The Centre for Advanced
Studies: A model

for applied research

and development

The Centre for Advanced Studies (CAS) is an
applied research centre formed in 1990 within the
IBM Toronto Software Solutions Laboratory. Its
primary aim is to facilitate the transfer of
research ideas into the various product groups of
the laboratory. Although we are still learning how
to make CAS operate more effectively, and it is
too early to assess its long-term success, the
model for CAS has proved to be workable. The
primary partners, namely the IBM Toronto
Software Solutions Laboratory, the IBM research
community, universities in North America, and
government agencies that support collaborative
research, have found it a viable approach. As an
overview, this essay provides some background
to the formation of the centre, describes some of
the challenges deemed important in defining the
role of the centre, identifies a number of
principles that are used to guide its formation
and current operation, and reports on its
progress. We conclude with a discussion of
some lessons learned in the operation of the
centre to date and identify future activities and
directions for the centre.

he 1BM Toronto Software Solutions Labora-
tory is a software development institution, a
component of the 1BM Software Solutions Divi-
sion (SWSD).! swsD has a worldwide mission for
application-enabling software for all IBM com-
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puter platforms, and, increasingly, for other com-
puter platforms in the open-systems marketplace.
The application-enabling software breaks down
into three logical businesses: database manage-
ment, application development (including object-
oriented software technology and the national-
languages software architecture), and work group
applications.

The role of the 1BM Toronto Laboratory spans the
development of strategic products and technolo-
gies for the database and application-develop-
ment markets and for the national-languages ar-
chitecture. It is one of the largest IBM software
development sites and one of the largest private-
sector research and development sites in Canada.

Evolving product lines and the multiple software
and hardware architectures on which a product
must operate introduce complexities in the de-

©Copyright 1994 by International Business Machines Corpo-
ration. Copying in printed form for private use is permitted
without payment of royalty provided that (1) each reproduc-
tion is done without alteration and (2) the Journal reference
and IBM copyright notice are included on the first page. The
title and abstract, but no other portions, of this paper may be
copied or distributed royalty free without further permission
by computer-based and other information-service systems.
Permission to republish any other portion of this paper must
be obtained from the Editor.

IBM SYSTEMS JOURNAL, VOL 33, NO 3, 1994




velopment environment. Because the product
and each of the architectures may be owned by
different groups, numerous dependencies exist
among groups. Thus, missions of the SWSD lab-
oratories can be characterized as being diverse
and interdependent. The development work is
done at the sites having the best skills comple-
ment for a given assignment. Teams from differ-
ent sites often cooperate on integrated solutions.
For example, in database technology, the labo-
ratory in Toronto works closely with the IBM
Santa Teresa, Westlake, and Warwick laborato-
ries; and in application-development technology,
it works closely with the IBM Santa Teresa and
Cary laboratories, and with the IBM German Soft-
ware Development Laboratory in Boeblingen.

A significant shift has occurred within IBM from
being a provider of hardware and software prod-
ucts to becoming a provider of solutions to cus-
tomer problems. The laboratories within the
SWSD are responsible for interacting with custom-
ers to identify problems, and for developing and
maintaining products as well as integrating them
into customer solutions. SWSD must aiso address
the needs of customers within IBM. In particular,
it provides enabling technology to the operating
system groups that are responsible for the soft-
ware environments of the different IBM computer
platforms.

The Toronto laboratory has had very good expe-
riences in. cooperating with IBM research facili-
ties. This cooperation led to some very successful
product enhancements. For example, compiler
optimization technology from the 1BM Research
facility in Yorktown Heights, New York, is in-
corporated in many Toronto compiler products in
the form of TOBEY (Toronto Optimizing Back End
with Yorktown). And Starburst database technol-
ogy from 1BM’s Almaden laboratory in San Jose,
California, is used in the Toronto DATABASE 2*
(DB2*) products for Operating System/2* (0S/2*)
and Advanced Interactive Executive* (AIX*) plat-
forms. However, because the laboratory was lim-
ited to interaction with other IBM teams, addi-
tional influx of new ideas from outside IBM was
needed.

