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ABSTRACT infusion within the NASA context, and proposes some

Research in the software engineering communityicoes  remedies, using microelectronics technologies aseles.

to lead to new development techniques that encampas 3
processes, methods and tools. However, a number ofoftware engineering is a technology area thatitigest to
obstacles impede their infusion into software depelent  these infusion obstacles. Zelkowitz [3] observaib ta
practices. These are the recurring obstacles common decade ago in the context of the NASA Software
many forms of research. Practitioners cannot rgadil Engineering Laboratory.  Recognition of the grawin
identify the emerging techniques that may benkéitt, and ~ Prominence of software within the development and
cannot afford to risk time and effort evaluatingdanying ~ operation of NASA spacecraft has led to the esthbient
one out while there remains uncertainty about wéreth ~ Of the NASA Software Working Group, the purpose of
will work for them. Researchers cannot readily iifgrthe which is:

practitioners whose problems would be amenablehédr t “...to develop and oversee the formulation and
techniques, and, lacking feedback from practical implementation of an Agency wide plan to work
applications, are hard-pressed to gauge the whedeira toward continuous, sustained software engineering
what ways to evolve their techniques to make theonem process and produce improvements in NASA; and
likely to be successful. This paper describes agoivry to ensure appropriate visibility of software issues
effort conducted by a software engineering research within the Agency” [4].

infusion team, and the NASA Research Infusion atiite,

established by NASA’s Software Engineering Initiatito One of the strategies of this group is to “ImpréN&SA'’s
overcome these obstacles. software engineering practices through researulith, with

a software research infusion team is charged with
facilitating. ~ This position paper describes titéam’s
approach. A full paper, if selected, would give
significantly more detail on specific infusions altiaeir
successes and problem areas.

Categories and Subject Descriptors
D.2.9 M anagement]: Software Quality Assurance

General Terms
Management, Measurement, Documentation, Economics,2. QBSTACLES

Experimentation, Human Factors. There are many obstacles to software engineering
technology infusion, such as the gap between resegs’

Keywords and practitioners’ concepts of adequate maturity;

Research Infusion, Technology Transfer. inadequacy of the NASA Technology Readiness Level
(TRL) scale for quantifying the size of this gape trisk-

1. INTRODUCTION averse nature of most NASA software developers;thad

Technology infusion—the maturation and transfer of differing motivation structures for researchers and
research results into practical use—has long been adevelopers. Rarely are there return-on-investniB@l)
desirable, yet challenging, goal [1]. NASA, like mya models, competitive analyses or other evidencehtawsa
organizations, can benefit from successful tectmplo research product's value in specific development
infusion. However, technology infusion is often fididlt. environments. There are many software engineering
Shapiro [2] outlines some of the obstacles to teldgy research products and it's difficult for practites to



identify, evaluate and track those that may be @mte
for them. The practitioner community is also sometvh
fragmented, with many contractors—who develop the
majority of NASA-funded software—unaware of presou
NASA funded software engineering research. Finally,
software development for NASA missions takes pladée
larger context of project management of the emtiigsion,
wherein there is reluctance to commit scarce ressuto
try out technologies that haven't been thoroughigvpn,
and even more reluctance to placing them on articari
path.

3. OVERCOMING OBSTACLES

Our team’s approach to overcoming these obstactdisdes:

1. Information Gathering: We identify and assess

(2) Can be incorporated into existing software
development practices with a minimum of
disruption.

(3) Are mid- to high-TRL (Technology Readiness

Level) research, demonstrating success on a real
project, and ready for use more or less “as-is”.

Are either NASA-funded, or are related
technologies, or have been suggested by NASA
software developers. Future infusion is likely to
concentrate more on technologies that have been
funded by NASA, in order both to validate this
research and to ensure transfer of the technology
into NASA.

(4)

3.2 Information Dissemination

software engineering research that is of relevance | tormation on the research techniques that we have

to NASA's software development activities.
Included in this is research performed both within
and outside of NASA.

Information Dissemination: We identify the
channels to reach the NASA software practitioners
who might benefit from the research techniques.
We use these channels to publicize the researc
techniques among NASA and its contractors’
software development teams.

