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Reusing software that was originally developed for
another application increases the productivity ofsoft­
ware developers and improves the quality ofsoftware
applications. Afurther benefit ofreuse is that software
standards, once implemented, can be employed many
times. As a result, users perceive a resemblance
among different applications and learnto operate them
more quickly and at lower training cost. This paper
describes a group ofcompatible, integrated, reusable
software modules. It discusses recent experience with
reusable modules in two projects and the productivity
improvements that accompanied them.

Introduction
For some time, software developers have beenconcerned

about the rising costofbuilding and maintaining software applications.
There is a pressing need to increase the productivity ofpeople who
build software applications and to improve the quality ofapplications.

Among the most promising alternatives for increasing produc­
tivity and quality and decreasing implementation and maintenance cost
is software reuse-the use ofsoftware thatwas originally developed
and deployed for another application. By this definition, developing a
utility library (for example, data manipulation routines) within anappli­
cation does notconstitute software reuse, even though it increases
productivity. On the otherhand, adding anexisting user interface or
error logger is considered software reuse.

In addition to productivity and quality improvements, another
important benefit accrues from software reuse: standards can be imple­
mented once and reused many times. For example, ifseveral
applications reuse the same software standards for the interface with
the enduser, thenthe "look and feel" ofthe applications will be the
same. Users will perceive a family resemblance, and will learn to oper­
ate new applications inthe family quickly and at lower training cost.

Reuse oflarge-scale software components, or modules, is par­
ticularly productive. Reuse ofseveral integrated modules is even more
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productive.
Our recent experience with integrated reusable

modules in software development projects shows that the
productivity improvements are realand substantial. We
estimate that staff effort was reduced to about half the
effort that would have beenrequired without reuse.

Effective module reuse requires that the relevant
software:
- Be useful to a range ofapplications
- Be adaptable readily to the applications thatuse it
- Provide adequate performance and reliability
- Meet standard interfaces.

Thisarticle describes the types ofsoftware com­
ponents that form integrated reusable modules.

Application Modules
Areview ofthe evolution ofapplications built on

the UNIX@ operating system will illustrate the effective­
nessofmodule reuse.

Evolution of Module Reuse. Before the late 1970s,
AT&T applications were built eitheronlarge mainframes or
onassorted minicomputers with homegrown operating
systems. In the late1970s, AT&T developers began to
build applications onthe UNIX operating system. Since the
UNIX operating system previously had beenusedjust for
general-purpose time-sharing, it lacked software compo­
nents for database management, transaction monitoring,
and user interfaces. For the mostpart, the developers of
AT&T applications built their own application architectures.
Software developed byone project was specialized for the
needs ofthe local organization, so reuseofothers' soft­
ware was rare.

As the development process matured, it became
clear that developing production-quality applications
requires a well-defined architecture. Within such anarchi­
tecture, module reuse can be implemented. One ofthe
first ofthese modules was the AT&T Tuxedo ™ transaction
processing system,' which was usedinseveral projects and
augmented with otherfunctions commonly needed.

Architecture and Module Reuse. Architecture, a high­
level description of the overall structure ofan application,
defines the major application components (hardware and
software) and theirinterrelationships. Architectures,
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therefore, contain application-specific information. For
software, the architect must:
- Define a robust decomposition ofthe application-that is,

break it down into well-defined functional components.
Each component is distinct from every othercompo­
nent, performs a specific application task, and has
specific communication interfaces.

- Specify the interfaces and protocols for each of the com­
ponents in the decomposition.

- Describe the behavior ofeach component ofthe decom­
position-that is, describe the changes inthe
application's state or the effects onothercomponents
that result from the execution ofeach component. If
critical, the performance ofthe component may also be
characterized.

Using standard approaches to these activities
leads to improved opportunities for module reuseand,
thus, to higher productivity. The discipline ofstandard
process design (functional decomposition) and standard
interface and protocol definition encourages workers on a
project to develop generalized or easily generalizable mod­
ules whenever possible, so thatworkers onotherprojects
can find and adopt components for theirapplications. With
common software, developers can transfer more easily
between projects and carry ideas with them. With a stan­
dard database management system and a common data
dictionary, forexample, applications can share data easily.

Other Benefits of Module Reuse. Most ofthe produc­
tivity and quality improvements ofreusable modules result
directly from reuse. However, additional benefits, such as
fasterdevelopment, result from the development process
itself. The following sections give an overview ofhow
developers can build aninitial version ofthe application
early with the help ofintegrated reusable modules.

Encouraging reuse. Module reusespecifications
(non-implementation-specific descriptions ofa module)
define common functionality inways that naturally allow
software reusewithout referring to any particular form
(implementation) of the module.