Within the IBM organization, the acquisition of
results from research in IBM is straightforward:
there are few bureaucratic requirements, and
groups are very cooperative. The research per-
formed in IBM is first-rate and very attractive.
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However, even the capabilities of the IBM re-
search laboratories are limited. The management
at the IBM Toronto Laboratory recognized that
additional resources and expertise were available

Several critical factors affected
the operation and future
directions of the IBM
Toronto Laboratory.

from universities, various centres of excellence,
customers, and government laboratories. The
problem was how to effectively tap into this ex-
pertise and to become less isolated. Past relation-
ships between 1BM Canada and universities had
been largely philanthropic, rather than promoting
collaboration and the exchange of ideas. The
challenge was how to establish such relation-
ships. During the prior ten years IBM Canada had
given $60 million to universities to support vari-
ous programs, but it neglected to deal with indi-
vidual researchers. Relationships with computer
science and engineering researchers were effec-
tively nonexistent. Paradoxically, the laboratory
has acquired an increasing percentage of its em-
ployees from universities.

Several critical factors affected the operation and
future directions of the IBM Toronto Laboratory.
First, the economic climate of recent years cre-
ated a need for cooperation among different
groups. Universities became much more willing
to work with corporate partners. Because there
are only a few sizable software research and de-
velopment companies in Canada, the Toronto
laboratory became an obvious choice. Second,
IBM itself was in a transition from a proprietary
computing environment to one of more openness
and interoperability. Thus, the various hardware
and software platforms prevalent in many univer-
sity environments had become possible platforms
for new and existing products. Third, the labora-
tory needed to become much more competitive
by assessing the potential of new ideas and mov-
ing innovative ones from research to product as
quickly as possible.
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The previous and current directors of the IBM
Toronto Laboratory saw great opportunities for
the laboratory to grow. Their vision was to in-

Interactions between research
and development communities is
critically important in the transfer

of research results.

corporate research results from within IBM and
from external sources into successful products.
They recognized further that a buffer was needed
between development and research to facilitate
the transfer of ideas between the groups. It had to
be more than simply providing software profes-
sionals with research papers. At the same time,
they did not want to create an exclusive research
group. Hence, the idea of a research centre within
the Toronto laboratory was born. The mission of
the research centre was a simple one: to become
a world-class applied research centre that facili-
tates the transfer of advanced research into stra-
tegic products. The applied research to be done
must be defined by the customers, that is, the
product groups within the Toronto laboratory.

The remainder of this essay describes the basic
model of the organization established to carry out
this mission: the Centre for Advanced Studies
(cAS). Although many of the ideas and the orga-
nization of the centre are still maturing, the expe-
rience to date has been positive and should be
shared. Many of the ideas are still incomplete,
and it will be several years before the effective-
ness of the centre can be thoroughly assessed.

The centre is not intended to replace any existing
research facility within 1BM; rather, it was pred-
icated on taking advantage of these other groups
and establishing a new group that works closely
with the researchers at those facilities. Although
the mandate of the centre is to perform applied
research, we recognize the critical importance of
basic research being done by other facilities and
the fact that pure research must continue to be
supported by both industry and government.
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The next section identifies the challenges that the
centre has faced and the opportunities that exist
for it. Given these challenges and opportunities,
the impediments and problems faced by the cen-
tre are then analyzed. An overview of the basic
model for the centre is presented in a succeeding
section, and areas in which we feel the centre has
played a significant role are then discussed. Fi-
nally, we conclude with some lessons learned and
directions for future activities.

Challenges and opportunities

The vision of an applied research centre that fa-
cilitates interaction between the research and de-
velopment communities is predicated on bringing
together individuals from both groups. Interac-
tions between these groups has been identified as
critically important in the transfer of research re-
sults within organizations, such as Hewlett-Pack-
ard Company and E. I. Du Pont de Nemours &
Co., Inc.? Collaboration between the groups ac-
commodates the transfer of research ideas to ex-
isting and future products. (See References 3, 4,
and 5 for similar observations and additional com-
ments.)

