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For large-scale systems, diverse customer needs must
be communicated and translated into precise implemen-
tations that are consistent with the existing system. Typi-
cally, we have relied on English-language text as a com-
munications medium. But requirements written in
English are often imprecise, and translating them into a
finished product is largely a manual effort. As a result,
the front end of the software development process—
from analysis of customer requirements to high-level
design—is generally time consuming, labor intensive,
and error prone. In this paper, we discuss ways to apply
computer-aided software-engineering technologies to the
front-end process. We discuss ways to capture customer
requirements in a machine-processable form where they
can be reviewed, revised, analyzed, and refined into
clear, unambiguous descriptions of what needs to be
done and how to do it. Our goal in applying new and
existing technologies is to mechanize much of the front-
end process and thus reduce development costs and
improve product quality.

Introduction

The development of software for large, complex, real-time sys-
tems is a unique challenge. Both communications among people and
communications among software modules must be carefully managed
to meet customer expectations of quality.

But well-established methods (such as inspections and
verification) to manage the quality of the product and well-established
methods (such as written documentation) to manage communications
are no longer enough to meet the challenge. Customers are demand-
ing higher levels of performance, lower costs, and shorter develop-
ment intervals. As a result, industry leaders are introducing new
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Panel 1. Acronyms and Terms

CASE computer-aided software engineering

CCITT International Telegraph and Telephone
Consultative Committee

FSM finite-state machine

Inscape specifies and checks interfaces
between a system'’s functions as the
system is being designed; uses for-
mal interface specifications as input

ISDN Integrated Services Digital Network

Kaleidoscope uses axioms from formal language
theory to deal with design objectives
of event-driven systems and then
mechanize their integration into a
single system

plain old telephone service

Specification and Description Language;

POTS
SDL

technologies—often labeled computer-aided software
engineering, or CASE—to build in quality up front and
assure that customer needs are met. (Panel 1 defines
acronyms and terms used in this paper.)

In this paper, we discuss ways to apply CASE
technologies to the front end of the software develop-
ment process (i.e., from analysis of customer require-
ments through high-level design). We discuss the front
end because it is much more cost effective to identify
errors during this part of the development cycle than
during later phases.! Among the technologies we dis-
cuss are formal specification techniques, artificial intelli-
gence, visual programming, and animation. We also dis-
cuss management and organizational issues for the suc-
cessful introduction of these new technologies.

In particular, we will focus on the application of
CASE technologies to the development of AT&T’s flag-
ship 5ESS® switch. Of course, many of the challenges
faced by the 5ESS switch’s development team and many
of their responses to these challenges apply to other
large projects, as well.

AT&T TECHNICAL JOURNAL « MARCH/APRIL. 1990

an international notation standard

SDL/GR graphical, flowchart-like version of SDL

SDL/PR programming-style text version of SDL

SVS AT&T software for visual specification;
provides graphical recording and
animation of specifications

Statechart graphical notation for finite-state
machines based primarily on the
idea of hierarchical sets of states

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

Watson computes formal behavior specifica-

tions for process-control software—

specifically telephone-call-control

software—from informal “scenarios”

that represent traces of typical sys-

tem operation. |
Understanding Today’'s Development Process

The 5ESS switch is a large development effort—
beyond the reach of many existing CASE technologies.
The software that controls the switch contains several
million lines of code. Incremental software releases can
add several hundred thousand lines of code and require
hundreds of staff-years of effort to develop.

Moreover, the SESS switch serves a diverse cus-
tomer base. In the United States, it is used by each of the
seven Regional Bell Operating Companies and several of
the independent telephone companies. The switch is also
serving customers in an increasing number of countries
around the world. Each of these telephone administra-
tions, whether in the U.S. or abroad, may have different
requirements. If we fail to understand these require-
ments early in the development process, costly rework
may be needed during later phases.

What we have here is a communications issue.
Customer needs must be communicated to account
managers, systems engineers, developers, and testers.
Each of these groups of people has a different back-



Figure 1. This formal model presents multiple

Scenarios
(black-box examples, =
test cases)

Constraints
(external factors that
constrain the system)

views (scenarios, constraints, and specifica-
tions) of the software. Satisfaction relationships
are always maintained; i.e., scenarios must

Specification

(complete description of
the system at a given
level of abstraction)

satisfy constraints, and specifications must
satisfy the scenarios and the constraints. These
relationships support consistency checking and
analysis.

