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The Software Assembly Workbench (SAW) approach is used to assemble
software by combining reusable building blocks, much in the way some
commodity hardware is being designed. SAW requires a network execu-
tion platform that performs network functions necessary to execute typi-
cal services and provides access to telecommunications and computing
functionality. SAW is based on two adjacent software layers, the upper ser-
vice layer and the intermediate component layer. Both require the imple-
mentation of the lower capability layer, which resides on the network exe-
cution platform. This building block approach enables the rapid creation

and customization of software that can be dependably executed in a dis-
tributed telecommunications network to create both narrowband and

multimedia broadband services.

Introduction

The entry of foreign and domestic
competitors into both the previously protect-
ed U.S. and global markets is creating strong
pressures on the pricing policies and
response times of telecommunications equip-
ment manufacturers. At the same time,
deregulation is creating the need for inter-
working between diverse products. The
semi-monopoly held by local service
providers and the large research and devel-
opment expenses required to develop mod-
ern telecommunications equipment make it
difficult to meet these growing needs.

An analogy to this situation can be
found in the computer industry. Early on,
computer vendors, operating as semi-monop-
olies, took advantage of their position and
urged customers toward large proprietary
mainframes that for a while perpetuated their
monopolies by excluding smaller competi-
tors. Yet in less than a decade, the era of
mainframes and of market monopolization
has succumbed to low-cost processing and
has given way to the market trends of distrib-
uted computing and market diversity.

Even though the large capital invest-
ments! needed to change the telecommunica-
tions infrastructure are slowing down these

106 AT&T TECHNICAL JOURNAL ¢SEPTEMBER/OCTOBER 1995

market trends, one still can expect, by the turn
of this century, a similar opening up of the
telecommunications industry and a prolifera-
tion of less expensive, distributed network
solutions. For example, as the cost-to-perfor-
mance ratio continues to go down, computers
now used primarily as peripheral equipment
will play a larger role in delivering services.

In effect, the world-wide balkaniza-
tion of the telecommunications market is
around the corner. The main question that
arises is “What technological solution will
best position the telecommunications indus-
try to face these new challenges?” From a
business viewpoint, this question becomes
“How can we speed up the delivery of propri-
etary products and services in an open envi-
ronment?” At the present time, software is
the main bottleneck in reducing both cost
and time to market, and it is essential to
improve the software production process. To
address this business need, technology must
be developed that has two complementary
attributes:
= Speeding up of software production, and
- Differentiating software by customization.

The next section of this paper exam-
ines the basic principles that are likely to



speed up software delivery through reuse. These princi-
ples are embodied in the system architecture of an appli-
cation development environment, the Software Assembly
Workbench (SAW), and an execution environment, the
network platform, which are both described in the section
“System Architecture.” Since the implementation of these
techniques is strongly domain dependent, the section
“Rapid Creation of Multimedia Applications” shows how
they can be applied to deliver multimedia services.
Finally, pragmatic considerations related to an ATM-based
distributed network are discussed in the section “A Few
Fundamental Issues.”

Speeding Up Software Construction

Constructing Software Like Hardware. The computer
hardware industry has succeeded in defining reusable
components that have allowed hardware designers to be
more effective in their work, both in speeding up design
and improving its quality. A significant portion of the hard-
ware logic design has been reduced to establishing the con-
nectivity of predefined components and to verifying the cor-
rectness of the assembly. By using a catalog of hardware
components, the design process is greatly simplified and
many of its phases can be automated.

This paper demonstrates a software construction
method similar to hardware design methodologies in that
it is based on component reuse to speed up software
assembly. Of course, there still is a need to customize
some hardware components, such as field-programmable
gate arrays (FPGAs) and application specific integrated
circuits (ASICs), to provide specification flexibility, but
effective tooling has even been developed to speed up that
customization. Similarly, there is significant room in soft-
ware to develop custom components and for design aids
to facilitate their development.

