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Abstract: Earth science relies on software to prepare, distribute, access, manipulate and analyze data. Scientific
replication often requires reuse of the original software. Similarly, efficiently distributing, accessing or analyzing
scientific data often requires software reuse. Recognizing the value of software reuse, the Earth science software
development community has encouraged and fostered reuse within the community. The NASA Earth Science
Data Systems (ESDS) Software Reuse Working Group (WG) was established to support software reuse among
members of the community. The WG developed the software reuse portal to inform the community about reuse
issues and available resources and educate the community on improving software reuse practices. Requirements
for a Reuse Enablement System (RES) have been developed and are being used to implement a prototype system

to provide access to software for potential reuse. Reuse Readiness Levels are being developed to document
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criteria and improve capabilities for evaluating and selecting software for potential reuse.
Key words: software reuse community; scientific software; data management; Earth science; reuse

enablement; reuse readiness

1 Introduction

Scientific practices evolve over time, and like
other scientific communities, the Earth science com-—
munity relies on software to prepare, distribute, access,
manipulate and analyze data collected for scientific
investigations. The need to replicate scientific studies
for comparative and longitudinal analysis often requires
reuse of the original software that was used to prepare,
manipulate and analyze the data. Reuse of software
and related artifacts also offers potential opportunities
to improve software quality, maintainability and costs!".
Likewise, the distribution, access and analysis of
Earth science data could bene—fit from software reuse.
In recognition of the value of software reuse for
achieving its goals, the Earth science software de—
velopment community has engaged in several efforts
to encourage and foster reuse within the community.

As part of its efforts to assist the Earth science
community, the National Aeronautics and Space Ad-
ministration (NASA) created the Earth Science Data
Systems (ESDS) working groups to address the needs
of developing, operating, and maintaining large data
systems for Earth science research. The Software
Reuse Working Group (WG) focuses on addressing
the issues required to enable and facilitate the reuse
of software assets within the NASA Earth science

Bl The WG is involved in a number of

community
activities in various areas that are designed to en—
courage and enable reuse among the community of
Earth science software developers. These include
reuse implementation projects, support and enable—
ment activities, education and public outreach, pol-
icy change activities, and reuse incentive activities.
Section 2 provides an introduction to the NASA ES-

DS Software Reuse WG and its activities. Due to

space constraints, the rest of the paper focuses on
a few major activities for encouraging and enabling
reuse within the community the development and
maintenance of a software reuse portal web site
(Section 3), the recommendation for the creation of
a Reuse Enablement System (RES) and work towards
developing a prototype RES (Section 4), and the
development of a set of Reuse Readiness Levels
(RRLs) to measure the maturity of software in the
sense of reusability (Section 5). Section 6 concludes
with a summary of these and other activities, and gives
a brief description of planned future work that will
continue to encourage and enable software reuse among

the community of Earth science software developers.

2 Background of the Working Group
NASA’s ESDS Software Reuse WG began in
2004 as an outgrowth of the Strategic Evolution of
NASA’s Earth Science Enterprise (ESE) Data Sys—
tems (SEEDS) formulation process¥. The purpose of
the group is to facilitate reuse of software assets
within the NASA Earth science community. Member—
ship is limited to NASA—funded projects and investi—
gators, though there have been many contributions
from the general Earth science community. For over
three years, the WG has been working to establish
a “marketplace” for reusable Earth science software
artifacts. A key way of enabling this marketplace is
to increase the supply and availability of reusable
assets. Also, by demonstrating the feasibility and value
of reuse, the WG has worked to increase the com-—
munity capacity and desire for reuse. The WG inter—
acts remotely monthly and at least once a year face—
to—face. A core support team that includes full-time

support staff plays a key role in keeping the WG
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moving forward, providing key input, and based on
input from WG members, developing studies, docu—
ments, and recommendations. The support staff also
maintains the WG portal web site and is developing
a prototype Reuse Enablement System (RES). Together
with the full WG, the support team is helping to
develop a set of Reuse Readiness Levels (RRLs)
and refine them based on feedback offered by the
Earth science community. A number of WG recom—
mendations have been well received by NASA head-
quarters, including the creation of the portal web
site. and the updating of wording in NASA funding

opportunity announcements to encourage software reuse.

