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Software development technology is, increasingly, a key
element inAT&T's ability tocompete across all ourpro­
ducts. Thisarticle introduces a sequel to the 1988 issue
ofthisjournal on software productivity. New technology
and methodology being brought to bearonproblems of
specification, design, implementation, testing and main­
tenance are outlined. Three dominant trends are emerg­
inginsoftware development environment technology:
tools aregrowing more powerful, technology isbeing
applied across the software life cycle, and development
environments are becoming more closely integrated
within anopen architecture.

History
Morethan 10years ago the Bell System Technical Journal pub­

lisheda classic issue! on the UNIX® operating system. During the
next few years, the computing environment described in that issue,
including the UNIX system, the C programming language, and the
Programmer's Workbench" becamethe de facto standardfor the
development ofnewsoftware products.

Bythe early1980s, the UNIX systemprovided a large collection
oftoolsfor the creation ofsoftware, including debuggers, scannerand
parser generators,and a powerful shellprogramming language. Utili­
ties such as make andsees (source codecontrol system) supported
large software projects by automating the building ofsystemsfrom
individual unitsand allowing forversion control.

These toolsevolved, and a newgeneration ofsoftware technol­
ogyemerged,as describedin a special AT&TTechnical Journal issue
on software productivity published inJuly/August1988. The object­
oriented language c++ extendedC's expressive power, maintainability,
and reusability, particularly for large systems.' SABLE and nmake,"
which replaced SCCS and make, improved software project manage­
mentby supporting productsthroughouttheir life cycle. likewise,
Stage" advanced the technology forbuilding application generators
beyond that of lex and yacc,6 and the Komshellenhanced the



Figure 1. Software growth. Lines of code shipped has
climbed steadily in recent years and in 1988 almost tripled
the 1984 level. Meanwhile, software head count-the
number of people engaged In software development­
increased only slightly.
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ofthis journal. The thrust is on someofthe advanced
techniques with which our developers are gaining signif­
icantexperience. Although only a sample is represented,
at least three dominant trends canbe identified:
- Individual toolsare becoming morepowerful.
- Technology is beingapplied acrossthe software life

cycle.
- Software development environments are becoming

more integrated.
The first itemmeansthat wehavemoreofthe

same,but better. Mostofthe toolsdescribed in the 1988
issuehaveevolved considerably in the last2years in
responseto feedback based on intensive use. They now
do more with less work, and do things previously not
possible. Moreover, there has been a maturation and
healthyflow ofnewtechnology intothe software devel­
opmentprocess. As an example, the C information
abstractor," along with software visualization capabilities,
is now used in over200 projects. The rapid movement of

Perspective
In order to acknowledge and advance the current

state ofsoftware development within the company, we
presenta sequel to the 1988 software productivity issue

Challenge
The cost and potential impact ofnewtechnology

is becoming more and morecritical to the corporate bot­
tomlineas software accounts foran ever-increasing part
ofAT&T products. Software is responsible for muchof
the functionality in these products, as well as fora large
share of their designand development cost. Over60
percentofAT&T R&D employees were involved in
software in 1989.

Asa measureofthe sizeofthe software prob­
lemto be overcome, AT&T research and development
delivered 20million linesofnewand changedcode in
1987 on a base of35million linesofcode. As Figure1
indicates, these numbersare growing rapidly without
corresponding expansion ofthe software development
staff. The sizeand complexity ofsoftware in products
continues to increaserapidly at an average compound
annual growthrate, ofdelivered linessoftware, ofabout
25 percent.

To meet this challenge, AT&T initiated a pro­
gram to increasethe productivity ofsoftware develop­
mentand the quality ofits resultantproducts. The trian­
gle in Figure2 illustrates keyareas inwhich changeis
beingdriven-organization, process, and technology.
These correspond to the "who," "how," and "with what
tools" ofsoftware development. Asignificant changein
anyofthese will impact the others. Although the papers
in this issue are oriented toward advances in software
development technology, eachhas substantial impact on
the processused in a part ofthe software life cycle.

command language interface to the UNIX system." Though
the newgeneration oftoolsis notyet universally used in
the development ofsoftware, this technology is becom­
ingthe choice foran increasing numberofprojects.
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Figure 2. A triangle relates the key elements in software
development. Processes and organization underlie the crea­
tion, transfer, and integration of new technology. All three
elements are undergoing changes aimed at improving pro­
ductivity continuously.

