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It has been observed that the challenge of improving
software productivity and quality is notjust to "do the
thing right" but to "do the right thing right." Doing the
right thing means building products and services that
meet real customer needs. Specification is the first step
inderiving system design from an understanding of
customer needs. Technology to support software spec­
ification can, therefore, provide productivity and
quality benefits that accrue through the entire product
life cycle. Prototyping is an approach to system design
inwhich a model of the system is quickly built and iter­
atively refined so as to become increasingly realistic.
Experience with the evolving prototype leads to an
improved understanding ofsystem functionality,
dynamics, and performance so that the resulting prod­
ucts and services are known to match customer needs
before theyare built. This article describes two prom­
ising approaches-software architecture modeling and
application-oriented languages-for improving software
development productivity and quality through support
for software specification and prototyping.
Introduction

It is essentially impossible to think through requirements and
design for a large system insufficient detail for it to be implemented
without subsequent design changes. Even ifthe design faithfully follows
the requirements, experience with the initial implementation often
leads to revised requirements. Before a system performs to a level that
completely satisfies customer needs, thisprocess may have to be
repeated a number oftimes. Very few designs for major new systems
have been successful without anextensive redesign.

Software specification and prototyping technologies contribute
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Figure 1. Model
design is ported to
the target without
lossof structure.
Components are
mapped one-to-one
from model to target.
Component interfaces
are exactly preserved,
and component inter­
nal elements are
reimplemented.

to higher productivity and quality by providing early assur­
ance thata product or service will indeed meetcustomer
needs. Modeling and early evaluation ofmultiple design
strategies can assure cost-effective designs to meetcus­
tomer needs. In addition, through portability offeatures
and services from one productlhardware/software environ­
ment to another, consistency offeature execution across a
range ofproducts can be assured. At the same time, soft­
ware can be reused to a greaterextentand correctness is
preserved.

Software architecture modeling, the building ofa
complete scale-model prototype ofa product or service, is
done by a small group ofhigh-level system designers and
architects, who work closely with systems engineers famil­
iarwith customer needs. Theprototyping is done with a
collection ofhardware and software support tools that
allows system designs to be implemented and evolved rap­
idly so thata variety ofdesign alternatives can be
evaluated. Systems engineers give feedback throughout
the prototyping process. This lets system designers evolve
the prototype to a design thatis a highly cost-effective
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realization offunctionality to meetcustomer needs. After
a complete scale model has beenvalidated, the application
code is reimplemented (but not redesigned) for the actual
target system.

An application-oriented language (AOL) is a lan­
guage for expressing specifications for features and
services ina particular application domain. An AOL uses
the terminology and attributes ofthe application domain to
identify feature and service functionality. AOLs describe
what the functionality is without going into the details of
how the functionality should be implemented. By creating
anAOL for anapplication, thenwriting application soft­
ware inthe AOL, substantial software life-cycle cost
benefits are achieved compared to the conventional
approach ofcoding anapplication directly ina high-level,
procedural programming language. Moreover, anAOL for
anapplication can be turned over to other, possibly less
expert, programmers and usedas a tool to simplify appli­
cation programming. This lattercapability makes AOLs
ideal for turnkey systems inwhich the customer is given
the flexibility to program parts ofthe system.



Application-oriented languages can be used with
software architecture modeling. In particular, AOL design
and implementation can be modeled with the rest ofthe
system. Having modeled anAOL design and implementa­
tion, the AOL can be usedto build services and features
that arepart ofthe model. TheAOL definition, theAOL
implementation, and the services and features imple­
mented using the AOL can be evaluated and evolved in the
modeling environment. The evolution continues until the
application designers are satisfied with the capabilities of
the AOL, the performance ofthe AOL implementation
(translator and virtual machine), and the services and fea­
tures implemented bythe AOL programs.

Software Development Prototyping Process
The software development prototyping process is

partitioned into a "front end" design phase and a distinct
construction phase (see Figure 1). Each phase employs a
software development environment optimized for its par­
ticular role in the process. The objective ofthe design
process is to specify completely the software components
required for the system being designed by a relatively
small number ofhighly skilled system designers. In the
construction phase, the software components specified in
the design process are implemented and integrated ona
production target system.