Satisfaction
relationship

‘a satisfies b™’

ground, a different role in getting out the product, a dif-
ferent means of expression, and a unique perspective. All
this complicates the communications process. So does
the size of the project; the development team for a pro-
ject as large as the 5ESS switch has an almost unmanage-
able number of communications 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
and open to misinterpretation. This is an especially seri-
ous problem in developing telecommunications software,
because the services provided often have complex
interactions with other services. Other useful informa-
tion, such as design intent, is often omitted altogether
from the documentation. Moreover, the process of
translating requirements into a finished product
becomes time consuming and labor intensive, because
natural-language documentation does not lend itself to
mechanized analysis or consistency checking.

What is needed to improve this process is a way
to capture information in machine-processable form early
in the development cycle. Once captured, the informa-
tion can be reviewed, revised, analyzed, and refined with
relative ease. If the information is captured carefully, we
can generate English-text documentation and test cases
automatically from this information. As a result,

documentation, source code (which must satisfy the test
cases), and the original specifications could be synchro-
nized and kept up to date.

Formal methods appear to be the key to captur-
ing information, as does a set of human-friendly, cost-
effective tools to support the formal methods. The rest of
this paper discusses how formal methods can be applied
and how CASE technology can be used—and is already
being used—to support these methods.

Formal Models of Telecommunications Software
A formal model for representing the software is
the focal point for improving communications during the
front end of the software development process. Experi-
ence with software developers tells us that a good model
must satisfy several requirements, including:
= It must support multiple views of the software.
= It must support multiple levels of abstraction.
= It must be machine processable.
Figure 1 depicts one such model, which is being
tested on 5ESS switch software. The model provides
three views of the software:
= Scenarios—a set of “black-box” examples or test cases
of the software. A scenario might be a script for a
specific call type (e.g., speed calling).

= Constraints—a set of external requirements on the
software. A constraint might indicate the style of the
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Figure 2. The model

can be extended into | (
multiple levels of
abstraction. (a) Satis-

User
scenarios

Style of
product line

faction relationships User
always exist and are level
maintained between
levels, as well as

Feature-set
specification

within levels. The
user (or customer)
level has the highest

Requirements
|

Protocol
scenarios

v

Network
architecture

level of abstraction, Network
while the virtual- level
machine level has the
lowest. (b) As we I\
move to lower levels

Network
specification

of abstraction, the
higher level’s scenar-

Intraswitch Switch
scenarios

architecture

ios, constraints, and
specifications are ela-
borated; simplifying
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removed. For exam-

Process
level

Process
specification

ple, the black box
that a customer sees
becomes an intercon-

Virtual

Function-call
scenarios

]
Module
architecture

machine
level

Architecture and Design
|

nected network of
telephones and
switches; the con-
straints now include
the topology of the
network interconnec-
tions.

product line (e.g., all special-services access codes
begin with a star “*”).

= Specifications—a complete description of the software.

A specification might be a requirements, architecture,
or design document.
Satisfaction relationships (identified by the arrows in
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Satisfaction relationship

Virtual-machine
specification

a = b

‘‘a satisfies b™’

(a)

Figure 1) must always be maintained within these views.
That is, scenarios must satisfy constraints, and specifica-
tions must satisfy both scenarios and constraints.
Neither the scenarios nor the constraints are
complete pictures of the system. But systems engineers
typically begin thinking about a new feature in terms of



Black-box

system

Network
elements

FSMs,
processes,
\/ 2

Functions,
etc.

scenarios and constraints, and then synthesize them
manually into a complete specification.
The model also provides for multiple levels of
abstraction (see Figure 2):
= User level—This is the highest level of abstraction and
represents the telecommunications network from a

customer’s viewpoint.

= Network level—This level represents the network’s
interconnected components.

= Process level—This level represents the switching
software’s many processes, finite-state machines
(FsMs), and modules.

