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Abstract

The MITRE Corporation's Center for Advanced Aviation System Development (CAASD)

is addressing the issue of institutionalizing reuse within the corporation. Implementation of a

distributed, heterogeneous asset library has been recognized as a critical step in achieving the

vision of institutionalized information reuse. Recent advances in the �eld of network information

discovery and retrieval technology have led to the CAASD development of a reuse library mech-

anism, at minimal cost, using widely available Internet resources. This position paper supports

the use of Internet resource discovery tools as cost-e�ective building blocks for implementing

distributed, heterogeneous asset libraries.

Keywords: library, architecture, interoperability, standards, full-text indexing, network infor-

mation discovery and retrieval, Internet Gopher, WAIS

WorkshopGoals: learning; sharing CAASD reuse initiative results; advocating the importance

of standards for implementing interoperable libraries.

Working Groups: tools and environments, education, reuse management, organization and

economics.
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1 Background

In November 1992 CAASD started an initiative to support and promote software and informa-

tion reuse within the center. The CAASD Resource Discovery System is a network information

discovery and retrieval system built from Internet resource discovery tools and implemented as a

client-server computing model. The system supports an asset library that is implemented across

distributed, heterogeneous computer platforms. Client software is available on a wide variety of

computer platforms, including VT220s, IBM PCs, Macintoshes, NeXT workstations, UNIX work-

stations, and X Window terminals. Server software is available for UNIX platforms. Client-server

communication occurs over a network using TCP/IP. The major Internet resource discovery tools

used in implementing the CAASD Resource Discovery System are the Internet Gopher and Wide

Area Information Servers (WAIS). Descriptions of these tools and how they are used within the

CAASD Resource Discovery System are presented below. The CAASD Resource Discovery System

has been available for on-line access since January 1993, and has since received wide support at all

levels in the corporation.

2 Position

Implementation of an on-line asset library was viewed as a crucial step in institutionalizing reuse

within CAASD. The library mechanism had to be low cost, easy to set up and maintain, accessible

from the wide variety of computer platforms used by CAASD sta�, and it had to meet the require-

ments for an asset library mechanism. Speci�cally, the asset library had to allow for the automated

search and retrieval of on-line information in the form of text documents, images, software, and

pointers to sources of more information (meta-assets) with minimal barriers between CAASD sta�

and the desired information.

The CAASD Reuse Team informally reviewed a number of asset library mechanisms. None �t the

set of candidate requirements. The search was expanded. The two main tools that were evaluated

and eventually used to build the CAASD asset library were the Internet Gopher and Wide Area

Information Servers (WAIS). Given the recent advances in network information discovery and

retrieval technology, this class of tools seemed to lend themselves to the solution of the problem.

The Internet Gopher client/server provides a distributed information delivery system around which

a campus-wide information system (CWIS) can be readily constructed. While providing a delivery

vehicle for local information, Gopher also facilitates access to other Gopher and information servers

throughout the world. [1]

WAIS is a networked information retrieval system that uses TCP/IP to connect client applications

to information servers. Client applications request documents using user-supplied keywords and

are able to retrieve text or multimedia documents stored on the servers. Servers search the full

text index for the documents and return a list of documents containing the keywords. The client

may then request the server to send a copy of any of the documents found. [2]

Gopher allows a user to browse for assets using a menu structure. If a user wants to access an item,

Gopher will \go fer" it and, if possible, \show" it to the user. Di�erent Gopher clients have varying

levels of capability with respect to \showing" assets to the user. All clients can display ASCII

text documents. Other document types which the Gopher protocol de�nes, and which may or may

not be supported by the speci�c client software for a computer platform, are sounds, bit-mapped

images, and multimedia documents. If desired, the user may save the document on the local disk
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drive, print the document on a local printer, or mail the document to an email address. Gopher

can connect to other asset library systems via the Gopher protocol, TELNET protocol (VT100 or

TN3270 emulation), or anonymous ftp. Gopher also has interfaces to several information servers,

including Archie servers, CSO name servers (a class of electronic phone books), and WAIS servers.

