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Preface

Software engineering(SWE) is fithe application of a systematic, disciplined, quantifiable
approach to the evelopment, operation, and maintenanées@itware ‘0SwE principles and
practices are essential for the development of large, congilénustworthy systems. In 89the
Software Engineering Institute (SEdblished a set of recommendations éweatingcurricula

for masteés prograrsin SWE? Those recommendations wehnighly regarded and used by many
universities in shaping their gradu&eE programs.

Since 189 the way software is developed has changedmdtizally Softwarés scale,
complexity, and criticality have mushroomegkt no significant efforthas been made revisit

and update the original SE#dcommendationgAn updated report was published in 19Bdt the
curriculum recommendations were virtually unchanged.) In 2@0&galition from academia,
industry, government and professional societies formed the Integrated Software and Systems
EngineeringCurriculum (iSSEc) project to create a reference curricdlthmt reflects current
developmenpractices and the greater role of software in taGelaystems. The).S. Department

of Def e n sGdfibesof tijeCbeckedary of Defeng®SD) is the principal ISEc sponsor,
motivated by the many challenges in acquiring, operating, and maintaining defense systems
whose functionality and performance depend heaviliractableand costeffective software.

Graduate Software Engineering 2009 (GSwE2009): Curriculumd&ines for Graduate
Degree Programs in Software Engineerisghe first product of the iISSEc project. Until August
2009 it was called the Graduate Software Engineering Reference CurriclSWERQ.
GSwE2009primarily addresses the education of students for a professional teaktgreen

SwES that is,a degree intended for someone who is primarily interested in pursuing a career in
the practiceof SWE andwho is not necessarily interested in pursuing a doctoratwk or a
related field Typically, such students are already (a) professional software engineers employed
by industry or governmenand who lack a formal graduatedecation in SwWE or (b)
professionals in another field who are making a career chang&wioIn some cases, those
students wil|l be fresh graduates wiThdirlaek bache
of experience is a challenge in realizing the educational outcao®esfied in GSWE2009 a
concern that is explored in several places in this document.

! |EEE STD 610.121990,|EEE Standard Glossary of Software Engineering Terminol@fyE Computer Society,
1990

2 Ardis, M. and Ford, GSEIReport on GraduatSoftware Engineering Educatip@MU/SEI 89TR-21, Software
Engineering Institute, Carnegie Mellon University, June 1989.

A reference curriculunis a set of outcomegntrance expectationarchitecture, and a body of knowledge that
provide guidance for faculty who are designing and updating their programs. That guidance is intentionally
flexible so that faculty can adopt and adapt it based on local programmatic needs. A referencencusriooi
intended to be used directly for program certification or accreditation

\Y



GSwE2009wvas created to

F Improve existing graduate pr@gns inSWE from the viewpoint of universities, students,
graduatessoftware builders, ansbftwarebuyers

F Enable the formation of new graduate programsSwE by providing guidelines on
curriculum content and advice on how to implement those guideanes;

E Support increased enrollment in gradu@teE programs by increasing the value of those
programs to potential students and employers.

GSwE200%uilds on the SEturriculumfoundations plus those of othertiatives, such as the
Guide to the Software Engineering Body of Knowle@®WEBOK)* and Software Engineering
2004 Curriculum Guidelines for Undergraduate Bee Programs in Software Engineering
(SE2002°. iSSEc follovedan iterative, evolutionary approach in creat®@§wE2009 beginning

with the formation of an Early Start Team (ESAf) authors, since renamed the Curriculum
Author Team (CAT). First established in July 2007, the CAT is a set of invited experts from
industry, governmentacademia, and professional associaticDAT membershipgrew as
GSwE2009maturel.

The CAT met in workshopsapproximately every three months between August 2007 and
September 2009, leading to the release of GSWBRSG in February 2008, GSWE 0.5 in
October 2008, and GSwWE2009 1.0 in September 2009. The SWE community was invited to
review versions 0.25 and 0.5 to provide the necessary feedback to develop the current version
(1.0). The review of version 0.5 generated more than 800 indiviewa@w comments, which

were adjudicated for use in creating version 1.0. The detailed comments and their adjudication
can be found at ww.GSwE2009.0rg

Professional society participation in the creation of GSWE2009 has been essential to ensuring
that GSWE2009 will have the desired impact on global graduate education. Both the International
Council on Systems Engineering (INCOSENhd the U.S. National Defense Industrial
Association(NDIA) Systems Engineerin@ivision were early participants in GSwE2009, and

each contributed authors. In 2008, the Institute of Electrical and Electronics Engineer¥ (IEEE
Computer Society Education Activities Board became an official participant. In 2009, that
participation elevated to the Computer Society level and both the Association for Computing
Machinery (ACM) and the Brazilian Computer Society (BCS) also chose to participate.
Discussions are underway with the ACM, IEEE Computer Society, and INCOSE in the hope that

they will jointly take on the evolubn and maintenance of GSWE200@i nal | vy , GSwWE20

* SWEBOK, Guide to the Software Engineering Body of Knowle@g@ourque & R. Dupuis (Eds.), IEEE
Computer SocietfPress, 2004.

> ACM/IEEE-CS Joint Task Force on Computer Curric@aftware Engineering 200€urriculum Guidelines for
Undergraduate Degree Programs in Software Engineeugust 2004.

Vi



success has motivated the start of related efforts to create a Systems Engineering Body of

Knowledge and a Graduate Systems Engineering Reference Curridudanh with an

Aappropriateo
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Executive Summary

The Graduate Software Engineering 2009 (GSwWE2009): Curriculum Guidelines for Graduate
Degree Programs in Software Engineerings a s et of recommendation
graduate program isoftware engineering (SWE), together with implementagjaidancefor a
university to satisfy those recommendations. Earlier versions of this work were called the
Graduate Software Engineering Regnce Curriculun{GSWERC)

The
way

that will be revisited regularly and updated when necessary to ensure relevance to the rapidly

program described by GSwE?2O0, afilogous infmany a
s t o a masadnnidtiwtioro GSWBADEI iisrenvisioned as a living document

evolving software engineering disciplineThis document includes hé curriculum
recommendations and materials describing their creation, implementaiwevolution.

GSwEZ2009 includes the following:

E

E

A set of outcomeso be fulfilled by a student who successjuompletes a graduate
program based on the curriculum (see summary below)

A set of student skills, knowledge, and experieassumed by the curriculum, not
intended as entrance requirements for a spegifbgram, but as the starting point for the
curri cul unigessuromaty betow)e s

An architectural framework to support implementatidithe curriculum

A description of the fundamental or emskills, knowledge, and experiente be taught

in the curriculum to achieve the outcomddis is termed &ore Body of Knowledge
(CBOK) and includes topic areas and the depth of understanding a student should
achieve.

Additional materials included in this document:

E

The fundamental philosophy for GSWE2009 development as described in a set of guiding
principles (see summary below)

A discussion of how GSwWE2009 will evolve to remain effective

A mapping of expected outcomés the CBOKand to the total GSWE2009 program
recommendations

A description ofKnowledge Area (KAs) discussed in GSWE2009 that are not yet fully
integrated into the current version of the Software Engineering Body of Knowledge
(SWEBOK)

Glossary, redrences, and other supporting material.

Summary of Guidance for Creating GSWE2009

The following guidance, established early in the development of GSWE2009, came primarily

pr



from SE2004 and the deliberations of tl@SwWE2009 authors.

F Create aset of recommendations for developing and improving curricula for niadteel
software engineering education.

E Target aprofessional degrefer practicing software engineers.
E Requireaboutas many credit housss typical programs do now.

F Recognize asftware engineerings a distinct discipline with a rich body of knowledg
practice, and theory.

F Recognize thataftware engineering is founded on a wide variety otigiges, with
deepening ties t8BystemsEngineering(SE)

E Require that lhsoftware engineering studertis able tantegrate theory and practice

E Foster ongoing review and revision of the curriculum becauseamitl revdution in
software engineering.

F Be ensitive to changes in technologies, practices, applications, pedagogy, a
importance of lifelong learning.

E Offer significant guidance in individual curriculum componetitough a CBOKthat all
students are expected to master.

E Identify fundamental skills and knowledgkeat all software engineeringnasteds program
graduates must possess.

E Use aflexible curriculum architectureand recognizeexisting bodies of knowledge
modified and enhanced as required.

E Limit common knowledge required foall students to no more than 50% of to
knowledge taught.

E Be broadly based and international in scope.

E Include exposure to aspects of professional gractis an integral component of t
graduate curriculum.

F Statestrategies and tactics for implementation.
E Distinguish clearly betweeBE2004andGSwE2009.

E Identify expected knowledge andperiencefor students to enter a maskeprogram in
software engineering.

® ACM/IEEE-CS Joint Task Force on CompuiCurricula,Software Engineering 200€urriculum Guidelines for
Undergraduate Degree Programs in Software Engineeugust 2004.



Summary of Outcomes

Graduates of a masterds programwilthat satisfie

E Master the CBOK.

F Mastersoftware engineering iat least one application domain, such as finance, mec
transportation, or telecommunications, and one application type, such aSmege
embedded, safetgritical, or highly distributed systems. That mastery inclu
understanding how differences in domain and type manifest themselves in both the s
itself and inits engineering, and includes understanding how to learn a new applic
domain or type.

F Master at least ori€A or subarea from the CBOKo at least the Bloom Synthesis level.
F Be ableto make ethical professional decisions and practice ethical professional behav

F Understad the relationship between SwE and &ttl be able toapply SE principles and
practices in the engineerimg software.

E Be an effective memberf a team, including teams thateinternational and geographical
distributed, effectively communicate both orally and in writing, and lead in one are
project development, such as project managenmreafiirements analysisarchitecture,
construction, or quality assurance

E Be able to econcile conflicting project objectives, finding acceptable compromises w
limitations of cost, time, knowledge, existing systems, and organizations.

E Undersand and appreciate feasibility analysmegotiation,and good communicationsitiv
stakeholders in a typical software development environment, and be able to perforr
tasks well; haveffective work habitend be a leader.

E Be ableto learn new models, techniques, and technologies as they emerge, and ap
the necessity aduch continuing professional development.