System Design Phase.System design is accomplished
through software architecture modeling. For large system
designs, rapid iteration ofsystem requirements and the
corresponding system architecture is accommodated as
partofthe front-end design process. The software devel­
opment environment gives system designers the capacity
toexplore design alternatives and determine theireffect
rapidly. The specification ofsystem requirements and sys­
tem architectures is essentially a "bootstrapping"
operation. Succeeding design changes are likely to be
derived from a more thorough understanding ofsystem
operation gained byobserving the effects ofprevious sys­
tem modifications.

Thesystem architecture is controlled through the
front-end design process. Ifchanges to requirements or
thearchitecture are needed, they are made to the high­
level design controlled bythe front-end process and subse-

quently reflected in the actual system implementation. The
ability to add changes incrementally to the system is essen­
tial for anorderly progression ofchange to the system.

Component-oriented design. To support system pro­
totyping, the system is designed and modeled with
hardware/software components that can function as inter­
changeable piece parts. The components can be
independently developed, evolved, and provisioned within
a target system. The goal is to provide for a highly modular
system with fine enough module granularity so that soft­
ware updates can be made through a succession ofchanges
to independent software components. Thekey to providing
this increased degree ofindependence between software
components lies in the type ofintercomponent interfaces
supported bythe system infrastructure.

Thesystem infrastructure consists ofthe collec­
tion ofunderlying hardware, software development
environment, and run-time (operating system) environ­
ment. Thecomponent interfaces supported bythis system
are defined bymessages using a standard intercomponent
protocol supported by the infrastructure. Themeanings of
messages-their semantics-are allowed to evolve inan
upwardly compatible manner to accommodate changes in
the functionality ofthe system piece parts. Thesystem
infrastructure that implements theseprotocols facilitates
the independent evolution or customization ofcomponents
without requiring changes inothercomponents.

Component-oriented software is anextension of
object-oriented software. 1-3 Advanced programming lan­
guages, such as C++,4can be veryuseful insupporting
object-oriented software development. Asoftware compo­
nentis composed ofprivate data and a set ofpublic
operations known as methods thatoperate onthe private
data (Figure 2). Theprivate data contain state variables,
local variables, and insome cases office data thatare
essential to the operation ofthe component. (Office data
are anextensive collection ofdata thatrepresent all switch
and customer configuration information ina switching
office.) These data are directly accessible only by methods
contained in the software component, and they are the
only type ofdata in the system. Thereare no global data
accessible bytwo or more components.

Thepublic methods are operations thatperform
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Figure 2. Structure of
component-oriented
software.

36 an application function. They are invoked solely through a
message interface that specifies the name ofa recipient
component, the method ofthe component to be executed,
andany parameters needed by the method. Messages are
routed between components bya run-time environment
(special-purpose operating system) that can locate a com­
ponent by its unique system name ina distributed
processing environment and can initiate execution ofthe
method specified within the message.

The principal characteristic ofa component that
distinguishes it from other software constructs is the
absence ofdatadependencies between system compo­
nents. There are noshared compilation-time or run-time
databetween components. Consequently, components
have noshared header files and a particular component has
noknowledge ofthe data representation within any other
component. It also has noknowledge ofthe data represen­
tation required to build intercomponent messages because
this is a function provided bythe run-time environment.
Furthermore, components are constructed without explicit
reference to the system names ofotherapplication compo-
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nents. The identities ofothercomponents required to
carryoutan application function are passed to the compo­
nentat run time ina variety ofways. In many instances,
names ofassociated components are obtained from the
office data.

While component-oriented design eliminates all
data dependencies between software components, it is not
possible to eliminate semantic dependencies between com­
ponents. In particular, each software component is
dependent onthe functionality of, and interfaces to, other
software components. If the functionality ofa software
component is changed, thenit will be necessary to exam­
ine the implementation ofall components that depend onit
and to revise thosecomponents, ifnecessary. If the inter­
faces to a software component are changed ina fashion
that is notupward-compatible, thenit will be necessary to
examine the implementation ofall components that inter­
face to it and to revise thosecomponents appropriately.

