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Executive Summary

The National Aeronautics and Space Act of 1958 directs NASA to “provide for the widest practicable and appropri-
ate dissemination of information concerning its activities and the results thereof.” The recent proliferation of Internet
access and widespread information distribution capability allows NASA to more effectively meet this directive. To this
end, the Electronic Dissemination of Technical Reports (EDTR) working group was formed by the Office of the Chief
Scientist at Langley Research Center in September 1993. The EDTR working group was chartered to establish the
capability of electronically disseminating NASA Langley's technical reports to the U.S. aerospace industry.

External Survey

During September 1993, the EDTR working group and employees from the Langley Scientific and Technical Infor-
mation Division (STID) visited a representative sample of aerospace companies to ascertain their evaluation of NASA
STI services and products and, in particular, their reaction to the possibility of electronic dissemination of Langley
reports. This group met not only with the library staff but also with the research and engineering staff of each company.
The five companies visited were Boeing Aerospace Company, McDonnell Douglas, United Technologies, Texas Instru-
ments, and Bell Helicopter. A conference meeting was also attended by representatives from seven additional companies
and two universities in southern California. After evaluating the information obtained during these visits, the working
group identified a number of factors for establishing the EDTR system requirements:

1. Because of the reliance of industry researchers on their libraries, the industry library represents a viable target for
(and customer of) electronic dissemination.

2. Because of the lack of Internet access by aerospace industry researchers, passively publishing Langley reports on the
Internet is insufficient; more proactive approaches are also required, such as electronic current awareness
announcements.

3. Because Internet access is increasing and libraries are beginning to deliver electronic products to their customers,
interest among industry researchers in on-line products is expected to increase.

4. Because industry systems and network environments differ from Langley's, the EDTR system should not be modeled
according to the Langley environment.

5. Any proposed EDTR system must significantly exceed the current capabilities of traditional NASA STI products and
services, which typically do not sufficiently reach industry.

6. Electronic access and delivery of Langley reports must include basic printing and searching capabilities.
7. Timeliness must be exploited in the electronic dissemination process.

8. When possible, data files should be included or linked to the electronic report.

Internal Survey

A desired characteristic of any electronic dissemination system is that it be capable of handling documents in the
form in which they are produced, that is, without additional staffing requirements for document conversion. An infor-
mal survey was therefore performed to determine the standard word processing and graphics packages used by Langley
researchers in the preparation of documents for publication. Surveys were sent to researchers in four directorates to
identify first the degree to which documents were being prepared electronically and second the principal software
packages used. Researchers were also asked about the method used to include graphics and photographs in their
documents.

Most reports are already being generated (at least in part) electronically. If an appropriate electronic distribution
system is identified, electronic posting of most technical documents may be a realizable near-term goal. However, no
standard software package exists at Langley for either word processing or graphics, and manually pasting figures into
documents is still prevalent. In addition to differences in software utilization, no standard platform exists for producing
the documents. The EDTR group decided that it is neither appropriate nor cost-effective to define a standard set of soft-
ware and compel all researchers to conform. Rather, a common output format, such as Adobe PostScript, should be
sought from among the set of software; the electronic dissemination system would then only need to handle the single
common output format.

System Selection

Seven electronic information systems in the Washington, D.C., area were investigated to gain an understanding of
the available technologies and approaches used by other national agencies and corporations. This information was used



to formulate a strategy for the development of the EDTR system. Three approaches are used to develop electronic infor-
mation dissemination systems: (1) custom development, (2) commercial off-the-shelf software, and (3) public domain
software. Custom development involves the internal staff developing the system, writing the custom code, and integrat-
ing the system. This approach for the EDTR system was considered too costly and not necessary. Most systems are
developed with the various commercial off-the-shelf software packages. This approach is cost-effective in terms of the
development, integration, and maintenance and also provides optimal functionality. For wide area network access, the
site licensing of client software can be costly, but the vendors are willing to negotiate on a case-by-case basis. This
approach was seriously considered and evaluated for the EDTR system. Public domain software for information deliv-
ery and retrieval over the Internet has proliferated and is widely use by those connected to the Internct. Overall, this
approach can be cost-effective for wide access by various clients, but it may be expensive when customization and
integration are required to enhance functionality. This approach was selected by the working group for the EDTR
system.

