases, the Goal/Question/Metparadigm
provides an important framework [5].

Based upon experimentation,sat oflessons learned can be written that camiaele
available inthe experience base for future usestoé technology. New methods and
technigues can be defined or old ones refined.

The main product of theexperience factory ithe Experience Packag&he content and
the structure of an experience package vary based upon the kind of experience clustered in
the package. There is a centefdment that determineshat the packages: a software

13



life cycle product or process, a mathatal relationship, an empirical dheoretical
model, adata base, etc. Thexperience packagese defined bythe life cycle product.
Examples of experience packages are:

1.- ProductPackages have as their central elemdif¢-gycle product, clustereith
theinformation needed to reuse it atiek lessons learned in reusing Examples:
Programs, Architectures, Designs.

2.- Process Packaghave as their central elemenlifa-cycle process, clusteredith
the information needed to execute it atite lessons learned in executing it.
Examples: Process models, Methods.

3.- Relationship Packages have as their central element a relationship or a system of
relationships among observable characteristics of a softpraject. There are
time based relationships and time independent relationshipmylicase, these
packages are used fanalysis and/oforecast of relevant phenomertaamples:
Cost and Defect Models, Resource Models.

4.- Tool Packagesave as their central elementspecific tool, eitherconstructive
(Examples: Code Generator,Configuration ManagemeniTool) or analytic
(Examples: Static Analyzer, Regression Tester)

5.- Management Packages have as their central elemgmontainer of reference
information for project managementExamples: Management Handbooks,
Decision Support Models.

6.- Data Packagdsave as their central element a collection of defined and validated
datarelevant for a software project or factivities withinit. Examples:Project
databases, Quality records

6. EXAMPLES OF EXPERIENCE FACTORIES

A software organization that has for a Iamge recognizedhe value of accumulation and
reuse of experience ke NASA Goddard SpacElight Centerwhich hasdevelopedsince
1977 the SoftwareEngineeringLaboratory, in conjunction with the Department of
Computer Science ofhe University of Maryland and withthe ComputerSciences
Corporation.

The SoftwareEngineeringLaboratory (SEL) is today sery advanced example of the
concept ofexperience factory. The experience packages developdateb$EL have
mainly focused on projecmanagement andontrol, acquisition and tailoring of new
technologies for software development and maintemahheSEL hasproducedseveral

14



types of experience packagespecific to its application domainflight dynamics
applications [14].

One of the most interestirexperience packages developedtiyy SEL is the Software
Management EnvironmeEME): a set of data, toolspnanuals andnalysis techniques
supplied tothe projectmanagement irorder to control theexecution of a project,
compare it withsimilar ones, detecand analyze problemilentify solutions. An essential
part of the SME package is the SEL databasendime information baséor storage and
retrieval of software engineering data.

Another interesting experience package developedhley SEL is built around the
Cleanroom proceswodel poposed by MillsHere the anabtsproduce theequirements

and the developers produce avetify designsand code that are thaeleased to the
testers who rurstatisticaltestsand release a system with certifiediability. Systematic
design, implementatiowithout testing, and statistical testing are the cornerstones of the
Cleanroom model. The relevant existing modelstha experience base include: the
standard SEL models, the IBM/FSD Cleanroom Model [19], and a Cleanroom model used
for a controlled experiment at the University of Maryland [21].

The US Department of Defense hagpportedseveral efforts inthe direction of the
accumulation of software experien@specially inthe field of codereuse. Theoriginal
goal of the STARS (Softwareethnology for Alaptable and &iable §stems, 1983-
1995) Program [14] is thexpansion otthe technological basis available tosaftware
project. Severaproducts of the STARS progranan be seen as experience packages.
The RAPID Center, developed by SofTech for the My Information Systems
Engineering CommandISEC), operates as aaxperience factory inthe area of
composition technologies for software reyd®]. The RAPID Center supports the
activities of other ISEC development centers by

- Developing and maintaining a repository of reusable software components;

« Assistingthe development centers in the selection and use of the nescatble
components;

« Assistingthe development centers in the desigiplementation and identification
of reusable components;

« Providing methodstools and strategies fomaximizing reuse and associated
benefits;

« Collecting data and measuring the program progress.
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The major software industries, Japanese (Toshiba, Hitb&@, Fujitsu) andAmerican
(GTE) have identified experience accumulation aadse as a strategic objectif2].
The Japanese software factortemve chosen a strategy basedsomall improvements,
slowly but constantly introducing new technologies, tools and organizational solizdns
in many cases can be seen as partial implementationtheofsoftware factory. The
scenariogargeted byspecific quality improvement and experience packagiograms in
those software factoriehave been:code reuse,reliability modeling, productivity
improvement, service quality enhancement.

7. EXPERIENCE FACTORY IMPLICATIONS

The Experience Factory offers an organizatiostalicture that separates the product
development focus frorthe learning andeuse focus. It supportsarning andeuse and
generates a tangiborporate asset in tierm of packaged experiences. It aids in the
formalization of management and developmemicesses. llinks focused research with
development.

The Experience Factory can be used to consolidate and integrate activities, such as
packaging experience, consulting, quality assuraadecation and training, process and
tool support, and measurement and evaluation.

The Experience Factory makexisting technologiesnore relevant,e.g., verification
techniques foproduct packaging. It forces research to focus camrporateneeds and
technology transfer. Areas of research for supportingattigities include defining and
tailoring models,the integration of technologiescaling-up techniques and methods,
building and accessing the experience base, and automation.

It makes existing education farmalism, models andotations more relevant. It requires
education in verification technologiefrmal requirements and specificatiotations,
formal models of measurement and management, and assessment technologies.

How the experience factory is funded depends ugmn organizationastructure of the
corporation. Clearly the project organization and thexperience factory should be
separate cost centemsitially fundedout of corporat@verhead. Howevegventually one
would like to have projectsilled for packages, so that the factory can be self-supporting
and focused toward project support.

There are costévolved in instituting such a pgoam. Thelevel of funding clearly
depends upon thsize ofthe program. However, somelative data isavailable. Based
upon the SEL experience where a full measurement program has lpeegress for over
14 years, projeadatacollection overhead is estimated todi®ut 5% of the total project
cost.Although our experience shows that thigically does notaffecttotal project cost,
since the datacollection activity paysfor itself on the first project in terms of
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improvement, it must be established asupAront cost. ith regard to theExperience
Factory, the costs depend upon the number of projects supported, level of efet ahd
activities performede.g., quality assurancegyrocessdefinition, tool building, edcation
and training, etc. One might consider thaakes aminimum oftwo people, however to
create the critical mass necessary to develop such and activity at the minimal level.
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