Supporting the Software Life Cycle
The initial tasks in building a software product

involve understandingin detailwhat the productshould
do,describingthat functionality in a way that can be
understoodfor downstream activities (e.g., implementa­
tion, test) and by specifiers offuture releases,and
defining an architecturefor the product. Anumber of
techniques, such as prototyping, havebeen used effec­
tively to understand the requirementsfor products.
These have the advantage ofallowing the customerand
systemsengineer to view the proposed functionality and
make adjustments beforelarge resources are committed
to designand development.

In "Improving the Front End ofthe Software­
Development Process for Large-Scale Systems," pp. 7-21,
G. David Bergland et al. describea newapproach to this
problemfor a very large,complex project, the 5ESS®
electronic switch. This system is AT&Tspremiercen­
tral office switch, containing millions oflinesofsoftware
withextremely stringent requirementsfor performance
and reliability. In order to create and convey require­
ments information, scenariosand constraints are
employed. For example, a scenariomightbe to process
a telephonecall. Constraints would refer to the condi­
tionsunder whichthe callcan be made (e.g., one must
take the phone offhook).The approach, which uses CASE
(computer-aided software engineering) technology, will
reduce the errors that pass through the specification pro­
cess and, because of its formality, reduce ambiguity in
the passageofthe specifications to designers and tes­
ters. In the future, this mayallow automatic generation

process, reachingout to the full range ofsoftware devel­
opmentactivities. Likewise, the individual software
"tools" are being integratedto worktogether within an
open software development environment architecture.

In this issue, authors describeongoing efforts to
address weakspots in the software life cycle, and to
create more integrated, manageable software develop­
ment environments (SDEs).

Process

Software
development

Organization

software fromresearch into practice reflects increased
emphasison makingearlyuse ofnewtechnologies.

The second and third items in the list above
represent more fundamental extensionsofeffort, with
increased focus on organization and process. In this
regard, a variety ofstudies haveshownthat codingis
only 10to 15percent of the totaleffort involved in a large
project. The time-consuming, labor-intensive activities
that precede programming (e.g., specification) and fol­
low it (e.g., testing) havebeen supportedonlyby ad hoc
tools. Although the cost ofan error discovered late in
the life cyclecan be 1000 timesgreater than one found
early, littletechnology has been available for uncovering
errors in specification or design.

More resources are nowdirected at problems
with the largest potential cost savingsfor software
development. Technology is being coordinated with
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ofsome ofthe switch code, leadingto cost savings and
quality improvements.

Atthe other end of the life cycle, testing is inevit­
ably a large part of the development ofa software pro­
duct. It is alsovery labor-intensive, generally taking
between 20and 40percent of the effort in a large, com­
plexsystem. The Buster test managementsystem,
described by KentC.Archie and RobertE. Mclear in
"Environments forTesting Software Systems," pp. 65-75,
provides an approach to the problemthat is nowfinding
wide use within AT&T. It includes a semiautomated text
execution facility that supports the trackingofindividual
tests as well as test suites. Buster standardizesand con­
trols the testing process, facilitates reuse, simplifies
trainingprocedures, and helps to eliminate wasteand
redundancy.

In "COMPAS: ADevelopment Process Support
System," pp. 52-64, H.Jack Barnardand RobertB. Colli­
cott describe a system that integrates measurementand
development processes and ties them to process im­
provement. Although COMPAS was initially created for
documentmanagement, it supports a significant portion
ofthe product life cycle. For example, COMPAS' facilities
for inspections and reviews are heavily used, especially
on the architecture,design, and codingofa product. By
queryinga relational database, developers can obtain
needed information about plans, methodologies, require­
ments, architecture,design,and test for a product. By
providing access to the knowledge needed to produce
better specifications more quickly, COMPAS promotes the
capture oferrors as earlyas possible, so that they can be
fixed at minimal cost.