The notion of such a centre is not new. The Semi-
conductor Research Corporation,® for example,
brings together companies involved in the semi-
conductor industry and university researchers. It
has been successful in fostering research in this
area, in training graduate students, and in trans-
ferring research results to its member corpora-
tions. However, the formation of such a centre
focusing solely on problems in the software in-
dustry and devoted to the transfer of results in
software research seemed to have few, if any pre-
cedents, and presented many challenges. The
success of the centre ultimately depends upon ad-
dressing the challenges we now describe.

Enhance communication between research and
development at all levels—The ultimate goal is an
environment in which researchers and software
professionals can interact directly. To achieve
such an environment, we had to break the “per-
ception barrier.” The lack of contact and com-
munication had resulted in distorted views: prac-
titioners viewed researchers as “playing in the
sand box” with no conception of reality, whereas
researchers viewed practitioners as having closed
minds, unable to grasp underlying concepts. Soft-
ware professionals felt that researchers did not
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understand their problems and probably never
had. Researchers, in turn, considered practical
problems to be mundane and unchallenging.

Reduce time from idea to product—The time to
transform a research idea into a successful prod-
uct is often estimated to be 10 to 20 years. Shrink-
ing this time is a fundamental challenge. Central
to this challenge is selecting ideas ripe for trans-
formation into products while avoiding ideas that
are simply fads.

Applied research can help identify ideas with po-
tential as new products or as parts of existing
products. To be effective, the researchers must
transform ideas into prototypes to validate their
feasibility and uncover problems. Moreover,
such prototypes must be developed in the context
of actual systems, that is, integrated with parts of
systems and other components. Stand-alone pro-
totypes only address part of the feasibility issue;
to be useful to professionals, the prototype must
also demonstrate that the ideas can be integrated
into an overall system architecture. Under such
circumstances, professionals can then assess ideas
and, when appropriate, make the move to trans-
form prototypes and ideas into commercial prod-
ucts.

Exploit the professional’s window of opportuni-
ty—The development and maintenance of a prod-
uct is a cyclic phenomenon. A person’s attach-
ment to a product may be relatively short, only
one or two years, before moving on to some other
project. Software professionals are forced to re-
act to the problems that arise during product de-
velopment, giving them little time for innovation.
There is usually a small window of opportunity
during this time frame, consisting of the analysis
and design stages, where new research ideas can
be usefully incorporated. The challenge is to take
advantage of this window of opportunity.

Accommodate the time frame of applied re-
search—During any development project, prob-
lems arise that must be dealt with by the software
professional. Unless there has been ongoing in-
teraction with researchers, these release-specific
problems are too short-term to involve them.
These problems are often not anticipated during
the analysis or design and so must be dealt with
in a timely fashion. When more fundamental is-
sues arise concerning a specific product (for
example, increased functionality, performance,
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quality), they relate to releases one to five years
in the future. In this case, there are more oppor-
tunities for researchers to become involved.

Applied research can help identify
ideas with potential as new products
or as parts of existing products.

Problems that require new ideas, concepts, and
theories, such as migrating from a relational da-
tabase technology to an object-oriented database
or migrating from a sequential programming par-
adigm to a parallel paradigm, require even longer-
term efforts. The challenge is to integrate re-
search into long-term product development.

Transfer problems from development to re-
search—Researchers produce solutions looking
for problems, whereas professionals encounter
problems looking for solutions. The difficulty is to
match problems and solutions within a limited
time frame. In research, there are well-known ve-
hicles for exhibiting solutions, for example, pa-
pers and prototypes. In development, however,
the questions are often not clearly formulated.
The challenge is to make practitioners articulate
these problems so that researchers can under-
stand them. Research must be dovetailed with
development at certain stages during the product
life cycle. In the early stages, it is necessary to
foster the professional’s own awareness of such
problems through aid from researchers. How-
ever, implementation and testing are best left
solely in the domain of the professional.

