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Software Production:
From Art/Craft to Engineering

Software-development organizations throughout industry are striving for
betterways to develop, deploy, and maintain theirproducts. Changing an
organization's well-established operating procedures-to improved meth­
odsand techniques-is always a substantial challenge. But, quite often,
change is crucial for maintaining competitiveness and ensuring long-term
success. Thispaper analyzes the challenge, and identifies key elements ofa
typical migration path to creating a new operating paradigm. Thepaper also
provides a framework for technology insertion, a methodology thathelps
develop a disciplined engineering process, allowing software projects to
advance systematically in theirjourney to success. Experience with the
AT&T mosaic ofintegrated software processes, known as MOSAIC, and the
software-development environment (SDE) , shows how MOSAIC and SDE sup­
portproject teams undergoing organizational change.
Introduction

Since the dawn ofthe computer era,
nearly 40yearsago, software-development
organizations have been striving to improve
their products and services. Yet, these same
groupsfrequently havebeen criticized for
delayed productdeliveries, exceeded bud­
gets, released products containing "bugs,"
anda failure to meetcustomerrequirements.
New tools, methods, and approaches for soft­
ware development are introduced every year.
Nevertheless, many development organiza­
tions complain that technology keeps improv­
ing, but theystill cannot fully benefit from it.

Asthe size andcomplexity ofsoft­
ware increase-and the time-to-market inter­
valsare shortened-an organization's com­
petitiveness increasingly dependson its abil­
ityto identify andadoptimproved methods.
To develop this ability, the software industry
mustabandon the traditional art-and-eraft
natureofproduct development. In such an
environment, eachsoftware program is usu­
ally custom designed, and dependsheavily on
the ideasand expertise ofonly one or two
"star"programmers.

Recently, software-industry
researchersand practitioners have devoted

muchoftheir efforts to encouraging organiza­
tionsto abandon oldmethods and procedures
andadoptnewones. The software-process
maturity model! , software factory2,3, and
total-quality-management approachv" are just
a few examples ofsuch efforts. The scope and
emphasis inaddressing productivity andqual­
itygainsvary. However, there existsa consis­
tent andgrowing recognition that moving
toward a moredisciplined engineering pro­
cess is vital for successin today's highly com­
petitive environment.

Software production employs many
processesand tools that are defined, used,
andcontinuously improved. Moreover, many
avenues ofapproach are available in advanc­
ingtoward the goalofestablishing engineer­
ingdiscipline in the production process. This
paperfocuses on the migration aspect in
achieving this goal.

A Systematic Approach to Migration Succe..
Mostoftoday's software-development

projects have implemented specific quality
and productivity initiatives. Typically, these
initiatives reacha modicum oflocal success,
Unfortunately, successful implementation
throughout a largeorganization is often
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Panel 1. Abbrevtatlons, Acronyms, and Terms

BCP-besn~urrent practice
CASE-computer aidedsoftware engineering
dmgr-an annotation editorthat recordspointsof

irregularity and inspectors' comments
codeinspection-a technique used to ensure that

sourcecodeconforms withalldesign
specifications

FrameMaker-a document-preparation systemthat
integrateswordprocessing, pagelayout, graphics,
tables, and other functions intoa single, easy-to­
use application

MOSAIC process-a genericlife-cyc1e processmodel
that contains information aboutsuch itemsas task
descriptions, tools, practices, and methods

.n.1IIlIke--a software toolused in the ''build" process
whenconstructing a newversion ofa product

Sal>liJne-a source-code-version control systemthat
supports configuration management

SDE-software-development environment
SMARrsisteDi-software-development, maintenance,

and reverse-engineering tool
T-aspects-five factors that a software-development

organization mustconsiderwhenmigrating to an
engineering discipline-"task,""technique,"
"tool," "training," and ''transition"

technology insertion-a framework for the systematic
migration to engineering discipline in software
development ..

considerably moredifficult. Suchdifficulty is usually due
to the lackofa comprehensive migration process.