Brokering Collaborations: We identify and
encourage promising collaborations between
researchers and NASA software engineering
practitioners. This is helped by the availabitity
funds specifically devoted to support such
collaborations. Our infusion team helps
recommend the allocation of this funding to
worthy collaborations.

3.1 Information Gathering
Our information gathering efforts aim to identifgfevare
engineering research taking place that is relevent
NASA's software development activities. Since offort
was chartered in 2002, we have considered botlargse
performed within NASA, research from outside NAS#d
commercial products. Our team consists of membfktise
software engineering research community from séwafra
the NASA centers, and JPL. Their experience atidityc
within the software engineering milieu give the nea
broad awareness of ongoing developments in thatare
We have narrowed our focus to software engineering
research results that:

(1) Have particular relevance to software assurance

(partly influenced by the fact that funding comes
from the Software Assurance Research Program).

identified is posted at the research infusion witd [5].
These are publicly accessible web pages, and sdemay
located by practitioners within NASA and its cortas by
search, or by following links to these pages froamiaus
other NASA web pages (for example, the NASA Sofawar
Working Group’s pages).

hOur team members have contacts with NASA software

practitioners at their respective centers and udthtractors

as well. Presumably other NASA software enginegrin
researchers have similar contacts with software
practitioners, and might be expected to pursueettes
locate likely make connections between practitisnand
other research of which they are aware. Our infuséam,
through its involvement in gathering information suitable
techniques, has at its fingertips deeper and broade
knowledge of those techniques, and so is bettes &bl
recognize potential connections. In addition, diedite
visits have been conducted to NASA Centers and
contractors.

3.3 Brokering Collaborations

The research infusion team conducts an annual foall
research collaboration proposals. Proposals forh suc
funding must be submitted by a software practitiofmet
the technology provider), and must be for applaratf the
technique to actual project use (not for furtheseesch).
Unlike other research programs, the Research biusi
Initiative optimizes the likelihood of a successful
collaboration by communicating with each proposnt
(wherever possible) prior to the proposal due date
ensure, initially, that there is a good match chtéque and
requirements, that the proposed collaboration idl-we
designed, and finally that the nominal outcome loé t
project will be a success by our standards



The funding range for each collaboration is $20;000
$50,000 over a 6-month period. Funds are intendeldet
used for risk-reduction in introducing the techrgyte-for
example, for training, customer support, limitedelises
where required, and collaboration management,
collection and analysis. Despite the low levefurfding in
comparison to typical NASA project budgets, we hagen
an increase in the number of proposals over theetihiear
history of the initiative.

Research Infusion established the following evabmat
criteria for submitted proposals. The proposal tetep
includes sections crafted to gather informatioreaoh of
these criteria:

a) Feasibility: Is the proposed collaboration
feasible? Are the skills of the participants relgyahe
funding adequate, the management plan sound?

b) Impact on NASA: What will be the impact on
NASA? Is the technique being applied to an impurta
project?

c) Likelihood that, if successful, the techniqudl wi
be adopted as part of the development team’s peacti
What is the likelihood that the technique, if sigfal in
the proposed collaboration, will be adopted as péathe
development team'’s practice?

Station payloads, Space Shuttle and Space Shutliea M
Engine software, and a mission design activity.

An additional seven collaborations have been amatdor
2006.

dataCollaborations have been evaluated according to the

following criteria:

a. The success criteria of the collaboration pitsjec
funded under this proposal are met. This includpesitive
rating for each product on the collaboration’s ea#ibn
criteria metric(s).

b. The research product is adopted by the
collaborating software development team for curceset

c. The research product is included in a list of
recommended development practices at a NASA Cemter
by contractor.

d. The software development team using the
product provides feedback, including performance,dt
the research team to guide future development ef th
product.

e. Six months after the funded collaboration
period, the research product is still being used thoy
development project or by a successor developmejeqi.

f. Independent of the success of the collaborations
“lessons learned” regarding the challenges and esscc
factors for software development technology infasio

d) Adequate feedback provided to researchers: Iswithin NASA.

adequate feedback provided to the researchersydingn
collaboration? For example, bugs, metrics data| fieport.

e) Good use of NASA funds: Is the proposed
collaboration a good use of NASA funds? The prop®sa
budget section addresses this question directhstaging
how the funds will be used. We also ask that theppser
indicate what the impact will be on the developmaagect
if the proposal isiot implemented.