Langley Technical Report Server

The Langley Technical Report Server (LTRS), an experimental proof-of-concept system based on World Wide Web
(WWW) and Wide Area Information Server (WAIS) protocols, was in operation at the time. WWW and WAIS allow a
simple model for indexing and distributing technical reports. The abstracts are indexed with WAIS, and each abstract
contains a pointer to the report, which may or may not reside on the same computer as the indexed abstracts. Currently
most reports are stored in PostScript format, a de facto standard used for output to printers. Supplying reports in Post-
Script format provides most users with the ability to download and print. The potential report user can browse the list of
abstracts or search the abstracts for key words (such as subject terms, author names, report numbers). When a report of
interest is identified, the author can choose the title in the abstract list and the report is downloaded to the user’s
workstation for viewing or printing. LTRS currently provides access to over 300 reports. During the first 18 months of
operation, this server has delivered over 11,000 copies of these reports.

At Langley 33 volunteers from technical and nontechnical fields evaluated LTRS on three platforms (Macintosh,
UNIX, and PC). Most volunteers thought the LTRS home page was clear and easy to understand. Most were satisfied
with the searching capability, wanted to be able to search the full text of the report, and valued the browsing capability.
Although they wanted to view the abstract before the full text, they liked being able to go directly to the full text of the
report. For the most part, they judged the system to be valuable, even though a limited number of reports arc currently
available. Overall, they believed that the major strength of LTRS is that it allows researchers to access and secarch
Langley publications from their desktop. The volunteers wanted more reports available and wanted missing figures and
photographs included to complete the reports. They complained of inconsistent viewing capability. Other problems
seemed to result primarily from limitations of the platform rather than LTRS (i.e., speed, memory, and disk space).

Approximately 175 U.S. companies have accessed LTRS. In addition to numerous computer and software com-
panies, 16 aerospace companies and many nonaerospace companies who are candidates for dual use of NASA's aero-
space technology have used the LTRS system. Also over 200 universities and government agencies have accessed
LTRS. Although LTRS has not made great penetration into the aerospace community, it has demonstrated the capability
of disseminating Langley technical reports to the aerospace industry.

Recommendations

Management support and guidance are essential to the success of any electronic distribution system. Thus, the
EDTR working group proposed a policy statement that provides guidelines for distribution and storage as well as a
framework for managing the electronic distribution system. (See appendix A.) Although it has not been adopted by
Langley management, the policy statement has been reviewed for adherence to copyright law and generally conforms to
NASA STI publication policy. The EDTR working group recommends a framework for managing the EDTR system
based on establishment of a committee to (1) establish electronic publication standards, (2) monitor adherence to poli-
cies, (3) maintain structure of the EDTR system, (4) ensure reliability of the system, (5) plan for the future, and
(6) promote the use of the EDTR system, particularly among aerospace industry.

The EDTR working group recommends that the proposed policy statement be reviewed and implemented to move
EDTR from a proof of concept to an important strategic direction for the Langley STI Program. Also, the open, unre-
stricted EDTR system must be extended to restricted information to provide a secure way of quickly disseminating our
commercially valuable information to NASA's domestic customers. However, a restricted system will entail investment
in labor to qualify users and investment in systems to manage the risk of restricted information on-line. Finally the eval-
uation of LTRS by Langley users clearly indicated areas for improving functionality. A high priority should be enlarging
the collection to include most unrestricted technical documents originating from Langley.
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Introduction

The National Aeronautics and Space Act of 1958
gives NASA the following directive for disseminating
information: "The aeronautical and space activities of
the United States shall be conducted so as to
contribute . . . to the expansion of human knowledge of
phenomena in the atmosphere and space. The Adminis-
tration shall provide for the widest practicable and appro-
priate dissemination of information concerning its
activities and the results thereof." The recent prolifera-
tion of Internet access and widespread information distri-
bution capability allows NASA to more effectively meet
this directive. To this end, the Electronic Dissemination
of Technical Reports (EDTR) working group was formed
by the Office of the Chief Scientist at Langley Research
Center in September 1993. The EDTR working group
was chartered to establish the capability of electronically
disseminating NASA Langley's technical reports to the
U.S. aerospace industry.