Theneedto revise othercomponents ina system
when some component undergoes certain types ofchange
is nota defect ofcomponent-oriented design; it is inherent



Figure 3. Components
as software piece
parts in a software
backplane.
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inthe design ofany system ofcooperating software mod­
ules. With component-oriented design, however, thereare
fewer types ofchange thatrequire examination and revi­
sion ofothercomponents. The only types ofchange that
can affect othercomponents are changes incomponent
functionality and changes in the semantics ofcomponent
interfaces. Thereare no global data, so there are no syn­
tactic or semantic dependencies between components
related to global data. The message-passing interface elim­
inates syntactic dependencies between components.

Thehigh degree ofintercomponent independence
makes it possible to implement and provision a component
ona running system independent ofall othercomponents.
For a large class ofchanges, it is possible to edit, compile,
and download a component to a target system without
requiring coordinated changes inothercomponents. In a
sense, a component can be regarded as a software piece
part thatcan be built and plugged into a "software back­
plane" provided by the run-time environment (Figure 3).
Additional functions are provided in the system byplugging
innew components or modifying existing ones.

Theapplication functionality provided by a compo­
nentis a matterofsystem design. In a prototype
component-oriented switching system at AT&T Bell Labor­
atories, components are usedto control peripheral entities
such as lines, trunks, and the network switch fabric. Other
components have been designed to provide call control,
routing control, processor downloading, etc. In all cases,
the scope offunctionality provided bya single component
is moderate, and the amount ofdata and text associated
with it is consequently small enough to be managed bya
single programmer.

Theindependence ofthe components and their
limited size yield a number ofimportant consequences for
the software development process and the operational
characteristics ofthe system:
1. The time required to edit, compile, and download a

component to a target system for testing is greatly
reduced, compared to current systems. The time
needed to make and install a change, so thatit is ready
for testing, is only minutes.

2. Independent changes can be introduced and testedon

AT&T TECHNICAL JOURNAL •JULY/AUGUST 1988

the targetsystem as they become available. It is not
necessary to batch numerous system changes together.

3. The lack ofdata dependencies between components
frees system programmers from the job ofcoordinating
numerous low-level details with designers ofother
components.

4. The absence ofdata dependencies between compo­
nents, theirlack ofreference to otherspecific
component names, and theircommunication through a
common software backplane make it possible to reuse
components more easily inotherrelated, butdistinct,
systems.

5. The size ofthe physical resource required for the soft­
ware development environment is nolonger tied to the
size ofthe system's generic software. Asingle pro­
grammer workstation provides sufficient computational
and memory resources to implement and unit-test any
system component.

System prototyping. In the design phase, functional
models ofthe system architecture are constructed to
reflect the semantics ofsystem operation. Extensive test­
ing and debugging is done to verify that the model meets
all functional requirements. The functional behavior ofa
model provides feedback onsystem operation to support
further design iterations.

The design phase usesa rapid-prototyping soft­
ware development environment inwhich a small number of
systems engineers, architects, and high-level designers can
interact easily with each otheras they specify, design, and
verify the switching system software. It is the goal ofthe
system designers to build anexact functional model ofthe
system down to the component level, including a complete
implementation ofall components and all intercomponent
interfaces.

The internal implementation ofthe model compo­
nents may notbe completely satisfactory for execution on
the production system, butthe essential behavior ofthe
component is defined. Compromises may be made inareas
thathave dependencies with the actual targetsystem hard­
ware, or the implementation may notbe optimized for
real-time usage. However, the entireset ofcomponents
required bythe production system will be present inthe



model with the component interfaces completely defined,
implemented, and tested.

Theprincipal factor that makes this a viable
approach is the use ofa software development environ­
ment similar to those usedinresearch onartificial
intelligence systems." Such research exploits interactive
graphics, programming languages thatprovide for late
binding ofprogram elements, and a highly integrated set
ofdevelopment tools (debuggers, editors, compilers and
interpreters) to build a verypowerful butunstructured
design environment. The goal ofthe environment is two­
fold: to remove as much ofthe syntactic overhead and
resource administration duties as possible from the job of
programming, and to minimize the time required to edit,
compile, and test a program change. The combination of
these attributes allows veryrapid iteration ofarchitectural
changes to the system being built.