Past efforts to increase software reusehave
focused ondevelopers. Traditionally, software developers
tried to match application requirements to existing soft­
ware. But matching requirements with functionality (the



range offunctions thata piece ofsoftware can handle) is
difficult and does notencourage reuse. When systems
engineers are educated about reusable module specifica­
tion, however, requirements can be written to encourage
reuse.

If the component specifications satisfy the needs
ofthe application, the systems engineer simply refers to
the specifications as the requirements. For example, ifan
application's error-logging needs were satisfied byanavail­
able error logger, the requirements would be defined by
the error-logger specification.

Incremental integration. With little or no reuse, much
development effort is usually required to provide anexecut­
able version ofanapplication. As a result, the executable
version is available so late inthe development process that
only minor changes in the application can be accommo­
dated. In addition, integration is done inlarge steps that
bring together sizable pieces ofuntried software that take
considerable time to test.

On the otherhand, with a significant portion of
the application coming from integrated reusable modules,
developers can create anearly executable version ofthe
application. They can add functionality inincrements to
preserve the integrity ofthe application and minimize the
test interval.

Having anearly executable version ofthe applica­
tion provides timely insights into performance, gives
greatervisibility ofmissing functionality, and makes it easy
to demonstrate software to customers and obtain early
feedback onrequirements.

Library of Reusable Modules
AT&T maintains a library ofintegrated reusable

modules for transaction-oriented applications written on
the UNIX operating system (System V, Release 2, or
later). The library requires thatapplications use:
- Certain rules for application component design and

interprocess communication
- Standard interfaces and protocols
- Standard component implementations.

Rules. Thelibrary ofintegrated modules requires
thatapplications follow a client/server model. In this
model, a relatively large number ofclient processes (typi-

cally associated with users) request and receive processing
from a small number ofserverprocesses (associated with
a particular application task).

Thelibrary software thatmanages the client/
servermodel is based onthe transaction-processing­
monitor component ofthe AT&T Tuxedo transaction
processing system, a component referred to as System /T.

System /T usesanapplication decomposition
model inwhich communication is by standard UNIX Sys­
temVmessage passing. System /T features a routing
mechanism known as a bulletin board-a "traffic cop" that
directs the flow ofmessages between processes. Thebul­
letin board resides inglobally addressable memory.
Processes access "directions" there and follow them
according to standard routines included ineach process.

Another Tuxedo system component-c-the field
manipulation language (FML)-constructs and manipu­
lates messages between processes. FML data structures
are self-defining; each field carries a code that indicates its
identity and, for variable-length fields, its length. Commu­
nicating processes do nothave to be informed, inadvance,
ofthe exact layout ofthe message, and they do nothave to
be recompiled if a message layout changes. Thus, FML
makes communication flexible and data-independent, which
leads to easier reuse ofapplication code.

Interfaces and Protocols. Standard, well-defined
interfaces and protocols for components are a key element
ofmodule reuse. For each component, aninterface and
protocol definition describes fully the syntax and semantics
ofall communications, whether to or from other compo­
nents, test devices/components, performance-monitoring
software, or controlling software. With syntax and seman­
tics fully defined, developers can interface application code
readily.

Another important benefit results from the defini­
tions. Suppose anapplication can be 80percent satisfied
with standard components, butrequires a completely new
event/error logger (for example, iferrorsand events must
be retained indefinitely for legal reasons). Knowing pre­
cisely how this nonstandard component must interact with
othercomponents, the application developer can produce a
new event/error logger thatis compatible with the other
standard components and meets the needs ofthe
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application.
New components like this, with standard inter­

faces and protocols, can be collected ina catalog. For later
applications, developers thenwill have a choice ofone or
more implementations and know that theirselection will
meet the communication needs ofothercomponents.

Several interfaces and protocols have been
defined. One is Standard Query Language (SQL) for data­
bases. 2 If anapplication usesSQL as the interface for its
database, it can use any ofseveral alternative database
managers, chosen for its special features and performance
characteristics. For example, the Tuxedo System ID, the
Oracle'" system (registered trademark ofOracle Corp.), or
the Informixf system (registered trademark ofInformix
Technologies, Inc.) can be selected for the database
manager.

Other defined interfaces are that to a terminal
based onasynchronous characters (defined bythe standard
UNIX system packages curseslterminfo) and that
for application messages between processors [defined by
protocol XA093 ofthe International Telegraph and Tele­
phone Consultative Committee (CCITT)].

Components. Themodule reuse library offers sev­
eralcomponents, some ofthem available inalternative
implementations. Examples are described below.

Data Dictionary. The Data Dictionary' component is
the repository and source ofapplication-specific database
information. (Other components either are database­
independent or derive theirdatabase knowledge from the
Data Dictionary). It is important because it lets developers
refer to database-specific information ina consistent way.