Leading a software-development organization
into a stateofengineering discipline is notan easytask.
Such leadership requirescontinuous attention andcom­
mitment to the implementation and management ofboth
technical and non-technical changes. Integrating these
changesintoday-to-day operations often challenges an
organization to:
- Analyze its currentenvironment to identify and close

performance gaps;
- Investigate allapplicable state-of-the-art techniques,

methods, tools, procedures, practices, and
approaches;

60 AT&TTECHNICAL JOURNAL • JANUARY/FEBRUARY 1994

- Create a process and technology framework to incor­
porateapplicable elements, as well as guideopera­
tions; and

- Orchestrate the adaptation ofnewmethods and tech­
niques so theybecome routine businesspractices.

To meet the challenge, a framework forthe sys­
tematic migration to engineering discipline mustbe
developed. This technique, as previously noted, isknown
as technology insertion.

Technology Insertion and Its Five T-Aspects. By
definition, the word "technology" is a scientific method
ofachieving a practical purpose. Within the context of
software production, technology insertion is meantto:
- Identify appropriate methods, procedures, and tools

for"seeding" intoan organization by means ofa
migration path;

- Nurture and institutionalize the selected methods, pro­
cedures, and tools so theybecome routine within the
organization; and

- Increase local expertise on each method, procedure,
and tool so theycanbe introduced easily into other
organizations.

Technology insertion requiresthat a software­
development organization carefully consider five factors,
known as T-aspects, whenmigrating to an engineering
discipline. "Task,""technique," "tool," "training," and
"transition" representthe five T-aspects. Technology
insertion alsorequiresthe synchronization and integra­
tionofthe T-aspects, from both the planning and imple­
mentation perspectives. Figure 1shows a high-level view
ofmajor tasks in the software-development life cycle.

The interrelationship among T-aspects canbe
illustrated by the following scenario:

Consider the requirements work that is illustrated in
Figure 1: It is a task ofunderstanding, documenting,
andconfirming customer needsand expectations. To
carryout this task,onecanemploy various tech­
niques or methodologies. Forexample, the require­
mentscanbe documented in text-only form, or by
usingstructured analysis or object-oriented tech­
niques. Eachtechnique may be supported by several
different tools onvarious hardware platforms. To use
anytechnique andtool, adequate training is needed.
To shiftfrom one technique or tool to another, tran­
sition mustbe well planned andexecuted, suchthat
previous investments in the embedded baseare
properly secured.



Rgure 1. This illustra­
tion of the software­
development life
cycle shows a high­
level view of all major
tasks and howthey
are Interdependent.
Major tasks can be
separated Into su~
tasks. Fora
software-development
organization striving
for engineering discI­
pline, defining and
streamlining tasks
are the first steps.

EachT-aspect is furtherdetailed as follows:
- Task. ThisT-aspect canbe viewed as specific steps ina

process thatbringsaboutan end or result. Asshown
in Figure 1,requirements, architecture, design, cod­
ing, and testingare common high-level tasks in the
software-development life cycle. Froma process per­
spective, alltasks are interdependent. Eachonemust
pass information to the following task. Forexample,
the design taskbecomes meaningless without require­
ments. Taskscan alsobe separated intosubtasks. For
a software organization striving forengineering disci­
pline, defining and streamlining tasks are the first
steps.6,7 However, it is usually not easyto captureand
define the tasks ofan organization's software life-cycle
process. These tasks often requiredifferent methods
ofinformation encapsulation. Hence, groupmembers
could become deadlocked inseemingly endless
debateoverthe information-encapsulation process.

- Technique. ThisT-aspect canbe viewed as a method of
accomplishing a desiredpurpose. In the software-

production environment, many techniques have been
developed and practiced to helpimprove software pro­
ductivity and quality. For example, codeinspection is
one technique used to verify conformance with design,
implementation correctness, andapplicable standards.
Quality-function deployment is a technique usedto
place in priority order the crucial requirements in the
product-realization process, to ensure thatend­
products are properly aligned with customer needs.
Structured analysis and design are techniques used to
facilitate the development andexpression ofarchitec­
turalanddesign specifications. Software quality assur­
ance, discussed inanotherpapercontained in this
issue, is a technique that helpsorganizations proac­
tively measure, utilize, and improve development pro­
cesses." Whena technique is employed to accomplish
certain tasks, the interchanges andhand-offs that
mustoccuramong the tasksare crucial to the success
ofboth the technique and the tasks.