3 Earth Science Software Reuse Portal

Web Site
One of the primary endeavors of the WG has

been the establishment, operation, and continuing
enhancement of a portal web site for Earth science
software reusel®. The Earth Science Software Reuse
portal has been developed to increase understanding
and awareness of software reuse among members of
the Earth science community and other scientific
communities who could benefit from software reuse
by informing them about software reuse issues and
available resources, as well as educating them on
techniques for improving software reuse practices.
The concept for the portal grew from the recognition
that mass communication capabilities are needed to
meet these goals for education and outreach to the
software  developers.

community of Earth science

Since its public launch early in 2005, increasing
visits to the portal, along with comments received
from the community, indicate that the portal has
helped the WG make progress on achieving these
goals. As of March 2008, over 12000 unique visitors,
which includes over 1500 repeat visitors, have visited
the site more than 17 000 times, resulting in nearly
58 000 page views since statistics collection began

in December 2005. On average, the site has over

600 visitors per month, many of whom find the site
through its high placement in the results of web
searches for “software reuse” in search engines such
as Google, Yahoo and MSN Search.
3.1 Portal Development

The Earth Science Software Reuse portal was ini—
tially developed and implemented on a NASA server,
then ported to the ESDS WG server in 2007. The
portal was developed using open source software, in—
cluding the Plone content management system'® and
the Zope web application server”, and was built upon
other open source software, such as the Linux oper
ating system®, the Apache web server”, and the Py-

101 The choice of open

thon programming language
source software for the portal reflects the WG’s pre—
ference for open source software, which the WG has
relied on for the development of the portal and
which the WG also recommends to those considering
software for potential reuse. The development and
initial implementation of the Earth Science Software
Reuse portal demonstrates the reuse of open source
software for the portal as both a recipient of soft—
ware reuse and a contributor to software reuse!'l.
The members of the WG operate, enhance,
update, and routinely monitor the portal to identify
broken links and incorrect or outdated information.
In addition, an online suggestion form, available
from various sections of the portal, enables visitors

to provide comments, anonymously if desired, to

links,

provements for the portal.

suggest content, corrections, or other im—
3.2 Organization of Content
of the

Reuse portal is organized around a home page,

The content Earth Science Software
which features news and upcoming events, and of-
fers access to sections labeled reusable assets, re-—
sources, open source, and funding opportunities.
News items report on pending deadlines, recent WG
activities, updates to the portal, and recent events

and publications of interest to the WG. Upcoming
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events include notices about conferences and meet—
ings from the event calendar, which have been des—
ignated relevant to scientific software reuse or have
been attended previously by members of the WG.
The open source section contains a brief description
of open source software and the open source model
for software development, offers the WG’s perspec—
tive on open source software, and contains links to
other sites that provide additional information and

perspectives on open source software. The section on

funding opportunities contains links to pages that list
announcements about available funding for projects
related to Earth science and reuse that are accessi—
ble from NASA and other government agencies. All
of these sections are intended to encourage and en-
able software reuse within the community of Earth
science software developers by providing information
on reuse and resources to assist in reuse efforts.
Fig.1 shows the home page of the portal web site

and the basic organization of the content.
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Welcome to the Earth Science Data System (ESDS) Software Reuse Fortal. Please visit the
ESDS Working Group Page for more information about our group.

We have posted some reuse definitions about what the Working Group does and does not
consider reuse in our Resources, Library section, along with a brochure about our group and its
activities. A number of bottorm-up reuse guidelines are now available in the Resources,
Guideline Documents section. We have also added a technology transfer guideline and
technology transfer FAQ to help explain NASA's technology transfer process in the same section
of the site. Some of our more recent publications have been added to the Resources, Library,
Publications section, while the S4FM case study and the SOSE case study have been added to
the Resources, Library, Case Studies section. A few new non-MNASA funding links are on our
Funding Opportunities page. Materials presented at the 6th ESDS WG Meeting in October 2007
are now available, including some early work on drafting Reuse Readiness Levels (RRLs). The
slides used for our discussion of RRLs at the 2008 Winter ESIF Meeting are now available in the
Resources, Events, Event Highlights section. Our full list of upcoming events is also in the
Resources section, and we have added a list of some awards that are relevant to reuse projects
in a new folderin the Resources section.

