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Introduction to Reuse

Some background information
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INISTRATION About Reuse
ing Group

* Reuse involves integration into another context, and can
be done with hardware, software, or other assets.

e Source code, plans, design requirements, system
documentation, algorithms, procedures, and other
system components contain the results of previous work,
knowledge, and experience.

 Reuse of such components allows developers to take
advantage of past experience and avoid starting over
from the beginning with each new system.

 Reusable assets exist in all stages of the development
life cycle and can contribute to future development.
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 Reuse Is often practiced in order to:
— Reduce cost, time, effort, and risk.
— Increase productivity, quality, performance, and interoperability.

 However, there are potential risks involved with reuse,
for example:

— Assumptions about origin or validation/verification of assets
could increase risks, especially in critical systems.

— Modifications necessary to integrate the asset into its new
context could be more expensive than building from scratch.
e Such risks need to be recognized and assessed to be
mitigated.

e A planned, directed approach to reuse will help
producers and adopters attain the benefits of reuse while
limiting its costs and managing Its risks.
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MINISTRATION Developing for Reuse
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System developers must be aware of the reuse potential
of components they are currently developing.

The development of current and future systems can
have similar purposes and motivations.

Currently accumulated knowledge should be preserved
for reuse by future generations.

Contributing to the pool of quality resources available for
reuse (e.g., In catalogs and repositories) can further
enhance the benefits of reuse while reducing risks.

Such contributions must be cleared for release from the
developer’s organization and licensed as shareable
resources so that others can reuse them.



The NASA Earth Science Data Systems (ESDS)
Software Reuse Working Group (WG)

Encouraging and enabling reuse within the
Earth science community
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 Purpose

— Address technical issues required to enable and facilitate reuse of
software assets, including open source products, within the NASA Earth
science community.

 Goals
— To spend less time, money, and effort on software development.
— To increase productivity and improve quality through reuse.
— To increase the number of available reusable assets.
e Scope
— Facilitating reuse across projects and not interfering with local control of
participating systems.
— Focusing on reuse process and not on technology infusion process.

— Focusing on reuse of existing assets rather than reusability of newly
developed assets.

— Focusing not only on software code, but also on design artifacts
(architectures, software designs, ICDs, test plans, etc.).

— Focusing on reuse of proven operational and NASA Earth science
specific software assets.



Reuse WG Activities

Reuse Implementation Projects « Examples of work in

Efforts that result in the publication or some of these areas
use of a reusable component include:

— Creating a web site (o
promote and provide

— Recommending that
NASA create a Reuse
Enablement System
(repository) for Earth
science reusable software

Reuse Incentive Activities assets; development of
Awards and structural changes that directly Reuse Readiness Levels

or indirectly encourage reuse

— Developing a

N
AN

Policy Change Activities
Efforts to reduce policy barriers to reuse




Software Reuse Portal Web Site
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e Key drivers for the web portal include:

Serve the community of Earth science data systems and software
developers who are interested in reuse

Serve as a gateway for reuse information relevant to the community
Establish a portal for the community to share resources on reuse
Distribute various resources on reuse to the community

Foster easier access to resources on reuse

« Major content categories based on purposes identified for the web
portal include:

List of catalogs of reusable assets, tools, etc.

Reference library including events, news, Working Group documents,
guidelines, and other resources

Information on open source software projects and licensing
Funding opportunities within and outside NASA

« “Suggest content” feature for user-submitted ideas
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Details on the Portal

« Content organized into 4 major areas & soonwmo seace rua cewren P
 Resources section includes: __ S—

Software Reuse

— Awards woking Greus

— Books and articles T s T ——

— Events T e
— Guidelines (e.g., on tech. transfer) fath Szsnge Softuarelovse =g

lsst 1:48 AM
(X5 Fall AGU Session ‘Welcome to the Earth Science Data Systems (ESDS) Software Reuse Portal. Please visit the