Creating Integrated Environments
Every software projecthas a large collection of

toolsthat address individual tasks, but the information
used by individual tools is now, more and more often,
shared amongthem. Akey approach to integrating such
toolsis the C Environment System (cens).? While the
overall system includes facilities for creating, editing,

browsing, executing, and debuggingprograms, Thad­
deus]. Kowalski et al. giveprimary attention to the last
of these capabilities in their paper "An Interpretive
Environment for Operations Support Systems," pp.42-51.
The paper describes howone ofthe tools, the C inter­
preter, or c in, was integratedinto the production
environment ofa working system. Although c in is
being used in severalother projects as well, this paper
presents a detailed example of its contribution to debug­
ging and reducingthe buildcycle within the switched
access remote testing system (SARTS) environment.

In general, information from different parts of
the software life cycle can be integratedto provide new,
more complete views ofthe structure and progress ofa
software product. Integration ofsoftware information
started withdevelopers using processes,such as inspec­
tions, and manually comparing information from dif­
ferent sources, such as design documentsand code. It is
continuing withapplications that share datafromseveral
development environment systemssuch as the program
database described by David G. Belanger et al. in
"Toward a Software Information System," pp.22-41.
Becausethe activities in a software projectoverlap, the
information flow betweenthem is bidirectional rather
than a simple hand-off. Information capturedin the early
stages ofa project-such as the specification and design
phases-is required not only for producing codebut also
for testing and documentation. Similarly, there is a
reverse feedback in which information based, forexam­
ple, on code is part of the inputinto the design ofthe fol­
lowing release. This is known as reverse engineering.'
Understanding these conceptshas led to a further inte­
grationoftools in the Software Development
Environment.

Oneofthe side effects ofthe increasedsizeand
life span ofsoftware products is that individuals are con­
tinually called uponto modify designs or code that they
did not create. Add to this the factthat software does not
havea common visual instantiation and weface the prob­
lem ofdiscovery. Discovery refers to the process of
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understanding software designbeforemaking changes.
Statistics indicate that the average discovery time
required to answera modification request is about30
percentof the total timerequired. 'Toward a Software
Information System" describes toolsdesignedto provide
automated supportfor making software more"visible"
and, therefore, reducingthe timefor discovery. With
one of these tools, the C Information Abstractor, develop­
ers can investigate and view the structure oftheir soft­
ware in a matter of secondsevenfor systemsofovera
million linesofcode.

Finally, the project describedby CharlesC.
Hayden et al. in "The Software Development Assistant,"
pp. 76-90, integratesa largevariety oftoolsintoa power­
ful software development environment for a specific type
ofsoftware development. In this case, it is for the
development ofthe Definity'" telecommunications sys­
tem. Included within this integratedenvironment are
some of the toolsdiscussed in the other papers, for
example, the C Interpreter and C Information Abstractor.
The paperdescribes the powerof integrating a variety of
toolcapabilities and a singlegraphicuser interface, while
giving proper attention to issues ofprocess. It is an
excellent view ofthe functionality to which software
development environments are moving in response to
the requests ofdevelopers.

The Future
Changein software development is accelerating.

This issue describes part ofthat change, representing
the present or near future ofsome ofthe more progres­
siveofAT&Tssoftware developers. Space does not per­
mitus to touch on manyother exciting newdirections
being tested in improving software development. The
progresswe are making in improving software produc­
tivity and quality dependson matching allthe vertices of
the trianglein Figure2. It alsodependson a variety of
technologies for reuse in productsas well as for the
development environment itself.

We expect, on the basis oftechnologies now
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being prototypedin research, to repeatedly reenact this
improvement process.
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