F Be ableto analyze a current significant software technologsticulate its strengths ar
weaknessegompare it to alternative technologiesid specify angoromoe improvements
or exensions to that technology.

Summary of Expected Background
GSwE2009 presumes that an entering student has:

E The equivalent of an undergraduate degneeomputing or an undergraduate degree in
an engineering@r scientific fieldand a minor in computing



E The equivalent of an introductory course in software engineain,

F At least twoyears of practical experiencén some aspect of software engineering or
software development.

These presumptions about entering students are designed to achieve the 10 qunamesy

described. However, it is recognized that individual schools may start with a student population
that has chacteristics that are different from what GSwWE2009 presumes here. Such schools will

|l i kely have to | engthen their masteros progr
outcomed or the schools will deliberately choose not to adopt some outcomésct] schools

may even add other outcomes to favor their particular markets and institutional emphases.
GSwE2009 is not intended for use to certify or accredit either programs or individuals. It is a set

of recommendations that must be tailored by eadping university.

The process of developing this report has been highly inclusive. It has been widely reviewed by
academics and practitioners through a public draft process. We have also held feedback sessions
at conferences and meetings, includingdhaualAmerican Society for Engineering Education
(ASEE) meeting the International Symposium of the International Council on Systems
Engineering (INCOSE)the International Conference on SofteaEngineering (ICSE), the
Conference on Software Engineering Education and Training (CSEHd@),various smaller
meetings in Europe, Asiand various parts of the United States. These meetings have provided
us with critically important feedback that wave used to shape the final report.

From the beginning it was intended for GSwWE2009 to be a living document, with a broad,
responsible, and knowledgeable community of practice. It was anticipated that after Version 1.0
was published, Stevens Institute acéchnology, which has managed the original development,
would identify a steward who would assume responsibility for maintaining and refining the
model and expanding and focusing implementagjoidancebased on experien@nd feedback

from the supporting community and academia, industry, and students. Effort is now underway
for a combination of the ACMnNd the IEEE Computer Socidty become that steward. As of the
writing of this document, discussions are underway for those two organizations to take over
maintenane responsibility for GSWE2009 within the first 6 months of the release of Version 1.0,
with INCOSEplaying a supporting role.

To support and enable wide acceptance of GSwE2009, two compancumeinsd
Comparisons of GSwWE2009 to Current Mand t er 0 s
Frequently Asked Questions on Implementing GSwE28@(9being prepared concurrently with

the release of GWE2009. They will be available in Fall 2009 vatvw.GSwWE2009.0organd

updated regularly.



http://www.gswe2009.org/

1. Introduction

Software is a critical component in new products world@idéten the critical component
distinguishing productshithe marketplace. Software enables technological advances that lead to
new, highperformance products and systems in every commercial s@uthrding medical
devices, automobiles, aircraft, power generation systems, mobile phones, and entertainment
sysems Automobiles now have millions of lines of embedded ¢@uabling everything from
voice-activated navigation systems for conveniertceantilock brake systems for safetio

engine control for fuel efficiency. In fact, one of the primary ways maturfers now
differentiate their cars is through functionality implemented largely throsmgbhisticated
software, such aSlobal Positioning SystenGGPS navigation systems.

As product and system functionality grow, so does the need to efficiently anectborr
implement the complex software that enables that growth. Sophisticated systems are critical for
any large company or governmeagency in managing their projects and organizations. Such
systems support essential business and teghprocessessuch asrecordkeeping and data
warehousing, logistics, manufacturingpordination with suppliers, ancustomer relationship
management. Systems engineers (not always by that name) are typically responsible for the
design and development silich complex systems, but because a large part of the functionality is
usually implemented in software today, a large part of ithplementationresponsibility
typically falls on software engineers. Indeed, the fieldSWE andsysems engineering (Skre
becoming increasingly intertwined and it is vital that corresponding eduabpisograms reflect

this.

Because ofoftwarecomplexity and the inherent difficulties of software development, most of
the fisurprises that occur during system integration, and after product shipment and system
deployment, can be traced back to incorrect software implementatmnntegrationsuch as

poor requirementsr faulty software upgrades ithe field. Often these problems show up as
interoperability issues between system components that otherwise seem correct in isolation. The
common practice of repurposing legacy software for new applications simply adds to the
challengesRobert Glas$® Nancy Levesofi*® and others have documented countless examples

of failures resulting from pooBwE and/or poor communication between systems and software

" Glass, R. L.Computing Calamities: Monumental Computing DisastBrentce Hall Professional Technical
Reference, 1998.

8 Glass, RL., Software Runaways: Monumental Software DisasBnentice Hall Pofessionallechnical
Reference, 1997

° Leveson, N. G.Safeware: Systems Safety and CompufeidisonWesley, 1995.

Yleve s o n, TNe Rol&of Software in Spacecraft AccidénfsIAA Journal of Spacecraft and Rocket¥(4),
July 2004.



engineers. Th&).S. Government Accountability Offidé*>!® regularly issues reports recounting

the chdlenges the U.S. governmefdces in creating largecale, reliable, softwaratensive
systems on schedule, on budgetd with expected functionality.

SE is the disciplinghroughwhich largescale, tustworthy, and complex systems are developed,
while SwWE is the discipline by which the software portions of these systems are developed. Many
universities teaclSE and SwWE at the undergraduate levédver the years, a few wethown

efforts have created glelines and sample curriculum for SwE. Most notablgrenthan100
colleges and universities helped create curricufudelinesfor undergraduate SWE education
that the ACMand IEEE Computer Societyublished inSE2004 Many universities offer a
masteés degrean SE and/or SwEbutthereareno widely acceptedurriculum guidelinedor
graduate education iBE (although INCOSHas published a higlevel curriculum®). In 1989

the Software Engineering Institu{(SEIl) of Carnegie Mellon Universitpublished a landmark
report ongraduate education in SWEA fresh lookat curriculum guidance these fields is in
order, considering the reliance of the world economy on the quality of s8Rioand SwE
professionals the dramatic changes that the Internet has brought about in how software is
createdand continuing global problems in producsegisfactorysoftware.

The iSSEc I(ntegrated Software and Systems Enginee@ugiculum) project was formed in

July 2007 to create and promulgate a series of gradeaté reference curricutarelated toSwE

andSE Led by Stevens Institute of Technology with dozens of experts from other universities,
industry, governmat, and professional societies, iIS®Es f i r st pr o dQraduate i s t hi
Software Engineering 2009 (GSwE2009): Curriculum Guidelines for Graduate Degree
Programs in Software Engineeringeflecting new understandings in how to ligoftware, how

SwE depends orSE, and howSwE education is influenced by application domains, such as
telecommunications and defense systems. A study of existing graduate progr&wd in

" GAO, Defense Acquisitions: Assessment of Selected Major Weapons Progt&m&overnment Accountability
Office, GAO-08-467SP, March 21B.

12 GAO, Information Technology: Inconsistent Software Acquisition Processes at the Defense Logistics Agency
Increase Project Risk$).S. Government Accountability Office, GA@-9, January 2002.

13 GAO, Information Security: Agencies Face Challengebriplementing Effective Software Patch Management
ProcessesU.S. Government Accountability Office, GA®-816T, June 2004.

14 Jain, R. and Verma, DA Report on Curriculum Content for a Graduate Program in Systems Enginering
Proposed FrameworKNCOSEInternational Symposium, 2007.

15 Ardis, M. and Ford, GSEIReport on Graduate Software Engineering EducatOMU/SEI 89TR-21, Software
Engineering Institute, Carnegie Mellon University, June 1989.

16 A reference curriculunis a set of outcomegntrance expectationarchitecture, and a body of knowigdthat
provide guidance for faculty who are designing and updating their programs. That guidance is intentionally
flexible so that faculty can adopt and adapt it based on local programmatic needs. A reference curriculum is not
intended to be used direcfigr program certification.



revealecther diversity andhelps motivate GSWE2009.(A short veron of the study reporis
included in Appendix A) Prior to August 2009, GSwWE2009 was known as the Graduate
Software Engineering Reference Curriculum (GSWERC)

GSwE2009 is targeted at wniversity education leading to a professional méstdegreen

SwES that is, a degree intended for someone who will either enter the workforce as a software
engineer or someone who is already in the workforcasaseeking to gain a formal education in

SwE to advance his or her career. GSWE2009 does not explicitly target graduate programs for
those who seek a doctorate and a career in research. In some cases, entering students will be
fresh graduates witha bacbel 6 s degr ee wi t h. Their lack bf expasigncennso e x p
a challenge in realizing the educational outcomestified in GSwWE2008 a challenge that is

explored in several places in this document.

There is tremendous diversity in markets that universities serve, educational systems in which
universities operate, accreditation prograsige of student body and faculty, and many other
factors that affect program content and delivery. GSWE2009 respects and enables that diversity.
GSwE?2009 is a broad set of recommendations to guide universities in building and updating
their graduate programs. As a reference curriculum, it identifies alwarehould be included in

all programs and an extensive envelope that allows and encourages variation among programs. It
provides wide flexibility in how those recommendations are implemented: for example,
GSwE2009 includes a core dyof knowledge (CBOKthat all students should mast&egtion

6), but GSWE2009 does not prescribe a particular cipsekaging to deliver them.

Reflecting its purpose as part of a reference curriculum, the CBa3kbeen limited in scope so

that a student should spend no more than half of his or her class time learning it. This gives both
individual universities and students a great deal of flexibility in how they round outale tme r 6 s
program to achieve GSwWE2009 outcomeswell as achieve university and individual outcomes.

Two companion documents aid faculty in adapting and adopting GSwWE2009. The first of these
documentsComparisonsof G2 009 t o Current Masterds ,Progr a
explains how well current university programs align with GSwE2009 recommendations. The
second companion documertrequently Asked Questions on Implementing GSwE2if6&s

specific advice on such topics a@entifying faculty who are best able to teach classes that
implementGSWE2009Qecommendations.

"Pyster, Mas,t eegtdsalDegrfees in Software Engi ndBEEEi ng: An A
Software Septembectober 200994-101.

'8 The termcourserefers to a collection of materials, exercises, and assessments for which academic credit is
awarded. Aprogramis a collection of courses leading to a dedréiee specific interesthereh ng i n a mast el
degree. Often programs have one or more specific orientations ttatikdthat allow a student to specialize in an
area of interest such as réahe systems, securitgpr Web applications.



