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Panel 1. Acronyms and Terms

CASE computer-aided software engineering
ccrrr International Telegraph andTelephone

Consultative Committee
finite-state machine
specifies andchecks interfaces

between a system's functions as the
systemis beingdesigned; uses for­
malinterface specifications as input

ISDN Integrated Services Digital Network
Kaleidoscope uses axioms from formal language

theoryto dealwith design objectives
ofevent-driven systemsand then
mechanize their integration intoa
single system

plain oldtelephone service
Specification andDescription Language;

an international notation standard

SDL/GR
SDL/PR
SVS

Statechart

TEll

Watson

graphical, flowchart-like version ofSDL
programming-style textversion ofSDL
AT&T software forvisual specification;

provides graphical recording and
animation ofspecifications

graphical notation forfinite-state
machines basedprimarily on the
ideaofhierarchical sets ofstates

transportable English-language inter-
preter; a user-customized, natural­
language processor

computes formal behavior specifica­
tionsforprocess-control software­
specifically telephone-call-control
software-from informal "scenarios"
that representtracesoftypical sys­
tem operation.

technologies-often labeled computer-aided software
engineering, or CASE-to build in quality upfrontand
assure that customerneedsare met. (Panel 1 defines
acronyms and terms used in this paper.)

In this paper, wediscussways to apply CASE
technologies to the front end ofthe software develop­
mentprocess (i.e., from analysis ofcustomerrequire­
mentsthroughhigh-level design). Wediscussthe front
end because it is muchmorecost effective to identify
errors duringthis partofthe development cycle than
during later phases.' Among the technologies wedis­
cuss are formal specification techniques, artificial intelli­
gence,visual programming, andanimation. Wealso dis­
cuss management and organizational issuesforthe suc­
cessful introduction ofthese newtechnologies.

In particular, wewill focus on the application of
CASE technologies to the development ofAT&Ts flag­
ship 5ESS® switch. Ofcourse, many ofthe challenges
faced by the 5ESS switch's development teamand many
oftheir responses to these challenges apply to other
largeprojects, as well.
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Understanding Today's Development Process
The 5ESS switch is a largedevelopment effort­

beyond the reachofmany existing CASE technologies.
The software that controls the switch contains several
million linesofcode. Incremental software releases can
addseveral hundredthousand linesofcodeand require
hundredsofstaff-years ofeffort to develop.

Moreover, the 5ESS switch servesa diverse cus­
tomerbase.In the United States, it is usedbyeachofthe
seven Regional Bell Operating Companies and several of
the independent telephone companies. The switch is also
serving customers in an increasing numberofcountries
around the world. Eachofthese telephone administra­
tions, whetherin the U.S. or abroad, may have different
requirements. Ifwefail to understand these require­
mentsearly in the development process, costly rework
may be neededduring laterphases.

Whatwe have here is a communications issue.
Customer needsmustbe communicated to account
managers, systems engineers, developers, andtesters.
Each ofthese groupsofpeople has a different back-
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(external factors that
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Figure 1. This formal model presents multiple
views (scenarios, constraints, and specifica­
tions) of the software. Satisfaction relationships
are always maintained; I.e., scenarios must
satisfy constraints, and specifications must
satisfy the scenarios and the constraints. These
relationships support consistency checking and
analysis.

Speclftcatlon
(complete description of

the system at a given
level of abstraction)

Satisfaction
relationship

0------~
"a satisfies b"

ground, a different roleingettingout the product, a dif­
ferentmeansofexpression, and a unique perspective. All
this complicates the communications process. Sodoes
the sizeofthe project; the development teamfor a pro­
jectas large as the 5ESS switch has an almost unmanage­
able numberofcommunications paths.

Why Mechanize Information Capture? Traditionally, we
have relied on natural-language (e.g., English) documen­
tation as a communications medium. However, when
written in English, requirements are often ambiguous
andopento misinterpretation. This is an especially seri­
ousproblem in developing telecommunications software,
because the services provided often havecomplex
interactions with other services. Other useful informa­
tion, such as design intent, is often omitted altogether
from the documentation. Moreover, the processof
translating requirements intoa finished product
becomes timeconsuming andlaborintensive, because
natural-language documentation doesnot lend itself to
mechanized analysis or consistency checking.

