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ABSTRACT

Mission-directed  public-sector  research
facilities are experiencing increasingly
severe budget environments while seeing
expanding missions and responsibilities. In
an effort to identify research leveraging
methodologies an information search was
conducted in conjunction with some efforts
to find the proper links to systems engineer-
ing fundamentals. The result is an initial
model for use in a preconcept/phase-1 engi-
neering design organization, with a goal of
improving the organizations performance.

BACKGROUND

The intent of this survey is to address emerg-
ing issues related to public sector research

issues are externally der1v
emphasm on dual use gk

ratories (SNL)
issues include
development
ulation as well
and/or professional
standards into SNL ac
time the SNL is faced wi :-31gn1ﬁcant reduc-
tions in money designated for research.

As a nation in debt public sector R&D can-
not afford duplication or spend inordinate
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amounts of money on minor, minimal value-
added public research. On the other hand, we
also cannot afford to terminate activities that
are imperative to ensure a viable competitive
national future. We need to identify tech-
niques that improve thc:efficiency and effec-
tiveness of the researc ‘dollar as well as

#hat follow reflect a consensus
and issues that have been iden-
terature as enhancements to the
dict” cycle. The private

1as, and s a result has identified means for
leveraging the research dollars spent by a
¢opporation.  Recognizing that survival
depends on “new product” and “efficiency of
effort” the private sector has devleoped use-
ful approaches for leveraging effort. A bibli-
ography has been included in additiona to
references.

CONSENSUS MODEL

There appear to be several overriding ele-
ments associated with the transfer of tech-
nology in organizations which are efficient at
this transition of research to product. The
elements consist of (1) detailed technology
“roadmaps” or plans, (2) a technology analy-
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sis capability, (3)-decision theory, and (4)
organizations optimized for R&D transition-
ing. A fifth element which appears to be per-
vasive in the literature is the idea of a R&D
technology portfolio. The portfolio is an
attempt to balance the research activities
among, basic, applied, and process directed
research activities.

Technical Roadmaps or Plans

There is a consensous expressed in the litera-
ture that it is important to develop “strategic
plans or roadmaps.” These plans are
detailed technical management and planning
documents used in the evaluation and control
of technical research programs. Motorola
(Willyard, 1987) implemented a parallel
planning structure which employs two types
of plans: the Emerging Technology Road-
map and the Product Technology Roadmap.
The first roadmap emphasizes a single tech-
nology and examines Motorola’s capability
in that area, its relationship to competitors’

capabilities, and provides forecasts for *

progress in a technology The Product Road-
map is broader in scope and a:i¥p
consists of eight documepts pr
comprehensive evaluatiof“gf:
over time. The eight doc
(1) a description of th: 'b i
ness mission, ( (
(5) sales histg
cycle curves
rience curves.
encourage the use“of ¢d analysis and
planning techniques t6 prg¥ide a framework
for making R&D allocation decisions.

e intended to

Technical Analysis

Van Wyks’ (1990) discusses a concept which
he calls technology analysis. This methodol-
ogy is used to support the development of
technology roadmaps and portfolios. The
paper describes five basic evaluation metrics:

(1) a technology protocol, (2) a classification
mechanism, (3) technological trends, (4)
technological limits, and (5) a profile of
social preferences. The technology protocol,
trends, and limits seem to be well suited for
use in the broader technological analysis
program of a public sector research organiza-
tion.

A methodology of greater scope and fidelity
seems to be an approach proposed by Clarke
(1973). This model, developed at the Office
of Research Analysés. (ORA), is intended to
1) prov1de information to assist in insuring

issociated with preconcept design

ysis activities. The principle ele-

model are mission analysis, sys-

sigzsand research analysis. The

onship§ and outputs of the analysis
sare shown in Figure 1.

In the context of Clarke’s paper, systems

-..analysis provides cost effectiveness evalua-
“ tions for system concepts which are founded

in certain technologies. As part of this anal-
ysis, technical barriers are identified which
need to be overcome in order for a system
concept to be developed. The research anal-
ysis aspect identifies ways for translating a
technical barrier into a research opportu-
nity. The model suggests that research anal-
ysis be employed to develop promising
system concepts based on the projected tech-
nologies and provide research objectives.
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Figure 1. Relationship of technical analysis
elements.