We have completed our survey to better understand the practice of software reuse within the
Earth Science community. Preliminary survey findings are available on the web and have been
published in a 2006 |GARSS paper. We have also posted some of our documents related to our
proposed Reuse Enablement System (RES) in a new folder under the Resources section. Our
trade study of existing systems, use cases for the proposed RES, and requirements for the
proposed RES are currently available.

For more information, please visit our Mews |, Site Map , About Us |, FAQ , Sugaest Content andlor
Contact page.
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Fig.1 Software reuse portal-home page
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3.3 Description of Resources

The collection of resources includes categories
for references to books and articles, events, pro—
jects, tools, and technologies, as well as other sec—
tions relevant to software reuse. Many sections in
the portal’s collection of resources are updated reg—
ularly, reflecting ongoing WG activities as well as
suggestions received from WG members and other
portal visitors. The WG utilizes a peer review pro—
cess to select items for inclusion within the various
sections of resources and follows style guides to up—
date each section consistently. This section of the
site is designed to encourage reuse by distributing
information that will help developers and reusers in
their efforts.
3.3.1 Books and articles

The section on books and articles displays on—
line catalogs that list references to literature relevant
to reuse and on topics of interest to Earth science
data system developers. These catalogs are updated
as a result of suggestions offered by WG members
or by portal visitors who use the online suggestion
form to recommend items for inclusion on the portal.
Suggestions for references are initially reviewed by
the portal administration team for relevance and, if
potentially relevant, are presented to the WG as
candidates to be considered for inclusion in the ap—
propriate catalog. WG members volunteer to review
recommended books or articles of interest and con—
sider relevance of the content to the WG, whether
the item was published in a peer-reviewed journal
or proceedings, and whether it is accessible online.
Each reviewer prepares a report about the item,
and if reports from three reviewers recommend in—
cluding a nominated item in a catalog, a reference
for the item is created.
3.3.2 Events

Similarly, suggestions are received, either from

WG members or from online submissions, for no-—

tices of events to be included on the events calen—
dar. If applicable, nominated recommendations are
reviewed by the WG. If three members recommend
posting an announcement of a particular event, an
entry describing the event is included on the calen—
dar. Recurring events that have been listed previ—
ously do not need to be reviewed again in order to
be re-listed. Minimally, notices of events include
the event title, venue, meeting dates, and the URL
if known.
3.3.3 Library of WG material

The collection of software reuse resources also
includes resources developed by WG members that
are hosted on the portal server. Examples of hosted
resources include a library of publications and pre—
sentations by WG members, case studies that serve
as examples of reuse by WG members, and WG
documents that record WG decisions and activities.
Another example of hosted resources is the set of
guideline documents that serve as brief primers on
issues pertinent to software reuse. Taking a bottom—
up approach, the topics included among the guide—
line documents cover various issues that were sug—
gested by WG members and the Earth science soft—
ware development community as areas in which brief
guidance documents would contribute to software
reuse practices.
3.3.4 Guidelines

The Bottom—up Reuse Guidelines have been
developed by several WG members to meet commu—
nity needs that have been identified as gaps in un-—
derstanding where knowledge sharing could improve
reuse practices. For example, a survey of the Earth
science community found that concerns for intellec—
tual property presented potential barriers to software

reuse“z].

Many of the software reuse guidelines topics
were presented and discussed by their authors dur—
ing WG meetings to address these gaps. Topics of

the guideline documents developed to date include
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[13] [14]

documentation'”!, hierarchy of reuse!'*!, intellectual

property™, metadata¥, object—oriented programming"”,

191 technology transfer®,

packaging!™!, virtual globes
and Frequently Asked Questions (FAQ) related to
technology transfer™!. This section of the portal was
designed specifically to assist developers in making
their software more reusable by describing, for each
of the different topics presented, practices for im-—
proving the reusability of software.
3.4 Description of Reusable Assets

The reusable assets section of the portal con—
tains a small catalog that briefly describes and pro—
vides links to collections of reusable software and
other information assets of potential interest to the
science software

community of Earth developers.