Whatis neededto improve this processis a way
to capture information in machine-processable form early
in the development cycle. Once captured, the informa­
tion canbe reviewed, revised, analyzed, and refined with
relative ease.If the information is captured carefully, we
cangenerateEnglish-text documentation and test cases
automatically from this information. Asa result,

documentation, sourcecode (which must satisfy the test
cases),and the original specifications could be synchro­
nized andkept up to date.

Formal methods appear to be the keyto captur­
ing information, as doesa set ofhuman-friendly, cost­
effective tools to supportthe formal methods. The rest of
this paperdiscusses how formal methods canbe applied
andhowCASE technology canbe used-and is already
beingused-to support these methods.

Formal Models of Telecommunications Software
Aformal model for representing the software is

the focal point for improving communications during the
front end ofthe software development process. Experi­
encewith software developers tellsus that a good model
must satisfy several requirements, including:
- It must supportmultiple views ofthe software.
- It must supportmultiple levels ofabstraction.
- It mustbe machine processable.

Figure 1depicts one such model, which isbeing
testedon 5ESS switch software. The model provides
three views ofthe software:
- Scenarios-a set of"black-box" examples or test cases

ofthe software. Ascenario mightbe a script fora
specific call type (e.g., speedcalling).

- Constraints-a set ofexternal requirements on the
software. Aconstraint mightindicate the style ofthe
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Figure 2. The model
can be extended Into
multiple levels of
abstraction. (a) Satis­
faction relationships
always exist and are
maintained between
levels, as well as
within levels. The
user (or customer)
level has the highest
level of abstraction,
while the vlrtual­
machine level has the
lowest. (b) As we
move to lower levels
of abstraction, the
higher level's scenar-

10 los, constraints, and
specifications are ela­
borated; simplifying
assumptions are
removed. For exam­
ple, the black box
that a customer sees
becomes an Intercon­
nected network of
telephones and
switches; the con­
straints now Include
the topology of the
network Interconnec­
tions.

, -_.-...._~---_.._-~-"-- -_.-----_..__.-
User Style of

scenarios product line

User
level

ell Feature-set..c
specificationGl

Ee-·S
Protocol Networkc:r

Gl
l:l: scenarios architecture

Network
level

Network
specification

-._--
Intraswitch Switch
scenarios architecture

Process
c level.!9
ell
Gl

Q Process
'l:I specificationc
IIIe= .......

:s
Module.. Function-call

~ scenarios architecture:t= Virtual-
~

2 machine
c( level

Satisfaction relationship
Virtual-machine 8-Gspecification

~..,.__._----_.-,--'-_.--~-_... _.~_.__.•
"a satisfies boo

(a)

product line (e.g., allspecial-services accesscodes
beginwith a star "*").

- Specifications-a complete description ofthe software.
Aspecification mightbe a requirements, architecture,
or design document.

Satisfaction relationships (identified by the arrows in
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Figure 1)must always be maintained within theseviews.
That is, scenarios must satisfy constraints, andspecifica­
tionsmust satisfy both scenarios andconstraints.

Neitherthe scenarios nor the constraints are
complete pictures ofthe system. Butsystems engineers
typically beginthinking abouta newfeature in tenus of



Black-box
system

(b)

scenarios andconstraints, and then synthesize them
manually intoa complete specification.

The model alsoprovides formultiple levels of
abstraction (seeFigure 2):
- User level-This is the highest level ofabstraction and

representsthe telecommunications network from a

customer's viewpoint.
- Network level-This level represents the network's

interconnected components.
- Process level-This level representsthe switching

software's many processes, finite-state machines
(FSMS), andmodules.

- Virtual-machine level-This level provides more
detailed descriptions ofthe software elements defined
at the process level.

These levels are related bysuccessive elaborations and
the removal ofsimplifying assumptions. AsFigure 2a
shows, the upperlevels canbe considered requirements,
while the lower levels canbe considered design.

To illustrate the levels ofabstraction, consider
the example in Figure 2b.

Aswemove from the user level to the network
level, notice that wedispense with the simplifying
assumption that a telecommunications network is a cen­
tralized system. The user level's single, black-box system
is replaced at the network level bya network ofintercon­
nected telephones and switching systems (thenetwork
components). Atthe network level, the constraints
include the topology ofnetwork interconnections.

When wemove to the processlevel, wedispense
with the assumption that the switching software within
one switch canbe represented bya single process. Here,
the partitioning andconnectivity ofthe various com­
ponents ofthe software architecture canoffer someof
the constraints.