Despite the freedom that universities have in how they implement GSWE2009, therecaaé sev
constants. For example, a program that fully satisfies GSWE2009 recommendations will enable
its students to achievall the outcomedisted in Section3 and will follow the curriculum
architecturdound inSection5.

This document, which provides the GSWE2009 recommendations, has six sections

Sectionl is this introduction.

Section 2 contains general guidance for those who authored and will maintain
GSwE20009.

Section3 states the outcomeshat a student is expected to achieve immediately upon
graduation.

Section4 explains the background that students are expected to have when entering a
masterd6s program that sansi sfies GSwWE20009

Section 5 presents the curriculum architectutieat any curriculum following these
guidelines should satisfy. That architecture supports three levels of kno@ledge
knowledge that all students should master in every wsitye knowledge that an
individual university program requires for its students, and knowledge that an individual
student elects to learn.

Section6 is the CBOKthat all students in every university should learn.nitludes
specific knowledge units and the expected Bloom Ideel each unit. The Bloom
Taxonomyoffers a sixlevel scale for competency mastery that is commonly used for
curriculum development, further elaborated in Appendix BxsMknowledge units are
based on SWEBOKbut others have been added where Goericulum Author Team
(CAT) felt the SWEBOK omitted critical material.



2. Guidance for the Construction and Maintenance of GSwWE2009

This section describeshe fPundational guidancaised whendeveloping GSWE2009 the
guiding principles, assumptions, and context for the e@®evE2009%ffort. The 17 numbered
guidance statements gyamarily written in future tense, reflectirigeir role asrequirementdgor

the GSWE2009 developmeeffort. The elaboration following each guidance statement speaks to
how GSwWE2009 satisfies those requirements.

The guidance was strongly influenced e tprinciples stated in SE2Q0#h some casest
repeas verbatim the wording of those principles. Differences arise primarily by distinguishing
the higher expectations of graduate education ftbose ofundergaduate education and by
more explicitly recognizing how th&wE discipline ties to other disciplinesotably SE
Moreover, we recognize that this guidance is, in many cases, not uni@ueEtourricula. It is
valid for virtually all engineering disciplines-or example, guidance statemit is fAll SwE
students must learn to integrate theory and praot®ebstitutingfimechanical oeledirica] or

any other engineering discipline fisoftwared would not change its validity. Nevertheless, these
statementsvere helpful to those developinGSwE2009and are therefore included heiote

that these statements are numbered for ease of reference only. The numbering does not signify
relative impotance.

[1] The principal purpose dBSWE200Will be to provide a set of tailorable recommendations
for developing and improving curricula that provide software engineering education at the
mastefs degredevel.lt is not intended to be the basis for accreditation

GSwE2009suppors the needs of industry and governmdot software engineers by
helping universities equip software engineers with the most current theory andegracti
and helping themdevelop their ability to lead in addressing the future challerajes
software development. GSWE2009is a referencecurriculum not a singledefinitive
curriculum. It provides a set of common recommendations for facultyt different
universities to use when constructing individual curricula foneesteés degreen SwWEd it
should be tailored to each progrargniversitiesgive their degrees different names, often
with no pedagogical implications;ge, Stevens Institute of Technology offerdMaster of
SciencgMS)in Software Engineeringvhile EmbryRiddle Aeronautical Universitgffers

a Master of Software Engineerify!SE) GSwE2009 isuitable forprograns that educate
software engineers regadeds of the degree name

GSwE2009 should not be used to score, appraise, accredit, or certify programs for
compliance Phr as e &SwE20@aho napsl am@ not bosed herein. Instead, the
softersatémsmi s GSwE 2 0 (périodicaly appamrs el hedatér teonn s 0
has no precise meaning, but is intended for a program that follows most GSwE2009
recommendations. The program may deviate from some recommendations: for example, a
program may choose to omit some of the 10 outcdowwsd in Section 3or even add one



or two new outcomes based on local preferences. It may admit students who do not meet
the entrance expectatiofmund inSection 41t may deviate from the recommendations in

Section 6on coreknowledge that every graduate should master. Clearly, there is a point at
which a university tailors too much. After all, GSWE2009 reflects the collective wisdom of

a broad community of authors and reviewers aboadlgate SWE education. However, that
point of Atoo mucho tailoring is not precis

[2] The mastés degreedescribed byGSwWE2009will be a professional degree targeting
practicing softwae engineers. With modificatioGSwWE2009nay serve as the foundation
for those with a research interest who ultimately seek a doctoral degree; however,
GSwE2009s designedpecificallyto support professional degrees.

The vast majority of students who reaa mastés degreein SWE do not become
researchers. They are practicing professionals or aspiring practicing professionals seeking
to improve their skills and career opportunitieSSWE2009 will target practicimg
professionals because that is where the greatest need is.

[3] A masteds program that satisfie&SWE200%hould require about as many crediitas
typical programs do now.

A minimum number of creditare necessary to conyethe breadth and depth of the
requisite knowledge and to develop the desired skills in students. Universities will
individually decide how to package those creafito courses, althougtne two companion
documents to GSWE2009 offer packaging observat@nms recommendations. The 2008

study of 28 SwWE graduate programs described in Appendix A and more fully in (Pyster, et.

Al ., 2009) that the average masterods progr e
credits, typically packaged into 11 or 1Z&dt semester courses using the common U.S.
education model. This would roughly equate to 66 to 72 European Credit Transfer and
Accumulation System(ECTS) credits for those universities followinthe Bologna
Declaratior?® One graduate course credit nominally equates to approximately 13 to 14
contact hours between faculty and studehis homework FulFtime students normally

complete such programs in 18 to 24 months. The need to achieve aénsastet e v e | o]
professional achievement with this amount of study leads to expectations about what
students should be capable of doing when entering a program that attempts to satisfy
GSwE2009 recommendations.

9 Typically, a progam requires a certain number of credtitsgraduation, awarded by taking courses, each of
which has an associated number of credits. Historically, the number of credits per course has often aligned with
the number of hours of lecture peeek, but with online and other naraditional formats increasingly popular,
the rules for assigning credits to a class have become more varied.

®XJoint Declaration of the European Ministers of Educat
Bologna on June 19, 1999.
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[4] Software engineering is a distinct disciplingh a rich body of knowledge, practice, and
theory.

SwE does not have the long history of many other engineering discjpBoel as

electrical and mechanical engineeriddevertheless, Swhas matured relatively quickly.

Since 1968, when the term Asoftware enginee
numerous journals, conferences, professional societies, undergraduate and graduate
programs, professional certifications, bodies of kieolge, and standamdsall geared

toward establishing broadly achievable levels of performance, all hallmarks of a scientific

or engineering discipline.

[5] Software engineering draws its foundations from a wide variety of disciplines, with
deepening tieotsystems engineering.

GSwE2009%oncentrateon the knowledge and pedagogy associated with a graBudie
curriculum. Where appropriatet shars or overlag with material contained in other
ACM/IEEE Computing Curriculum repoftsand it offes guidance on its incorporation
into other disciplines.

Graduate study irBWE relies on many areas in computer science for its thealeind
conceptual foundations, but it also draws from other fields, including statistics, logic,
calculus, discrete mathematics, formal languages, and other mathematical spearalties,
from economics, project managemegéneal engineeringand one or more application
domains.

SE is a special case. In the past, many universities have made only cursory ties between
SWE and SE, reflecting the Aol d sdemtonsl 6 vi e
and SwE is just one of many Betorlthanview y 0 di
no longer serves either the SE or the SWE communities well. GSWE2009 provides strong
explicit linkage between SE and SwE.

[6] All software engineering studts must learn to integrate theory and practice.

Students must be altie recognize the importance of abstraction and modeling for software
architecture, desigrand specificationto be able to acquire special domain knowledge
beyond the computing discipk in order tosupport software development in specific
domains of applicatignand to appreciate the value and attributes of good design. They
should be expected to solve reabrld problems relying on the underlying principles
taught in their graduateducation.

2 Shackelford, R., et alGomputing Curricula: 2005 Overview RepohCM, 2006.
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[7]

[8]

[9]

The rapid evolution and professional nature of software engineering require ongoing
review and revision of the corresponding curriculum.

Universities, industry, and governmeim cooperation with professional associatioms

this discipline, must establish an ongoing review process that allows individual components
of the curriculum recommendations to be updated on a recurring basis. Also, because of the
special professional responsibilities of software engineers to thkc,pthe curriculum
guidancecould support and promoteffective external assessment and accreditadion
graduateSwWE programs.Nevertheless, accreditation is outside the scope of GSwE2009,
and it should not be used directly for eaditation. GSwE2009s a snapshot of
recommendations suitable for today and should define mechanisms for ongoing revision as
SwE evolves. If current efforts to migrate the maintenance of GSwE2009 to the
Association for Computing Machinery (ACNnd IEEE Computer Societye successful,

the standards mechanisms those two professional societies operate should provide periodic
revision of GSWE2009 as required.

GSwE2009will be sensitive to changes in technologies, practices, and applications, new
developments in pedagogy, and the importance of lifelong learning.

The principles underlying SWE change relatively slowly, bettechnology through which

SwE is practiced keeps changing at breakneck spekdaBHonal institutions must adopt
explicit strategies for responding to chamgytechnology without being caught in the trap

of simply dAtraininé &eytohhs islomdnigirsgytthe tuericuumo | o gy
around enduring principles and planning to change the example technologies regularly.
Institutions mustrecognize the importance of remaining abreast of -estblished
progress in both technology and pedagogy, stibjethe constraints of available resources.
SwE education, moreover, must seek to prepare students for lifelong leandirap will

enable them to move beyond to@yechnology to meet the challenges of the future.
GSwE2009 reinforces that recognitiondapreparation by specific outcomientified in
Section3.

GSwE2009will go beyond knowledge elements to offer significant guidangedividual
curriculum components.