These collections of reusable assets, recommended
by WG members for inclusion on the portal, are of-
fered to make it easier for users to find reusable
Earth science software, thus encouraging them to
reuse these assets in their own development projects.
However, since surveys of the Earth science com-—
munity conducted in 2004 and 2005 showed that
having a catalog/repository for reusable Earth science
software would increase the amount of reuse within
the community™, the indication is that existing cat—
alogs and repositories are not sufficient to meet the
community’s needs. Therefore, the WG has pro-
posed the creation of a Reuse Enablement System to

address the shortcomings of existing systems and

meet community needs.

4 Reuse Enablement System (RES)
4.1 Background

Realizing the many benefits of software reuse
for the Earth science community has been challeng—
ing. To better facilitate reuse within the Earth sci-
ences, the WG recommended the creation of a
Reuse Enablement System (RES) to NASA Head-

quarters. The primary goals for the WG relating to

the RES include facilitating the cataloging and dis—
tribution of reusable assets for the Earth science
communily, evaluating the technology options avail-
able for building a RES, implementing a RES
based on that evaluation, and developing policies
and guidelines for RES operation and management.
Potential users of the RES include members of the
Earth science community and other scientific com—
munities who develop systems and software applica—
tions to foster the collection, dissemination, discov—
ery, access, and analysis of scientific data. Poten—
tial asset providers are Earth science data systems
and applications developers, especially those who
recognize the value of open source software and
standards, which the Earth science community has
benefited from using!?!. The WG also has recom-—
mended the establishment of a peer—recognition award
for reuse that could be used as an incentive to en—
courage reuse and recognize members of the com-—
munity who prepare and submit reusable assets to
the RES for use by the community.

As part of its recommendation, the WG esti-
mated the size of the RES target audience and the
potential number of assets the RES would contain.
The detailed data kept for the civil servant work—
force at the Workforce Information Cubes for NASA
web site? indicate that about 4% are in Earth science
and about 60% are scientists and engineers. Since
the total workforce of civil servants and contractors
is about 82 000 people, there is a potential audi-
ence of about 2 000 NASA Earth science scientists
and engineers. This is a lower limit for the RES
target audience, since the NASA workforce repre—
sents only a portion of the Earth science community.

Looking to popular repositories of general—purpose
software like SourceForge™ provides an estimate of the
number of assets the RES could contain. Source—

Forge has about 172 000 projects and 1 800 000

users. Assuming there is only one unique primary
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provider per project, about 10% of the SourceForge
users are providers. Based on the above conservative
estimate of two thousand RES users, if 10% are
providers and each provider offers one asset, then
the RES could contain at least 200 assets.

Through the activities described below and nu-
merous meetings and teleconferences, the WG iden—
tified the functional requirements needed for a RES
to support the Earth science community. Several WG
members participated in a workshop and helped
draft the initial set of requirements. Over several
months, these requirements were refined through
weekly and monthly teleconferences and finalized
during a review at the October 2004 ESDS WG
meeting. The result of this work identified a number
of requirements in the following areas: general,
search, user registration, asset usage, asset submis—
sion, content management, and system administration.
The requirements were later formalized® so that they
could be evaluated and tested more easily. Two sur—
veys, a trade study, an architecture study, and
current prototype development activities also have in—
formed the development of the RES.

4.2 Surveys and Trade Study

In 2004 and 2005, two survey studies were
conducted to learn about the reuse practices and
challenges faced by members of the Earth science
community!”?. These studies found that to facilitate
the software reuse process, developers need to be
able to easily locate and evaluate available reusable
assets, and when people did not reuse software, the
primary reasons were because they did not know
where to look and they did not know such reusable
software existed. In addition, the survey results re—
vealed that respondents showed a clear preference
for reusing smaller—sized components such as algo—
rithms, techniques, source code, scripts, code li—
and code fragments. They also showed a

braries,

preference for using and encouraging more use of

open source software, which generally provides more
freedom than traditional, closed licensing mecha—
nisms. The survey results also revealed that a cata—
log or repository for reusable artifacts is the best
means of increasing software reuse within the Earth
science community, which would also help address
the two major problems noted above (not knowing
reusable assets existed or where to locate them ).
This led to the recommendation to create a RES
that would serve as the central location for provid—
ing reusable assets to Earth science software devel-
opers. The goal is to increase and make more effective
reuse within the Earth sciences by providing one
location where all types of reusable assets for Earth
science work can be found, and encouraging all
providers and reusers to make use of this new resource.