TheData Dictionary manages the vocabulary-the
set ofdata definitions peculiar to anapplication. Adata
definition is a description ofa data item, such as its name
and its data type (short, floating point number, string, for
example). In addition, a definition may contain syntactical
checks for the data item, such as requiring thatits value
be a number between 1 and 10or thatit begin with a capi­
tal letter and be nolonger than 18characters.

The Data Dictionary also manages thegrammar
ofthe application. Like the grammar ofthe English lan­
guage, the grammar in the Data Dictionary states the rules
for combining data items (words) to produce database rela­
tions (sentences). Therules indicate the required data
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items and those thatare optional for a given relation.
User Interface. Thereare several alternative User

Interface components. We describe one alternative here­
a component thatcombines aneasy-to-use, yetpowerful,
Interface Manager with a Visual Editor thathelps devel­
opers set up the interface.

The Interface Manager controls input and output
at each user's terminal. It presents a menu onthe terminal
screen from which a user either can select forms for
entering data and displaying data or can proceed to further
menus. Because menus actas a map to forms, they are
ideal for inexperienced users. More proficient users, on
the otherhand, can bypass the menu-selection mechanism
byusing a command line to move to any form or menu in
the application.

Adata-entry/data-display form may consist ofsev­
eralpages, each with several fields inwhich the user
supplies data and the application software responds with
output data. Examples offields are those for text, date and
time, numeric data, and selectable lists. When a user
enters data ina field, the Interface Manager automatically
checks it for syntax and alerts the user ifanerrorhas
beenmade.

In addition to fields, forms may contain liter­
als-fixed text items, such as labels, titles, column
headings, and instructions, that can be placed anywhere on
the form.

TheInterface Manager contains many features
thatmake it convenient and efficient to use. Theselection
from a list feature, for example, is a simple but effective
mechanism for entering data into a field ona form when
the choice is a fixed set ofitems, large or small. The
Interface Manager offers on-line help, windows for display­
ing information ofshort-terminterest, field-display
characteristics that can be changed to suitthe application,
built-in text editing, and scrolling. In addition, it lets the
user reprogram the keyboard so thata single keystroke
will summon functions such as help, scrolling, and text
editing.

Although the Interface Manager was designed pri­
marily for the AT&T work group system (WGS) product
line, it also supports otherterminals compatible with
ASCII (American Standard Code for Information Inter­
change) data format. TheAT&T WGS's local computing



power allows user-interface processing to be done onit
instead ofon a host processor.

The Visual Editorpart of the UserInterface
instantiates the user interface-that is, it produces from an
abstractly defined concept a concrete code that canfunc­
tionina realenvironment. It is a "smart"editorwith close
links to the Interface Manager andthe Data Dictionary and
canbe used to change definitions in the latter component.

The Visual Editor shows the user forms and
menus on the screenas theyare being edited. The user
positions the cursoronthe screento declare where fields,
labels, andmenu choices should appear. Acompiler then
changes the form or menu definition into a format that can
be usedefficiently bythe Interface Manager. Because the
Visual Editor andits compiler automatically reference the
Data Dictionary, it is impossible to createa form that is
inconsistent withthe application's database vocabulary and
grammar.

Database Manager. The Tuxedo System ID is a high­
performance database management system for on-line
applications. With it, a user canback up or reorganize the
database without making it temporarily unavailable. Its
journal andrecovery facilities permit quick restoration ofa
database lostbecause ofa disk failure. Finally, its concur­
rency-control strategygives many users simultaneous
access to the database.

System ID meets the emerging industry-standard
querylanguage SQL, which furnishes a dataset at a time.
At the sametime, it offers Record Manager, a higher­
performance interface that furnishes a data record at a
time. With thisunique combination, System ID accommo­
datesextra-fast processing withRecord Manager and
external communication andless time-critical processing
with SQL.

System ID supports three types ofdatabase
records:
- Structured records with a fixed number offixed-length

fields-a structure typical ofmany database systems.
- Unfielded records ofvariable length whose structure is

determined andmanaged bythe application software.
- FML records ofvariable length whose physical layout is

unknown to the application software, butinstead is man­
agedbythe System ID database manager. This is the
samestructureusedinSystem /T. Fields inFML rec-

ordsare accessed through a set ofFML function calls.
Network Interface. Networking, inwhich applications

are distributed over a network ofprocessors, has become
anessential feature ofmany UNIX system applications.
Accordingly, the module reuse library includes a Network
Interface-a package ofsoftware with which a distributed
application cancommunicate easily andsecurely.

The Network Interface currently supports the
industry-standard transmission control protocol/internet
protocol (TCPIIP), with the Ethernet'" local-area network
(registered trademark ofXerox Corp.) at the lower levels
of the International Standards Organization's data commu­
nication model. It uses the CCITT's proposed international
standard XA09 and XAI0 message format as the network
data format. It presentsa high-level interface to the appli­
cation software, so that changes to application code are
unnecessary ifnetwork protocols change.