To accomplish this objective, the working group
determined external customer (user) requirements, sur-
veyed technology status, developed a vision for elec-
tronic dissemination, determined internal customer
(Langley researchers) requirements and capabilities, and
defined and implemented a system for electronic dis-
semination. The primary focus of this working group
was the aerospace industry. Based upon the information
gathered from external sources and from within Langley,
basic and preferred requirements that described a desired
report distribution method were derived. Two
approaches were considered for developing a system to
meet these requirements: (1) use of commercial off-the-
shelf software and (2) use of public domain software
based on the World Wide Web (WWW) protocols
(ref. 1). After evaluating the two approaches in light of
the stated requirements, the WWW approach was
selected by the group. The Langley Technical Report
Server (LTRS), an experimental report distribution sys-
tem based on WWW protocols (ref. 2), was in operation
at the time.

After LTRS was selected as the primary electronic
distribution system, an evaluation was held at Langley to
determine how to improve the functionality of the LTRS
system. This report documents the findings of the EDTR
committee, including customer surveys, system analysis
and selection process, current system design, LTRS sys-
tem evaluation, recommended policy statement, and sug-
gestions for future implementations. Appendix A con-
tains the recommended policy statement, appendix B
contains LTRS usage statistics, and appendix C contains
the LTRS instructions that were used during the
evaluations.

External Survey of Industry Electronic
Dissemination Usage

During September 1993, the EDTR working group
and employees from the Langley Scientific and Techni-
cal Information Division (STID) visited a representative
sample of aerospace companies to ascertain their evalua-
tion of NASA scientific and technical information (STT)
services and products and, in particular, their reaction to
the possibility of electronic dissemination of Langley
reports. This group met not only with the library staff
but also with the research and engineering staff of each
company. The companies visited were Boeing Aero-
space Company, McDonnell Douglas, United Technolo-
gies, Texas Instruments, Loral Vought, Bell Helicopter,
and Lockheed Corporation. A conference meeting was
also attended by representatives from seven additional
companies and two universities in southern California.

Among these companies, library and information
services vary from centralized library systems, to several
decentralized libraries, to minimal services. In most
companies, researchers rely on libraries for searches, cur-
rent awareness, and document acquisition and delivery.
Many libraries provide electronic services, such as on-
line catalogs, technical experts directories, and CD-ROM
databases.

In general, aerospace companies are wary of Internet
security and therefore provide electronic mail access
only, restricted Internet access through a firewall, or no
Internet access at all. However, Internet access is
increasing. Company systems and network environ-
ments resemble Langley's in that multiplatform is the
norm. Their systems and network environments differ
from Langley's in that Macintosh is not as prevalent,
IBM-compatible personal computers (PC's) are much
more prevalent, and networks and electronic mail are
more heterogeneous and may not be connected to the
Internet.

The aerospace companies with viable libraries use a
wide range of NASA STI products and services, includ-
ing subscriptions to NASA reports, current awareness
products, and NASA's aerospace database, RECON. The
publication Tech Briefs was often mentioned. The com-
panies generally considered NASA and NACA docu-
ments very valuable resources. However, many of these
companies complained about NASA STI products
(RECON) and used commercial replacements when
available (Dialog and AIAA Aerospace Database). The
nonaerospace company and the company with a minimal
library had difficulty finding NASA documents and were
generally unaware of NASA STI products. In addition,
nearly no one understood or was concerned about
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Table 1. EDTR System Considerations Inferred from Aerospace Industry Visits

Because of the reliance of industry researchers on their libraries, the industry library represents a viable target
for (and customer of) electronic dissemination.

Because of the lack of Internet access by industry researchers, passively publishing Langley reports on the
Internet is insufficient; more proactive approaches are also required, such as electronic current awareness
announcements.

Because Internet access is increasing and libraries are beginning to deliver electronic products to their
customers, interest among industry researchers in on-line products is expected to increase.