the WG
was tasked by NASA Headquarters to perform a

In response to its recommendation,

trade study to understand the roles of the NASA
Open Source Agreement web site! and the Global
Change Master Directory™ in cataloging data services,
and any other related NASA software sites as a po-—
tential platform to enable software reuse for the
Earth science community. These two sites and five
other NASA sites were reviewed, along with a vari—
ety of non—-NASA sites performing similar roles. The
results of the study showed that none of the evalu-
ated repository or catalog systems satisfy the needs

¥ The shortcomings found were

of the community
mostly in the following general areas: they did not
meet most of the critical functional requirements,
focus on the Earth science domain, target software
developers as their primary audience, or provide the
types of small-sized assets that are most useful for
Earth science software developers.
4.3 Architecture Study

The WG then assessed the architectures of ex—
isting catalog and repository systems as options for

implementing a new RES. The assessment was con-
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ducted to provide recommendations for the reuse of
an existing system or software package that could
provide most of the desired functionality as the
foundation of the RES. In addition, the assessment
was conducted to recommend modifications needed
for the RES to meet the stated formal requirements.
The systems and packages that were evaluated and
reviewed as part of this study include GForge, Sa-—
vane, and XOOPS. Other packages that were exam-—
ined, but not reviewed in detail, include the Fedo-
ra Digital Repository System, JBoss Portal, Liferay
Portal, and Repository in a Box. As part of this e—
valuation, a level of effort estimate was performed
for the requirements that the systems or packages
did not or only partially meet. The development effort
has been based on Barry Boehm’s original Construc—
tive Cost Model (COCOMO )™ The results of the
architecture study® clearly indicate that the XOOPS
Content Management System (CMS) satisfied the
most requirements for the RES and would require
the least development and maintenance effort to sat—
isfy these requirements.
4.4 Prototype Development

The development of the RES was divided into
three main builds and one release, each implement—
ing a set of unsatisfied requirements found in the
RES Architecture Study’s gap analysis®'. Development
started with the base XOOPS
CMSP™ and a publicly available module, PD-Down—
loads!!.

management tool that would be modified to suit

installation of the

This module served as a basic download

RES requirements. Once installed, this basic system
was enhanced through modification of the template
files and source files, the addition of new files,
and the CMS’s built—in configuration options.

The current prototype RES contains functionality
specifically tailored to Earth science software reuse.

It possesses all the basic features expected in any

software repository system such as user accounts/lo—

gins, restricted access, file upload and download,
file browsing, and file search, which currently al-
lows searching asset titles and descriptions (which
may include keywords or facet descriptions). In ad-
dition to these basic features, the system has many
specific features to promote reuse, such as an easy
method to submit modifications to assets, a system
to collect metrics on asset usage, and a commenting
system to let users know the advantages and disad-
vantages of reusing assets. Accessibility and security
were also considered from the beginning, as the
prototype complies with NASA portal affinity guide—
lines™ and accessibility guidelines in Section 508 of
the Rehabilitation Act (29 U.S.C. 794d)™, all pages
are SSL encrypted, and all uploaded assets are
scanned for viruses using the open source Clam Anti—
Virus™ scanning tool.

Enhanced functionality and improvements are
planned for future releases of the RES. The search
feature will allow for filtering by usages or submis—
sion date (for example), giving users a much richer
searching capability, as well as providing an option
for full text search of all code. Also, better version
control of asset modifications is planned. Currently

modified,

deleted permanently. However, there is not a strong

assels can be created, deprecated, or
connection between multiple versions of an asset.
Policies, operational guidelines, and standards for
the RES are also being developed and formalized.
Although the prototype RES has shown potential to
be a valuable tool for the software reuse communi—
ty, more development and testing is necessary be—
fore release and use.