Archie is a system which allows searching indexes of �les available on anonymous ftp servers on

the Internet [3]. CSO name servers allow users to access certain electronic phone books. The

Gopher-WAIS interface allows the user to specify keywords to be used for a WAIS search. The

results of the WAIS search are presented to the Gopher user as a custom directory. Items in the

directory are assets which match the search criteria. In addition, WAIS uses a complex scoring

algorithm for the assets and presents the assets in sorted order, based upon the score of each asset.

This feature saves the user e�ort by automating the process of determining which assets are most

relevant, based on the user's search criteria.

The implementation of the CAASD Resource Discovery System consists of an Internet Gopher

server and a WAIS server running on a UNIX workstation. Gopher client software is available for

UNIX workstations (X Window and character based), Macintoshes, IBM PCs (DOS, Windows, and

OS/2), and NeXT workstations. Dumb terminals (for example, VT220s) may access the system by

logging into a special account and running a \secure mode", character-based Gopher client. The

CAASD Resource Discovery System has links to other Internet Gopher servers maintained within

MITRE, telnet links to the MITRE on-line library catalogs, and links to anonymous ftp sites within

MITRE.

The CAASD Resource Discovery System acts as a library mechanism for many di�erent types of

assets available for reuse by CAASD sta�. Asset types include technical reports, letters, memos,

brie�ngs, meeting minutes, numerous databases, and software. All of these asset types are searched,

browsed, and retrieved using the common mechanisms provided by the CAASD Resource Discovery

System.

A number of tasks have been accomplished to assist CAASD sta� to utilize the CAASD Resource

Discovery System for the purpose of software reuse. Software description templates have been

designed and distributed to CAASD sta�. These templates are used to capture information about

software developed within MITRE as well as information about software that was developed ex-

ternally from MITRE, but used within MITRE. When the templates are �lled in, these software

descriptions are collected, indexed, and made available through the CAASD Resource Discovery

System. In addition, catalogs and information about external software repositories, such as ASSET,

AdaNET, and the NETLIB server at research.att.com, have been reformatted, indexed, and made

available through the CAASD Resource Discovery System. Both of these e�orts provide a means

for searching through collections of descriptions of software assets available for reuse to CAASD

sta�. The software descriptions also provide information on how to retrieve the software assets.

Finally, using the anonymous ftp facility available within the CAASD Resource Discovery System,

a large number of software assets have been made available for direct retrieval by CAASD sta�.

The CAASD Reuse Team is currently evaluating the use of enhancements to both Gopher and

WAIS as well as the use of World-Wide Web (WWW) technology. Gopher enhancements include

serving documents in multiple types (for example, Microsoft Word, PostScript, and ASCII text).

WAIS enhancements include the use of boolean operators, partial keywords, and literal phrases in

WAIS index searches. WWW technology merges hypertext and network information discovery and

retrieval technologies in a very powerful paradigm.

All of the technology and software used to build the CAASD Resource Discovery System is freely

available from the Internet community. Many information resources related to these technologies
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are also available in the form of network news groups and mailing lists. For more information,

please consult the following sources.

The Internet Gopher. Software is available via anonymous ftp to boombox.micro.umn.edu in

directory /pub/gopher.

Network news is discussed in comp.infosystems.gopher.

WAIS. Software is available via anonymous ftp to ftp.cnidr.org in directory /pub/NIDR.tools.

Network news is discussed in comp.infosystems.wais.

WWW. Software is available via anonymous ftp to ftp.ncsa.uiuc.edu in directory /Mosaic.

Network news is discussed in comp.infosystems.www.

3 Comparison

An asset library mechanism must make available a set of services for both the library sta� and the

users of the library. Both the North Atlantic Treaty Organization (NATO) and the United States

(U.S.) Department of Defense (DoD) have put together documents specifying the recommended

services to be provided by asset library mechanisms. This section presents the recommended

services and discusses how the CAASD Resource Discovery System performs these services.

3.1 NATO

NATO has issued a three volume set of standards to address the issue of software reuse.

Volume 1 - The Standard for the Development of Reusable Software Components is designed to

provide guidance in the creation of software products with maximum potential for software reuse.