Because industry systems and network environments differ from Langley's, the EDTR system should not be
modeled according to the Langley environment.

Any proposed EDTR system must significantly exceed the current capabilities of traditional NASA STI
products and services, which typically do not sufficiently reach industry, particularly nonaerospace
companies.

Electronic access and delivery of Langley reports must include as a minimum basic printing and searching
capabilities.

Timeliness must be exploited in the electronic dissemination process.

8. When possible, data files should be included or linked to the electronic report.

distinctions among the NASA report series (i.e., TP’s,
TM’s, etc.).

Many companies recommended improvements to
NASA STI products and services such as RECON and
the Center for Aerospace Information (CASI), which is
under the auspices of NASA Headquarters. Companies
recommended several new products, such as electronic
current awareness, technical experts locator, mono-
graphs, and state-of-the-art reviews. They also recom-
mended enhancements to our traditional reports, such as
more informative abstracts and summaries.

The companies felt that NASA reports are not pub-
lished and distributed quickly enough. Thus, electronic
access to Langley reports is of interest to these compa-
nies provided that they can print a hard copy. They also
wanted robust searching not only of bibliographic cita-
tions but also of full text of a large repository of docu-
ments, and they wanted direct electronic access to the
data discussed in NASA reports.

After evaluating the information obtained during the
industry visits, the working group identified a number of
factors for establishing the EDTR system requirements.
These system requirements are summarized in table 1.

Internal Survey of Langley Document Prepa-
ration Methods

A desired characteristic of any electronic dissemina-
tion system is that it be capable of handling documents in
the form in which they are produced, that is, without doc-
ument conversion. The EDTR working group therefore
performed an informal survey to determine the word pro-
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cessing and graphics packages used by Langley research-
ers in the preparation of documents for publication.
Surveys were sent to researchers in four directorates to
identify first the degree to which documents were being
prepared electronically and second the principal software
packages used. Researchers were also asked about the
method used to include graphics and photographs in their
documents. For expediency, the surveys were distributed
via electronic mail. Surveys were also sent to branch
secretaries so that researchers who do not use electronic
mail could have the opportunity to respond.

Over 250 researchers from four directorates
responded. Many researchers also provided detailed
commentary on the report generation process along with
suggestions for process improvement. Because this was
an informal poll, no attempt was made to aggregate the
responses weighted by directorate size; the results are
presented as a proportion of those who chose to respond.
Trends resulting from that survey are presented in
figures 1 to 4.

The first important observation from the survey
results is that most reports are already being generated (at
least in part) electronically. Even when handwritten
manuscripts are delivered to secretaries for typing
(relatively rare among the respondents), the secretaries
prepare the documents electronically. Thus, if an appro-
priate electronic dissemination system is identified, elec-
tronic posting of reports may be a realizable near-term
goal.

Authors need only be convinced of the desirability of
using the skills they already possess or using avail-
able publication support services to provide reports in a
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completely electronic format. Because many journals
have already imposed such a requirement, the learning
curve for the complete production of electronic
documents should be short.

The second important observation from the survey is
that no standard software package exists for either word
processing (fig. 1) or graphics (fig. 2). A large fraction
of respondents use individually preferred packages, par-
ticularly for graphics. Figure 3 shows that manually
pasting figures into documents is still prevalent, espe-
cially in the Aeronautics directorate, where researchers
commonly paste up photographs in documents. In addi-
tion to differences in software utilization, no standard
platform exists for producing the documents (fig. 4).
Respondents were almost evenly split between UNIX
workstations and desktop personal computers.

Researchers at Langley have diverse requirements
for appropriately publishing their findings. The EDTR
group decided that it is neither appropriate nor cost-
effective to define a standard set of software and compel
all researchers to conform. Rather, a common output for-
mat such as Adobe PostScript should be sought from
among the set of software; the electronic dissemination
system would then only need to handle the single com-
mon output format. The disadvantage of standardizing
on output format is that this format might limit the func-
tionality of the system, such as full-text searching and
hypertext.