In addition, the WG found that having a mea—
sure of reuse maturity for software assets in the
RES would be useful in helping users decide which
assets are best suited for their needs. However,
common measures of technology maturity generally

do not address reusability, so the WG is developing
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Reuse Readiness Levels (RRLs) as a way to measure
the maturity of software in the sense of reusability.
As this work progresses, appropriate parts of it are
being incorporated into the RES. Currently, a RRL
can be added to the software description and a
prototype RRL calculator is being developed for de—
termining and displaying the RRL of software assets.

5 Reuse Readiness Levels (RRLs)

The maturity of technology can be measured in
various ways, and one common method is with
Technology Readiness Levels (TRLs) like the ones
NASA has produced™. There are other similar mea—
sures, but the ability or readiness of a particular
technology to be reused is generally not considered,
or only plays a small role if it is. Recognizing the
need to measure the maturity of a technology for
reuse, the WG is developing a set of Reuse Readi-
ness Levels (RRLs) for the purpose of determining
the reuse maturity of software assets. They are mod-
eled after NASA’s TRLs, which have been used for
many vyears, particularly for assessing hardware’s
readiness for spaceflight purposes. The following ar—
eas were identified by the WG as main topic areas
for assessing software reusability: Documentation,
Extensibility, Intellectual Property Issues, Modulari—
ty, Packaging, Portability, Standards Compliance,
Support, Verification and Testing. Volunteers from
the WG drafted the following set of levels for each
topic area that describes how reusable software be—
comes more mature in each topic area.

® Documentation

1. Limited internal documentation available
Fully commented source code available
Basic external documentation available
Reference manual available

User manual available

AN T

Tutorials available

Interface guide available

8. Extension guide and/or Design/Develop—

ment guide available
Full software lifecycle engineering design

documentation available

® [Extensibility

1.

No ability to extend or modify program

behavior

. Prohibitive costs and efforts need to mo—

dify or extend the system

Can be extended with the input of con-
siderable time and effort on par with
recreating system separately

Can be modified and extended through
configuration changes, minimal modifica—
tion of source

Consideration for future extensibility de—
signed into system, extensibility approach
somewhat defined

Designed from the start to allow easy ex—
tensibility, provides many points of ex—
tensibility and a thorough and detailed

extensibility plan

. Proven to be extensible internally, code

structured to provide loose coupling and
high cohesion

Proven extensibility on a major external
program, provides a clear plan for modi—
fying and extending features

Proven extensibility in multiple scenarios,
provides specific documentation and fea—

tures to build extensions

® Intellectual Property Issues

1.

Potential owners and stakeholders of pro—

duct have been identified.

. Relevant intellectual policies of potential

owners and stakeholders have been re-—

viewed.

. Intellectual property agreements have been
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proposed to potential stakeholders.

4. Potential stakeholders have negotiated on
intellectual property agreements and au-—
thorship issues.

5. Agreement and approval on authorship,
attribution, and intellectual property is-—
sues have been obtained from stakeholders.

6. Authorship, attribution, and intellectual
property statements have been drafted to
reflect agreement among stakeholders on
intellectual property and authorship.

7. Authorship and intellectual property state—
ments included in product prototype.

8. Manifestation of authorship, attribution,
and intellectual property statements re—
viewed in product prototype before prod—
uct release.

9. Reviewed authorship, attribution, and in-
tellectual property statements packaged
with product for release.

Modularity

1. No designs for modularity or reuse

3. Modularity at major system or subsystem
level only

5. Partial segregation of generic and specific
functionality

7. Clear delineations of specific and reusable
components

9. All functions and data encapsulated into
objects or accessible through web service
interfaces

Packaging

1. Source code available

3. Detailed installation instructions available

5. Software is easily configurable for differ—
ent environments

7. OS detect and auto-build for supported

platforms

9. GUI installation environment provided

Portability

1. The software is not portable at any cost

2. Some parts of the software may be portable

3. The software is only portable with signif—
icant costs

4. The software may be portable at a rea—
sonable cost

5. The software is moderately portable

6. The software is portable

7. The software is highly portable

8. The software is completely portable

Standards Compliance

1. Follows no particular standard

2. Follows some parts of common standards
and best practices

3. Follows a company-wide standard for de-
velopment and testing

4. Most components follow a complete, uni—
versal standard, but not validated

5. All components follow an universal standard,
but only partially validated

6. Validated to follow a specific proprietary
standard

7. Validated to comply to a specific open
standard

8. Proven by validation to comply with a
“gold” standard

9. “Gold” standard compliance of entire sys—
tem and development, independently val-
idated