- lerary (|nC|Ud|ng WG pU b||Ca.t|OnS, Progoants Bhedunesta ESDS Working Group Page for more information about our group

2008-05-12

presentatlons, and case Studles) The WG is pleased to announce the recipients of the 2008 Peer-Recognition Award who

[E3 2009 Peer-Recognition received their awards at the 7th ESDS WG Meeting. Congratulations, and thank you for your

Award Call for reuse efforts. The WG is now accepting nominatiens for the 2009 award — please see the

. Basic web stats, 12/2005 to 7/2009:

2009-04-15
We have updated our reuse definitions including what the Working Group does and does not

— Over 36000 ViSitS by more th an 26000 9 New RSS Fesds consider reuse in our Resources, Library section, and posted a brochure about our group and its
TS activities. A number of bottorn-up reuse guidelines, a technology transfer guideling, and a

u n iq u e ViSitO rS technology transfer FAC to help explain NASA's technology transfer process are now available in
the Resources, Guideline Documents section. Some of our more recent publications have been

[ Additional Reading

. added to the Resources, Library, Publications section, the latest of which are our DSADR paper

— Over 10 1000 pag e VIeWS Sugmtmnsmlzdﬂ?g_u&m discussing some of the WG's major acivities, presented at a workshop during ICSR 10 (here

are the DSADR slides used for the presentation), and our 2008 IGARSS paper about the current
state of our Reuse Readiness Level work. We've also posted a copy of our 2008 AGU poster

- Ave rag e 824 VIS |t0 rS per m O nth [ER More Past describing our progress in developing a prototype Reuse Enablement System (RES). This and

Presentations Added
- other postersipresentations are available in a new presentations folder under Resources,

S H h b 1 3 h 1 f Ll ft el Library. Our full list of upcoming events is also in the Resources section, and we have added a
Ite aS ee n I n to p ItS Or SO Ware More news... list of some awards that are relevant to reuse projects in a new folder in the Resources section,
” H h 1 d 1 I I including the peer-recognition award developed by the WG (the nomination form is also available
reuse On major Searc englne31 an Stl upcoming events as a separate document). The reuse material used at our 2008 annual meeting has been

H H H posted in the 7th ESOS WG Meeting folder under Resources, Library, and planning for the 8th
achieves high placement in search results B ames reernn | g ety e

Summer Mesting
Santa Barbara, California, We have completed our survey to better understand the practice of software reuse within the

L4 A popular Commu nity resource th at 2008-07-07 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

CO ntlnues to grow- .||'2 2008 Wnrm.cungress propesed Reuse Enablement System (RES) in a new folder under the Resources section. Qur
. in Computer Science trade study of existing systems, use cases for the proposed RES, and requirements for the

(VWORLDCOMPOS) proposed RES are currently available. Additional documentation as well as a roadmap and

4,000 Las Vegas, Nevada, schedule for RES deployment are under development and will be added as they are completed.

1750 ‘ 2009-07-13
3,500 For more information, please visit our Mews , Site Map , AboutUs | FAQ | Suggest Content andfor
e 1.500 Visitors [& 2008 EEE International Sontact page.
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use Working Group

Portal Folder Hierarchy

Reusable
Assets

Content within
folders is not
shown here.

The home
page provides
links that lead

directly to
some sections.

Colors indicate
folder level in the
hierarchy.

Resources Open Source Funding Opportunities
> Awards > NASA > NASA
» Books & Articles » Non-NASA » Non-NASA
» Events
Additional Reading
,| Featured
Projects » Event Highlights
» Groups
—— » Past Events
» Guidelines
* Initiatives » Publications
> _Library » Presentations
» RES | Case Studics Surve‘): 2005
" RRLs » Working Group Documents
» TRLsS

\ 4

Tools

| 4t — 7 ESDS WG Meeting
(four separate folders) 12




Reuse Enablement System (RES)
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* A survey on the reuse practices of the Earth science
community was conducted in 2004 and repeated in 2005
with OMB approval and a wider audience*.