- Tool. Some techniques canbe applied manually, while
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others must be supported bytoolsfor practical imple­
mentation. For example, the structured
analysis/design and object-oriented techniques can
each be used to accomplish the requirements, analy­
sis, and design tasks.Without adequate toolsupport,
passing information amongtasks isveryinefficient,
and the effectiveness ofusingboth the structured
analysis/design and object-oriented techniques is
significantly reduced. Documentation is anotherexam­
pleofmanual versus tool supported techniques. Due
to the lackofconsistency in tools, group members
often createdocumentation electronically, but then cir­
culatemorecostly and difficult-to-handle printed
copies. To prevent such inconsistency, allthe tools,
techniques, and tasks must form a bondto ensure
maximum "communications" effectiveness among the
various segmentsof the software life cycle. Thus, care­
ful planning and execution are required foreach of
these important steps: selecting toolsfrom various
vendors; introducing and incorporating tools intoan
organization's existing developmental environment;
and,shifting from one tool to anotherfor the purpose
ofestablishing a particular development environment.

- Training. Software-development organizations often
introduce newtechniques and toolsintotheir existing
environment. Group membersare requiredto master
the skills associated with each technique and tool,
learnabout their benefits and drawbacks, and under­
standhowthey canbe used.

There is, however, a common pitfall that has
been observed in the training aspect. Individuals
sometimes are tooquickly satisfied that theyhave
learnedenoughabouta toolto solve a particular prob­
lem. Asa result,they devote muchless timethan they
should tryingto understand the fundamental tech­
nique the tool supports. Also, theyoftenneglectto
consider the impact ofthe technique and toolon a
specific task. For example, systemsengineers, who
have learned abouta particular tool, mayhaveused it
to generate data-flow diagrams to helparticulate the
interaction among software modules. Sometimes, the
data-flow diagrams may representa newform of inter­
mediate deliverables between project tasks. In such a
situation, the transition to adoptthe newdiscipline has
to be managed verycarefully, becauseimplementing
the newapproach has a significant impact on an
organization's operations.
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Determining howto shortenlearning timeis an
important factor inorganizational training. This allows
groupmembersto use-and benefit from-their
newly acquired skills morequickly.

The mechanisms ofthe learning process typi­
cally include textbooks, lectures, seminars, consulta­
tions, andworkshops. Recently, the AT&T Software
Technology Centerintroduced a method called Jump
Start, to aidin the rapid adoption ofnewteaching tech­
niques. JumpStartemphasizes learning bydoing. It
employs subject-matter experts, utilizing the hands-on
approach, whoworktogetherwith the trainees on
actual project tasks forwhich the traineesare respon­
sible. Byusingthe Jump-Start method, an organization
can benefit from the shared learning experience of
working with a subject-matter expert, and thus avoid
making mistakes.

- Transition. The word itselfmeansshifting from one
state to anotherstate.Many crucial transitions are
involved in the establishment ofengineering discipline
in a software-development organization. These transi­
tionshaveto be well planned andcarefully executed,
becausethey will significantly affect groupmembers'
behavior. For example, under the newdiscipline, the
existing mindset ofwriting codewill be modified to
meanproducing product, and maintaining it through­
out its life cycle. Suchtransitioning-from oneset of
techniques and operations to another-often rein­
forces feelings ofconstraint andfearamong many
group members. Some may evenembrace the not­
invented-here syndrome in an attempt to dissociate
themselves from anynewapproaches. To effectively
overcome these common reactions, management
mustdemonstrate strongleadership, communication,
and commitment duringthe transition.

The three tacticsthat follow haveproven to be
veryuseful in facilitating the transition process:
- Establish andagree ona change-eontrol mechanism at

the beginning ofanytransition. This allows group
membersto maintain control of the transition, rather
than beingcontrolled by it.

- Introduce andmanage necessary changes by using incre­
mental, small steps. Although the final objective canbe
bold, this tactic canhelp minimize the difficulty ofthe
transition and the natural resistance to change.