Finally, moving to the virtual-machine level, we
dispense with the assumption that call-processing
resources (suchas Touch-Tone receivers, memory, and
message queues) haveno limit. Wemustmodel what
happens whensystemresources are exhausted.

Aswecontinually elaborate our model, intro­
ducing moreandmorelevels ofcomplexity, weaddbe­
havioral changesthat canpropagate up to higher levels.
For example, running outofTouch-Tone receivers will
introduce an action that a customer will see, even though
the action wasnot originally modeled at the user level.
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Notethat satisfaction relationships existbetween
levels ofabstraction (e.g., the design must satisfy the
requirements, as shownby the arrowsin Figure2a), as
well as betweenviews within a singlelevel (e.g., specifi­
cations must satisfy both the scenariosand the con­
straints).When scenarios, constraints, and specifications
are represented in machine-processable form, the formal
satisfaction relationships formthe basis for much ofthe
internal consistency checkingand analysis.

In defining the formal modelsrepresented in
Figure2,clearly, no singleform ofrepresentation is well
suitedto all the views and levels ofabstraction that are
portrayed. Scenarios, constraints, and specifications are
separated in the model precisely because they are dif­
ferent entities. Their separation givesus the opportunity
to capitalize on gains that can be achieved by tuning
separate representations to each problem.

Thus, one must recognize fromthe beginning
that-in large,complex software systems-multiple
representation paradigms and multiple meansofexpres­
sionwill be used simultaneously for different parts ofthe
system, fordifferent levels ofabstraction, and by dif­
ferent users ofthe system.2,3 Webelieve that this multi­
paradigm approach, coupled with the ability to compose
the different paradigms intoone final implementation, is
a powerful way to obtainthe productivity and quality
improvements inherent in domain-specific approaches.

For example, at the user level in Figure2, sce­
nariosare best represented as structured-English state­
ments or as graphically animated episodes. Constraints
are best represented as English-language assertionsthat
can be translatedinto logic axioms. Somespecifications
are best represented by sequence diagrams and state
diagrams. Atanother level, call-processing software may
best be represented by modelsof interacting FSMs, while
some administrative programsmaybest be represented
byfourth-generation languages."

Process Mechanization Based on the Formal Model
Earlier, we had stated that the systemsengi­

neer's job is to transform the scenariosand constraints
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manually intoa complete set ofspecifications. Oncewe
havea formal representation for the scenarios and con­
straints,much ofthis transformation processcan be
mechanized.

Watson and TEll. Several current projects involve
applying the processdescribedabove to callprocessing
and other control-oriented portions ofswitching soft­
ware. For example, Watson5 is an expert systemthat
applies artificial-intelligence techniques-such as model­
based reasoning; temporal logic; and structured,user
dialogs-to derive FSM specification models from scenar­
iosand from formal logic axioms that represent con­
straints. WhenWatson is coupled withTELl,6 both sce­
nariosand constraints can be entered in structured­
English sentences. (TELl, which standsfor transportable
English-language interpreter, is a user-customized,
natural-language processor.)

WhenWatson is applied to the user level ofFig­
ure 2, its task is to bridge the abstraction gap between
the informal, English language, customerscenarios and
the executable, feature-set specifications. To perform
this task,Watson needs a variety ofdesignknowledge
abouttelecommunications hardware, telecommunica­
tions network protocols, expectedcustomer"etiquette,"
and principles offinite-state-machine design. All this
designknowledge serves to constrain the solution space
available to the Watson system.

To represent this knowledge explicitly, declara­
tively, and succinctly, Watson has developed novel,
heterogeneous, knowledge-representation techniques.
Within Watson, a feature is builtup as a set ofgoal­
directedplansabstracted fromthe English-language sce­
narios, temporal-logic formulas, and relational approxi­
mations to finite-state machines. The background knowl­
edge and constraints are embeddedin prefabricated
plans, logic axioms, and language constraints. Theories
that interrelate these three basic representation tech­
niquesare well known; hence, internal completeness and
consistency checkingare possible.

Because its users maynot be programmers,
Watson mustbe ableto:



Panel 2. Sample Watson Input

Watson uses scenario episodes and constraints to
derive finite-state-machine specifications. Ascenario
consistsofan antecedent, followed by one or more
stimulus-eonsequence pairs.