e Both surveys show the same basic results:

— Developers need to be able to easily locate and evaluate available

reusable artifacts. saves tine — l
— Top three motivations for reuse ———— Ensures refbiy —
match the WG goals: Saves money | —
o Saving t|me Didn'thaveexpertisei |
« Ensuring reliability oher

° Saving money 1 15 2 2‘.5 3 35 4 4‘.5 5

— Top three factors to increase reuse: B
» Earth science catalog/repository of reusable assets
» Greater use of open source licensing Areas where
« More education and guidance on reuse > the WG can

— Top two barriers to reuse: provide help.
* Did not know reusable assets existed
» Did not know where to look for reusable assets ~/

* Source: Marshall, J.J.; Olding, S.W.; Wolfe, R.E.; Delnore, V.E., "Software Reuse Within the Earth Science Community," Geoscience and 14

Remote Sensing Symposium, 2006. IGARSS 2006. IEEE International Conference on, pp.2880-2883, July 31, 2006 — Aug. 4, 2006.



RONAUTICS

DMINISTRATION Progress Towards the RES
orking Group

A series of use cases and requirements for the proposed RES were
developed and documented.
The WG conducted a trade study of various NASA and non-NASA sites.

— The results showed that none of the existing systems satisfied the needs of the
community of Earth science software developers.

The WG then conducted an architecture study to determine what existing
software package/system was most suited for reuse in building the RES.

— The results showed that the XOOPS content management system met the most
requirements and would take the least time to develop.

The WG began work on developing a prototype RES built using XOOPS.

— Additions and modifications were made as needed to meet all of the previously
developed RES requirements.

The WG developed a set of policies for the operation and maintenance of
the RES.

— Additional reviews by other relevant offices (e.qg., legal, tech. transfer, NASA
Headquarters) are planned.

The WG is currently developing a test plan for formal testing of the
prototype, and plans to provide the prototype RES to the NASA community
for their use, pending appropriate approvals.

15



Views of the Prototype

NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

*

+ Goddard Home Page

+ Visit NASA gov
+ Skip Navigation

Earth Science Data System

Software Reuse
Working Group

Login

Username:
Password:

+ Lost Password?
+ Register now!

+ Home
- owikoats
+ Contact Us

SEARCH
+ G0

+ Advanced Search

NASA News

+ Expedition 16 Soyuz Lands
Safely in Kazakhstan

Azstronaut Peggy Whitson returns
home from a record flight.

+ HASA Deputy Administrator and
Florida Governor Discuss Benefits
of Space Exploration at Miami
Future Forum

NASA Deputy Administrator Shana
Dale and Florida Gov. Charlie Crist
dizscussed Friday how space
exploration gives Floridians a more
competitive economy and better
quality of life during a NASA Future
Forum at the University of Miami

+ NASA to Broadoast Earth Views
in High Definifion Telewision

Since humans first flew in space,
nothing hag captivated astronauts
more than the view of home out the
window of their spacecraft,

NASA Image Of The

NASA Earth Science Data Systems Software Reuse Working Group
Software Reuse Working Group

Welcome to the Earth Science Data Systems (ESDS) Software Reuse
Enablement System.

Software reuse can help the science community by reducing software
development timescales, reducing costs, and contributing to the dissemination
of knowledge and expertise. This Software Reuse Enablement System (RES)
has been established by the Reuse Working Group to bring together a
collection of resources that will facilitate reuse within the Earth science
community. Over time, we will be collecting a vanety of resources inthe Earth
and space science reuse communities. Our long-term goal is to establish a
"marketplace" for reusable software development artifacts, to help establish a
knowledge sharing community for software reuse in Earth science. Qur
software reuse portal web site has additional information about our group.
Please use the menus at the top and left side of the page to navigate to other
areas of our site.

Home page as
viewed by an
Anonymous User

Other highlights:

+ ContactUs
SEARCH

+ Advanced Search

* When logged in, a menu bar appears above

the reuse banner.