Because not all applications have the same net­
working needs, the Network Interface provides four
classes ofnetwork transactions: interactive (synchronous);
spooled (asynchronous); interactive, changing to spooled if
synchronous transmission facilities are notavailable; and
ordered interactive/spooled, inwhich the user gives a pre­
ferred orderof transmission that is followed even if
synchronous facilities are unavailable. In addition, the Net­
work Interface offers a "multicast" option bywhich an
application cansenda transaction to many destinations
with a single request.

The Network Interface has three subcomponents.
A Network Client sendsa transaction from anoriginating
host (client) to a receiving host. A Network Serverroutes
an incoming transaction to the appropriate service onthe
receiving host. A Network Spooler ensures asynchronous
transmission to a receiving host.

The Network Interface offers a distributed bulle­
tin board-an important extension to the Tuxedo System
IT bulletin board. With this feature, services onotherpro­
cessors in the network canbe accessed like locally offered
services. However, instead ofbeing routed to a serveron
the local host, a service requestis sent to the host'snet­
work client, which forwards the request to the appropriate
processor on the network.

Event/Error Logger. The Event/Error Logger is based
onthe Productivity Improvement System forManufactur-
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ing (PRISM) application. It provides a single point for
collecting, distributing, andlogging event/error messages
forcomponents of the application.

Three files-all outside application proc­
esses---define error and eventmessages. The files contain
short-, long- andextended-format versions ofeachmes­
sage. The bulletin board routes event/error messages from
the application processes to the logger.

The logger canhandle messages from multiple,
concurrent processes anddistribute themto multiple desti­
nations, including remote machines. The application
completely controls the destination ofeachmessage.

In addition to logging anddistributing, the Event/
Error Logger lets users browse through its messages.
Users canask to see messages that are logged ina data­
base through an SQL interface.

Productivity Potential. Each reusable component
potentially canfurnish considerable improvements inpro­
ductivity. With the help ofcomponent specifications,
systems engineers canstate the functionality ofcommon
elements ofan application more precisely and developers
canfind implementations that meet the requirements. In a
typical application, the database, user interface, network
interface, andevent/error logging requirements are likely
to be satisfied byreusable components or bynatural exten­
sions of them. Developers save effort inboth developing
andtesting components.

Reusable modules have already been applied to
two projects that, although of modest size, illustrate the
benefits of reuse. For bothprojects, designers adopted
the bulletin board, curses/terminfo interface, and
SQL; they did not use the X.409 interface because they
either had to meet existing interfaces or did not need
networking. In both cases, they adopted the Tuxedo Sys­
tem ill database and PRISM event/error handler. They
chose different user interfaces-a library component for
one project and, to satisfy local needs, a nonlibrary com­
ponent for the other.

Both projects werecompleted withabout half the
staffeffort that would have beenneeded without reuse.
Thissavings estimate is based onthe original development
cost ofa reusedcomponent, if known, andonthe sizeofa
component ifdevelopment cost is unknown.
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In bothprojects, the developers decided to adhere
to their original schedules instead ofthe shortened lead
timethat reuse would allow. Theytherefore were able to
build added functionality into the first release oftheir
software.

Looking Forward
Asmodule reusematures, new components, and

enhancements to existing ones, will be added to the library
ofmodules. For example, user interfaces forgraphics and
additional database managers will be needed. Further­
more, new components will be required forapplications
that are not transaction-oriented.

References
1. T.J. Dwyer, "TUXEDOTM Transaction Processing for3B Com­

puters," AT&TTechnology, Vol. 3, No.1, 1988, pp. 40-45.
2. American National Standards Institute,American National Stan­

dard for Information Systems Database Language-SQL, ANSI
X.3.135-1986.

3. International Telegraph andTelephone Consultative Committee
(CCITT), VIIIth PlenaryAssembly, Document 66, StudyGroup
VII, Report R38.

4. S. M. Huff et aI., "AMedical DataDictionary forDecision Sup­
port Applications," Proceedings ofthe Eleventh AnnualSymposium
onComputerApplications inMedical Care, November 1987,
IEEE Computer Society Press, New York.

Biographies (continued)
Ohio State University. He joined AT&T in 196Z Thomas E.
Buonanno is supervisor of the Reuse Technology Group in the
Software Architecture Department at Bell Laboratories in lib­
erty Corner, New Jersey. His group focuses on ways in which
software reuse can improve productivity and quality in soft­
ware applications. He has a B.S. in mathematics from the
University of Rhode Island and an M.S. in industrial engineer­
ing/operations research from Columbia University. He joined
AT&T in 1979.

(Manuscript receivedApril26, 1988)