Software Reuse. In its most general definition, soft-
ware reuse is practically unattainable, although it may be
an attractive goal, and in that sense, it has proved to be an
elusive goal. In very specific instances, however, software
reuse has achieved high benefits. LOTUS 1-2-3* is the sim-
plest example of reuse by end users, while MS-DOS* and
more so UNIX* offer reusability of command level func-
tions to create larger, more powerful scripts. In Microsoft
Office,* parts of one essential application, such a Word for
Windows,* can be reused in other applications. In all such
successful cases, several essential issues stand out.

Panel 1. Abbreviations, Acronyms, and Terms
ACE — application creation environment
APl — application programming interface
| ATM — asynchronous transfer mode
| CPE — customer premises equipment
CRT — cathode ray tube
FPGA — field-programmable gate array
GTA — general terminal adapter
. NTSC — National Television Systems
' Committee
. PAL — phase alternate lines
PC — personal computer
SAW — Software Assembly Workbench

Software Components Must Expand. In the last few
decades, software abstractions have increased in scope
so that each language construct, such as a statement or
program, spans a larger content. In other words, the
assembly language equivalent of each construct has
been growing. The expansion factor is a measure that
expresses the content of a language construct. In that
sense, a line of C++ code has a larger expansion factor
than a line of C code. Empirical evidence has shown that
software productivity is in direct relation to the expan-
sion factor of the language used.2

Reusable Components Must Be Specialized. In all
disciplines, modern large-scale industrialization, which
began on Henry Ford’s automotive assembly line, has
led to a high degree of specialization, which has resulted
in the intensive reuse of interchangeable parts to create
many different products. In software as well, basic
objects, such as a finite number of elementary language
constructs, are being reused to produce larger entities,
or programs.

In a way, software production is almost 100 years
behind Mr. Ford's hardware industrialization. The main
problem with reusable software constructs is that, in
general, they are not specialized enough and, therefore,
capture no data after solving a problem, called problem
solution knowledge, that is reusable in other applications.
Thus, a large expansion factor alone cannot move soft-
ware production into a new software “industrial age.”
However, in combination with high specialization, it is
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likely that we can begin to overtake Mr. Ford.

Reusability is Often Traded for Functionality. With
time, the balance between expansion and specialization
can change. For instance, in the late seventies, General
Motors reduced its production costs by replacing the
engines in its high-end Oldsmobile cars with mid-range
Chevrolet engines, to the chagrin of some of its cus-
tomers but to the satisfaction of most of its stockholders.
Of course, while designing reusable software compo-
nents that have a large expansion and high specialization
to provide higher productivity, one is likely to face the
question; “What if a component cannot provide specific
behaviors—such as horsepower, whether for a car or a
computer—that may be needed in a given situation?”

In such a case, four solutions are possible:

1. Forego the new, specific required behavior as long as
the reusable component still has enough residual merit.

2. Modify the component to adjust its behavior as long as
other functionality is not affected.

3. Create new components that combine lower level ele-
ments of a “standard” set, such as a macro capability.

4. Forgo the benefits of this, and other reusable compo-
nents, and design the new, required software as usual.

Obviously, the first solution is the cheapest one,
as long as the revenue from the unchanged component is
high enough. In this case, one is trading higher reusability
for lower functionality. Unless this tradeoff is realistic,
there can be no long-range value to a software assembly
methodology based on reusable components. Fortunately,
experimental data in computing and telecommunications
has shown that, in most applications, a small percentage of
functionality is being used the most.3 This is the old “80 -
20” issue—80 percent use of 20 percent of the assets—
which raises the hope of designing components that can
cost-effectively cover most evolving needs. These, indeed,
will be robust components.

Reuse Requires Agreement. F'or one person to
reuse a component designed by someone else, an agree-
ment is necessary between the component designer and
its user about the component’s functionality. In the most
general case, agreements are almost impossible to
achieve. However, a broad agreement is possible when
the economic benefits of such an agreement outweigh
the loss of freedom, as it is the case for major operating
systems, environments, and tools.