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

These levels are related by successive elaborations and

the removal of simplifying assumptions. As Figure 2a

shows, the upper levels can be considered requirements,

while the lower levels can be considered design.

To illustrate the levels of abstraction, consider
the example in Figure 2b. :

As we move from the user level to the network
level, notice that we dispense 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 by a network of intercon-
nected telephones and switching systems (the network
components). At the network level, the constraints
include the topology of network interconnections.

When we move to the process level, we dispense
with the assumption that the switching software within
one switch can be represented by a single process. Here,
the partitioning and connectivity of the various com-
ponents of the software architecture can offer some of
the constraints.

Finally, moving to the virtual-machine level, we
dispense with the assumption that call-processing
resources (such as Touch-Tone receivers, memory, and
message queues) have no limit. We must model what
happens when system resources are exhausted.

As we continually elaborate our model, intro-
ducing more and more levels of complexity, we add be-
havioral changes that can propagate up to higher levels.
For example, running out of Touch-Tone receivers will
introduce an action that a customer will see, even though
the action was not originally modeled at the user level.
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Note that satisfaction relationships exist between
levels of abstraction (e.g., the design must satisfy the
requirements, as shown by the arrows in Figure 2a), as
well as between views within a single level (e.g., specifi-
cations must satisfy both the scenarios and the con-
straints). When scenarios, constraints, and specifications
are represented in machine-processable form, the formal
satisfaction relationships form the basis for much of the
internal consistency checking and analysis.

In defining the formal models represented in
Figure 2, clearly, no single form of representation is well
suited to all the views and levels of abstraction that are
portrayed. Scenarios, constraints, and specifications are
separated in the model precisely because they are dif-
ferent entities. Their separation gives us the opportunity
to capitalize on gains that can be achieved by tuning
separate representations to each problem.

Thus, one must recognize from the beginning
that—in large, complex software systems—multiple
representation paradigms and multiple means of expres-
sion will be used simultaneously for different parts of the
system, for different levels of abstraction, and by dif-
ferent users of the system.23 We believe that this multi-
paradigm approach, coupled with the ability to compose
the different paradigms into one final implementation, is
a powerful way to obtain the productivity and quality
improvements inherent in domain-specific approaches.

For example, at the user level in Figure 2, sce-
narios are best represented as structured-English state-
ments or as graphically animated episodes. Constraints
are best represented as English-language assertions that
can be translated into logic axioms. Some specifications
are best represented by sequence diagrams and state
diagrams. At another level, call-processing software may
best be represented by models of interacting FSMs, while
some administrative programs may best be represented
by fourth-generation languages.*

Process Mechanization Based on the Formal Model

Earlier, we had stated that the systems engi-
neer’s job is to transform the scenarios and constraints
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manually into a complete set of specifications. Once we
have a formal representation for the scenarios and con-
straints, much of this transformation process can be
mechanized.

Watson and TELI. Several current projects involve
applying the process described above to call processing
and other control-oriented portions of switching soft-
ware. For example, Watson® is an expert system that
applies artificial-intelligence techniques—such as model-
based reasoning; temporal logic; and structured, user
dialogs—to derive FSM specification models from scenar-
ios and from formal logic axioms that represent con-
straints. When Watson is coupled with TELL? both sce-
narios and constraints can be entered in structured-
English sentences. (TELI, which stands for transportable
English-language interpreter, is a user-customized,
natural-language processor.)

When Watson is applied to the user level of Fig-
ure 2, its task is to bridge the abstraction gap between
the informal, English language, customer scenarios and
the executable, feature-set specifications. To perform
this task, Watson needs a variety of design knowledge
about telecommunications hardware, telecommunica-
tions network protocols, expected customer “etiquette,”
and principles of finite-state-machine design. All this
design knowledge 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 built up as a set of goal-
directed plans abstracted from the English-language sce-
narios, temporal-logic formulas, and relational approxi-
mations to finite-state machines. The background knowl-
edge and constraints are embedded in prefabricated
plans, logic axioms, and language constraints. Theories
that interrelate these three basic representation tech-
niques are well known; hence, internal completeness and
consistency checking are possible.