GSwE2009assemble knowledge elements into asonable, easily implemented learning
units. Articulating a set of wellefined curriculum units makes it easier for institutions to
share pedagogical strategies and tools. It also provides a framewornbulitishing
textbooks and other materialdowever, GSWE2009 does not mandate a specific way of
aggregating those learning units into courses. Nevertheless, the two companion documents
to GSWE2009 describe example implementatitrat show possible ways of constructing
courses thatatisfy GSWE2009 recommendations.

12



[10] GSwE2009will identify the fundamental skills and knowledge that all graduates of a SwWE
mastefs degregrogram must possess.

GSwE?2009defines 10 outcomeshat all graduates should achieve. They range from the
highly technical t o Asoft s k i. | Additionallya r ound
GSwE2009 defines a specific CBQHKat every studerghould master by graduation. That
knowledge contributes to the 10 outcomes. However, only students who go well beyond

the content of the CBOK can achieve the 10 outcomes.

[11] GSwE2009will be based on a flexible curriculum architectuned on recognized bodies of
knowledge. The latter will be modified and enhanced as required.

The description o€BOK will be concise, appropriate for graduate educationyalhdise

the work of previousstudies on relevant bodies of knowledge and curricula, especially
(Ardis and Ford, 1989)SWEBOK, SE2004 and INCOSE?. A Guide to the Project
Management Body oKnowledge (PMBOK® Guide?® was originally considered as a
primary source documertiowever, in developing theBOK, the CATrecognized that the
SWEBOK alreadyincorporated much of the relevant material from EMBOK® Guide

and decided not tose thePMBOK® Guidedirectly as a primary reference.

As rew studies emerge, they will be incorporated suwbsequent versions of GSWE2009.
For example, the IEEE Computer Sociggynow updatingSWEBOK, and subsequent
versions of GSwWE2009 will incorporate those updaBexlies of knowledge from related
disciplinesare included as appropriatsuch adNCOSEs Sysems Engineeringody of
Knowledgé* and especially the INCOSE Handbddk

[12] GSwE2009will honor individual program and student flexibility by limiting the common
knowledge regired for all students to no more than 50% of the total knowledge taught in a
mastefs program.

The CBOK is recommendetbr all graduateSwE degrees. Tét coreknowledge hasroad
acceptance byhte SwE education community and related communiti€espite the
tendency to squeeze more and more into the required core, GSWE2009 must accommodate
wide variations in program focus and individual student interest. No more than 50% of the

2 Jain, R., and Verma, DA Report on Curriculum Content for a Graduate Program in Systems Engine&ring
Proposed-ramework INCOSEInternational Symposium, 2007.

2 project Management Institut&,Guide to the Project Management BodKnbwledgegPMBOK® Guide) 3
edition,2004.

2 INCOSE Guide to Systems EngineeriBgdy of Knowledge (G2SEBqHKiternational Council on Systems
Engineering 2004.

% Haskins, C. (ed.JNCOSESystem&ngineeringHandbookVersion 3.1 INCOSETP-2003002-03.1, August
2007.
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[13]

[14]

[15]

content of a maste6s program must be required in o
universities and students.

GSwE2009will be broady based and international in scope.

Despite the challenge that curricular requirements differ from country to country,
GSwWE2009mug be useful toSWE educators around the world. Where appropriate, every
effort has beenmade to ensure that the curriculum recommendations are sensitive to
national and cultural differences so that thaye internationally applicable. The
involvement by naonal computing societies and volunteers from all countvasactively

sought and welcomedespite thiseffort, the clear majority of the GSwE2008uthorsare

from the United States. GSWERE25 was sent for limited review to more than 100
reviewers, who were chosen for their leading roleSwE education and, in some cases,
because they reside outside the United States. Additional international authors were
recruited for GSWERC 0.5M@thelp avoid a s.-centric view.Faculty from outside the

U.S. contributed analyses of their programs with respect to recommendations. Those
analyses are iICompari sons of GSWE2009 to Current
Engineering Finally, a review wokshop was held in Hyderabad, India in February 2009,
bringing in more perspectives from outside the U.S.

GSwE2009will include exposure to netechnical aspects of professional practice as an
integral component of the graduate curriculum.

The profesional practice oSwWE encompasses a wide rangenoittechnicalissues and
activities, includinggeneralproblem solving, management, ethical and legal concerns,
written and oral communication, working as part of a teana, recognizing the need for
other expertisein a rapidly changing disciplinelhose issues and activities are explicitly
recognized in several GSWE2009 outcomegected of all graduating students.

GSwE2009ill include discussions of strategiesdatactics for implementatigralong with
high-level recommendations.

Although it is important folGSWE20020 articulate a broad vision &wE education, the
success of any real university curriculum depends heavily on implementatiaits. The
companion volumeFrequently Asked Questions on Implementing GSwWE20@¥ides
institutions with advice on the practical concerns of setting up a curriciatrsatisfies
GSwE2009 recommendatianghat advice recognigethat academic institution and
department visions and missions vary widely and may require different approaches to
develop and maintain a gradué@®E curriculum. For example, programs may diffa
student demographics, teaching/research/profesdiociad, delivery mechanisms, external
constituents, infrastructure, regulations and accreditasgures, angnany other program
characteristics and constraint§he coreknowledge required of all students and the
implementation guidanceccommodate such differences, including guidance on how

14
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programs might extend the core to incorporate institegjpecific needs (e.gfpcus on a
particular applications domaar on particular types of studehts

[16] The distinction between SE2084d GSWE200ill be clear and apparent.

Compared to SE2004vhich are the IEEE Computer Societgd ACMrecommendations
for undergraduate SwE curricula, GSwE2Gfithtent is mre narrowly focused o8BwWE

and related disciplinesGSWE2009 expecs much greater sophistication in student
reasoning abouSwE principles, and expeststudents to demonstrate their accumulated
skills and knowledge in a more significant capstone expeFigmmject, practicum, or
thesig than does SE2004. The courses, evaluatiand the capstone will generally be
more demandingbecause GSwE2009s a graduate curricululnSE2004 is an
undergraduate curriculuinand GSwWE2009assumes that students enter the program with
at leastwo yearsof relevant software development experience

The distinction between GSWE2009 and SE2@)4juite clear when they are viewed

t hrough the | ens o fAppBndio Bfondnere iffamaton)oSEY004( s e e
requires students to master t o pdkoosvedget Bl oo
comprehension,or application. For several topics, sh as Requirements Analysis,
GSwE2009 recommends mastery at lev@ladhalysis and for one topic area in which the

student specializes it recommends leval gynthesis.SE2004 recommends mastery of

many topics at level 1Everytopic in GSWE2009 must be mastd at level 2 or higher.

Moreover, many more topics in GSWE2009 require mastery at level 3 than does SE2004;
e.g., in SE2004, the topic sbftware processs addressed only at levels 1 and 2. In
GSwE2009, the same topic is covered at levels 2 and 3.

[17] GSwWE2009will identify expected knowledge and experierioe students to enter a
mastefs program in software engineering.

Undergraduate computing programs and industry experier8&/E vary greatly. To help

institutions build programs that address the needs of the b8veld community,
GSwWE2009ecommend minimum prerequisite knowledge and experiefidags minimum

prerequisite knowledge and experiens determined by the level of proficiency (described

in Section3) expected from students within the limited amount of time, study, and units
allowed in a typical masterds progr am. St u
those prerequisites will gerally find it harder to succeed. Of course, universities may
choose to offer leveling cours&sinternships, and other means to help such students at the
beginning of their graduate education. Such steps, while valuable, wealdydengthen

the time a student spends seeking a master6

% A leveling coursehelps a student who does not have the expected proficiency level in a topic; e.g., a student who
lacks the expected background in discrete mathematics could take a course to provide the requisite knowledge,
skills, and alities. Leveling courses are sometimes also categharatoryor bridging courses.
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3. Expected Outcomed/Nhen a Student Graduates

This section describes whstudents should be capable of when they graduate from a program
that satisfies GSwE'2edsablishss the expertetnoatcontesirdd fon s .

a professional practice. It specifies a mix of 10 technical, etheaihing, and other outcomes
reflecting the diverse skills that graduates require in order to become successful as software
engineers. The CBOKutcomeis perhaps the most clearly technical, being tied directly to
mastery of the CBOK. As shown@o mpari sons of GSwE2009 to Cur
in Software Engineeringmany existing programs address this outcome fairly well. In contrast,
the EhicsOutcomeis among the least technical. It addresses mastery of ethical detiskomg,

which relatively few existing programs cover well. The curriculum authors deliberated at length
about these outcomes to strike the right balance between techmdcab@atechnical skills. Few
existing programs cover all 10 outcomes well. That is, of course, not surprising. On the other
hand, as articulated i@o mpar i sons of GSWE2009 to Current
Engineering,over time existing programs shild be able to reduce and even eliminate the gap
between themselves and GSwWE2009.

Several reviewers of GSwWE2009 version 0.5 (call@8wERCversion 0.5 at the time)
recommended making tbe 10 outcomesiore objectively testable. The authors weighed those
recommendations carefully and provided some additional elaboration in the current version.
However, the authors also felt that an extensive elaboratiod be too limiting, since there are

many ways to achieve these outcomes. Moreover, GSWE2009 is not intended to be used directly

for accreditationInstead, the companion volumes present guidance on achieving the outcomes

and provige comparisone et ween GSWE2009 recommendations an

The order in which the outcomase listed is not important. ttoes noteflect a priority among
the outcomesGraduatesfama st er 6 s program t hat satwilkfies G.

CBOK Master the Core Body of Knowledge

The CBOKspecifies a Bloom Taxonomy levigr each included knowledge area
(KA), subarea, topic, and subtopic. Mastering the CBOK requires learning
principles exemplified through practiceA graduating student will have
demonstratedhat he or she can perform at theespied Bloom level which
ranges fromknowledge(the lowest level) up throughnalysis(the fourth level).
Such performance is the definitionmbsteryused hereinBy way of comparison

the undergraduate reénce curriculum, SE2004only expects performance
through the third levehpplication.