Using a network ofspecial-purpose processors
(Symbolics, Inc., Lisp machines) that support this environ­
ment, a small team ofhighly skilled designers can build and
test functional models oflarge complex systems. Thesoft­
ware components comprising the system and the
intercomponent interfaces can be reworked many times
until the system under design meetscustomer needs. The
completed model provides the functionality required inthe
product and allows operation ofthe system to be verified
by system users prior to its construction ona targetsys­
tem (the system developed during the construction phase
and actually delivered to the field). If the existing system
design is deficient or its operation suggests new require­
ments, a revised design can be produced quickly. Since the
design environment supports high productivity for chang­
ing and testing the design, the design team can build
alternative designs to evaluate and improve the system in
an evolutionary manner. Because the product is developed
by a small group ofsystems engineers and designers, it
should exhibit a high degree ofconceptual integrity. Modi­
fications to the system design tomeetcustomer
requirements are made at the beginning ofthe design
process, before a large amount ofstaff effort has been
committed to the implementation ofthe system. When the
system design hasbeenagreed onand the model imple-

mentation has been thoroughly tested, the software
components can be ported or constructed for execution on
the targetsystem.

System Construction Phase. The construction process
involves three distinct groups ofpersonnel. One group is
responsible for component implementation, one is respon­
sible for systemintegration, and a system test group acts
as anindependent auditor to verify the operation ofboth
the model and targetsystems (seeFigure 4). Theprimary
distinction between the system construction phase and the
conventional development process is that, inthe former,
component specifications are complete and consistent and
have already been tested. Ahighly parallel system can be
constructed with far lesssynchronization and communica­
tion than inthe conventional process.

Component implementation. The component imple­
mentors are a relatively large group ofpeople, incontrast
to the system designers. Theimplementors take the com­
ponent specifications (descriptions ofcomponent
functionality and intercomponent interfaces) from the
design process and reimplement the component internal
elements for optimum performance onthe targetsystem.
Because components are syntactically independent and the
interface specifications have beencompleted inthe design
process, a large staff ofimplementors can work efficiently
inparallel oncomponent construction. Theamount ofcom­
munication required among implementors is dramatically
reduced compared to thatrequired with conventional
design techniques. .

Thesoftware development environment used for
the construction process is more conventional. It is
designed to impose structure onthe implementation proc­
ess and is optimized to provide support for project
management, software version management, and source
code control that allows development ofa targetsystem to
be scheduled and tracked.

System integration. Theintegration teamdevelops
the plan for staging component construction, building up
the targetsystem through component integration, and
monitoring its performance. New or modified components
thatdisrupt targetsystem operation are removed or
restored to theirearlier version until theirimplementation
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Figure 4. System con­
struction process.

flaws are corrected. At any point in time, the components
integrated in the targetconstitute a version ofthe system
generic. When the functionality and performance ofthe
system meet system requirements, the set ofnew and
modified components can be transmitted to the field for a
generic software release.

System test. The staff assigned to test systems con­
sists ofa limited number ofhighly experienced individuals
who are skilled inevaluating the operational characteristics
oflarge real-time systems. They evaluate a system's real­
time performance, availability characteristics, and adher­
ence to the application requirements. The system test
team also develops plans for system testing, plans the
staging ofcomponents for delivery for system testing, and
manages the targetvehicle configuration.

It may be possible to repair components thatfail
system test byreworking theirinternal implementation. If
this does notresolve the problem, it is reported to the sys­
temarchitects for correction bya system redesign. The
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control ofcomponent specifications and theirinterfaces is
always maintained bythe architects.