Because its users may not be programmers,
Watson must be able to:



Panel 2. Sample Watson Input
Watson uses scenario episodes and constraints to
derive finite-state-machine specifications. A scenario
consists of an antecedent, followed by one or more
stimulus-consequence pairs.

Scenario Episodes

FIRST Joe is on hook
and Joe goes off hook
then Joe gets dialtone

NEXT Joe dials Bob
then Bob starts ringing
and Joe starts getting ringback
and Joe starts calling Bob

NEXT Bob goes off hook
then Joe gets connected to Bob

« Antecedent
« Stimulus
« Consequence

NEXT Joe goes on hook
then Joe gets disconnected from Bob

= Write and read the English sublanguage of telecom-
munications engineers.

= Detect and correct common errors and omissions in
informal specifications.

= Plan interactive sessions with users.

The questions it poses to humans during an interactive

session are few and specific, and can be answered within

an engineer’s expertise. Instead of letting a user control

the design process, Watson takes a high level of initiative

and treats the engineer as a specialized oracle to be con-

sulted to resolve ambiguities and inconsistencies.

Panel 2 shows a simplified example of the input
to Watson. The input is a series of episodes, each con-
sisting of one or more stimulus-consequence pairs pre-
ceded by an antecedent. The episodes are ordered, and
each stimulus results in an assertion about the state, or a
change of state, of the call.

In addition to these episodes, constraints are
expressed at each level in Figure 2. For example, at the

user level, a constraint might be that a telephone should
not ring if it is off hook. Another constraint may be an
assertion about telephone etiquette, e.g., a telephone
should not ring unless it is being called.

Kaleldoscope. The software system, Kaleidoscope,
addresses’ another problem in producing specifications.
Much of the complexity in switching-system software
comes from having to deal simultaneously with a multi-
tude of design objectives that become closely intertwined
in the final code. Kaleidoscope uses wellknown axioms -
from formal language theory to provide a way to deal
separately with design objectives in event-driven systems
and then mechanize the integration of these objectives
into a single system.

For specifying the control-oriented part of a pro-
cess, Kaleidoscope uses a highly structured, hierarchi-
cal, graphical notation. This language appears to solve
the most serious problems of executable specifications
by managing nontrivial complexity; allowing automated
generation of a readable, English-language version of the
specification; providing for automated verification of
correctness conditions; and preserving freedom from
implementation bias.

This graphical notation currently supports both
the structured-diagram representation of FsSMs? and the
Statechart representation.” Thus, Kaleidoscope provides
a foundation for supporting multiple paradigms. Neither
representation alone is adequate for high-quality specifi-
cation of complex systems, but joining the two under
Kaleidoscope provides a powerful combination.

Just as Kaleidoscope can join two complemen-
tary FSM representations, it can compose multiple FSM
representations of either type into one large FsM. This
permits clear separation of design concerns. As an exam-
ple, consider Figure 3. Here, the successful and failing
POTS (plain old telephone service) calls are specified
separately.

As Figure 3a shows, the successful POTS origina-
tion is a sequence of dialing, connect, and disconnect
parts. In this diagram, the dialing part is further ela-
borated as a sequence of a beginning of origination part
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Figure 3. Kaleido-
scope allows the two [
interrelated specifica- | Successful

tions to be defined B

origination
separately and com-
bined into one larger
specification. Here,

Failing
POTS
origination

we see the result for
the Interrelated speci- Dialing Connect
fications for part part

(a) successful POTS

! End of
Disconnect SU%‘E;SSSful | _origination
part A%
s On hook

origination and

(b) failing POTS origi-
nation. The execution
order of a specifica-
tion's subsequences [
moves from left to
right. The *‘!"’ block
denotes reuse of the
subsequence for a
successful POTS cali.

| Beginning of
origination

Begin
dialtone

(a)

and a dialed number part, with appropriate tones and
other outputs generated along the way. In Figure 3b, the
failed POTS call is specified as any proper subsequence
of a successful POTS call (denoted by the “!” block), fol-
lowed by an end of origination (on hook) signal.

Obviously, these two specifications must become
firmly intertwined in the final code, but there are distinct
advantages to keeping them separate at the specification
level. For example, the way to abort a call origination
could be different for different classes of customers or
different kinds of telephones. The rest of the specifica-
tion could remain unchanged.