Volume 2 - The Standard for Management of a Reusable Software Component (RSC) Library pro-

vides guidance in the establishment and operation of a NATO-controlled resource to support the

reuse of software life-cycle products in NATO contracts. This volume also includes a section on

library tool management that discusses tool requirements of both the library sta� and the library

user. [4]

Volume 3 - The Standard for Software Reuse Procedures is designed to provide guidance for software

project teams who wish to practice reuse by making signi�cant use of reusable software components

available in the NATO Reuse Library.

3.1.1 Library Sta� Tool Requirements

Support the cataloguing of RSCs. WAIS provides a mechanism to perform full-text indexing

on asset descriptions and keyword searching on these asset descriptions. Each asset description

exists as an individual �le, and these �les may be bulk-loaded into the library system. Gopher

provides a mechanism to allow a hierarchy of libraries to be created so that domain-speci�c

assets may be classi�ed as such.
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Support the maintenance of the classi�cation mechanism. A classi�cation system is not

formally used. Instead, the full-text searching mechanism of WAIS is utilized.

Generate transaction and status reports. Both Gopher and WAIS maintain logs of accesses

and queries. These logs may be processed to determine asset and user statistics.

Support con�guration management of the RSCs and of the classi�cation vocabulary.

Gopher and WAIS do not directly address the issue of con�guration management. The Go-

pher server administrator is responsible for con�guration management of the RSCs.

Support problem-report tracking. Gopher and WAIS do not directly address the issue of

problem-report tracking. Problem reports are tracked by library sta�.

Support user and project tracking. Gopher and WAIS do not directly address the issue of

user and project tracking, except by the logging mechanism. Tracking of users and projects

is performed by library sta�.

Include adequate tool documentation. Gopher allows for the inclusion of help �les that a user

may browse in the same directory as the search items and other tools.

3.1.2 Library User Tool Requirements

Provide reusers an e�ective RSC search and retrieval system. Gopher and WAIS provide

an excellent search and retrieval system accessible from a wide variety of computer platforms.

The response to a keyword search will be a custom directory showing asset titles which match

the search parameters. If a title is selected, the full text of the asset description will be made

available to the user.

Furnish documentation explaining the features and use of the tools. As mentioned above,

Gopher allows documentation to be provided on-line in help �les, where desired. The library

sta� also provide paper copies of documentation to users.

3.2 U.S. DoD

Another document which identi�es and categorizes a set of asset library services is the Asset Library

Open Architecture Framework (ALOAF) - Version 1.2, developed under the Software Technology

for Adaptable, Reliable Systems (STARS) program [5]. Sponsored by the U.S. Defense Advanced

Research Projects Agency (DARPA), the STARS program is supported by the military services,

SEI, and MITRE, with the U.S. Air Force as the executive contracting agent. The STARS Asset

Library Framework (ALF) Service Model de�nes the categories of services that individual library

frameworks make available.

The ALF service categories and how each is addressed by the tools used in the CAASD Resource

Discovery System are discussed below.

Session Services. The Gopher protocol manages connections to the asset library, provides other

connection services through FTP and TELNET protocols, and logs accesses to the asset

library.
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Library Management Services. Gopher provides services for managing and manipulating an

asset library. The asset library maps into a UNIX �le hierarchy, with provisions for providing

symbolic names to the �les.

Data Model Services. Gopher and WAIS do not directly address data model services. Data

models are managed and maintained by library sta�.

Asset description services. Asset descriptions are managed and manipulated outside of the

Gopher and WAIS tools.

Query Services. Gopher and WAIS provide a keyword query service on the full text of asset

descriptions. Results are returned and are sorted by asset relevance as determined by the

WAIS scoring algorithms.

Asset Processing Services. Asset processing varies on a case-by-case basis. Some assets may

be available through the anonymous ftp mechanism available through Gopher. Other assets

may require contacting the internal point of contact mentioned in the asset description.

Metrics Services. Gopher and WAIS provide logging mechanisms to allow asset library admin-

istrators to collect statistics on library usage and asset usage, as well as unsuccessful library

queries.

Access Control Services. Gopher and WAIS provide access control on a machine-by-machine

basis. User level authentication has been prototyped but is not a part of the standard Gopher

software distribution. Currently, sensitive information is not made available through the

CAASD Resource Discovery System.
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