In most other cases, one has to be able to design
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frameworks of moderate size where agreements are pos-
sible and can be maintained. Such frameworks of limited
scope can help fill the gap between the two extreme situa-
tions mentioned above. In our case, we use the SAW
design environment tools to define an area where agree-
ment is possible.

Domain Analysis is the Key to Reuse. In most indus-
tries, successful reuse requires a careful analysis of how
and where the application is to be used, that is, it's
domain, and breaking down the application into a set of
robust components representing that domain. This set of
reusable components is then consolidated into a “palette”
that can be inserted into the SAW for reuse in other appli-
cations’ domains. On one hand, domain analysis—in this
case, multimedia services—allows the development of
specialized, reusable software. On the other hand, domain
analysis requires the solution of a new set of problems
that are particular to that domain—such as bandwidth
requirements and computer-to-computer communication.
Although we have acquired some experience in analyzing
telecommunications applications by developing diverse
application domains, domain analysis of software products
still remains more an art than a science.

Quality Up Front. Although formal methods have
often been advocated for improving the quality of soft-
ware, we have not found these methods to be cost effec-
tive. In the absence of practical, more robust methods,
constructing software from reusable components con-
tributes to improving the upfront quality of the software
by relying on better component quality. Indeed, with time,
multiple use of a component tends to improve its quality
and that of the higher-level assemblies using it.

On a pragmatic level, reuse will yield more
dependable software. The basic principles described
above were put in practice a few months ago for a narrow-
band application, and a significant gain in productivity was
observed. In the first three months of use, the reuse tech-
nique yielded a productivity gain of 3:1 without any
decline in quality, in comparison to the traditional pro-
gramming of service software. As in the case of any intro-
duction, the method and the software production process
need to be tuned, which will likely provide additional pro-
ductivity gains. Our target is to reach a 10:1 improvement.

Having stated the broad principles underlying the
approach, we now will demonstrate how to carry it out for
a particular domain, that of multimedia applications.
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Figure 1. The hard-
ware environment for
multimedia applica-
tion includes several
elements: an asyn-
chronous transfer
mode (ATM) switch

d fabric, multimedia
personal computers
and workstations,
general terminal
adapters (GTAs) for
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media to and from
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provide control envi-
ronments for the net-
work, as well as for
the service execution
platform, the
Software Assembly
Workbench.
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A Platform for Easy Programmability. The hardware
environment for our multimedia application includes sev-
eral elements: an asynchronous transfer mode (ATM)
switch fabric, multimedia personal computers (PCs) and
workstations on the customer’s premises, general termi-
nal adapters (GTAs) for converting various media to and
from ATM protocols, a PC-based video server, and work-
stations to provide control environments for the network,
as well as for the application execution (Figure 1).

The software environment is composed of four
parts: customer premises equipment (CPE) control soft-
ware, network control software, the SAW application cre-
ation environment (ACE), and the application execution
environment.

When designing a system for providing telecom-
munications services, it is important to minimize the
coupling between the various layers, particularly
between the service environment and the hardware envi-
ronment. This helps to allow for the independent evolu-
tion of the individual layers.

It is almost a given that software written today
for one telecommunications hardware platform will be
executing in ten years on a different platform. In our proto-
typing platform, minimizing such coupling has allowed
us to replace the switching fabric we were using, and its
supporting software, without changing any service-level
code. The first version of ACE ran on a baseband video
switch, which was replaced with a prototype ATM switch,
together with the GTAs. Today, the switch is being
changed yet again, moving from the prototype ATM to
the AT&T GlobeView® 2000 ATM switch. The GTAs also
are evolving without affecting the application software.

In addition to the need to layer the system verti-
cally, it also is important to realize that telecommunica-
tions services also are partitioned horizontally. The pri-
mary partitioning is between services that execute
within a network and services that execute in CPE at the
edge of the network. This partitioning is a reflection of
the fact that different types of resources are used in the
middle of the network—such as switching fabrics, trunk-
ing, adapters, and bridges—than at the edge of the net-
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Figure 2. The execution system has a client-server architec-
ture composed of network resources (the servers) and the
execution platform (the clients). Each network resource pro-
vides specific functionality—such as voice systems, com-
puters, and databases—which can be distributed in the net-
work and Is used to execute a service. On the basis of the
existence of the capability layer (the applications program-
ming interface, or APl1), two additional layers can be derived
using domain analysis: the component layer and the service
layer (see Table 1).

work—such as CPE personal computers and worksta-
tions, servers, microphones, speakers, cameras, CRT
screens, and control buttons.