Selection Criteria

What appears to be endemic i

selection criteria
mission of the

ility of success if
both management and the researcher are
involved in planning from the outset. The
point is that criteria need to be established,
and R&D projects should be selected based
on the criteria(Szakonyi, 1990-J).

Souder (1980) concluded that as part of a
selection criteria large projects needed to be
broken into a number of smaller projects.

“ness analysis methodology.

~.His data demonstrated that 72% of projects

involving more than seven people experi-
encedsignificant interface problems while
only 44% of projects with less than seven
people experienced the same problems. He
further found that projects with significant
problems about half were partial or complete
comercial failures. He grouped R&D/Mar-
keting interface problems into four catego-
ries: (1) lack of communication, (2) lack of
appreciation, (3) distrust, and (4) too-good
friends. This last category seems to be char-

theory to eco-
In this article

decision mi i’ Another detailed model for

 project selection (Kuwahara and
$990) is based on a cost-effective-
These tech-
niques should be used as starting points to

.. develop selection methodologies and criteria
“ which reflect the imperatives of the public

research organization. The likelihood is that
each organization, upon reflection and analy-
sis, will find a unique set of selection criteria.

Organizational Issues

There appears to be a significant communi-
cations component in R&D activities. Com-
munication must be maintained among all
elements of the organization, including man-
ufacturing, marketing, and researchers
involved in other projects. There also seems
to be a consensus that project management
planning activities needs to be formalized in
the R&D organization. The planning pro-
vides the R&D organization with goals and
objectives enabling the organization to
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. define performance metrics. These metrics -

can be used to ensure that the effort is not a
dead-end technology search. The planning
and control, however, must recognize the
risk associated with research and should be
less constrained than in other parts of an
organization. Plans can be ignored, however,
Souder (1980) countered this argument was
found in Souder’s paper (Souder, 1980)
when he found that successful projects were
headed by “tough-minded individuals” who
would, when necessary, “knock some heads”
together to overcome roadblocks.

Lack of proper R&D management skills can
lead to organizational inefficiencies. Szako-
nyi (1990-J) indicated that R&D manage-
ment possesses unique problems: there needs
to be a balance in planning and control, man-
agement must reflect corporate goals, to
emphasize communication, develop effective
evaluation mechanism that exhibits a high
degree of integrity, and is heavily people o
ented. He felt that “some R&D managers

should not be managers.” Rather they should *

have been promoted along a separate techni-
cal ladder. i

There was some discussion i
regarding the aspects of
teams. There a eared- to
understandmg #t

tions that selected itsiteam members and
which possessed a broad base of expertise.

Sakakura (1991) also indicated that success
was more likely when researchers were
given the opportunity to conduct parallel
research in basic and applied fields. Szako-
nyi(1990-J) indicated that engaging R&D
people in technically challenging work will

enhance the organizational -effectiveness.
Finally, methods need to be identified which
tap the wealth of ideas regarding innovations
which far too often remain unnoticed.

In a second paper, Szakonyi (1990-N) dis-
cusses the need for high levels of interaction
with the customer. He points out that R&D
organizations traditionally think that its’
operations units are the customer of their
efforts when in reality they are the ultimate
users of the companies products. Szakonyi
strongly recommends that R&D personnel
interact with thetéchnical staff of their indus-
also suggests that fore-

uis NCOSE Symposium, on
management. This paper -
explorcs the area of incorporating technol- -
ogy into an organizations mission and

.projects while this article is exploring tech-

niques for pulling research in a direction to
solve an organizations future problems.
There is a significant number of interesting
ideas in Mackay’s paper which is relevant to
the later problem.

Mackey identifies eight overriding strategic
elements which comprise technology man-
agement. The elements he identified are
(1) technology management requirements,
(2) technology readiness levels, (3) technol-
ogy brokering, (4) project management com-
mitments, (5) a technology evaluation and
adaptation methodology, (6) prototypes,
(7) selected implementation, and (8) lessons
learned. This breakdown seems to compli-
ment Van Wyk’s (1990) breakdown. The
more interesting aspect of Mackey’s paper is
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the six stages associated with technical man-
agement: (1) contact, (2) awareness, (3)
understanding, (4) trial use, (5) adoption, and
(6) institutionalization. This perspective on
technology management could provide a
very useful foundation for building a culture
that adapts and uses new technologies in the
solution of current or near-term problems.
There are also elements of this model that
are useful in research leveraging.