System Capabilities

The EDTR working group used the information from
the preliminary meetings with industry and the survey of
NASA Langley researchers to compile a set of basic and
preferred requirements for the electronic dissemination
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Table 2. Basic System Requirements

2. Accessible on a TCP/IP Network.

1. Compatible with multiple platforms with graphical capability.

3. - | Able to download, view, and print documents and parts of documents including graphics with reasonable
speed.

4. Able to perform interactive searching of bibliographic citation.

5. Able to view files with sufficient functionality to determine relevance before downloading (e.g., scrolling,
zooming, rotating, go to pages).

6. Easy to use and not require users to be familiar with complex search systems or computer software and
hardware integration. _

17. Accommodate delivery of a large repository of documents, including scanned documents as$ well as

electronic documents from various text formatting systems. '

8. Accessible to people working within a restricted access (firewall) system.

9. Offer minimal cost and labor for NASA and customer implementation, maintenance, and growth of system.

Table 3. Preferred System Requirements

1. Ability to mark text with users' annotations and bookmarks.

2. Ability to cut and paste text and graphics.

3. Allow an optional full-text searching of selected documents.

4. Ability to navigate through document with hypertext and to create links between documents and files.

5. Accommodate various information formats including nonprint information such as numeric data files,
photographs, video, audio.

6. Ability to access databases resulting from other electronic publishing projects.

7. Flexible enough to allow database to be included in future electronic publishing projects.

8. Accommodate regular announcements containing abstracts of newly released papers grouped by subject or
RTOP category

9. Accommodate access to and transfer of sensitive information.

10. | Inclusion of a technology locator that identifies responsible offices and principal researchers.

11. | Compatible with nongraphical platforms.

system. These requirements are presented in tables 2 and
3, respectively. The EDTR working group deemed the
basic requirements to be necessary for a viable EDTR
system. The preferred requirements are important but
not necessary. '

System Selection Process

The system selection process consisted of surveying
existing information dissemination systems, evaluating
two approaches against the basic and preferred require-
ments, and deciding which approach would be:better for
the electronic dissemination of techmcal reports to the
aerospace industry.

Seven electronic information systems- ‘in the
Washington, D.C., area were investigated to.gain an
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understanding of the available technologies and
approaches used by other national agencies and corpora-
tions. This information was used to formulate a strategy
for the development of the EDTR system. Systems at the
following institutions were investigated:

* National Library of Medicine

* Naval Research Laboratory

¢ Kestrel

* Bell Atlantic Corp.

* Symbiont

* NASA Goddard Space Flight Center
* NASA Headquarters/Info Dynamics



System Development Approaches

Three major approaches are used to develop elec-
tronic information dissemination systems. These
approaches are (1) custom development, (2) commercial
off-the-shelf software, and (3) public domain software.

Custom development involves the internal staff
developing the system, writing the custom code, and
integrating the system. This approach was used for all
systems at the National Library of Medicine. In general,
this approach is expensive and is used when a specific
application cannot be developed with existing software.
In other words, the application may require so many
modifications to the existing software that it is not worth
the effort, or it may be virtually impossible to adapt a
commercial product to work with an existing internal
system. At the National Library of Medicine, this
approach seems to be used because they have a 30-year-
old MEDLINE system, permanent resources allocated to
develop all necessary internal systems, and a philosophy
that their needs are unique and will always require them
to develop their own systems. This approach for the
EDTR system was considered too costly and not
necessary.

Most systems are developed with various commer-
cial off-the-shelf software packages. The Projects Direc-
torate at the NASA Goddard Space Flight Center, NASA
Headquarters, the Naval Research Laboratory Library,
and Bell Atlantic Information Systems have used this
approach. Of all the systems that were investigated, the
most successful ones in terms of meeting the original
objectives used this approach. This approach is cost-
effective in terms of the development, integration, and
maintenance and also provides optimal functionality. For
wide area network access, the site licensing of client soft-
ware can be costly, but the vendors are willing to negoti-
ate on a case-by-case basis. This approach was seriously
considered and evaluated for the EDTR system.