- Establish the software process-engineeringfunction in
the organization asearly aspossible. This function is to
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Figure 2. Effective
Implementation of the
T-aspects requires a
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in at least one (but not all)
software-development phases

~
. -- -

HoriZontal - predominant throughout
the softwantdevelopment life C)'C1e
(used by other techniques and tools)_

Framework - provides support
and integration services

Platform standard basis
for distributed computing

a software-development organization whatthe archi­
tecture function is to a product the organization builds.
Software processengineering plays a major rolein the
synchronization and integration ofallthe T-aspects
described earlier.

Synchronization end Integretlon. Establishing the
engineering discipline in software production has a
degree ofdifficulty that canbe likened to changing
clotheswhile jogging along an uneven path. In the transi­
tionjourney, few organizations havethe luxury ofstart­
ingfrom the verybeginning. Momentum on the current
operating paradigm continues, project change-requests
mustbe accommodated, and existing commitments must

be honored. Therefore, in order foran organization to
advance successfully toward engineering discipline­
while maintaining team-member harmony-eareful syn­
chronization and integration ofallthe T-aspects mustbe
maintained. This will benefit an organization three ways:
- Teammembers become moreprocess focused, and

havea better understanding oftheir rolein the
organization's migration journey.

- Teammembersworking on single or multiple projects
can use common terminology andfollow specifically
defined tasks,helping to establish a repeatable and
stablesoftware-production processand allowing more
accurate measurements.
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Panel 2. Roles of Cod....pectIon Team Members

Author. The authordevelops the codeunitsubmitted
for inspection. '

Moderator. The moderator facilitates the codeinspec­
tionandensuresthat the inspection is planned
properly; the teampreparesadequately for the
inspection meeting; the meeting is run properly;
the codeunitis reworked properly afterthe
inspection; and,that the inspection resultsare
reportedproperly afterrework is complete. In
summary, the moderator is responsible forensur­
ing that the codeinspection conformswiththe
processdefined bythe project Also, the modera­
tor mayparticipate as an inspector.

Reader. The readerinterpretsand paraphrases the
codeforthe teamat the inspection meeting. The
reader is also an inspector.

Recorder. The recorderlogsthe faults reported by the
teamat the inspection meeting. The recorderis
usually an inspector.

Inspector. The inspector studiesthe design, code,and
coding standardsin order to identify faults in the
code. The inspector alsoreportsthe faults at the
inspection meeting.

- Aset ofconsistent andcommon techniques andtools
canbe used throughout the entireorganization.
Increased productivity resultsbecause libraries, data
models, anddocumentation canbe transferred and
applied to other projects, without unnecessary transla­
tionor reformatting. Suchportability also helps
reducetraining costs, andimproves team-member
mobility acrossprojects.

MOSAIC and SDE Imp.ementatlon
In order to addressimplementation ofthe T­

aspects andthe associated synchronization and integra­
tionrequirements, an sDE-and related supporting
services-have beendeveloped. This section discusses
the construction and implementation ofan SDE. It also
presentsan example ofhowthe code-inspection tech­
nique is inserted into the code-generation task through
propersupport ofintegrated tools.

SDE Construction Using tile Y-Aspects. Effective
implementation ofthe T-aspects in the production
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process requiresa tightcoupling between the software­
development tasks andthe techniques andtools that sup­
port taskcompletion. Figure 2 illustrates thiscoupling
within the conceptual framework ofthe SDE.

The outer ringofFigure 2-vertical tools and
techniques-represents the basic, familiar tasksthatare
associated with mostsoftware-development activities.
The techniques, tools, and information needed to com­
pletethese tasks may vary from project to project, and
even within the sameproject. The nextring-horizontal
tools and techniques-shows the tasksthat are common
to all projects andphases. Anexample ofsucha task is
changecontrol, which monitors the project artifacts,
suchas codeanddesign documentation. The two inner
rings-framework andplatform-represent the software
environment upon which toolcommunication andopera­
tionare based.

The total framework that Figure 2 represents
allows the MOSAIC/SDE teamto evaluate andselectthe
appropriate tools andtechniques andto establish inter­
toolcommunication. This framework also allows the
teamto integrate the tools andtechniques into the SDE.