Application-Oriented Languages
Thedescription ofthe software development pro­

totyping process has focused primarily onthe software
architecture modeling activity, the system construction
activity, and how the two activities are related. This sec­
tion concentrates onanapplication-level view ofsystem
functionality. Application-oriented language technology is
anapproach to specification and implementation ofapplica­
tion-level services and features thatcan provide benefits in
both architectural modeling and system construction activi­
ties. AOL implementations can also benefit from using
component-oriented design, which is anessential partof
the software development prototyping process.

Examples fromExisting Systems. Thelanguages
described inthissection predate ourwork onAOLs. Akey
contribution ofourwork was to recognize the characteris-



tics and benefits that theselanguages share and to
generalize the concepts so that they may be more broadly
applied. The examples described in this section demon­
strate the power ofAOL technology to enhance
productivity.

Many tools usedfor text processing are essen­
tially AOL translators. Thepic language is a good AOL for
describing pictures because it embodies concepts thatare
obvious and natural when pictures are being created. Pic
suffers from one flaw that is common to many AOLs: pic is
a textual language, and its expressive power is limited to
what can be specified in text. Inpic, a box is represented
by the word "box" rather than a more natural sketch or
graphical representation ofa box. This defect is insignifi­
cant for a simple picture ofa box, butbecomes more
significant for highly interconnected figures thatare com­
posed ofmany types ofobjects.

Many people now createcomplex pic pictures
through a graphical front endknown as cip. Cip is a graphi­
cal AOL for creating pictures. With cip, a box is
represented as a box and a complex picture is represented
as a complex picture. Cip embodies picture creation so
well thatyou tendto forget that you are working inanAOL
and begin to feel that you are actually drawing a picture
when you use it.

Other text processing AOLs include the input lan­
guage for thegrap system, which is used to draw graphs in
documents, and the input language for the eqn preproces­
sor, which is usedto typeset equations. For example, the
eqn input

a + b over 2c = 1

generates this equation:

ba+-=1
2c

Common AOLs from outside the field oftext proc­
essing are spreadsheet packages. These packages are
designed to dofinancial analysis, although they have been
used ina large variety ofotherapplications. They embody
the application paradigm ofthe accounting ledger sheet.

Spreadsheet packages have been usedto create sophisti­
cated application software, applications thatmight never
have been developed had it notbeenfor the availability of
the spreadsheet interface.

Common to theseexamples ofAOLs is that the
language processors do notcompile into executable com­
putercode as conventional programming languages do.
Thetext processing systems produce code thatdrives
printing devices. Spreadsheet systems are more like inter­
preted computer languages, butstill are notprogrammable
in the same sensethata general-purpose programming
language is programmable. Spreadsheet packages typically
lack generalized looping constructs, for example. Never­
theless, each oftheseexamples represents a language that
is sufficient (and extremely well-matched) for the applica­
tion inquestion. Each example represents a complete
application-oriented language.

Implementing AOLs. Specifications written inanAOL
can be realized as executable code by creating two support
programs:
- AnAOL translator is a program inthe software develop­

ment environment that translates AOL programs into
code ina lower-level language such as assembly code, C
language, or another AOL.

- Avirtual machine (VM) is a collection ofsoftware that
supports AOL program execution and actsas the inter­
face between the translated AOL program and the run­
time environment in the target system.

AOL-based development consists ofthe following
activities:
- Language design
- AOL translator construction
- Virtual machine construction
- Application programming.

These activities are bestcarried outinparallel,
using rapid prototyping to converge onaneasy-to-use lan­
guage. Language design is the heartofthe process, but it
is difficult to get a senseofthe completeness ofanAOL
without going through the mechanics ofcreating the AOL
translator, the VM, and anapplication. There may be cases
where the VM or the final application is notfully specified
during the rapid prototyping phase, butit is generally pos­
sible to come upwith close substitutes that can be used to
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help refine the language.
Translator construction hasa deserved reputation

as a difficult andtime-consuming process. However, tools
suchas Stage" take the stingoutof translator development
andmake it possible to iterate the design ofa translator to
follow the evolving design ofthe language.