Scenario Episodes
FIRSTJoe is on hook f- Antecedent
andJoe goes offhook f- Stimulus
then Joe gets dialtone f- Consequence

NEXT Joe dialsBob
then Bobstarts ringing
andJoe starts getting ringback
andJoe starts calling Bob

NEXT Bobgoes offhook
thenJoe gets connected to Bob

NEXT Joe goes on hook
thenJoe gets disconnected fromBob

- Write and read the English sublanguage oftelecom­
munications engineers.

- Detectand correct common errors and omissions in
informal specifications.

- Planinteractive sessionswith users.
The questions it poses to humansduringan interactive
sessionare few and specific, and can be answered within
an engineer'sexpertise. Insteadoflettinga user control
the designprocess, Watson takes a high level of initiative
andtreats the engineeras a specialized oracleto be con­
sulted to resolve ambiguities and inconsistencies.

Panel2 showsa simplified example ofthe input
toWatson. The inputis a series ofepisodes, each con­
sisting ofone or more stimulus-eonsequence pairspre­
cededby an antecedent. The episodes are ordered,and
eachstimulus results in an assertion aboutthe state,or a
changeofstate, ofthe call.

In addition to these episodes, constraints are
expressed at each level in Figure2. For example, at the

user level, a constraint mightbe that a telephone should
notring if it isoffhook. Another constraint may be an
assertion abouttelephone etiquette, e.g.,a telephone
should notring unless it isbeing called.

Kaleidoscope. The software system, Kaleidoscope,
addresses? anotherproblem in producing specifications.
Muchof the complexity in switching-system software
comesfrom having to dealsimultaneously with a multi­
tude ofdesignobjectives that becomeclosely intertwined
in the final code. Kaleidoscope uses well-known axioms
from formal language theoryto provide a way to deal
separately with designobjectives in event-driven systems
andthen mechanize the integration ofthese objectives
intoa singlesystem.

For specifying the control-oriented part ofa pro­
cess, Kaleidoscope uses a highly structured, hierarchi­
cal,graphical notation. This language appears to solve
the mostseriousproblems ofexecutable specifications
bymanaging nontrivial complexity; allowing automated
generation ofa readable, English-language version ofthe
specification; providing forautomated verification of
correctnessconditions; and preserving freedom from
implementation bias.

This graphical notation currently supports both
the structured-diagram representation ofFSMs8 and the
Statechart representation.'Thus, Kaleidoscope provides
a foundation forsupporting multiple paradigms. Neither
representation alone is adequate for high-quality specifi­
cation ofcomplex systems, but joining the two under
Kaleidoscope provides a powerful combination.

Just as Kaleidoscope canjointwo complemen­
tary FSM representations, it cancompose multiple FSM
representations ofeither typeintoonelarge FSM. This
permits clearseparation ofdesignconcerns. Asan exam­
ple, considerFigure3. Here,the successful and/ailing
POTS (plain oldtelephone service) calls are specified
separately.

AsFigure3ashows, the successful POTS origina­
tion is a sequenceofdialing, connect, and disconnect
parts. In this diagram, the dialing part is furtherela­
boratedas a sequence ofa beginning 0/origination part

AT&T TECHNICAL JOURNAL. MARCHIAPRIL 1990
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Figure 3. Kaleido­
scope allows the two
Interrelated specifica­
tions to be defined
separately and com­
bined Into one larger
specification. Here,
we see the result for
the Interrelated speci­
fications for
(a) successful POTS
origination and
(b) failing POTS origi­
nation. The execution
order of a specifica­
tion's subsequences
moves from left to
right. The "I" block
denotes reuse of the
SUbsequence for a
successful POTS call.

Off hook

Successful
POTS

origination

Disconnect
part

Failing
POTS

origination

/ -.
I End of

Successful origination
POTS ------

origination On hook

(a)

anda dialed number part,with appropriate tonesand
other outputs generatedalong the way. In Figure 3b,the
failed POTS call is specified as anypropersubsequence
ofa successful POTS call (denoted by the "!" block), fol­
lowed byan endoforigination (on hook) signal.

Obviously, these two specifications mustbecome
firmly intertwined in the final code, but there are distinct
advantages to keeping them separateat the specification
level. Forexample, the way to aborta callorigination
could be different fordifferent classesofcustomers or
different kindsoftelephones. The rest ofthe specifica­
tioncould remain unchanged.