%" These outcomesere significantly influenced by a report from Carnegie Mellon University: Shaw, M. (Ed.),
Software Engineering for ¢h21st Century: A Basis for Rethinking the CurriculTimechnical Report CMUSRI-
05-108 Carnegie Mellon Universitynistitute for Software ReseardWarch 2005.
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DOMAIN

GSwE?2009 does not state how the demonstration of mastery will be performed.
That decision is left up to the implementinguersity. However, the hypothetical
implementatios of GSWE2009 irFrequently Asked Questions on Implementing
GSwWE200Dffer approaches for sh demonstration. A student who has mastered
the CBOKwill be able todevelop a modestized software system of a few
thousand lines of code from scratch, be able to modify @xeting largescale
software system @eeding 1,000,000 lines of code, and be able to integrate third
party components that are themselves thousands of lines aof @edelopment

and modification include analysis, design, and verification, and should yield high
guality artifacts, including thénal software product.

Mastersoftware engineering in one application domain, such as finance, medical,
transportation, or telecommunications, and in one application type, such as real
time, embedded, safetyitical, or highly distributed systemsThat mastery
includesunderstanding how differences in domain and type manifest themselves
in both the software itself and its engineering, and includes understanding how

to learn a new application domain or type.

Only a student \rhgramealreadg anexpert ommaas éxgert 0 S
an application domain will depart that program as an expert. The Domain
Outcomedoes not require a student to become a true expert in an application
domain, an achievement thabrmally takes many years of experienaed
education. However, SWE only becomes tangible when practiced in an application
domain, where software brings real value and where software engineers face, on a
daily basis, the characteristics and peculiarities of that domain. Priorities,
vocabulary, paradigms, technologies, tools, and a myriad of other factors vary
from domain to domain; for example, secuatyd privacy are typicallyxéremely
important in financial transactions, but less important in the embedded software of
an automobile braking system. For the latter, safety is much more important.
Development standards are very important in defense applications, but less
important n software used to create special effects in movies. As a reference
curriculum, GSwWE2009 gives each program the flexibility to emphasize its
defining characteristics. Nevertheless, depth in an application domain and
application type requires knowing how apply several of their significant tools

and technologies. For example, someone gaining aepth understanding of
Web applications in 2009 would almost certainly need to be able to use several
common Web technologies, such as .Net or Java, and woeddtoeinderstand at
least one toolset for specifying, developing, integrating, modifying, and testing
code using those technologies. Additionally, the student should appreciate the
intersection of technology with the business/mission drivers of the domain.
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There are practical limitations to which application domains an individual
university can support in its classrooms. Faculty must be available who
understand a domain, often through practice in the industry. Laboratories, case
studies, and other artifactisust enable a student to explore a domain. Even large
SwE programs will have trouble supporting more than a handful of domains well.
Smaller programs might only be able to support one or two application domains.

Section4 sets expectations for a studentteer i ng a master d6s pr
those expectations is two years of practical software development experience

That experience is vital to enable mastery of an application domain. It is
extremely hard @ understand an application domain simply by classroom
exercises and readings. Two years experience in an application doamain
application domaid will give the student an invaluable practical perspective that

can be applied in graduate education to aehtee DomairDutcome

DEPTH Master at least on&A or subarea from the CBOKo the Bloom Synthesis level.

A student needs to dive deeply into at lease d€A or subarea, such as
requirements or architecture. Such dept
and enables the student to solve hard problems in at least one KA. This outcome

is much more demanding than any in SE20# undergraduate SwE curriculum,

which only requires mastery up to thpplicationlevel in any topic

ETHICS Be ableto make ethical professional decisions and practicécaktprofessional
behavior.

Professionals routinely face ethical, legal, and social dilemmas, such as when is it
ethically, legally, and socially acceptable to compromise quality in order to meet
schedule? What types of activities constitute a professammdlict of interest or

are a breach of ethiclw, or social norms? In some cases, potential violations of
the law are clear, but in most situations, there are no black and white rules for
resolving such guestions. Resolution requiresunitgf experience knowledge,

and judgment. A graduate should have demonstrated that he or she has the
maturity, knowledge, and judgment to make common professional decisions that
have ethical, legal, andocial implications. Two years of practical experience
before entering the masterdés program w
understand ethical dilemmas. In two years of work experience, it is quite possible

the student will have faced the chalie of deciding whether to ship a product

when serious bugs still remain, or whether to discount the views of an important
stakehol der because it is Apoliticallyo
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SYS ENG

TEAM

Understand the relationship between software ereering and systems
engineering andbe able taapply systems engineering principles and practices in
the engineering of software.

As mentioned earlier, SWE and $&ve much in common, but are often treated as
quite separat disciplinesIn some business domains, the texsystems enginees

not used, instead being replaceddpplication engineer, system architect, lead
engineer, system analyst; many other term3 he student should be able to look
past differences in terinology and see the relationship between softwareSand

no matter what the latter is called.

Topics such as requirements analysml architecture should be taught from a
common systems/software perspective. For exammearithitecture of any large
system typically has much of its functionality implemented through a mix of
hardware, software, and people. Software engineers should learn how to influence
SE decisions to create the right miorfa particular application and should
understand how to select the best software technologies to support that mix. The
notions ofsystems thinkingnd system dynami¢cgopularized by people such as

Jay Forrestéf, John Stermat, and Peter Sendfe which stess understanding the
relationship of the system as a whole to other systems, is an important aspect of
SE that should be addressed.

Be aneffectivemember of aeam, including teams thatre multhational and
geographically distributed, effectiveommunicate both orally and in writing,
and lead in one area of project development, such as project management
requirements analysigrchitecture, construction, or quality assurance.

Students neto complete tasks that involve work as an individual, but also many
other tasks that entail working with a group of individuals. For group work,
students ought to be informed of the nature of groups and of group activities/roles
as explicitly as possibldhis must include an emphasis on the importance of such
matters as a disciplined approach, the need to adhere to deatliveso
communicate both orally and in writingndhow teams are evaluated as a whole
rather than just as individual§tudents sbuld have an appreciation of team
dynamics and leadership techniques and be able to lead at least cofepangect
development Increasingly, system and software development teams are
assembled from many geographical sites, often across national besnddmis

2 Forrester, Jl.earningThroughSystemDynamics a$reparation for the 21sCentury, 1994

9 Sterman, JBusiness Dynamics: Systems Thinking and Modeling for a Complex Wo€aaw-Hill/Irwin

2000

%0 Senge, PThe Fifth Discipline: The Art and Practice of the Learning Organizatmadway Business, 2006
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presents additional challenges of time, language, and culture that students must
know how to addresd=or some programs, establishing geographically dispersed
teams will be challenging, but this can be done where necessary by teaming with
prograns at other universities and campuses.

Be able to econcile conflicting project objectives, finding acceptable
compromises within limitations of cost, time, knowledgsk, existing systems,
and organizations.

Students should engage in realistiercises that expose them to conflicting and
changing requirementsor example, end users may prefer a new system that does
not require significant change in existing business practice, while the business
leaders may be looking to reengineer the busipeastice in order to realize
dramatic gains in efficiency. If not managed well, such conflicts among key
stakeholders can lead to requirements churn, product rejection, and many other
undesirable consequences. The software engineer should understaigpliésctmn
address and resolve such conflicts. As another example, new requirements
routinely emerge during the course of most large or complex projects. The
graduate of a masterdés program shoul d
such emergence otechnical planning and software architecture, among other
considerations. Rigorous techniques to perform tradeoffs should be included as a
way of resolving conflicts. Note also the tie between this outcamdethe Ethics
Outcome The inability to reconcile conflicts well can lead to ethical dilemmas.

PERSPECTIVEJndersgand and appreciate feasibility analysis, negotiation, and good

LEARN

communications with stakeholders in a typical software development
environment, and perfornihdse tasks wellhave effective work habits ande a
leader.

The presence of a capstone experientet is a group project and not an
individual activity (such as a thekiss of considerable importance in thegard

It offers students the opportunity to tackle a major project and demonstrate their
ability to bring together topics from a variety of courses and apply them
effectively. This mechanism allows students to demonstrate their appreciation of
the broadrange ofSWE topics and their ability to apply their skills to genuine
effect. This should also include the ability to offer reflections on their
achievements.

Be ableto learn new models, techniques, and technologies as they emerge, and
appreciatethe necessity of such continuing professional development.

In a field as dynamic aSwE, life-long learning is essential to continued success.
It is therefore imperative for the graduate student to develop the necessary skills
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to seek and learn the lated¢velopmeni® to be able to growpersonally.This

includes the ability to evaluate and adapt software development processes,
metrics, and tools, including the ability to create or assemble satisfactory evidence
for t hat eval uat i on. instll theassireefor difdongpr ogr a
learning, but can teach the skills to know how to deléfey learning.

TECH Be ableto analyze a current significant software technologyticulate its
strengths and weaknessesmpare it taalternative technologiesnd specify and
promote improvements or extensions to that technology.

Technologies change frequently. A software engineer must be able to select new
technologies, understanding theimitations and appropriate usdsat is to be

able to perform tradeff studies and act as change agenwithin his or her
professional organizationin 2009, such technologies might include service
oriented architectures and their supporting toolsets. In five years, there will be
another set ofechnologies, just as controversial and complex. A graduate should

know how to decide the relative merits of such technologies based on assembled

or discovered evidence and be an effect
Note, however, that in a unigty setting, a student will likely only be able to
demonstrate thepotentialto be an effective advocate.

The Tech Outcoméas a strong tie tthe DomainOutcome The strengths and
weaknesses of a technology are galgrnot absolute, but vary with the
application domain and other context.

It is useful to think beyond student competencies at graduation, looking out three to five years
later toward the longeterm objectivesthat students might achieve. The CAbnsidered

whet her GSWE2009 should include a standard se
set for their graduates. After lengthy discussion, the CAT concluded no standard set existed.
There is simply too muchavr i at i on among individual master os
set in GSWE2009. Nevertheless, it is desirable for each university program to establish its own
objectives.
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4. Expected Student Background When Ent

One of the hardedecisions to make when constructing a graduate curriculum is determining
what a student should be capable of when entering the program. If the bar is set too low, the
graduate education will either be shallow or wiked tobe extendedby universitiesto
compensate for low entry capability. If the bar is set too high, toowélwqualify and the
program will struggle to attract student&ccording to a recent surveyof graduateSwE
programs summarized ippendix A the averagenasteds program inSwE requires around 33

to 36 graduate course creditghich in the United States usually structured into 11 or 12 3
creditsemestecoursesGSwWE2009s in line with current practice, recommending a program of
around 33 to 36 graduate crediésfull-time student could reasonably be expected to complete
such a program in 18 to 24 monthEhe number of recommended credits, combined with
expectations for student knowledge and skills when they graduate, determine what students
should be capable @fhen they enter themasteés program.