RECCOMMENDATIONS

The literature provided some interesting ini-
tial approaches for leveraging the public sec-
tor research dollar. There appear to be four
basic elements needed in a high-performance
preconcept organization: (1) analysis matu-
rity, (2) decision methodologies and metrics,
(3) technical roadmaps, and (4) an organiza-
tional structure with good business practices.
The following sections will delineate exam-
ples of these four elements and provide argt
ments indicating the achievement of th

goals and objectives discussed in the opening

of this article.

Relationship to Systems Epginee

A common principle foun
articles indicated, ei
itly, the importazs
organizations.with effectiv
tioning procéssés, A detailed’éxamiriation of
jvities revegls significant

Figure 2 provides a process flow diagram for
identifying technologies which could solve
problems of national scope in the public sec-
tor.

The model presented in this paper is based
on the systems engineering paradigm, and
further discussion will use the appropriate

terminologies. As is typical of systems engi- -.
neering activities, specifically trade-studies,
the process is iterative in nature. The drivers
of the process include databases of new tech-
nologies, future missions, and operational
environments that impose constraints or
opportunities for advanced technology solu-
tions. The heart of the process involves sys-
tems analysis activities with an objective of
defining technological-based solution archi-
tectures, research project metrics, and goals
for a research area or project. This informa-
tion is then processéd:.to produce technologi-
cal roadmaps angd'research portfolios.

Systems Analysis

 enu——— UEsion
New Ampysis
Technoloaies g £
> EE

S
I

Figure 2. Process chart for research transi-
tioning organization.

Databases The databases in this model are
the result of an active ongoing data-gathering
process. The systems engineer involved in
this activity needs to allocate significant
amounts of time to become familiar with
research being pursued by the organization
the systems engineer also needs to be cogni-
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zant of research at other facilities, universi-
ties, and in the private sector. This
information should be captured in a database
for use with case-based reasoning tools so a
broad spectrum of engineers and researchers
can easily gain access to the information.
Sary & Mackey (1995) presented a paper in
which a case-based reasoning tool was used
in a lessons learned activity at NASA. Case-
based reasoning is a type of expert system
which enhances the application of past expe-
rience to new problems. It uses databases
and natural language queries for storage and
retrieval with the expert system providing
assessments on the applicability of the infor-
mation to the new problem.

Another needed database requires the engi-
neer to be in communication with customer
organizations involved in future endeavors.
There need to be assessments of the types of
problems organizations will be faced with in
the future. Typically, mission projectior

possess implicit technological assumptions:

- which need to be identified by the systems
engineering organization for use in driving

provides the basis for all re
ties.

These analyses, which:figed to be iteratively
‘applied are expected to-produce solutions to
a mission need using a specific technology or
combination of technologies. The analyses
would typically be at a relatively high level
or a level that would expose technology spe-
cific requirements. Systems analysis actions
would consist of:

e Identify system level and subsystem

response or performance functions.

* Perform sensitivity analyses to identify
subsystem requirements.

e Conduct two levels of cost analysis; (1)
based on the risk analysis assess cost to
overcome technological barriers, and (2)
if possible, assess the cost of using a
technology in a system concept.

e Functional architectures need to be
defined which employ specific technical
solutions.

of problem
solution re or example, in the

Zing a new conven-

L mitigate the effect
e appropriate applications of
The analysis activity is

irements Analysis Requirements
and rigk analysis provide the foundation of
information for technological assessments..
Requirements analysis is the first step in the
development of research goals. Identifying
the levels of subsystem performance
required for a system to meet mission
requirements enables the systems engineer,
in conjunction with a researcher, to establish
goals for the activity. The risk analysis activ- -
ity must honestly address all potential obsta-
cles that could mitigate successful
development of a technology. The ultimate
objective is to develop goals for a research
project and the currently perceived limita-
tions which need to be overcome in order for
the technology to become a viable design
alternative.

Research Analysis Research analysis is
defined as the identification of mission rele-
vant research opportunities of on-going or
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projected research projects. The objectives
of this analysis activity are to determine the
appropriateness of the research within the
organizational mission and to formalize the
system context of the technology. It is also
an objective to assess the technological risk
factors in a process of down selecting tech-
nological paths which potentially will fail.
The analysis comprises a fine balance
between recognizing a high-risk activity with
legitimate payoff and a project of limited
value.