* Registered users can sign up for notifications.
» Consumers see a note about registering for
provider status if they want to submit assets to

the RES.

+ G0

Full detail page
for an asset
(Provider view)

+Home > Downloads > Algorithms > Perl

Submitter: RES Admin
calc T Released: Mon,

15-0ct-2007
Description:

This web page offers a calculator Perl script that
includes mathematical functigns and pre-defined
constants commonly used in astronomy.

Version: 0
Downloads: 12

File Size: 8.00 KB
Platform: None
Checksum:

Home Page: Astronomy
aware Unix Calculator

by Alexey Vikhlinin

Current categories

are not final; e
tagging option }?me?
under

Download Times:
Modem(56k) - 15
ISDN(64Kk) - 15
DSL(768k):0.09s
LAN(10M) - 0.01s

consideration

I Rate Resource | Report Broken | Modify | Recommend | Comments (1) I

Other files by: RES Admin
test download (Wed, 24-Oct-2007)
Perl Limericks (Tue, 16-Oct-2007)
coord_conv.pl (Tue, 16-Oct-2007)
circle.c (Tue, 16-Oct-2007)
calc (Mon, 15-0ct-2007)
linept c (Mon, 15-0ct-2007)
linreg.c (Mon, 15-Oct-2007)
ESDS Software Reuse Working Group Year End Report 2006 (Tue,
11-Sep-2007)

Comments

[Nested =] [OldestFirst =] [ + REFRESH || + POST COMMENT |

The comments are owned by the poster. We aren't responsible for their

content.
Poster Thread
marshall Posted: 2008/4/1 13:49 Updated: 2008/4/1 13:49
Joined: Re: calc
2008/3/21 I've used this tool since grad school. it's useful as a general

16



Reuse Readiness Levels (RRLS)
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Being created for use by developers and adopters to assess
software and related artifacts for reuse.

Through discussions on weekly and monthly telecons, the Software
Reuse WG made the following decisions:
— To use nine levels, to align with the familiar TRL scale.

— To look at nine topic areas that the WG thought were important for
measuring the reuse maturity of software.

In an iterative process, volunteers from the WG:
— Wrote an initial set of levels for each topic,

— Drafted summaries of each RRL, looking across all topic areas at each
level,

— Created a set of summary RRLs with descriptions by combining
information from all topics at the same level, and

— Made suggested revisions to RRLs and topic area levels based on
feedback received from the community.

Use cases have also been developed and are being reviewed and
revised by the WG.

Note: RRLs presented here are still under development.

18
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RRL Topic Areas
and an Example Level

Topic areas included:

e Documentation
o Extensibility

 Intellectual Property
Issues

« Modularity

« Packaging

o Portability

e Standards compliance
e Support

« Verification and Testing

Example from Verification and Testing

RRL 4 — Software application tested
and validated in laboratory
environment

Following successful testing of inputs
and outputs, the testing would include
integrating an application to establish
that the “pieces” will work together to
achieve concept-enabling levels. This
validation must be devised to support
the concept that was formulated earlier
and should also be consistent with the
requirements of potential system
applications. The validation is relatively
“low-fidelity” compared to the eventual
system: it could be composed of ad
hoc discrete components in a
laboratory; for example, an application
tested with simulated inputs.

19
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Draft RRL Summaries

Level Summary Description

RRL 1 |Limited reusability; the software is not Little is provided beyond limited source code or pre-compiled, executable binaries. There is no
recommended for reuse. support, contact information for developers or rights for reuse specified, the software is not

extensible, and there is inadequate or no documentation.

RRL 2 [Initial reusability; software reuse is not Some source code, documentation, and contact information are provided, but these are still very
practical. limited. Initial testing has been done, but reuse rights are still unclear. Reuse would be challenging

and cost-prohibitive.

RRL 3 |Basic reusability; the software might be Software has some modularity and standards compliance, some support is provided by
reusable by skilled users at substantial developers, and detailed installation instructions are available, but rights are unspecified. An
sitert coEt e sk expert may be able to reuse the software, but general users would not.