The diagram also demonstrates another advan-
tage of the notation: The notation’s hierarchical nature
displays completeness without requiring complete ela-
boration at every level. For example, the elaboration of
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Dialed
number

Send
dialed
number

(b)

the connect part of the specification can be on a separate
page that is headed by the connect-part box. The rela-
tionship of the original diagram and the succeeding ela-
borations is clear without requiring messy interconnec-
tions between diagrams.

Kaleidoscope’s ability to do composition not only
enhances its power, but also makes life simpler for sys-
tems like Watson. For example, we can use Watson to
specify small FSMs of individual features, knowing that
Kaleidoscope will piece them together into one large,
complex system.

Inscape. An integrated set of system construction
and evolution tools, called Inscape,}’ makes constructive
use of formal interface specifications. To support the
generation and enforcement of modular specifications,
Inscape creates a semantic interconnection model of the -
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Application
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Figure 4. Animated
scenarios used in
AT&T software for
visual specification
(SVS) help systems
engineers understand
the interactions of
complex telecommu-
nications features
early in the develop-
ment cycle, thus
avolding costly
rework in later
phases.

|

interfaces between functional specifications and their

resulting program modules. In particular, Inscape checks

that the:

= Preconditions are true before a program executes.

= Postconditions are true after it executes.

= Obligations are satisfied at some point after the execu-
tion is completed.

In doing this, Inscape helps software architects compose

large systems from small modules in a way that maxim-

izes the possibility of reusing both specifications and

software.

Inscape builds on formal, analyzable definitions
of version equivalence and version compatibility that are
maintained and enforced throughout the requirements
and design process. At the requirements level, for exam-
ple, Inscape provides formal support for monitoring and
verifying the host of satisfaction relationships shown in
Figure 2. With Inscape, we can capture and record both
the semantics and the syntax of interfaces. The effect of
changes to any part of the requirements can be propa-
gated through the whole structure automatically, leaving
no loose ends.

At the design and implementation level, we could
use Inscape to enforce SDL-interface specifications and
thus maintain consistency throughout the whole process
from requirements to implementation. (SDL is the Speci-
fication and Description Language, described below.)
svs. AT&T software for visual specification (SvS)
is a design environment that supports mechanization of
the front-end process. SVS supports the initial creation of
feature scenarios using:
= Visual programming—The creation of executable pro-
grams by direct interaction with the graphical inter-
face to a computer system.

= Animation—The use of dynamic graphics to portray
system behavior.

= Simulation—The process of exercising the scenario in
a controlled environment to observe system behavior.

= Windowing—The partitioning of a display screen into
rectangular regions. Each window supports the
input/output for an individual computer program.

For example, animated scenarios (like the one in Fig-

ure 4) can help systems engineers and developers see

how both new and existing services are supposed to
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SDL Text Form

STATE wait_for_phone_status;
INPUT fast_busy;

OUTPUT EXTERNAL fast busy TO caller;
STOP;

INPUT busy_signal,

OUTPUT EXTERNAL busy signal TO caller;
NEXTSTATE wait_for_hangup;

INPUT free (called);

OUTPUT EXTERNAL ring_phone TO called;
NEXTSTATE wait_for_pickup;

INPUT wrong_number;

i OUTPUT EXTERNAL wrong_number TO caller;
| NEXTSTATE wait_for_hangup;

ENDSTATE wait_for_phone_status;

STATE wait_for_pickup;
INPUT off _hook;

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

ENDSTATE wait_for_pickup;
STATE wait_for_first_hangup;
INPUT got_on_hook (phone id);

OUTPUT EXTERNAL free_phone (phone id) TO
phone_monitor;
NEXTSTATE wait_for_hangup;

ENDSTATE wait_for_first_hangup;

STATE wait_for_hangup;
INPUT got_on_hook (phone id);

OUTPUT EXTERNAL free_phone (phone _id) TO
phone_monitor;
STOP;

ENDSTATE wait_for_hangup;

Figure 5. Both the graphical (left) and text (right) forms of
SDL allow complex telecommunications features to be
specified as finite-state-machine models.

behave. This leads to early detection and resolution of
operational errors and timing problems.