Sixcriteria are used inevaluating andselecting
software-development tools andtechniques:
- How well they solve a particular problem. Forexample,

a configuration-management tool should suitboth
largeandsmall projects. Adebugging tool should
accommodate allrequired programming languages.
And, an analysis-and-design tool should support all
needed methodologies.

- Reputation or "track record. "This includes usageboth
inside andoutside AT&T.

- Flexibility in supporting additions andintegrations with­
outsource-code modifications. Examples include
project-specific screensthat canbe added to the front
endofa configuration-management tool; sufficient
flexibility ofthe user-interface tool in supporting addi­
tional user defined operations; and, a tool having a
published interface that allows information to be
extracted from, or inputto, the tool.

- Vendor support.
- Existence ofeffective training courses.
- Competitive pricing.

To helpease the transition ofanyproject, tool­
assessment and process-engineering services are also
provided. These services assist indeterming which tools,
techniques, andplatforms are appropriate. The



determinations are madewith special attention to the
product-teams' existing staff, schedule, and costcon­
straints. Currently, the foundation provided by SDE has
been adopted by over100 projects on their pathtoward a
moreprocessdriven environment. The following paper­
less code-inspection implementation is an example that
shows howthe SDE integration oftask, techniques, and
tools canbe used to ease a project team'seffort in estab­
lishing the practice ofcodeinspection as part ofits nor­
mal routine.

Implementing Paperl... Code Inspection. Code
inspection is a technique used to ensure that sourcecode
conforms with alldesignspecifications. It alsoidentifies
errors earlyin the product-development phase. Proper
and regularuse ofcode inspection has resultedin both
productivity andquality improvements." In order to
carryout codeinspection, a teamconsisting ofa small
numberofgroupmembers (usually five) is formed. The
teamthen follows a predefined, step-by-step inspection
process. The rolesofeach inspection-team member are
summarized in Panel 2, andthe sixcode-inspection steps
are summarized in Panel 3.

Successful codeinspection requiresthat the
teammembers, who are typically unfamiliar with code­
unitspecifics, quickly learnas muchas possible about
the code'sdesign and implementation details. Therefore,
the inspectors mustfrequently accesswritten require­
ments, designdocumentation, sourcecode, and system­
generation or build information, In practice, eachof
these elements may have undergone several revisions.
Successfully integrating codeinspection intoa project
team'snormal routine depends heavily on ensuringthat
allthese elements are synchronized and easyto access.

Paperless codeinspection under SDE consistsof
the following two elements and related subelements:
1. Establishing afoundation. Five tools are typically used

in the inspection ofsourcecode. These tools include:
- The SMARTsystem (software-development, mainte­

nance, and reverse-engineering tool). (SMARTsys-
tem is a registered trademark ofProcase Corpora­
tion.) It provides capabilities for Cprogrammers
andfacilitates the analysis, modification, and man­
agement ofcode.

- FrameMaker (FrameMaker is a registered trade­
markofFrameTechnology Corporation), which is a
document-preparation system that integrates word
processing, pagelayout, graphics, tables, andother

Panel 3. The Six Code-Inspectlon Process Steps

Planning. The authorandmoderator assemble the
team,planthe meetings, anddistribute the inspec­
tionmaterials to the team.

Overviewing. The authorpresentsthe design to the
team.

Preparing. The inspectors individually compare the
codeto the designto identify inconsistencies and
code-implementation problems. The inspectors
alsoensure that the codeconforms with allappli­
cableproject-eoding standards.

Meeting. The readerguidesthe teamthroughthe
code. While preparing forthe meeting, the inspec­
tors report the faults theyfound. During the meet­
ing,the inspectors reportanyadditional faults,
while the readerguidesthe teamthroughthe
code. The recorderlogsthe faults as theyare
reported.

Reworking. The authormodifies the codeunitaccord­
ingto the fault listdeveloped at the code­
inspection meeting. The moderator audits the
reworkto verify that the authorresolved allthe
faults.

Reporting. The moderator submits a summary ofthe
codeinspection to the process owner, and infonns
the project manager ofthe inspection's disposi­
tion. The processownerensuresthat datais
placed in archives forlateranalysis.

functions into a single, easy-to-use application. It
has a what-you-see-is-what-you-get user interface
that makesdocument browsing easy.