The basic construction of ACE is independent of
where it executes. By allowing for easy customization,
ACE can create services that control resources within the
network or services that control resources at the edge of
the network.

Execution System: Client-Server Architecture

As shown in Figure 2, the execution system has
a client-server architecture composed of network
resources (the servers) and the execution platform (the
clients). Each network resource provides specific func-
tionality—such as voice systems, computers, and data-
bases—that can be distributed in the network and used
to execute a service.

In the context of multimedia services, resources
can be video-servers and video-conferencing bridges,
which are connected to the execution platform through a
telecommunications network. In Figure 2, the SAW and the
service execution platform are shown as separate comput-
ing environments for conceptual ease, but this is not a fun-
damental issue. In fact, we have implemented a version
where both functions are performed by the same platform.
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Software Assembly Workbench. The SAW is a soft-
ware design environment with the following ingredients:
= Graphical user interface;

- Visual representation of a basic set, or “palette,” of com-
ponents;

= Mechanism to parametrize the components;

= Visual software construction paradigm to combine com-
ponents;

- Incremental editing capabilities;

- Simulation mechanism to verify the assembled soft-
ware; and a

= Mechanism to produce executable software.

These ingredients are necessary to facilitate the
construction of executable software by application pro-
grammers.

Rapid Creation of Multimedia Applications

Software Layering. On the basis of the existence of
the capability layer (the application programming inter-
face, or APJ, in Figure 2), two additional layers can be
derived using domain analysis: the component layer and
the service layer (see Table 1). The higher the layer, the
easier the programming should be and the larger the rev-
enue potential. In this multilayered software architecture,
each layer is insulated from the layer below and is used to
construct the layer above it. The right column of Table 1
represents the location of this element during the soft-
ware assembly. However, during execution, all of the soft-
ware will be shipped to the execution platform and exe-
cuted there.

Resource Programmability. The resources are pro-
grammed with two layers of programming: the lower layer
primitives and the upper layer capabilities. The decision to
have two layers was largely accidental and due to the fact
that, in our experience, the resources used were already
equipped with an “operating system” providing “native”
primitives. Somewhat arbitrarily, the capabilities were
defined as an additional layer, creating more compact
operations that would minimize the message load
between client and servers. Sample server capabilities for
interactive video-on-demand are given in Table 2.

Different capabilities will be necessary for addi-
tional application domains. For instance, several applica-
tion domains will require data functionality that can be
covered in the following capabilities:

- Business databases,



Table 1. Software layers

Layer elements Used to construct: Element’s location

Services Software Assembly Workbench
Components Services Software Assembly Workbench
Capabilities Components Execution platform

Primitives Capabilities Execution platform

Table 2. Interactive video-on-demand capabilities

Request video titles

Request list of videos from video server

Request video

Request video title to be played

Release video

Release video title

Video status

Request status of video title

VCR command

Control playback of video title

- Electronic files,

= Electronic mail,

- Facsimile,

= Modem communication, and
= Directories.

In general, the capability definition will be driven
by domain definition, will be grouped into resources, and
will execute on resource servers. The resources being a
combination of telecommunications and computing
resources, our proposed software and hardware architec-
ture is a good mechanism to wed computing and
telecommunications to provide new service revenues for
the industry.4

The Software Assembly Workbench. Establishing a
framework to capture domain analysis—the SAW—opens
up opportunities to change the way software is construct-
ed. Now, there is room for a new form of programming,
software assembly, performed by individuals less versed in
software design but more qualified in application domains.
In telecommunications, this allows an agent of the service
provider, the operator of a SAW, to “retail” services to the
end customers. The service software can now run either
on equipment belonging to the service provider or to the
end customer.