RRL 4 |Reuse is possible; the software might be Software and documentation are complete and understandable. Software has been demonstrated
reused by most users with some effort, cost in a lab on one or more specific platforms, infrequent patches are available, and intellectual
— ’ " |property issues would need to be negotiated. Reuse is possible, but may be difficult.

RRL 5 |Reuse is practical; the software could be Software is moderately portable, modular, extendable, and configurable, has low-fidelity standards
reused by most users with reasonable cost compliance, a user manual, and has been tested in a lab. A user community exists, but may be a
and risk small community of experts. Developers may be contacted to request limited rights for reuse.

RRL 6 [Software is reusable; the software can be Software has been designed for extensibility, modularity, and portability, but software and
reused by most users although there may be documentation may still have limited applicability. Tutorials are available, and the software has
soie cosh 2 15 been demonstrated in a relevant context. Developers may be contacted to obtain formal

' statements on restricted rights or to negotiate additional rights.

RRL 7 |Software is highly reusable; the software can Software is highly portable and modular, has high-fidelity standards compliance, provides auto-
be reused by most users with minimum cost build installation, and has been tested in a relevant context. Support is developer-organized, and
and risk an interface guide is available. Software and documentation are applicable for most systems.

: Brief statements are available describing limited rights for reuse and developers may be
contacted to negotiate additional rights.

RRL 8 |Demonstrated local reusability; the software Software has been shown to be extensible, and has been qualified through test and
has been reused by multiple users demonstration. An extension guide and organization-provided support are available. Brief

statements are available describing unrestricted rights for reuse and developers may be
contacted to obtain formal rights statements.

RRL 9 |Demonstrated extensive reusability; the Software is fully portable and modular, with all appropriate documentation and standards

software is being reused by many classes of
users over a wide range of systems.

compliance, encapsulated packaging, a GUI installer, and a large support community that
provides patches. Software has been tested and validated through successful use of application
output. Multiple statements describing unrestricted rights for reuse and the recommended citation
are embedded into the product..




Peer-Recognition Award
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MINISTRATION Peer-Recognition Award
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The WG developed a Peer-Recognition Software Reuse Award to
recognize those people whose efforts and projects contribute to the
practice of software reuse in the Earth science community.

There are three categories of the Reuse Award:

— Contribution, for the creation and offering of reusable software assets

— Utilization, for the reuse of existing software assets in new projects and
the demonstration of reuse for the benefit of the community

— Peer Education, for providing guidance to others on preparing or
adopting software for reuse

Follow the “peer-recognition award” link on the main page of
http://www.esdswg.com/softwarereuse for more information.

Nominations for this year’s award have been received, and the WG

IS beginning the process of reviewing them and selecting recipients.

22
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2008 NASA ESDS Software Reuse Award Recipients:

e Contribution Award Category: 2 recipients
— Mercury Consortium , Oak Ridge National Laboratory
» Mercury Distributed Metadata Management, Data Discovery and Access System
— UAHuntsville Subset Team , University of Alabama in Huntsville
« HDF-EOS Web-based subsetter (HEW) family of subsetting software
o Utilization Award Category: 1 recipient
— Data Management Systems and Technologies Group , NASA JPL
* Object-Oriented Data Technology (OODT) Catalog and Archive Service (CAS)
 Peer Education Award Category: 2 recipients

— Dr. Victor E. Delnore , NASA Langley
* Reuse education, in part with NASA ESDS Software Reuse Working Group

— Dr. Robert R. Downs , Columbia University
* Reuse education, in part with NASA ESDS Software Reuse Working Group

23
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Reuse leverages past experience to achieve benefits such as:
— Saving time
— Ensuring reliability
— Saving money

The WG works to encourage and enable reuse within the Earth

science community, to achieve the benefits of reuse, through a
variety of activities including:

— Portal web site (http://www.esdswg.com/softwarereuse/)
— Reuse Enablement System (RES)
— Reuse Readiness Levels (RRLS)
— Peer-recognition award
System developers can improve their ability to realize these benefits

by improving their capabillities for reuse and assessing/mitigating
potential risks.