Establishing outcomesannot be done without considering what students are capable of when
entering the masterds program. The surdixey of
A revealed a wide range of expectations for entering students. For example, some universities
target students who are making a roareer shift into being software engineers. For those
universities, a st udedt awiintBrmo a rtaadeh eploornd s adveeg
for entry. Other universities target students who are software professionals seeking to advance
their career with an advanced degree in their current field. Mbst not ald universities
presume a student can program in at least one computer language. About a third of the surveyed
programs presume a student has professional experesnaesoftware engineer. Nevertheless,
GSwE2009 must ake some assumptions about what students are capable of at entry or there is
no basis for defining what knowledge they can reasonably master while pursuing a degree that is
nominally the equivalent of 11 to 12cBedit semestelong courses.

Note thatexpetationsare not admission requirementsndividual universities and programs set
admission requirements. However, deviations from these expectations may require lengthening
the program to compensate and still achieve the ut@omesin Section3. A student can
compensate for the lack of a formal education by more exeemsigeriencea university can

offer a student lacking certain knowtgs or skills an opportunity to take additioneveling
coursespr a student lacking experiencarctake an internship or follow some other means to
gain that experience while in the degmegram. Of couwse, tle latter two options wilincrease

the number of coursesahastudent mustake to earn a masterdegred acommon practice for

those entering a graduate program without #agected background. The curriculum
architecture described in the next section, provides a structure by which a university could

31 Such courses go by many namesudshts who lack proficiency in an expected competency normally take them.
The objective is to raise thdevelof proficiency to that of their peers.
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address students who do not meet the entry expectattwaquently Asked Questions on
Implementing GSwWE2009@rovides advice on how to welcome students who lack strong
computer science or software development backgrounds.

GSwE2009 presumes that an entering student ra#téte following:

e The equivalent of an undergraduate degneeomputing or an undergraduate degree in
an engineering or scientific fieldnd a minor in computingTable 1 inSection6.2,
Preparation Knowledgelefines the expected knowledfyjem the degree.

e The equivalent of an introductory courseSwE. Table 1 inSection6.2 alsodefinesthe
expected knowledge from this course.

e At least two yearss of practical experiencean some aspect oSwE or software
developmentThis experience should include papaiion in teams, development of a
program or component that has been successfully delivered, and an update or repair to an
existing program or component.

The rationale for these expectations is:

DEGREE Many existingmasteé programs inSWE expect studentto have a bachelts
degreein an engineering or scientific field, but not a degree in computing. Such
students generally bring much of the math skills and the ability to think
analytically, both of which are essdgial to SwE Students often have
programming experiencalthough it is usually programming in the small without
the benefit of understanding how to address issues associated with large or
complex softwee.

In order to engineer software, a student must have mastered the fundamentals of
computing, includingprogramming,computer hardware, operating systeaeta
structures, algorithmsjiscrete mathand a design course that has considered
developing a syem in which a primary issue has been the integration of several
components Students who do not have at least a minor in computing will
generally lack that mastery.

Universities frequently offer leveling courses students who éer a masteés
program lacking the expected background in computing.

SWE The majority of masteds programs in th2007 surveyof existing programsgo not
start studentsn an introductorySWE course. These programs assume that the
student hadearned theequivalent knowledge either from earlier coursework or
from professional experienc&SwE2009%ollows the practice of the majority of
programs in that regard.
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Universities frequently offer an undergradueteirse introducingwE to students
who do not have the equivalent knowledge from a prior course or professional
experience

EXPERIENCE SwE is a practical field and it is a truism that there is no stuistfor experience
The richness of the discussions in a graduate class and the sophistication of the
analysis that studemtan perform are driven, in part, by tBgperienceof those
stucents. Studentsith at least twoyeas of practical experience iseveral
aspects oBwE or software development have a significantly deeper appreciation
for the issues that are examined in thasteé program.Such experience should
expose the student to a team enwinent and to working oeeveral aspectsf
development, as would happen when a student is part of a team modifying,
testing, and releasing an existing application. Going through at least one full life
cycle of a product release would be ideal. Two yeare®eance in a single
development activity, such as performing configuration managementld not
support the spirit of this background expectation. The most germane experience
would have the student (1) work on a comporwrd larger system that requires
integration; (2) evolve an existing system, such as making it be backward
compatible with previous versions; and (3) address contextual requirements of
customers.

Universities could offeinternships tostudents lackinghie expected experience

or otherwise involve them in a significant practical experience early in their
masteés program.However, it should be noted that several C&mbers doubt
whether an internship can truly compensate for a lack of relevant professional
experience. Addition of such internships would probably increase the time
required in the program.
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5. Curriculum Arch itecture

This section describes the structure of a curriculum into which cosaissying GSwWE2009
recommendations can be packagkddentifies, viathe CBOK the minimal material that all
programs should includend makes provisions for each institution to develop its own distinctive
program(s). Theurriculumarchitecturas similar to theoneproposed ir{Ardis and Ford, 1989)
and is compatible with the existimga s t progranss ér which course and curriculum dadee
described in Appendix At is intended to provide a structural basis for progrdrasdeliver the
outcomeslescribed irBection3.

old degree business graduates

recent experience / BSEE and BSCE graduates
other degree, \ BSSE and BSCS graduates

some experience
Prep BS and extensive
Baseline: expected capability Graduates with a BS in Computing Materia' /experlence

/- " Elective
Materials

Figure 1. Architectu r a | Structure of a GSwWwE2009 Master 6

The curriculumarchitectureincludes preparatory material, core materialaiversityspecific

materials, elective materialand a mandatory capstone experiendggure 1 provides an

overview of the curriculum architecture. The heavy black line represents the baseline
expectations described Bection4 f or students enter i ngterialhe ma s
above the heavy black |line is mastered befor e
the heavy black line is mastered after program entry. A student who satisfies the baseline
expectations is ready to begin the program (wbetow the heay black line). Individual
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programs will determine how to prepare students whose background falls short. Typically,
colleges and universities that wish to admit studevite lack the expected background!

provide preparatory courses containing matetiads those students should take before entering

the mastals program. Those are the preparatory materials shown aboverkhieodizontal line

in Figure T he mor e deficient the studentds backagr
expectationsthe higher the risk is that the student will not perform satisfactorily, harming both
himself and fellow student#. is anticipated that a few studemtsth undergraduate degrees in a

variety of fields plus extensive experieneright enter directly into courses that cover only a

subset of the core materialand perhaps occasionally directly into casrsthat include
universityspecific and elective materials

GSwE2009identifies the fundamental skills and knowledge that all graduates of a rEster
program inSWE must possessn Figure 1 this is captured in the hatfrcle area labele@ore

Materials Theseskills and knowledgenclude such topics as SEindamentals, requirements
engineering software desigrandethicsand professional condyavhich are listed inSection6,

CBOK. Wheae appropriate, it defines the common themes of3We& discipline, including its
dependencies on other related disciplimegh asSE, human factordor interface design and

testing and project managemenand recommendsthat all graduate programs include this
material. Courses thaéach CBOKmaterialwould bemandatory orcore courses since taking

them would be necessary to learn the core matdried CBOK has leen limited to include no

more than 50% of the total knowledge conveyed

The next haHcircle in Figure ] labeledUniversity-Specific Materialsrepresents materials that
an institution might include in order to tailor itsogram to meet its specific objectives. These
will vary by institution or degregrogram. They may differ widely because of student
demographics, teaching/research/professional focus, delivery mechanisms, extestialents,

and infrastructure or accreditatiessues. Institutions might includeaterialin this part of the
curriculumto extenda studerts knowledge of their undergraduate field of study with particular
emphases otradeoffs letween applications in those fields and the disciplines that are included
in other portions of th&wE curriculum.For example, a program that emphasizes satetigal
systems might have a required course on such systems that would be part of thatynivers
Specific MaterialsAn institution or program might refer to tloere materialsas defined in this
document, plus its univers#gpecific materialsasits own core.

Elective Materialsaccommodate differeénnterests ofndividual studentsbut may still reflect a
program focus. For example, a program may focus on information secigitfication and
validation (V&V), or healthcare systems, providing a series of courses that allow a student to
gain depth in a technical area, CBOKA, or an application domain, respectively. Those courses
might be organized inttbracksor may simply be an unstructured collection of courses. Students
may beconstrained in what electivabey take to foster program educational goals, or the
program may allow the student broad freedom in course selection. Elective materials can also
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include special topics courses that might be useth ftime to time to introduce experimental
topics into the curriculum.

BSEE and

Business graduates BSCS graduates

Old degree,
recent experience

BSSE and
BSCS graduates

Other degree,
some experience

Prep BS + extensive

experience
Baseline: Expected capability of CS and SE Graduates Material

* University-Specific
Materials

Elective
Materials

Capstone Experience

Figure 2. Course Alignment, Which May or May Not Correspond to Specific Topics or Rings

GSwE2009 recommends that studesesnonstrate their accumulated skdlsd knowledge in a
capstone experiencerhich might be a project, a practicum, or a theBie capstone experience
would likely be between 3 to 6 credit houvghich would count towards the 33 to 36 total credit
hours typically r e g.unithisecantext aprojecawounichlbe &a practically d e g r €
oriented undertaking done by a single studera group for or with someone within the offering
institution. A practicum would be a software development project done for a real external
customer by a group of students, perhaps for an employer for whom one or more of them work.
A thesis wouldbe SwWE resarch completed by an individual student under the guidance of a
researckoriented member of the facult$tudents completing the curriculum must be able to
understand and appreciate the importance of negotiation, effective work habits, leadership, and
good communication with stakeholders in a typical software development environhese

topics should be integrated into the core matergadd perhaps could be reinforced in the
universityspecific or elective materialsHowever, the presence of a capstone project, a
practicum or a thesis at the end of the curriculum is of considerable importance in this regard. It
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offers students the opportunity to tackle a major undertaéimd) demonstrate their ability to

bring together topics from a variety of courses and apply them effectaglghown by the
broken lines connecting the capstone experience back to the materials contained in the various
layers of the curriculum.