Afterthe AOL has been designed and the AOL
translator andVM have beenbuilt, the application pro­
grammer writes andtests AOL programs inoneof two
typesofdevelopment environments. The first environ­
ment, shown inFigure 5, is an interpretive environment;
the VM interprets some intermediate code that is created
bythe AOL translator. The second environment is a com­
piled environment, which is neither as flexible noras easy
to use as the interpreted environment, butis oftenchosen
forreasons ofexecution efficiency in the final product.
The compiled environment is shown inFigure 6. In the
compiled environment, the virtual machine is incorporated
into the final executable code eitherbythe AOL translator
or bythe linker that binds separate sections ofobject
code.

The choice between the interpreted or the com­
piled form ofAOLs is entirely a matter ofjudgment. It
frequently makes good sense to build both environments,
using the interpretedenvironment as an application proto­
type debugging utility andthe compiled environment as the
production vehicle. When AOLs are being designed and
evaluated as part ofsoftware architecture modeling (see
the "Software Development Prototyping Process" section),
it is very likely that an interpretive implementation would
be usedin the modeling environment while a compiled
implementation would be usedin the target environment.

AOL Design Principles. An AOL should incorporate
the concepts that an experienced application designer uses
when thinking about an application. By closely reflecting
the design paradigm usedbyapplication experts, anAOL
makes the expression ofan application program as natural
as possible.

The figure-drawing language pic is an example of
thisprinciple. Pic embodies common, well-understood
ideas about figure drawing: objects suchas boxes, circles,
ellipses, lines, andarrows, andwell-known directions such
as north, south, up, anddown. Figure 7 illustrates a simple
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Figure 5. Interpretive AOL environment.

pic program andthe figure it produces.
AOLs should hide as much as possible of the

implementation details from the application designer. This
allows the application designer to focus more on the appli­
cation and less oncoding. To maximize portability and
reusability, the AOL programmer should be shielded from
the following implementation details: selection ofunderly­
ing implementation language, interfaces to underlying
operating system, andmessaging mechanisms.

Pic provides us withan example of this principle.
Pic ultimately drives some device that can draw figures on
paper, butdetails ofhow that device works are mercifully
hidden from the user. Moreover, even though thepic trans­
lator generates output specifically for the troff text
processing environment, it is, inprinciple, possible to build
a new pic translator that generates output forothertext
processing environments, because nothing about thepic
language presupposes an implementation. Pic does allow
escapes to the underlying troffimplementation language, in
quoted strings. This is done to simplify the language.

Virtual MachinePrinciples. The VM foranAOL can
be thought ofas emulating a machine that executes AOL
programs. It implements the application design paradigm
andthe primitive operations for the AOL. Italso interfaces
the application to the system's underlying hardware and
software environment. The VM handles all implementation
details that werehidden from the AOL programmer.

The VM foranAOL may be an interpreterforthe
AOL, butneednotbe. Forexample, pic does nothave an
interpreter. Instead, details ofimplementing picture draw­
ing functions andinterfacing to the underlying troff
environment are embedded in the pic translator.

Itis common practice to embed a VM inanAOL



Figure 6. Compiled
AOL environment.

translator. In such cases, it is tempting to drop the distinc­
tion between VM and AOL translator altogether. However,
identification ofthe VM is important for software reuse; an
AOL program can be reused without change inany envi­
ronment where the VM is reimplemented. In
consequence, major investments inapplication design and
implementation can be preserved when it becomes neces­
sary to move to a new hardware/software target
environment. Asillustrated inFigure 8, reimplementing
the VM ina new target system environment allows a
straightforward move ofthe application programs.

Applicability of AOLs. AOLs are notsuitable for all
applications. Much ofourwork hasbeendirected at dis­
covering the domain ofproblems for which AOLs are
suitable. Our strategy hasbeento identify appropriate
applications within switching systems to achieve improve­
ments inswitch software development productivity and
quality byintroducing AOLs. An early prototypeimple­
mented call processing primitives for a finite-state­
machine-based design paradigm. We were able to introduce
new and customized call processing features into the run­
ning prototype inabout 10minutes, including specification,
translation, downloading, and activation.