The diagram alsodemonstrates anotheradvan­
tage ofthe notation: The notation's hierarchical nature
displays completeness without requiring complete ela­
boration at everylevel. Forexample, the elaboration of
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(b)

the connect partofthe specification canbe on a separate
pagethat is headedby the connect-part box. The rela­
tionship ofthe original diagram andthe succeeding ela­
borations is clearwithout requiring messy interconnec­
tionsbetween diagrams.

Kaleidoscope's ability to do composition notonly
enhancesits power, but also makeslife simpler forsys­
tems likeWatson. Forexample, wecanuseWatson to
specify small FSMs ofindividual features, knowing that
Kaleidoscope will piece themtogether into onelarge,
complex system.

Inscape. An integrated set ofsystem construction
andevolution tools, called Inscape," makesconstructive
use offormal interface specifications. To support the
generation and enforcement ofmodular specifications,
Inscape createsa semantic interconnection model ofthe .
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the Interactions of
complex telecommu­
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ment cycle, thus
avoiding costly
rework In later
phases.
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interfaces between functional specifications and their
resulting programmodules. In particular, Inscape checks
that the:
.. Preconditions are true beforea programexecutes.
.. Postconditions are true after it executes.
.. Obligations are satisfied at some pointafterthe execu-

tion is completed.
In doing this, Inscape helps software architects compose
largesystemsfrom small modules in a way that maxim­
izesthe possibility ofreusingboth specifications and
software.

Inscape builds on formal, analyzable definitions
ofversion equivalence andversion compatibility that are
maintained and enforced throughoutthe requirements
anddesignprocess. Atthe requirements level, forexam­
ple, Inscape provides formal supportfor monitoring and
verifying the host ofsatisfaction relationships shown in
Figure 2.WithInscape, we cancaptureand recordboth
the semantics and the syntaxofinterfaces. The effect of
changesto anypart of the requirements canbe propa­
gatedthrough the whole structure automatically, leaving
nolooseends.

Atthe designand implementation level, wecould
use Inscape to enforce sm-interface specifications and
thus maintain consistency throughoutthe whole process
from requirements to implementation. (SDL is the Speci­
fication and Description Language, described below.)

svs. AT&T software forvisual specification (svs)
is a designenvironment that supports mechanization of
the front-end process. SVS supports the initial creation of
feature scenarios using:
.. Visual programming-Thecreation ofexecutable pro­

grams by directinteraction with the graphical inter­
face to a computer system.

.. Animation-The use ofdynamic graphics to portray
systembehavior.

.. Simulation-The processofexercising the scenario in
a controlled environment to observe systembehavior.

.. Windowing-The partitioning ofa display screeninto
rectangular regions. Eachwindow supports the
input/outputforan individual computer program.

For example, animated scenarios (like the one in Fig­
ure 4) can helpsystemsengineersand developers see
howboth newand existing services are supposed to

15
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fast busy
TO caller

busy signal
TOcaller

ring phone
TOcalled

Connect caller
phone upto

called phone

wait for \
firsUlangup

free phone
(phone id)

TO phone_monitor

free phone
(phone id)

TO phone_monitor

wrong number
TOcaller



SDL Text Form

STATE wait_for_phone_status;

INPUT fast_busy;

OUTPUTEXTERNAL fast busy TO caller;
STOP; -

INPUT busy_signal;

OUTPUTEXTERNAL busy signal TO caller;
NEXTSTATE waiuor_hangup;

INPUT free (called);

OUTPUTEXTERNAL ring phone TO called;
NEXTSTATE wait_for_plCkup;

INPUT wrong_number;

OUTPUT EXTERNAL wrong number TO caller;
NEXTSTATE wait_for_hangup;

ENDSTATE wait_for_phone_status;

STATEwait_for_pickup;

INPUT off_hook;

TASK 'Connect caller phone upto called phone.';
NEXTSTATE wait_for_first_hangup;

ENDSTATE wait_for_pickup;

STATEwait_for_first_hangup:

INPUT got_on_hook (phonejd):

OUTPUTEXTERNAL free phone (phone id) TO
phone monitor; - -

NEXTSTATE-wait_for_hangup;

ENDSTATE wait_for_first_hangup;

STATEwait_for_hangup;

INPUT got_on_hook (phonejd):

OUTPUTEXTERNAL free phone (phone id) TO
phone monitor; - -

STOP; -

ENDSTATE wait_for_hangup;

Figure 5. Both the graphical (left) and text (right) forms of
SDLallow complex telecommunications features to be
specified as flnlte-state-machlne models.

behave. This leadsto earlydetection and resolution of
operational errors and timing problems.