The resources necessary to support a service can
belong to the service provider, such as telephone directory

database; to the end customer, such as customer orders;
or to a third party, such as computer databases and pro-
cessing nodes. These are the principles used in delivering
telecommunications services, and in particular, video-on-
demand over a broadband infrastructure.

Software Assembly Paradigm. To construct applica-
tions in a given domain, it is assumed that a vocabulary
and a grammar are defined for the domain. Application
domain software is designed by constructing sentences
from chosen elements of the vocabulary, organized
according to the grammar rules.

The domain vocabulary is represented using a
palette of icons (upper left side of the window in Figure
3) that instantiate, or change, into components when
placed on the design area. This example of domain
vocabulary—that is, the components used to construct
services—includes menu execution, play, stop, rewind,
and customer authentication. Other domains may be
included in different palettes.

A diagram comprises a set of operators and a
set of connections representing associations between
output events and input events. An example of such a
diagram, presented in Figure 3, resembles a logic cir-
cuit diagram. However, each connection between opera-
tors does not represent an absolute point-to-point “hard-
wired” connection but, instead, a potential path for
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Figure 3. The domain vocabulary is represented using a
palette of icons (upper left side of window) that Instantiate,
or change, into components when placed on the design
area. Although the diagram resembles a logic circuit dla-
gram, the “wires” do not represent absolute point-to-point
“hard-wired” connectlons but, instead, potential paths for
transmitting packets of information.

transmitting packets of information (event and data)
between two or more operators. Each operator, imple-
mented as a component, may itself be constructed from
a set of lower-level operators.

Obviously, the components embodied in this
example of the palette define the specific domain of
video-on-demand. However, the palette for a different
multimedia domain, such as video-messaging, will con-
tain a certain number of the same components as video-
on-demand, plus other components which differentiate
this domain. However, at the platform level, the compo-
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nents will invoke the same capabilities, making this pro-
gramming approach very versatile.

After considering several component composition
approaches,>6 two types were prototyped: one using con-
trol flow diagrams, and the other using asynchronous
logic diagrams. Both approaches lend themselves well to
diagrammatic composition. Parallel composition con-
structs are more naturally represented in data flow dia-
grams’ and enhanced state diagrams.8 The asynchronous
logic diagrams approach was chosen for our work
because of the importance of asynchronism for multi-
media and other telecommunications applications.

Some parallelism can be hidden from the users
and processed during software synthesis. However, limit-
ed amounts of parallelism may have to be handled by the
user. For instance, in the case of services that execute in a
distributed environment, the designer may have to specify
that the execution of three components may be performed



Figure 4. This network model shows the following functional

mapping: network elements and resources that provide a set
of capabilities and the basic functionality they provide to the
network. Different capabilities can reside on separate physi-

cal network elements.

in any order but needs to be completed before the execu-
tion can continue to the fourth component. Asynchronous
interruptability of a service by external events—such as a
customer hang-up, incoming call signaling, or a conversa-
tion interrupt, which is another form of concurrency—can
be entirely handled by the lower software layers, except
that a SAW user might need to be aware of this.

A component accepts input events and generates
output events upon the successful completion or failure of
its tasks. A component may be realized using other com-
ponents or it may internally use a control flow “diagram”
to perform its tasks. In this approach there is no sequenc-
ing of actions: each operator processes events indepen-
dently from the other operators involved in the service.
Parallelism is inherent to the event-based interactions
between operators.”10 This approach is well suited for
voice, video, and multimedia domains where services fre-
quently require the coordinated access to multiple
resources from possibly disjointed network elements.

Buliding Block Mapping into the Network. The net-
work model of Figure 4 shows the following functional
mapping: network elements and resources that provide a
set of capabilities and the basic functionality they provide
to the network. Different capabilities can reside on sepa-

rate physical network elements.

An intermediate level provides an abstract appli-
cation domain set of functionality by combining into com-
ponents capabilities from one or more network elements.
This level is a virtual functional domain. Finally, services
are constructed based on the component functionality as
described in the assembly diagram.