The information generated as a result of
these analyses consists of technology based
design concepts, research metrics, and
research goals. Identifying a technology that
can be applied to solving a public sector
problem will in general result in specific and
possibly unique system architectures. These
system architectures are archived for future
use and used in follow-on analyses to estab-
lish requirements. The requirements iden
fied for an architecture need to
transformed into research goals for the rele-
vant technology Finally the research met-

address the following ¢ ments:

e Mission definition in a system context
and its relation to the organization’s mis-
sion and research portfolio.

* Technology goals.

e Technology limits, how much is achiev-
able.

« Technology trends, techniques similar to

cost estimation need to be used to predict
trends.

» Risk mitigation plans. High risk show
stoppers need to be addressed first to
assess future viability and support.

« Cost and economic analyses.

s Technological architectures for use in
future development activities.

Business Practices

Organization Souger (1980) discussed the
concept of “new: oduct committees” which
reviewed strategic. plans, policy issues and
he committee mem-
1.8as the R&D effort

teams could be formed
e systems engineering house,
; éé and the program sector to

and market the correct solutions to problems.
The solutions being generated by politicians
and lawyers exhibit a significant lack of
problem solving skill and insight.

Portfolio A number of authors discuss the
idea of research portfolios, which are the
result of decisions made regarding projects.
The portfolio is based on organization mis-
sion and the results of the analysis activities
discussed previously. Allio (1984) breaks
research into eight generic categories: (1)
exploratory research, (2) new product, (3)
product extension, (4) process improvement,
(5) raw material substitution, (6) regulatory
response, (7) energy saving, and (8) diversifi-
cation. All of these areas, except possibly
diversification, have direct correlation with
mission related activities at SNL. The cor-
porate task is to identify levels for each area
appropriate to formulate a balanced and opti-
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mized portfolio of research activities.. The
new operational environment requires that
research organizations exercise a high
degree of control, as Millett (1990) says
“...he who pays the bill for technical R&D
. gets to set the goals.”

Accounting There appears to be a rather
global move to use cost-based accounting in
business and industry, particularly in the
research areas. It appears that industry is
extremely concerned with identifying and
mitigating low “return on investment” (ROI)
alternatives and accurately allocating over-
head costs. This may become more impor-
tant in public sector research in order to
better assess cost-benefit metrics of pro-
grams.

NEEDS VALIDATION
Systems Engineering
Adoption of professional systems enginee

ing standards can be a costly and cathartic
endeavor for an organization; therefore a

the development of metricy
ing the expense and eff
implementation. Th

unc 'enal risk, and
requirements analysis; with rudimen-
tary sythesis and a research analysis func-
tion. The secondary aspect of working with
this limited set of systems engineering skills
is the level of detail required. The nature of
preconcept type activities does not require
the rigor and detail needed in concept devel-
opment activities. A strength of this
approach is the leveraging potential of these
activities in an organization.

consists of misst

Information/Communication

Information along with a robust communica-
tions component are key to the successful
application of systems engineering rigor in a
preconcept organization. The information
gathering element and communication link-
ages need to be strengthened and extended at
public sector research facilities. Missions
have often precluded the ability to freely
interact with diverse individuals and organi-
zations and has resulted in feudal states of
information. The dinks need to extend from
systems enginegfing organizations, research
orgamzatlons,, tomer planning organiza-

to possess a
wmicating and

ent. Databases used in con-
ith case-based reasoning tools
the mechanism for retaining

In order to reduce overall life cycle costs of
systems increased emphasis needs to be
placed on preliminary systems engineering
and analysis activities. There is also a need
to shorten the product cycle times. These
goals may be in conflict, especially for a
fledgling systems engineering organization.
If we can improve the direction and control
of mission relevant research we may be able
to reduce some development times. Figure 3
shows the relationship between research and
development in an organization employing
sound research decision methodologies. Fail-
ing to anticipate future needs in mission
related research moves the research curve to
the left in the figure, effectively lengthening
development times. Optimally selected
research works to anticipate the problems
and have solutions at hand when a technol-
ogy needs to be used in a design solution.
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