Visual programming is particularly helpful in
supporting the specification ofsoftware by nonspecial­
ists.This is especially important duringthe early stages
ofthe development cycle, when information aboutnew
services mustbe communicated among people with vari­
ous levels ofsoftware expertise-such as customers,
telecommunications service providers, account manag­
ers, systemsengineers, and software developers.

Integrating visual programming and simulation
supports rapid changesto scenarios bygiving instant
feedback to SVS users.

Windowing is alsohelpful in that it permits multi­
pleviews ofa systemor service (e.g., a network-oriented
view and a customer-oriented view) to be presented at
the sametime.

In addition to its communications function, SVS
can provide a user interface to the completeness and
consistency checking operations that Watson, Kaleido­
scope, and Inscape perform. In particular, an SVS sce­
nario could be createdin an interactive mode, and
Watson could provide immediate feedback if actions in
the scenario were inconsistent with those specified previ­
ously. Watson couldalsowarnthe user aboutthingsthat
were not specified completely and aboutpotential feature
interactions.

SDL. Watson, Kaleidoscope, Inscape, and SVS are
recent technologies. Onetechnology that the 5ESS
switch's developers havebeen usingforsometimeis SDL,
a language for the specification and development of
telecommunications systems. SDL wasdeveloped bythe
ccrrr(International Telegraph andTelephone Consulta­
tive Committee), a standards-setting bodyofthe United
Nations. Because SDL is an international standard, many
buyersofthe 5ESS switch around the world requireSDL
specifications for the switch software theypurchase.

SDL implements an extended FSM model ofthe
software structure. The model is ideal foruse in call pro­
cessing, human-machine interfaces, and other situations
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Behavioral
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Source
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Figure 6. CASE tools and technologies may be Integrated to
support the front end of the software development process.
The development cycle proceeds from left to right In this
diagram. The Interfaces used earlier In the cycle tend to be
more human friendly and more Intelligent.

wherethe software must respondto a variety ofstimuli.
The language has two forms (Figure 5):a programming­
styletext version (SOL/PR) and a graphical, flowchart-like
version (SOL/GR). The graphical version is one ofsot's
most important features, becausemany developers find
pictures and diagrams mucheasier to understand than
text-particularly whenthe diagrams use standardnota­
tionand are based on a formal, well-defined structure.

Systems engineersand software developers on
the 5ESS switch team use SOL to describea system's
requirements and progressively refine the description
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duringdesignand implementation. Atthe lowest level,
SOL specifications are translated automatically intoC­
language code.

Anextensive set oftoolssupports SOL:
- Agraphical editor enablessystemsengineersand

developers to create,modify, store,and retrieve
SOL/GR representations of their software.

- Translators convert between the SOL/GR and SOL/PR
versions, and translate the SOL/PR version intoC­
language code.

- Analysis tools checkfordeadlock, completeness, and
consistency ofspecifications. Thus, basicflaws in
requirements and designcanbe detectedbefore any
codeis generated.

- Asimulator is available to "execute" specifications
and thus exposeother defects earlyin the develop­
ment process.



- Report generators provide additional information, such
as cross-reference tables, to assist in requirements
analysis and design.

Putting the Pieces Together
Bydiscussing pairwise interactions ofthe vari­

ous CASE toolsand technologies throughout this paper,
we've hinted at howthe various piecescould fit together.
Figure 6 showshowthey mightbe integrated.

Aswe proceedin the development cycle (from
leftto right, in Figure6), webegin to formalize those
"fuzzy requirements" that we knowhowto process,leav­
ingbehind onlythe more nebulous"ility" specifications
(suchas reliability and extensibility). Furthermore, a
user is offered a choiceof inputlanguages, withthose
earlierin the process providing a friendlier and often, a
moreintelligent interface.

At the moment, the toolsdescribedin Figure6
haveonlybeen integratedon paper. That is, a real 5ESS­
switch feature is being"walked through" the diagram, so
wecan better understand the components and their
interfaces. Byworking witha real feature, we expectto
obtain a good understanding ofusers' requirementsfor
an integratedCASE environment.

Afundamental assumption in the mechanization
ofthe software development process is that test cases
will be generatedfromthe specifications and used to ver­
ifythat the source code is consistentwiththe specifica­
tions. Asmentioned earlier,this provides the motivation
developers require to keep specifications up to date
throughoutthe process.Work is stillneeded to deter­
mine howtest-case generationcan best be integrated
with the other components.