Support

1. No support available

2. Known contact available

3. Original developers provide proactive sup—
port

4. Latest updates or patches are available

but not very frequently
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5. Informal user community available

6. Centralized support available

7. Organized/defined support by the original
developer available

8. Support by organization available

b

Large user community with well —defined
support available
® Verification and Testing
1. No testing performed
2. Software application formulated and unit
testing performed
3. Testing includes testing for error condi—
tions and proof of handling input errors
4. Software application demonstrated in a
laboratory environment
5. Software application tested and validated
in a laboratory environment
6. Software application demonstrated in a re—
levant environment (e.g., Earth science
related )
7. Software application tested and validated
in a relevant environment (e.g., Earth
science related )

8. Software application “qualified” through test
and demonstration (meets requirements )
and successfully delivered to the relevant
(e.g., Earth science) environment

9. Actual software application tested and va—
lidated through successful use of applica—
tion output

These topic area levels were placed on a scale
from 1 to 9 (shown above) and organized in a ma-
trix to facilitate cross—comparison of levels. By com-
paring all of the topic area descriptions for a given
level, the WG drafted summary levels that com-
bined the nine topic areas into a single set of
RRLs. The current draft of the RRLs is shown be-
low in Table 1.

The WG is currently working with the commu-—
nity to get feedback on these levels and to better
refine this scale for future usage. Presentations of
earlier work on the RRLs received positive feedback
from members of the community and some valuable
suggestions for improving the levels that the WG is
currently addressing. Individual topic areas are being
reviewed to improve capabilities for measuring reuse
readiness for each topic area within each level. In—
consistencies for measuring reuse readiness across
topic areas within each level also are being ad-
dressed to improve capabilities for measurement.

Potential uses of the RRLs are as: metadata
for reusable software assets stored in catalogs and
repositories such as the recommended RES, as a
guide to reusers; an indicator of areas to focus on
when creating reusable assets, as a guide to
providers; and part of requests for proposals or con—
tracts, asking for a reuse approach or how assets

138]

are being made reusable™. By offering a simple way
of assessing the reusability of software assets, the
RRLs can assist reusers in locating and selecting
the most suitable assets to meet their reuse needs.
In addition, the detailed topic levels of the RRLs
can assist providers in making their assets more
reusable, thereby achieving a higher overall RRL,
by offering guidance on what they can do to im-—
prove the reusability of their assets in each of the
topic areas. The WG also is working on creating a
tool to calculate RRLs, to help simplify the process
of assessing the reuse maturity of software, and
plans to incorporate it into the RES, which is also
under development. This calculator is expected to
enable testing of capabilities to assess reuse readi-—
ness levels within and across topic areas and to
identify those levels and topic areas that require im—