Visual programming is particularly helpful in
supporting the specification of software by nonspecial-
ists. This is especially important during the early stages
of the development cycle, when information about new
services must be communicated among people with vari-
ous levels of software expertise—such as customers,
telecommunications service providers, account manag-
ers, systems engineers, and software developers.

Integrating visual programming and simulation
supports rapid changes to scenarios by giving instant
feedback to SVS users.

Windowing is also helpful in that it permits multi-
ple views of a system or service (e.g., a network-oriented
view and a customer-oriented view) to be presented at
the same time.

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 created in an interactive mode, and
Watson could provide immediate feedback if actions in
the scenario were inconsistent with those specified previ-
ously. Watson could also warn the user about things that
were not specified completely and about potential feature
interactions.

soL. Watson, Kaleidoscope, Inscape, and SvS are
recent technologies. One technology that the SESS
switch’s developers have been using for some time is SDL,
a language for the specification and development of
telecommunications systems. SDL was developed by the
CCITT (International Telegraph and Telephone Consulta-
tive Committee), a standards-setting body of the United
Nations. Because SDL is an international standard, many
buyers of the 5ESS switch around the world require SDL
specifications for the switch software they purchase.

SDL implements an extended FSM model of the
software structure. The model is ideal for use in call pro-
cessing, human-machine interfaces, and other situations
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(e.g., reliability)

Fuzzy Formal specifications
requirements Development cycle and "ility" specifications

Operational
requirements
and design

User
scenarios

Functional
specifications

Behavioral
constraints

Natural
language
interface

Graphical
and text
interfaces

Graphical
interface

Graphical
interface

svs Watson Kaleidoscope SDL s
Recording and L. Inferring FSM 4 Composing 4 Translating ource
animation of models from FSM specifications | code
scenarios l scenarios specifications | into code
y ¥ B
v T
Generating acceptance tests ————— &St

cases

Inscape
Checking interfaces

Figure 6. CASE tools and technologles may be integrated to during design and implementation. At the lowest level,

support the front end of the software development process. SDL specifications are translated automatically into C-
The development cycle proceeds from left to right In this language code.
diagram. The interfaces used earlier in the cycle tend to be An extensive set of tools supports SDL:
more human friendly and more intelligent. = A graphical editor enables systems engineers and
developers to create, modify, store, and retrieve

where the software must respond to a variety of stimuli. SDL/GR representations of their software.
The language has two forms (Figure 5): a programming- = Translators convert between the SDL/GR and SDL/PR
style text version (SDL/PR) and a graphical, flowchart-like versions, and translate the SDL/PR version into C-
version (SDL/GR). The graphical version is one of SDL’s language code.
most important features, because many developers find = Analysis tools check for deadlock, completeness, and
pictures and diagrams much easier to understand than consistency of specifications. Thus, basic flaws in
text—particularly when the diagrams use standard nota- requirements and design can be detected before any
tion and are based on a formal, well-defined structure. code is generated.

Systems engineers and software developers on = A simulator is available to “execute” specifications
the SESS switch team use SDL to describe a system’s and thus expose other defects early in the develop-
requirements and progressively refine the description ment process.
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= Report generators provide additional information, such
as cross-reference tables, to assist in requirements
analysis and design.

Putting the Pleces Together

By discussing pairwise interactions of the vari-
ous CASE tools and technologies throughout this paper,
we've hinted at how the various pieces could fit together.
Figure 6 shows how they might be integrated.

As we proceed in the development cycle (from
left to right, in Figure 6), we begin to formalize those
“fuzzy requirements” that we know how to process, leav-
ing behind only the more nebulous “ility” specifications
(such as reliability and extensibility). Furthermore, a
user is offered a choice of input languages, with those
earlier in the process providing a friendlier and often, a
more intelligent interface.

At the moment, the tools described in Figure 6
have only been integrated on paper. That is, a real 5SESS-
switch feature is being “walked through” the diagram, so
we can better understand the components and their
interfaces. By working with a real feature, we expect to
obtain a good understanding of users’ requirements for
an integrated CASE environment.