4. COLLABORATIONS

To date, six collaborations have completed, allttegm
achieving a “penetration factor” of 9 (as measwedhe
NASA Software Assurance Research Program’s scale of
— 9)—the results of applying the technology wertiaity
used on the project. In the historical contexts tlevel of
penetration of new software engineering technokdie
rare. One collaboration resulted in successrwiige) —
technology is still in use 6 months after the eridthe
collaboration — and (c) — the technology is in teater’s
list of recommended development practices; two rothe

Our effort was chartered in 2002. We held NASA-wide ¢o|japorations are planning to adopt (and so wdedd! to
videoconferences in August of 2003, May of 2004 and (g)): and yet two more are investigating adoptiorttieir

March 2005. At each of these we featured sevemare
promising assurance techniques (in the second laind t
events, repeating some of the ones from previoassyas
well as new ones), and announced a “call for collation
proposals”.

Following the selection process this lead to fugdior a
selection of Research Infusion collaborations. TFeh
collaborations were initiated during 2004 — 2009he
technologies included a technique for conductingremo
efficient formal inspections; software defect cifisation
for process improvement; requirements analyzersleco
analyzers; and tools and a method for design ralon
capture.

The target application projects included spacediaght
software, a ground antenna controller, Internati®@zace

context.

5. LESSONSLEARNED
Research Infusion’s technology selection criteriaveh
remained largely unaltered through several yeassftiny
an application. However, several modifications are
recommended for the future.
A greater emphasis should be placed on the cnit¢How
easily can the research product(s) be integratéd @
software development project?” While this is stateda
constraint on the technology, it is a relation kexw the
technology and the development environment, and it
requires more careful evaluation by the collaborateam
prior to proposal submission. For example, several



collaborations have had unexpected difficulty due t
incompatibilities in the compiler (or other devehopnt
tool) used on the project and the requirements hef t
technology. This can be a more serious issue atANiAan
elsewhere because of the very conservative nafiM&8A
software development, supporting long-obsolete
development platforms, in contrast to the most emirr
environments that are typically supported by neftwsoe
engineering technologies.

Also, the evaluation criteria for collaboration posals
need to take into account contractual risks (thas hot
been made explicit to the collaboration team te)athe
guestion can be interpreted in “cost/benefit” termdll so
much time be spent on handling contractual isshassthe
collaboration is put at risk. Again, this is a pautarly
significant issue for NASA projects where there dena
high administrative overhead (including long delagswell
as personnel effort) in getting necessary approvidiese
obstacles have the potential for derailing projegth low
funding and short duration.

Another risk that should be recognized and mitigaitsults
from the classification of the collaboration’s tatg
software. Software that is classified as exportteled
may limit collaboration participation by technology
developers. Unfortunately, the most safety- arssion-
critical code is often classified as ITAR at NASA.

6. DISCUSSION AND CONCLUSIONS

The overall impact and benefits of research infusio
space systems are several: previously-inaccessilfterare
assurance technologies have been successfully ethfus
some have been adopted for inclusion in organiastio
development practice; several have continued taske for
some time following the end of the collaboratiohge t
software development team has provided feedbadkeo

technology developers; and lessons learned have bee

identified regarding the challenges and succedsrador
software development within NASA [6].

Research Infusion has demonstrated an inexpenside a
effective process for brokering matches betweeihvsoé
engineering researchers and practitioners that lsan
incorporated into NASA’s overall strategies forusion of
software engineering research products, and spaltyfifor
research products that can improve software sadety
mission assurance.

As our procedures are codified and the researalsior
team has gained experience, our approach is ltkescale
to a greater range of software engineering teclyiedo(not
just those addressing software assurance) andrgerla
numbers of collaborations. Expansion of scope taemo
“revolutionary” technologies—technologies requiring

more significant change to an existing software
development process model, or to the required
infrastructure—is likely to require adaptations the
Research Infusion business model.

If selected for a full paper, this position papeitl e
expanded to give specific details of the currend an
completed collaborations and the outcomes of theofithe
technology.
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