There is no intent in this architecturgegification to require either the content of preparatory
courses or the content in cateurses to be setfontained in courses with names corresponding
to the topicsFigure 2provides an example showing how this might happen.yElew wedges

in this figure correspond to courses that teach precisely core material, precisely university
specific material or precisely elective materitihe green wedges represent courses that integrate
material across arckittural layers. For exampleCourse 1 (shown in green) covers a
combination of core and universigpecific materialCourse 2(shown in yellow) covers only
universityspecific materials. Either, or both, methods of course packaging are appropriate.

old degree business graduates

recent experience

Pre p BS and extensive
Material /exPerience
Baseline: expected capability of CS and SE Graduates

BSEE and BSCE graduates

other degree, BSSE and BSCS graduates

some experience

Elective
Materials

o/.

Figure 3. Demonstration of How a Specific Track May Fit Within a Program

There isalso no intent that all of the craes containing preparatory or core matenmisst be
completed before coursework in the narggrcan begin. It is anticipated that the sequencing of
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courses will be controlled primarily by the prerequisite specifications of each course in a specific
institutionds curriculum.

Figure 3 offersan example of how drack could be constructed within ghiarchitectural
framework. In this example, the track would include all of the core matesmtse university
specific materialfrom the track some elective materialelated to the tracland a capstone
experienceconcentrating on a topic associated with the specific tfa@cks are typically areas
of study, such as telecommunications, #t#ak systems, and information systems.

It is through a combination of Core, UniversiBpecific, and Elective Materials that ti€
outcomesin Section 3are met For example the Domain Outcomerequires depth in an
application domain, such as telecommunications or feafdgrogram could offer a track that

gives a student depth in telecommunications by emphasizing telecommunications examples in a
software architecture class that teaches Core Maesall that teaches telecommunications
principles in an elective coursam the general telecommunications field.
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6. Core Body of Knowledge (CBOK)

6.1 Development of the CBOK

The primarysource fordevelopingthe CBOKwas theSWEBOK Knowledge elements were
also derived fromSE2004 (INCOSE 2003) and especially (Haskins, 200If).the study and
analysis of these sourceswas decided that although the SWEBOK organization and content
would dominateyarious changes areas and topic&ere nededto support theGSWE2009
expected student outcomasd to accommodate the needs and views of acadmchisstry, and

the computing professional societies. For example, K&s, not in the current version of the
SWEBOK were added: Systems Engineerifgundamentals, and Ethics and Professional
Conduct. In additionsome units and topics were added, rearranged or modified. These included:

F Addition of Human Computer Interface design in 8@tware DesigiKA

F Addition of an Engineering Economics unit in the Software Engineering Management
KA

F Addition of a Risk Management unit in the Software Engineering Manageféent
Addition of aVerification and Validation (V&V)unit in the Software QualitiKA

F Changes in the names and the unit/topic organization in tkfeg (a) Software
Requirements to Requirements Engineerifim), Software Teshg to Testing andc)
Software Configuration Management to Configuration Management. These changes were
made to accommodate and emphasize the rd@&af GSWE2009

™

It should be noted that as of the publication date oVEZ09, the plans for a 2010 refresh of
SWEBOK call for a new KAon Professional Practice and four new education KAs: Engineering
Economy Foundations, Computing Foundatjoni&thematical Foundations, and Engineering
Foundations. GSWE2009 has attempted to accommodate the SWEBOK refresh by including
these topics in the preparation knowleddescussed in the next section) and in the additional
KAs and units in the CBOK

Two other proposals for significant-ceganization of the SWEBOKASs were considered:

F Create &KA calledSupmrting Processethat includes configuration managemengV ,
guality assurance, reviews and audits, and software documentation process. This proposal
also included recommended changes in the Software Engineering Manageent
involving units on organizing, staffingnd directing a software project.

E Create &A called V&V that subsumes the Software Testily and includes units from
the Software Quality area.

Although both proposals were viewgasitively, it was felt that the wide recognition and the
common understanding of the organization of the SWEB®§ were compelling reasasnto
maintain the basic SWEBOK outline as a foundation ferGSwE2009CBOK. However, the
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first proposal did prompt study, analysis, and modification of the description of some of the
knowledge units within the Software Engineering Managemen(iK&Rroject Organization and
Enactment and in Risk Management).

The CAT has provided a recommended level to which a student should achieve eattfe8&\
are defined in t erApsendixB deBctibeBinémscognitve levaldamd
the process used to specify the student cognitive level for both the prereféisitand the
CBOKKAs. The following level designations are used in the tablessrséction:

Z Knowledge (K)

g Comprehension (C)
Z Application (AP)

EZ Analysis (AN)

These level designations are not intended to guide detailed curriculum design, but rather to
provide a higHevel view of curriculum and student expectatio®udents admitted to a
program who possess substantial SWE education (e.g., a Bachelor of Sciencend8grek or
experience(e.g., an experienced software project manager) wilarwith knowledge at or
above some of the designated Bloombés | evels.
students from some of its required courses, giving them the opportunity to take a greater number
of advanced courses than afforded the typicalestu

6.2 Preparation Knowledge

Table 1specifies the knowledge students should possess when entering aGgnpsigram in

order to be best prepared to achieve @®@vE2009utcomes SE2004was the primary source

for the knowledge elements. The knowledge may be acquired through undergraduate study, from
software development experiendbrough leveling coursesffered by an institution, or through

some combination of these. The talsl@rganized hierarchically into three levels, similar to the
knowledge organization in the SE2004. The highest level of the hierarchy KAthgud as
Mathematical Fundamental&€ach KA is shown in blue ani broken down into smaller
numbered divisions callednits which represent individual thematic modules within an area.
Each unit is further subdivided into an unordered sebts

Clearly, other preparation knowledgeill be needed to support gradugdeE education.For
example, students entering a ma&gorogram should hava strong backgroundn general
education: excellent oral and written communicatiofisskinowledge of the social sciences, and
a solid foundation in continuous mathematics (algebracalailus and calculus).

32 Bloom, B.S.(Ed.), Taxonomy of educational objectives: The classification of educational goals: Hanklboo
cognitive domainLongmans1956
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Table 1. Preparation Knowledge for Core Body of Knowledge

Knowledge Areas

Mathematics Fundamentals

1. Discrete Structures

Functions, relations, and sets; basic logic; proof techniques; basics of counting; graj AP
trees; discrete probability
2. Propositional and Predicae Logic
Propositions, operators, and truth tables, laws of logic, predicates and quantifiers, ar AP
and inference
3. Probability and Statistics
Basic probability theory, random variables and probability distributions, estimation the AP
hypothesigesting, regression analysis, analysis of variance
Computing Fundamentals
1. Programming Fundamentals
Overview of programming languages; virtual machines; introduction to language trans
declaration and types; abstraction mechanisms; ebjemited programming; functions AP
programming; language translation systems; type systems; programming language se
programming language design
2. Data Structures and Algorithms
Basic algorithmic analysis; algorithmic strategies; fundamermfilsomputing algorithms C
distributed algorithms
3. Computer Architecture
Digital logic and digital systems; machine level representation of data; assembly
machine organization; memory system organization and architecture; interfacin C
communcation; functional organization; multiprocessing and alternative architect
performance enhancements; architecture for networks and distributed systems
4. Operating Systems
Operating system overvieand principles; concurrency; scheduling andpaditch; memory C
management; device management; secueityl protection; file systems; re@he and
embedded systems; fault tolerance; system performance evaluation; scripting
5. Networks and Communications
Introduction to netentric computing; communication and networking; network secu C
Internet; buildingWebapplications; network management; compression and decompre
multimedia data technologies; wireless and mobile computing
6. Module Desgn and Construction
Abstraction, information hiding, interface design, procedural design, assertions, exce AP
coupling and cohesion
Software Engineering
1. Software Requirements
Software requirements fundamentals; requirements elicitatiequirements analysis C
requirements specification; requirements validation
2. Software Design C
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Knowledge Areas 2ol

Level

Software design fundamentals; software structure and architecture; software
notations; software design strategies anthods

3. Software Construction AP
Software construction fundamentals; software construction practices

4. Software Testing K
Software testing fundamentals; test levels; test techniques

5. Software Maintenance K
Software maintenance fundamentalsht@ques for maintenance

6. Software Engineering Management K
Software project planning; software configuration management

7. Software Engineering Process K
Process definition and implementatigmpduct and process measurement

8. Software Quality K
Software quality fundamentals; software quality management practices

6.3 CBOK Concepts and Organization

Table 2 presents the outline of the CB@tat is recommended for the carka curriculum that
supports the GSWE2009 recommendations. It is organized hierarchically in the same manner as
Table 1. TheCBOK knowledgeunits and their Bloom levelesignations were developed in such

a way that the core could be covered in the equivalent of approximately 15 creditohours
approximately 200 contact hours (using a North American academic model). The core is
designed t@omprisea | i ttl e | ess than 50% of the total
degree Hence, additional time and courses can be allocated to provide additional depth in the
core areas (at higher Bloom leyeBnd to focus on a chosen application domain. actual
workload measure (suchasthes ed i n t he Eur BuopanrCreditdmamefers si o n (
Systent’) could have been used, but it was felt that contact hours were sufficient for the intended
level of this curriculum guidance.