By recognizing the reuse potential of their current efforts, developers
who prepare software for reuse by others can help developers of the
future, next generation of data systems realize the benefits of reuse.
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Reuse WG Contact Information

NASA Earth Science Data
Systems (ESDS) Working Groups

— Coordinator, Frank Lindsay
(http://esdswg.gsfc.nasa.gov/)

Software Reuse Working Group

— General Information:
James J. Marshall
(James.J.Marshall@nasa.gov)

— Qutreach and Education Team
Leader:

Robert R. Downs
(rdowns@ciesin.columbia.edu)

@ GODDARD SPACE FLIGHT CENTER

-

+\isit NASA gov
+ Goddard Home Page

Earih Science Data Systems

Software Reuse

Working Group

T oo

H

working group members  log in

you are here: home

news

[E Fall AGU Session
Proposalz Due June 12
2008-05-12

[ 2008 Peer-Recognition
Award Call for
Hominations

2008-04-15

[ES New RSS Feeds
2008-03-1%

[ Additional Reading
Suggestions Added
2008-03-12

Presentations Added
2008-03-12

More news...

upcoming events

[ 2009 ESIP Federation
Summer Mesting
Santa Barbara, California,
2008-07-07

[ig 2003 World Congress
in Computer Science
(WORLDCOMP'0%)
Las Vegas, Nevada,
2009-07-13

[ 2008 IEEE International
Geoscience and Remote
Sensing Symposium

Earth Science Software Reuse

last 1:48 AM

Welcome to the Earth Science Data Systems (ESDS) Soflware Reuse FPortal. Please visit the
ESDS Working Group Page for more information about our group

The WG is pleased to announce the recipients of the 2008 Peer-Recognition Award who
received their awards at the 7th ESDS WG Meeting. Congratulations, and thank you for your
reuse efforts. The WG is now accepting nominatiens for the 2009 award — please see the
awards section for more information

We have updated our reuse definitions including what the Werking Group does and does not
consider reuse in our Resources, Library section, and posted a brochure about our group and its
activities. A number of bottorn-up reuse guidelines, a technology transfer guideling, and a
technology transfer FAC to help explain NASA's technology transfer process are now available in
the Resources, Guideline Documents section. Some of our more recent publications have been
added to the Resources, Library, Publications section, the latest of which are our DSADR paper
discussing some of the WG's major aclivities, presented at a workshop during ICSR 10 (here
are the DSADR slides used for the presentation), and our 2008 IGARSS paper about the current
state of our Reuse Readiness Level work. We've also posted a copy of our 2008 AGU poster
describing our progress in developing a prototype Reuse Enablement System (RES). This and
other postersipresentations are available in a new presentations folder under Resources,
Library. 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 folder in the Resources section,
including the peer-recognition award developed by the WG (the nomination form is also available
as a separate document) The reuse material used at our 2008 annual meeting has been
posted in the 7th ESDS WG Meeting folder under Resources, Library, and planning for the 8th
ESDS WG Meeting is currently underway.

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
propesed Reuse Enablement System (RES) in a new folder under the Resources section. Qur
trade study of existing systems, use cases for the proposed RES, and requirements for the
proposed RES are currently available. Additional documentation as well as a roadmap and
schedule for RES deployment are under development and will be added as they are completed.

For mare information, please visit our Mews | Site Map | About Us , FAQ | Sugaest Content andfor
Contact page.

Developing an intemal

{Cniss Jo0d) marketplace for reusable Daménd
Capetown, South Africa, software development a5 Demonstrate the feasibility and value
2009-07-13 artifacts | m En"l;h of reuse through focused projects

http://www.esdswg.com/softwarereuse
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