Strategies for Success
The newsoftware technology describedhere is,

by itself, not enough to meet the challenge posedby
large, software development projectswithout at least
three other ingredients:

- Ahardware development platform to supportthe soft­
waretechnology

- Aprocess to supportdevelopment ofthe newsoftware
technology

- Aprocess to support introduction ofthe newsoftware
technology.

Hardware Platform. Anoptimal hardware devel­
opmentplatform has severalkeycharacteristics. The
platform:
- Provides an evolution path fromprevious development

platforms
- Provides its users withsome advantage overprevious

platforms
- Provides a clear evolution path to the nextgeneration

ofplatforms
- Supports software froma variety ofvendors
- Is cost effective.

Certain other characteristics ofthe optimal plat­
form are useful to keep in mind:
- Networking-A key aspectofa solution is beingableto

collect various technologies in such a way that they all
"talkto each other."

- Bandwidth-Most ofthe CASE applications todayare
graphically oriented. The ability to supportgraphics
requires certainbandwidth capabilities.

- Software-The hardwaretechnology must supportthe
desired software packages for the front-end process.

Given allthe above characteristics, the hardware
platform shouldinclude terminals, workstations, and
servers linkedtogether in a local-area or wide-area net­
workofadequatebandwidth per terminal [atleast
10Mb/s (megabits per second)].

Development of New Technology. Asstated earlier,
a process to supportdevelopment ofthe newsoftware
technologies is the secondkey ingredientfor success.

To meet the challenge posedearlierin this paper,
we require expertisein several different areas.Thus, an
interdisciplinary team is essential. AtAT&T Bell labora­
tories,a division ofAT&T, organizations involved in soft-
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ware engineering research, exploratory development,
software development systems, and quality assurance
have beenworking togetherandwith the 5ESS switch's
systems engineers and developers to crafta solution.
Organizations on other largeprojects are also working
with the 5ESS switch teamto share technology and
potential solutions, because many ofthe sameproblems
arefound in other largeprojects, as westatedearlier.

The importance ofa human-friendly interface in
theproposed solution also suggestsan iterative develop­
mentmethodology, based on the prototyping ofnew
tools andon feedback from customers who test the tools.
Thismethodology has already been used successfully in
the current software development environment forthe
5ESS switch.

Introduction of New Technology. The motivation for
improving the front-end processcomesfrom studiesof
the currentdevelopment processandfrom identifying
opportunities for improvement. However, the process
improvements need to be engineered properly and
integrated intothe existing development environment.
These processimprovements must also be supported by
adequate training and documentation and bya measure­
mentschemeto assess their value.

Onemustalso rememberthat newservices are
beingaddedto an existing system, and that the software
to implement these newservices mustalways interface
properly with the existing software. Whenan army of
programmers develops a systemoverseveral yearswith­
out the aidofgraphical tools, understanding the existing
software canbe difficult and timeconsuming. While the
technologies described here leave an accurate, graphical,
easyto understand description ofnew software, other
technologies are neededto helpdevelopers understand
existing software before they modify it to provide new
services.

Summary and Conclusion
In this paper, wehave discussed someofthe

challenges inherent insupporting the development of
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software for large, complex, real-time systems, such as
AT&Ts 5ESS switch. Webelieve that many ofthese
challenges are really communications issues, and relying
on natural-language documentation as a communications
medium is notenough to meet thatchallenge. Whatis
needed, instead, is a new development process with a for­
malway to capture information at the front end,and an
integrated set oftools to process that information.

Wehave reportedon some ofthe work being
undertaken to meetthese challenges. Wehave concen­
trated on software technology-CASE tools, inparticular.
Some ofthe tools described here are inwidespread use
within AT&T; others are just coming outofthe research
laboratory. Whenallthese tools are fully rolled outand
integrated, systems engineers andsoftware developers
will relyongraphical techniques to describe newser­
vices andunderstand existing services. Thus, require­
ments, architecture, anddesign will be described ina
muchclearer, moreconsistent way andmaintained on
lineas "living" documents. Completeness andconsis­
tencychecking, as well as documentation andtest-ease
generation, will be substantially mechanized.

The technology looks promising, but technology
is only partofthe answer. Improving the front-end pro­
cess, indeed improving anyprocess, requiresthat
management, organizational, andtraining issuesalso be
addressed.
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