Table 2. Core Body of Knowledge

Knowledge Area Sygs:t]znfng' Bloom Level
A. Ethics and Professional Conduct
1. Social, legal, andistorical issues SYS C
Data confidentiality and securitgurveillance and privacy

¥European Commi ssi on Eur@ean Cradit Transfan&AcdumudatioSysterg(, E CiT S) 0
website http://ec.europa.eu/education/programmes/socrates/ects/index_en.html#1
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Knowledge Area

Systems Eng.
Content

Bloom Level

Historical developments, and gender, minor, and cultural issues

Contracts and liability, intellectual property, freedom of information

Computer crime and law enforcement

2. Codes of ethicaind professional conduct

SYS

C/AP

Responsibilities to society

Models for professionalism, professional societies

Codes of ethicandpractice

3. The nature and role of software engineering standards

Nature and role of standards

International standards, standards and harmonization organizations

Bodies of knowledge, accepted and best practices

B. System Engineering

SYS

1. Systems EngineeringConcepts

System context

People and systems

System hierarchical relationships

The role of system engineers

2. System Engineerind.ife Cycle Management

Lifecycle Management

Sygems engineering and software engineering processes

3. Requirements

C/IAP

Stakeholder requirements

Requirements analysis

4. System Design

C/IAP

Architectural design

Implementation

Trade studies

5. Integration and Verification

6. Transition and Validation

7. Operation, Maintenance and Support

C. Requirements Engineering

SYS

1. Fundamentals of Requirements Engineering

C/IAP

Relationship between systems engineering and software engineering

Definition of requirements

System design constraints
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Knowledge Area

Systems Eng.
Content

Bloom Level

System design and requirements allocation

Product and process requirements

Functional and noffunctional requirements

Emergent properties

Quantifiable requirements

2. Requirements Engineering Process

Processnodels

Process actors

Process support and management

Process quality and improvement

3. Initiation and Scope Definition

AP

Determination and negotiation of requirements

Feasibility analysis

Process for requirements review/revision

4. Requirements Elicitation

AP

Requirements sources

Elicitation techniques

5. Requirements Analysis

AN

Requirements classification

Conceptual modeling

Heuristic methods

Formal methods

Requirements negotiation

6. Requirements Specifiation

AP

Requirements specification techniques

7. Requirements Validation

AP

Requirements reviews

Prototyping

Model validation

Acceptance tests

8. Practical Considerations

C/IAP

Iterative nature of requirements process

Change managesnt

Requirements attributes

Requirements tracing

Measuring requirements

D. Software Design

1. Software Design Fundamentals

C/IAP
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Knowledge Area

Systems Eng.
Content

Bloom Level

General design concepts

Context of software design

Software design process

Enabling techniques

2. Key Issues in Software Design

AP

Concurrency

Control and handling of events

Distribution of components

Error and exception handling and fault tolerance

Interaction and presentation

Data persistence

3. Software Structure and Architecture

AP/AN

Architectural structures and viewpoints

Architectural styles (macro architectural patterns)

Design patterns (micro architectural patterns)

Human computer interface design

Families of programs and frameworks

4. Software Design QualityAnalysis and Evaluation

AP

Quality attributes

Quality analysis and evaluation technigues

Measures

5. Software Design Notations

AP

Structural descriptions (static)

Behavioral descriptions (dynamic)

6. Software Design Strategies and Metluts

AP/AN

General strategies

Functionoriented (structured) design

Objectoriented design

Heuristic methods

Formal methods

Componentbased design (CBD)

E. Software Construction

1. Software Construction Fundamentals

AP

Minimizing conplexity

Anticipating change

Constructing for verification

Standards in construction

2. Managing Construction

AP
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Knowledge Area

Systems Eng.
Content

Bloom Level

Construction methods

Construction planning

Construction measurement

3. Practical Considerations

AP

Construction design

Coding

Construction testing

Construction quality

Integration

F. Testing

SYS

1. Testing Fundamentals

AP

System testing and software testing

Testingrelated terminology

Key issues

Relationships of testing to other activities

2.Test Levels

AP

The target of the tests

Objectives of testing

Component testing

Integration testing

System testing

Acceptancdesting

3. Testing Techniques

AP

Based on testé& intuition and experience

Specificationbased

Codebased

Faultbased

Usagebased

Based on nature of application

Selecting and combining techniques

4. TestRelated Measures

AP/AN

Evaluation of the program or system under test

Evaluationof the tests performed

5. Test process

C/IAP

Management concerns

Test activities

G. Software Maintenance

1. Software MaintenanceFundamentals
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Knowledge Area

Systems Eng.
Content

Bloom Level

Definitions and terminology

Nature of maintenance

Need for maintenance

Majority of mainenance costs

Evolution of software

Categories of maintenance

2. Key Issues in Software Maintenance

AP

Technical

- Limited understanding

- Testing

- Impact analysis

- Maintainability

Management issues

- Alignment with organizatinal issues

Maintenance cost estimation

- Cost estimation

- Parametric models

- Experience

Software maintenance measurement

3. Maintenance Process

AP

Maintenance process models

Maintenance activities

- Unique activities

- Suppating activities

4. Techniques for Maintenance

AP

Program comprehension

Reengineering

Reverse engineering

H. Configuration Management (CM)

SYS

1. Management of the CM Process

C/IAP

Organizational context for CM

Constraints and guidanfer CM

Planning for CM

- CM organization and responsibilities

- CM resources and schedules

- Vendor/subcontractor control

- Interface control

Configuration management plan
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Knowledge Area

Systems Eng.
Content

Bloom Level

Surveillance of configuration management

- CM measures and measurement

- In-process audits of CM

. Configuration Identification

AP

Identifying items to be controlled

- Configuration items

- Configuration item relationships

- Versions

- Baseline

-Acquiring corfiguration items

Software library

. Configuration Control

AP

Requesting, evaluating and approving changes

- Configuration control board

- Change request process

Implementing changes

Deviationsandwaivers

. Configuration Status Acounting

Configuration status reporting

. Software Release Management and Delivery

AP

Software building

Software release management

I. Software Engineering Management

1.

Software Project Planning

AP

Project goals and objectives

Projet policies and standards

Process planning

Project assumptions and forecasts

Project deliverables

Projectstaffing

Effort, schedule, and cost estimation

Resource allocation

Quality management

Projectplanbudget development and mareagent

. Risk Management

SYS

AP

Risk management concepts

- Probability impact

- Timeframe
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Knowledge Area

Systems Eng.
Content

Bloom Level

Risk management process

- Frameworks, standards, and guidelines

- Risk identification analysis and risk prioritization techniques

- Risk mitigation strategies

Risk management tools

- Earned value tracking

- Technical performance measurement

- Defect tracking and reporting

- Project control panels

Organizational risk management

Joint supplier/custoer risk management

3. Software Project Organization and Enactment

AP

Projectorganization

- Identify andgroup project functions, activities, and tasks
- Determine organizational structure and positions
- Define responsilities, authority relationships, position qualifications

Projectdirecting

- Leadership, supervisiodglegation of authoritygoordination and
communication

- Motivation, conflict resolution, team building

Project control

- Implementatiorof plans, and measurement process

-Process monitoring

- Change management

Reporting

Supplier contract management (e.g., RFP, cost evaluation, IP rights)

4. Review and Evaluation

Determining satisfaction of requirements

Reviewing ancdkvaluating performance

5. Closure

SYS

Determining closure

Closure activities

6. Software EngineeringMeasurement

AP

Establish and sustain measurement commitment

Plan the measurement process

Perform the measurement process

Evaluate neasurement

7. Engineering Economics

SYS
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Knowledge Area

Systems Eng.
Content

Bloom Level

Engineering economics fundamentals

For-profit decisionmaking

Not-for-profit decisionmaking

Present economy

Estimation, risk, and uncertainty

Multiple attribute decisions

J. Software Engineemg Process

1. Process Implementation and Change

C/AP

Process infrastructure

- Software engineering process group

- Experience factory

Activities

Models for process implementatiand change

Practical consideratis

2. Process Definition

Life cycle models

Software life cycle processes

Notations for process definitions

Process adaptation

Automation

3. Process Assessment

AP

Process assessment models

Process assessment methods

4. Productand Process Measurement

AP

Software process measurement

Software product measurement

- Size measurement

- Structure measurement

- Quality measurement

Quality of measurement results

Measurement techniques

- Analytical techniques

SYS

- Benchmarking techniques

SYS

K. Software Quality

1. Software Quality Fundamentals

AP

Software engineering culture and ethics

Value and costs of quality

SYS

Quality models and characteristics

SYS
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Systems Eng.

Bloom Level
Content

Knowledge Area

- Software process quality

- Software product quality

Quality improvement SYS

Application quality requirements SYS

- Criticality of systems

- Dependability

- Integrity levels of software

Defect characterization

2. Software Quality Management Processes AP

Software quality assurance

Software quality management techniques

- Static techniques

- Peopleintensive techniques

- Analytic techniques

- Dynamic techniques

Software quality measurement

3. Verification and Validation (V&V) SYS AP

Definitions of V&V

- System V&V and software V&V

- Independent V&V

V&V Techniques

- Testing

- Demonstrations

- Traceability

- Analysis

- Inspections

- Peer reviews

- Walkthroughs

- Audits

Figure 4 depicts the percentages of thericulum that are recommended for each ciire

These percentages were initially determined by using a Makaband Delphi techniguto
allocate the 200 contact hours, and then the hours were contemperdcentages (of the 50%
core) and adjusted to ranges of approximatelyZP% As indicated in Figure 4, the percentages

for each area apply only to the core, which represents approximately 50% of the curriculum. The
percentageshould be considered agneral highlevel guidance, not as precise curriculum
specification.
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Figure 4. Percentage Devoted to Core Body of Knowledggreas

As indicated inSection 5, Curriculum Architecturéhe uniwersity-specific and elective materials
will cover many of these&KAs in more depth and may cover material outside thess
completely, such as the study of a specific application domain

As also explained irSection 5, CurriculumArchitecture,the corel5 credit hourscould be

distributed in many ways. The simplest and most direct way would be as a set of courses
dedicated specifically to teaching core material. Using the typical North Asmnenwdel, the

entire set of core materials would be taught in fiver&dit semester courses. Alternatively, a
program could cover the core material over many more coutsesparisons of GSWE2009 to
Current Masteros Pr o g r a mamirgs nhow Svarious wiaivermsitiesE n g i n
approximate the coverage of the core material in their programs.

The KAs outlined inTable 2are intended to characterize thecore nt ent of a mast e
in SWE; it is not intended to depict or tmply the organization of curricula and courses.
Although there are KAs on requirements, design, construction, and testing, this should not be
taken to mean that GSwWE2009 is recommending a waterfall curriculum: that is, first a course in
requirements, thea course on design, and so on. Instead, GSWE2009 supports and encourages a
variety of curriculum designs and course organizations that satisfy the GSwWE2009 guidelines.

46