Public domain software for information delivery and
retrieval over the Internet have proliferated and are
widely used by those connected to the Internet. The
Astrophysics Data Facility at the NASA Goddard Space
Center developed a prototype system with this approach.
This specific implementation did not seem to achieve its
intended objectives. The reason seemed to be inexperi-
ence with selection and integration of the various hard-
ware and software pieces. The EDTR working group
realized that this prototype was not a good implementa-
tion and integration of public domain software. Overall,
this approach can be effective for wide access by various
clients, but it may become expensive when customiza-
tion and integration are required to enhance functional-

ity. This approach was also seriously considered and
evaluated for the EDTR system.

Existing Langley Prototypes

Two efforts were in progress at Langley in the arca
of electronic dissemination of technical reports: LTRS
and FEDS. The LTRS project sponsored by the Informa-
tion Systems Division and STID is based on the WWW
protocols and NCSA Mosaic, a public domain WWW
browser (ref. 3). The LTRS project was started as a
proof-of-concept service in late 1992 (ref. 4). The other
project, a prototype full-text electronic documents sys-
tem (FEDS), was sponsored by STID and was initiated as
a result of a grant from the Director's Discretionary Fund
awarded to the Technical Library in Scptember 1993,
This project proposes use of Interleaf Worldview and
commercial off-the-shelf software for the development
of the system. Although both projects shared the com-
mon goal of electronic dissemination and retrieval of
reports, their approaches, objectives, and developmental
cycles differed significantly.

The goal of FEDS was to build a system of full-text
NACA/NASA reports that exist in paper and clectronic
(TgX) format. Langley researchers would then have
desktop access to NACA/NASA reports from all clients
(PC, Macintosh, and UNIX) with excellent functionality,
an easy-to-use interface, full-text searching, hyperlinks,
manipulation, and printing. This project proposed a uni-
fied approach for providing access to all NASA reports
regardless of their format. It also proposed to integrate
full-text searching, viewing, and printing of reports with
their original ‘‘look and feel.”” The emphasis of this
project was providing desktop document delivery and
retrieval to the Langley community with a high level of
functionality. The prototype project was given a year for
development with a projected completion date of July
1994,

The goal of LTRS was to disseminate Langley tech-
nical reports to a wide audience on the Internet. The
report set was initially comprised of Langley formal
technical reports from recent years that were archived in
electronic (TgX) format (ref. 5). These reports . were
converted to Adobe PostScript format, but hypertext
reports have since been included and other formats can
easily be integrated. Based on WWW protocols, LTRS
offers access from numerous platforms, even nongraphi-
cal terminals, running WWW client software such as
NCSA Mosaic. LTRS offers browsing, searching of
bibliographic data and abstracts, full-text viewing, and
printing. The emphasis of this project was to quickly dis-
seminate Langley technical information to a wide audi-
ence through an Internet-based solution to information

7



NPT SV

delivery. LTRS has been in operation since January
1993. ' ‘

Selection of LTRS for EDTR System

The FEDS prototype project, based on commercial
off-the-shelf software, and the LTRS proof-of-concept,
based on WWW public domain protocols, offered the
EDTR working group the opportunity to explore two
approaches to decide which approach was more suitable
for the electronic dissemination of Langley's technical
information. At the time of the EDTR system selection,
the FEDS project was at the software selection stage
prior to system development, while LTRS was already
operational. . - Therefore, the EDTR working group
focused on the functionality and suitability of the soft-
ware. The group examined Interleaf Worldview and
NCSA Mosaic software to determine whether they were
fully compliant (FC), partially compliant (PC), or not
compliant (NC) with the basic and preferred require-
ments listed in tables 2 and 3. The results of this
evaluation are given in table 4.

Both NCSA Mosaic and Interleaf Worldview were
fully compliant with most of the basic requirements and
many of the preferred requirements. Thus, the working
group resorted to considerations other than the system
requirements in selecting a system approach. The WWW
public domain approach exemplified by LTRS was
selected for the following reasons:

1. System flexibility: LTRS is based on publicly doc-
umented open systems and standard protocols that
are an intrinsic part of the Internet functionality.

2. Wide dissemination:  LTRS is widely used
(appendix B) because of availability of public-
domain client software running on numerous plat-
forms, access to other NASA and non-NASA
information from a single WWW interface, and
demonstrated delivery of a wide variety of
information.