Dynamic Software Architecture. The client-server
architecture and the software layering provide the base
for capturing the dynamic behavior of the software. The
execution of the application software acts like a “conduc-
tor” who directs the sequencing of the resources neces-
sary to perform the functions defined in the components.
The component execution will, in turn, trigger the execu-
tion of the capabilities that compose it. In that sense, the
visual software definition in the SAW is a representation
of the dynamic software architecture of the system.

Software Simulation and Execution. An important
characteristic of the SAW is the ability to seamlessly tran-
sition between software simulation and execution. This is
a challenging goal that has no analogy in circuit design,
and is possible in software—since software is present at
all levels—with certain limitations and compromises.

In the SAW development environment, compo-
nents can be independently simulated. The simulation of
a service results from the composite and concurrent exe-
cution of small independent simulators that are “wired”
according to the service layout diagrams.

Each simulator requires a private execution con-
text, that is, an execution stack to run its virtual
machine. This independent context insures that multiple
instances of services can co-exist as independent
processes competing for network resources. The
resource contention is therefore handled at the lowest
level in the components hierarchy and does not appear in
the service assembly process.

When a service is requested, a database lookup
is used to populate each required component with the
corresponding data. In addition, the necessary connec-
tions are established between the low-level components
and the requested communication ports to establish
control of the network capabilities required by the ser-
vice. Component connection occurs iteratively as part
of the service initiation process. When all the compo-
nents’ data are populated, the service is ready to serve
its customer.

AT&T TECHNICAL JOURNAL e SEPTEMBER/OCTOBER 1995 113



Events are responsible for coordinating tasks
and data exchange, or messages, between the constituent
components of a service instance. Events are typically
generated at component ports and are distributed, or dis-
patched, to subsequent components, where they are
transformed and passed to the next layer. Component
simulators are idle unless directly activated by an event.
Component simulators process events concurrently and
asynchronously.

The simulation and execution models are identi-
cal down to a certain level and diverge below it. The larg-
er the common part, the larger the software reuse.
However, this benefit must be balanced against the need
to keep simulation efficient.

A Few Fundamental Issues

As mentioned earlier, the video-on-demand appli-
cations were constructed on top of a software platform
that insulated the applications from the infrastructure. In
our particular implementation, we chose to limit our-
selves to a bounded offering—a bounded broadband net-
work—Dbecause of the lack of ubiquity of ATM networks.
However, as soon as broadband infrastructures are more
widely deployed, it will be necessary to handle pragmatic
issues related to two important characteristics of the
infrastructure:

- Its distributed nature, and
- Its ATM nature.
The key issues are described below.

Resource Control. A number of resources must be
controlled to provide a telecommunications service. Some
of these resources reside in the CPE, while others are
located in the network. The resources found in the CPE
are generally oriented to the needs of a given user, and
include such things as a speaker, a microphone, a mouse,
and a screen with windows. Resources found in the net-
work are generally oriented to meeting the requirement
of interconnecting two or more users. These include such
things as switch fabrics, transmission trunks, network
announcements, and switch digit receivers.

A resource type might be located at either edge
of the network or deep inside. Examples include
bridges used to join two or more calls, storage devices
to implement answering machines, and converters for
adapting the format of user data, such as a National
Television Systems Committee (NTSC) to or from the
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European standard for television, the phase alternate
lines (PAL) format.

Besides physical resources such as these, there
are also logical resources that have to be controlled. An
important resource of this type is the address of the
called party dialed by the calling party. This resource
can be manipulated many times during the life of a call.
It can be changed by services that provide speed calling,
which might be located in the CPE or in the network,
and it can be screened by services that block calls to a
given set of addresses, again located in either the CPE or
the network. It can also be used to route to more than
one destination based on other factors, 800 numbers
being an example.

An ACE has to be able to specify how a given ser-
vice will control the wide variety of resources it uses to
provide a service. And, to remain useful as technology
changes, an ACE has to be able to add new resources to
the list of resources it already knows how to control. For
example, as multimedia becomes more ubiquitous and
diverse, service creation environments will have to know
how to control resources related to video, such as cam-
eras and monitors.