provements to facilitate measurement.
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Table 1 Draft reuse readiness levels
RRL Summary Description
Little is provided beyond limited source code or pre—compiled, executable bina—
1 The software is not reusable. ries. There is no support, contact information, author attribution, or rights speci—
fied, the software is not extensible, and there is inadequate or no documentation.
Some source code, documentation, and contact information are provided, but
2 Software reuse is not practical. these are still very limited. Initial testing has been done, but authorship and
reuse rights are still unclear. Reuse would be challenging and cost—prohibitive.
) Software has some modularity and standards compliance, intellectual property a-
The software might be reusable . .
. ) greements have been proposed, some support is provided by developers, and de—
3 by skilled users at substantial . . . . . . . .
) tailed installation instructions are available, but rights are unspecified. An expert
effort, cost and risk.
may be able to reuse the software, but general users would not.
) Software and documentation are complete and understandable. Software has been
The software might be reused . o .
) demonstrated in a lab on one or more specific platforms, infrequent patches are
4 by most users with some effort, . . . . . .
i available, and intellectual property issues have been negotiated. Reuse is possi—
cost, and risk.
ble, but may be difficult.
Software is moderately portable, modular, extendable, and configurable, has low—
The software could be reused . . .
) fidelity standards compliance, a user manual, and has been tested in a lab. An
5 by most users with reasonable . . . .
) user community exists, but may be a small community of experts. Authorship and
cost and risk. . -
rights are not specified.
Software has been designed for extensibility, modularity, and portability, but soft—
The software can be reused by ~ ware and documentation may still have limited applicability. Tutorials are avail-
6 most users although there may able, and the software has been demonstrated in a relevant environment. Intellec—
be some cost and risk. tual property statements have been drafted, but authorship and rights have not
been formalized.
Software is highly portable and modular, has high—fidelity standards compliance,
The software can be reused by . o . . .
) o provides auto-build installation, and has been tested in a relevant environment.
7 most users with minimum cost . . . . . . . .
d risk Support is developer—organized, and an interface guide is available. Software and
and risk. . .
documentation are applicable for most systems.
Software has been shown to be extensible, and has been qualified through test
g The software has been reused and demonstration. An extension guide and organization—provided support are avail—
by multiple users. able. Intellectual property is reviewed in the product before release, and author—
ship and rights are specified.
Software is fully portable and modular, with all appropriate documentation and
The software is being reused by standards compliance, encapsulated packaging, a GUI installer, and a large sup—
9 many classes of users over a port community that provides patches. Software has been tested and validated

wide range of systems.

through successful use of application output. Complete and clear attribution and

permissions for implementation by various user levels are available.

6 Conclusion

NASA’s Earth Science Data Systems (ESDS)
Software Reuse Working Group (WG) is involved in
a variely of activities to encourage and support the
reuse of software in the Earth science community.
The development and maintenance of the portal web

site™ is a major education and public outreach ac—

tivity and the primary way the WG communicates
relevant news, events, guidelines, etc on software
reuse to the community. Work on the recommended
Reuse Enablement System (RES) is an example of
a support/enablement activity, since it is designed
to provide tools and mechanisms to enable reuse

by providing the community with access to reusable
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software assets within the Earth science domain. The
RES is a high priority for the WG, as surveys con—
ducted in 2004 and 2005 showed that having a cat—
alog/repository for reuseable Earth science software
would be one of the best ways to increase the
amount of software reuse within the community .
The WG is currently developing a prototype RES for
internal NASA use and plans to make it available
to the public if public access is recommended as a
result of its formal evaluation. The development of
Reuse Readiness Levels (RRLs) is another support/
enablement activity that also contributes to education
and public outreach. The ability to assess the reuse
maturity of software will provide users with valuable
information on how ready the software is to be
reused and offer a measure for determining how
much modification would be required for the soft—
ware to meet their needs. It also serves as a guide
for software developers by offering information about
areas Important to software reuse, helping to guide
them in developing those areas to higher levels of
maturity. In addition to these activities, the WG is
also involved in recommending changes to relevant
policies to increase opportunities for reuse and as—
sisting others in reuse implementation projects that
will result in the publication or use of a reusable
component. An example of how the WG has helped
others reuse a component is the reuse of the soft—
ware reuse portal web site design to help create
web sites for other ESDS working groups!''l.

The WG’s future activities include: continuing
development of the RES, with the eventual goal of
opening it to the Earth science community; continu—
ing development of the RRLs, with possible appli-
cations as noted in Section 5; continuing develop—
ment and maintenance of the portal web site for ed—

ucation and public outreach; working to facilitate

NASA’s software release process, to understand the
way large and small software components are han—
dled by the process, and to lower barriers for cer—
tain types of software if possible; continuing to de—
velop a peer—recognition award to encourage software
reuse; and continuing to promote software reuse
through publications in journals and presentations at
conferences. Through activities such as these, the
WG encourages and supports software reuse in order
to help the community of Earth science software de—
velopers and other science software developers to
reduce costs, increase efficiency, and ensure the
reliability of their software products.
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