3. Cost: LTRS imposes no direct cost for software on
either NASA or its customers.

Although the commercial off-the-shelf approach had
the following advantages, they were believed to be less
significant to the charter of the EDTR system presented
in the Introduction.

1. Functionality: Commercial software generally pro-
vides greater functionality, such as user-friendly
search capabilities, full-text searching, hypertext
links between search results and text. '

Table 4. Evaluation of Interleaf and Mosaic

[FC, fully compliant; PC, partially compliant, NC, not compliant]

Requirement Interleaf NCSA
‘ Mosaic
Basic

1 FC FC
2 FC FC

3 FC FC
4 FC FC
5 FC ‘ PC
6 FC FC
7 FC FC
8 ' PC PC
9 NC FC

Preferred ‘

1 FC PC
2 FC PC
3 FC NC
4 FC PC
5 FC FC
6 PC FC
7 PC FC
8 FC FC
9 PC PC
10 PC ' PC
11 FC FC

2. Software integration: Commercial document deliv-
ery systems include fully integrated client software.

3. Access control: Users can usually be categorized
with most commercial systems to allow- varying
levels of access depending on sensitivity of
documents.

4. Large collections: Commerical systems have been
demonstrated on very large collections.



Evolution of LTRS

Pre-WWW LTRS

LTRS officially began serving reports on January
14, 1993 (ref. 4). The initial stage consisted of only one
server, an anonymous FTP (file transfer protocol) server
on techreports.larc.nasa.gov. The FIP server was
the historical model for distributing reports, program
codes, and other information on the Internet. Figure 5
shows the file system hierarchy for the FTP server. Ini-
tially, the reports that were available were formal techni-
cal reports in compressed PostScript format. Abstract
lists, which were available in ASCII format, could be
browsed or loaded into a text editor for searching.

root
bin dev etc pub usr
techreports
larc
91 92 93 nasa-larc-abs.src

| l | |

Technical reports and
abstract list for each year

WALIS database definition

Figure 5. Filc hierarchy of technical reports on server.

On February 10, 1993, a Wide Area Information
Server (WAIS) was added to LTRS, which allowed inter-
active searching of the abstracts. The FTP server and the
ASCII abstract lists were still available. However,
searching the abstracts and retrieving the reports were
not integrated into a single process.

Many gophers (menu-based systems for exploring
Internet resources) soon started to point to the FTP and
WAIS servers of LTRS, but before LTRS could be
implemented as a gopher server, the developers dis-
covered NCSA Mosaic and the WWW. The gopher
implementation was bypassed in favor of WWW.,

WWW Version of LTRS

The initial WWW version of LTRS began August
1993. This version consisted only of a WWW wrapper
around the existing FTP and WAIS servers. The integra-
tion of WWW made the separate services easier to use
and collected them into a single location for conve-
nience; however, it did not allow for the integration of
searching and retrieving.

The current WWW version of LTRS, described in
detail in reference 2, made its debut in October 1993.
(See fig. 6.) LTRS is now a collection of servers (Hyper-
Text Transfer Protocol (HTTP), FTP, and WAIS), which
are combined in a manner transparent to the user (fig. 7).
Only functionality choices are presented to the user
(search and browse) and the implementation details (FTP
and WAIS) are hidden. Perhaps most importantly, the
current version of LTRS integrates the search and
retrieve functions. Users can now search the citations and
abstracts of reports and then retrieve (view or save
locally) the report. Also, users can now retrieve the
reports directly by browsing abstract lists.

The increasingly seamless integration of new servers
does not obviate the previous servers. For example, many
users still access the technical reports via anonymous
FTP or through a gopher gateway that points to the FTP
server. The current version builds upon the prior work of
the LTRS project. Even when a user accesses LTRS
through WWW, a retrieval ultimately results in an anon-
ymous FTP access to techreports.larc.nasa.gov
for most of the reports. This orthogonal, building-block
approach ‘insures that older systems remain functional
even with rapid improvements in information servers.

Although accessing LTRS via the previous methods
is still possible, the