- nmake, which is a software-generation system that
facilitates systemdevelopment from source code.

- Sablime", which is a source-eode-version control
systemthat supports configuration management.

- cimgr, which is an annotation editorthat records
points ofirregularity and inspectors' comments.

2. Using the tools in support oftechniques. The following
sixstepsdetail the code-inspection process:
- Planning. The authoror moderator uses cimgr to

invoke the calendar manager that resideson the
Sun (Sun is a registered trademark ofSun
Microsystems, Inc.) operating-system distributions.
The calendar manager allows the authorto: view
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Figure 3. This Is a typ­
Ical screen Image of
the "meeting" code­
Inspection step. The
moderator can use
clmgrto merge all
annotation files from
the Inspectors and
remove any redundant
annotations before
the meeting. The
moderator, author,
and Inspectors use
clmgrand the
SMARTsystem during
the meeting to help
resolve any outstand­
Ing annotations.

the calendars ofthe inspectors andmoderator; allo­
catean available time slot; and,sendelectronic mail,
informing allparticipants ofthe scheduled meeting.

- Overviewing. The authoruses cimgr and the
SMARTsystem to store the newcodethat is to be
reviewed. Throughintegration ofnmake and the
SMARTsystem, the authorcan ensure that the cor­
rect codewill be available for the inspectors. Such
integration enables the inspectors to view the
"build" directives thatwereused to createthe code
beingreviewed. In addition, cimgr supports the link­
ingofcodeto FrameMaker documents. Using this
link, the authorcan directinspectors to the appro­
priate requirements and design documents. Once
these itemshavebeencollected, the authorcan use
electronic mail to inform the inspectors that the
material is readyfor review.

- Preparing. The cimgr editorwill automatically place
each inspector intothe environment that wascre­
ated bythe author. While in that environment, the

inspectors can use the features ofthe SMARTsys­
tern, FrameMaker, andSablime to understand the
codeand to review documents. If necessary, the
inspectors canextractthe official sourcecodefrom
Sablime and compare the newcodeunderreview
with the previous official version. Using cimgr, each
inspector canalsocreatean annotation to highlight
potential errors or to indicate comments. cimgr
linksthe annotation to the correctsource-code line.

- Meeting. The moderator canuse cimgr to merge all
annotation files from the inspectors and remove any
redundant annotations before the meeting. The
moderator, author, and inspectors use cimgr and
the SMARTsystem duringthe meeting to help
resolve anyoutstanding annotations. Figure 3 is a
typical screen image ofthese activities.

- Reworking. The authorperforms this steponcea
decision is reached. The file is extracted from
Sablime, bymeansofthe SMARTsystem, and inte­
grated intoSablime. The authorthen makes any
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necessary changes. Finally, the newofficial file is
placed under Sablime.

- Collecting. For this final step,cimgr canbe used to
collect dataforfuture analysis. This datamight
include the amount ofcodereviewed, numberof
faults, preparation time per inspector, meeting
length, and author-rework time. Suchmetrics as
preparation and inspection rates,fault density, and
fault-detection effort canbe derived from the data.

Equipped with the paperless capability, a project
teamcan train itsgroupmembers moreeffectively with
the essenceofthe code-inspection technique and the use
ofsupported tools, and plan and manage the transition of
introducing andpracticing this technique.

Conclusion
This paperdiscusses the challenges faced by

software-development organizations in transforming pro­
duction operations from art andcraftto disciplined engi­
neering. To be successful, an organization must system­
atically address the T-aspects-task, technique, tool,
training, and transition-in technology insertion.

Anexample ofthe coupling between software­
development tasks-and the techniques and tools that
supporttask execution-is the MOSAIC/SDE team'sexpe­
rience inconstructing and implementing the SDE. The
SDEprovides a foundation upon which organizations can
build a specifically defined, process driven environment
forsoftware production.

Two overarching concepts are also discussed:
- Planning anddefining a newsoftware-development

environment are only the first relatively simple steps
in the migration process. Managing the transition to
the newenvironment is the realchallenge.

- Properintegration and synchronization ofallthe tools
techniques, and taskswill facilitate the transition. '
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