A fundamental assumption in the mechanization
of the software development process is that test cases
will be generated from the specifications and used to ver-
ify that the source code is consistent with the specifica-
tions. As mentioned earlier, this provides the motivation
developers require to keep specifications up to date
throughout the process. Work is still needed to deter-
mine how test-case generation can best be integrated
with the other components.

Strategies for Success

The new software technology described here is,
by itself, not enough to meet the challenge posed by
large, software development projects without at least
three other ingredients:

= A hardware development platform to support the soft-
ware technology

= A process to support development of the new software
technology

= A process to support introduction of the new software
technology.
Hardware Platform. An optimal hardware devel-
opment platform has several key characteristics. The
platform:
= Provides an evolution path from previous development
platforms

= Provides its users with some advantage over previous
platforms

= Provides a clear evolution path to the next generation
of platforms

= Supports software from a variety of vendors

= Is cost effective.
Certain other characteristics of the optimal plat-
form are useful to keep in mind: 19
= Networking—A key aspect of a solution is being able to
collect various technologies in such a way that they all
“talk to each other.”

= Bandwidth—Most of the CASE applications today are
graphically oriented. The ability to support graphics
requires certain bandwidth capabilities.

= Software—The hardware technology must support the
desired software packages for the front-end process.

Given all the above characteristics, the hardware
platform should include terminals, workstations, and
servers linked together in a local-area or wide-area net-
work of adequate bandwidth per terminal [at least
10 Mb/s (megabits per second)].

Development of New Technology. As stated earlier,

a process to support development of the new software
technologies is the second key ingredient for success.

To meet the challenge posed earlier in this paper,
we require expertise in several different areas. Thus, an
interdisciplinary team is essential. At AT&T Bell Labora-
tories, a division of AT&T, organizations involved in soft-
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ware engineering research, exploratory development,
software development systems, and quality assurance
have been working together and with the 5ESS switch’s
systems engineers and developers to craft a solution.
Organizations on other large projects are also working
with the 5ESS switch team to share technology and
potential solutions, because many of the same problems
are found in other large projects, as we stated earlier.

The importance of a human-friendly interface in
the proposed solution also suggests an iterative develop-
ment methodology, based on the prototyping of new
tools and on feedback from customers who test the tools.
This methodology has already been used successfully in
the current software development environment for the
5ESS switch.

Introductlon of New Technology. The motivation for
improving the front-end process comes from studies of
the current development process and from identifying
opportunities for improvement. However, the process
improvements need to be engineered properly and
integrated into the existing development environment.
These process improvements must also be supported by
adequate training and documentation and by a measure-
ment scheme to assess their value.

One must also remember that new services are
being added to an existing system, and that the software
to implement these new services must always interface
properly with the existing software. When an army of
programmers develops a system over several years with-
out the aid of graphical tools, understanding the existing
software can be difficult and time consuming. While the
technologies described here leave an accurate, graphical,
easy to understand description of new software, other
technologies are needed to help developers understand
existing software before they modify it to provide new
services.

Summary and Conclusion

In this paper, we have discussed some of the
challenges inherent in supporting the development of
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software for large, complex, real-time systems, such as
AT&T’s 5ESS switch. We believe that many of these
challenges are really communications issues, and relying
on natural-language documentation as a communications
medium is not enough to meet that challenge. What is
needed, instead, is a new development process with a for-
mal way to capture information at the front end, and an
integrated set of tools to process that information.

We have reported on some of the work being
undertaken to meet these challenges. We have concen-
trated on software technology—CASE tools, in particular.
Some of the tools described here are in widespread use
within AT&T; others are just coming out of the research
laboratory. When all these tools are fully rolled out and
integrated, systems engineers and software developers
will rely on graphical techniques to describe new ser-
vices and understand existing services. Thus, require-
ments, architecture, and design will be described in a
much clearer, more consistent way and maintained on
line as “living” documents. Completeness and consis-
tency checking, as well as documentation and test-case
generation, will be substantially mechanized.

The technology looks promising, but technology
is only part of the answer. Improving the front-end pro-
cess, indeed improving any process, requires that
management, organizational, and training issues also be
addressed.
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