In addition to providing the means to specify
how a specific service will control the resources it
needs to perform its function, a service creation envi-
ronment—and the corresponding execution environ-
ment—also has to address the issue of how multiple
services might interact while trying to control the same
set of resources.

These interactions occur in many different con-
texts. They can arise between two or more services that
execute within the context of the same call, such as a call
forwarding service and a call waiting service, and they
can arise within the context of the multiple threads of the
same service executing simultaneously for different calls,
such as a call distribution service that has to handle more
than one active call.

In these two examples, the interactions occur as
the result of requests from a single customer. Interactions
also can occur when services execute simultaneously at
the request of different customers. For example, two ser-
vice execution threads might interact when trying to
access the same resource, such as a bridge.

Impact of Asynchronous Transfer Mode. | he intro-
duction of ATM into the network impacts service software



in many significant ways. Sometimes this impact is posi-
tive in that it allows for the creation of new services, such
as video-on-demand. But, this added flexibility of ATM
comes at a price—it introduces additional complexity in
the software controlling the service. Services now have to
deal with issues that never occurred before, such as band-
width, end-to-end delay, and jitter.

The issue of variability in the size of a connec-
tion is a good example of complexity that never had to be
dealt with before, when all connections were of one size.
With ATM, the size of a connection can change from one
service to the next. And the size of a given connection
can even change dynamically during the life of a call.

Service creators will be required to make new
decisions about the size of a connection to be used, in
addition to all the decisions they currently make. How a
service determines the amount of bandwidth to request
will depend on many factors, such as the cost of band-
width given the time of day, the capabilities of each
CPE on the call, and the quality of service desired by
the users.

Additional complexity also occurs because one
call will now be able to use more than one connection—or
even no connections. Service creators will have to make
decisions about adding and deleting connections dynami-
cally. And they will have to make decisions about the cor-
relation between connections, such as equalizing the end-
to-end delay for two connections within a call.

In addition to the issue of resource management
within a given call, there is also the issue of resource
management for the entire system. Before ATM and
multimedia, system level management was simplified by
making the assumption that all calls roughly used
resources in the same way, and system-wide resource
management could be done just by looking at the num-
ber of calls.

With ATM and multimedia, this assumption no
longer holds. Resource providers can no longer know
whether they can support the next call by just looking at
the number of existing calls. Instead, they will have to
consider the level of resource usage, whether this usage
is statistical or constant, and whether the existing set of
calls, and their services, will change their level of
resource usage. A service creation environment will
have to support the ability to handle these new types of
service decisions.

Conclusion

A method was presented for the construction of
software using reusable components. The salient advan-
tages of the method are:

- Software production speed is achieved by visual com-
position and simulation.

- Contrary to similar methods, software can be generat-
ed that controls multiple resources in a distributed net-
work.

= Contrary to similar documented methods, the soft-
ware generated is instrumented for various essential
telecommunications tasks, such as dependability, rev-
enue generation, and network measurements.

While the approach is promising for speeding up
software design and has already been put in practice,
several issues stand in the way of ubiquity:
= The ability to rapidly perform efficient domain analysis

and derive the best set of components for a given
domain.

= An opportunity to test in the field software tech-
niques automatically provided to enhance system
dependability.!1

- A comprehensive platform that provides a generalized
application programming interface.

- An efficient mechanism to instrument the software for
security and revenue generation.

- A consistent approach to network and service man-
agement.

These issues are currently being addressed
experimentally.

* Trademarks
LOTUS 1-2-3 is a registered trademark of Lotus Development
Corporation.

MS-DOS is a registered trademark of Microsoft Corporation.

UNIX is a registered trademark of Novell in the United States and
other countries, licensed exclusively through X/Open Company
Limited.

Microsoft Office MS-DOS is a registered trademark of Microsoft
Corporation.

Windows MS-DOS is a registered trademark of Microsoft
Corporation.
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