AOLs are suited to applications inwhich a cus­
tomary procedural programming solution would be highly
repetitive. These are often applications thatare pro­
grammed with table-driven approaches. It can be
extremely cumbersome to fill inthe driver table for a
table-driven program because ofthe restricted syntax for
table initialization. This type ofcode can be extremely
repetitive and error-prone. An AOL can help byproviding
aproblem-oriented syntax thatmakes the tables more
readable and maintainable. TheAOL translator would
automatically generate the repetitive code for filling inthe
table entries.

Table-driven approaches tendto tie the specifica­
tion (the table) to a specific implementation (the driver). In
the AOL approach, the specification ofthe problem, as
AOL code, can be separated completely from the imple­
mentation ofthe solution in the VM. For one AOL, we
built anAOL translator that supported three different but
interchangeable VM implementations. There were threeC
language implementations: a version thatwas conventional
code, a version thatwas table-driven code, and a version
thatwas augmented with special-purpose debugging
instructions. Thedevelopers simply chose the implemen­
tation thatlooked best for the taskat hand. This approach
allowed the application designers to defer some key imple­
mentation decisions.

TheAOL concept is anideal way to provide
sophisticated programming/user interfaces to a turnkey
application. Thepic example is a classic case: the AOL was
created precisely so thatpeople who understand the appli­
cation (those who create figures) could get figures without
understanding the labyrinthine details ofthe underlying
trot! text processing system.

Benefits
Software architecture modeling and application­

oriented languages provide significant support for system
specification. Both technologies use rapid prototyping and
aniterative design approach to produce working models of
system features and services quickly. By reviewing these
early models with systems engineers, and potentially with
customers, we can establish a high degree ofconfidence
thatthe product system will meet realcustomer needs
before extensive resources are committed to development.
As a result, thesetechnologies provide major benefits in
the areas ofquality and productivity, helping to ensure that
the right thing is being built.

AT&T TECHNICAL JOURNAL •JULY/AUGUST 1988

43



Thispic program:

down
ellipse "AOL"
arrow
box "VM"

44

Figure 7. Pic program and resulting figure.

Software architecture modeling usespowerful,
interactive workstations and a software development envi­
ronment, adapted from artificial intelligence applications,
that supports rapid creation, modification, and validation of
designs. Software architecture modeling also uses compo­
nent-oriented software design to ensure that system
software consists ofhighly independent, loosely coupled,
interchangeable piece parts.

Component-oriented design itself provides numer­
ous benefits in the production target system. Theprimary
benefit is thatchanges ina component can beaccomplished
and introduced into the system (model or target) rapidly
without significant changes inothersystem components.
The elimination ofsyntactic dependencies between compo­
nents results inlessinformation being available to support
error detection at compilation time. However, extensive
testing and debugging capabilities supported in the design
environment compensate for this lack.

Application-oriented languages support direct
implementation or modification ofapplication features and
services byapplication designers who do nothave to be
programming experts. By identifying the design paradigm
that is natural for a particular application and embedding it
ina virtual machine, designers are able to define services ..
and features with anapplication-oriented language that is,
ineffect, a specification language for thatparticular appli­
cation. By reimplementing the virtual machine ina new
productihardware/software environment, application fea­
tures and services can be ported readily to new
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Figure 8. AOL portability and reuse.

environments. This ensures complete compatibility for the
same service operating inseveral different products. It
also ensures a high degree ofproductivity and quality
because software reuse is maximized and existing test
suites, applied in the original product environment, can be
reapplied in the new product environment to validate that
performance and functionality have been preserved.

Application-oriented languages can make very
effective use ofcomponent-oriented design, one ofthe
technologies that supports software architecture modeling.
While actual applications are built by using the application­
oriented language, the underlying virtual machine thatexe­
cutes the language is built byusing component-oriented
design. This approach makes it easier to reimplement the
virtual machine for new products and environments,
because its constituent components can be reimplemented
inparallel without having to be redesigned. This approach
also makes it possible to use application-oriented languages
as anintegral partofsoftware architecture modeling. The
virtual machine can be modeled with the rest ofthe sys­
tem. Services and features can be built and validated inthe
modeling environment and thenported to the desired tar­
get system as soon as the virtual machine has been
reimplemented for the target system.
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