Utilizing prototypes—The last 20 years have seen
an exponential growth in the number of journals
in computer science. Practitioners cannot find
time to read and sift through all of this material.
The challenge is how to spark interest among
practitioners in new ideas and their possible com-
mercialization. Prototypes illustrating concepts
can be a useful vehicle to attract the interest of
professionals. It suggests that encouraging re
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searchers to move their ideas from journals to
prototypes might be a fruitful strategy.

Exploit external research sources—Although the

internal research resources of IBM are excellent,
only a limited number of problems can be ex-

The most important consideration
was the value system of each group
and the way in which each group
measured success.

plored. Thus, other sources must be considered.
By making external research as easy to access as
internal 1BM research, we can explore additional
problems. Concomitant with accessing external
research sources is the challenge of facilitating
the administrative mechanisms involved. This fa-
cilitation can be achieved, for example, by de-
emphasizing the role of formal agreements in the
initial stages of interaction with outside research-
ers. Only when concrete results can be envisaged
should legal aspects be handled. Essentially, ad-
ministrative support services should become an
asset in the overall process and not a liability.

Increasing experts’ awareness of products—The
nature of computer science research, especially
within the university environment, encourages
researchers to focus on relatively narrowly de-
fined problems within an area. This attention to
detail often precludes individual researchers from
developing an in-depth understanding of particu-
lar products associated with those concepts. For
example, a database researcher may understand
fundamental issues and concepts central to data-
bases but have only limited knowledge of actual
database products and their real-world use. The
challenge is to find ways to turn these “experts”
into individuals who understand and appreciate
products related to their fields. In many cases, the
researcher may have to forgo certain elegant so-
lutions to accommodate product realities.

Accommodating differences in reward struc-
tures—Because of the different natures of the or-
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ganizations, individuals in universities and indus-
try have different value and reward systems (see
the next section). A fundamental challenge is,
first, to recognize these differences, and second,
to provide a framework to accommodate the ex-
pected values and rewards.

Changing policies of funding agencies—In recent
years, most university researchers have become
aware of the increased emphasis on industrial col-
laboration by government funding agencies. How-
ever, if there are no mechanisms for encouraging
such collaboration, or if no interest is shown in
the results of the collaboration (including appro-
priate rewards), individuals and industrial part-
ners will be reluctant to participate in collabora-
tive efforts. The challenge is to make adjustments
in the policies of interested groups (industry, uni-
versity, government) to facilitate collaboration
and enhance its benefits.

Recognizing and partitioning the risks—It should
be the role of the industrial partner to take the
financial risks and the researchers to take the in-
tellectual risks. The challenge is to ensure that
each group understands the risks it must accept.

Analysis

During 1990, members of the IBM Toronto Lab-
oratory met several times with a small group of
individuals from 1BM Research and from univer-
sities. These meetings explored the possible na-
ture of a centre for applied research. The frame-
work of CAS grew out of the recognition that the
most important needs of both researchers and
software professionals had to be accommodated.
The challenges and risks enumerated in the pre-
vious section were carefully examined in devel-
oping the paradigm for CAS.

Value systems. Based on our analysis, we rec-
ognized that the most important consideration
was the value system of each group and the way
in which each group measured success. Both sys-
tems engender a great deal of respect for individ-
uals and their rights. However, there are also dif-
ferences between the two cultures. Researchers
place high value on:

* Scientific freedom, that is, the freedom of the
researcher to pursue research problems of his
or her own choosing
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¢ Scientific recognition, that is, peer recognition
for contributions to scientific knowledge

In contrast, practitioners value most highly:

¢ Market success
¢ Product excellence
s Career enhancements

In general, researchers aspire to breakthroughs
within a discipline, whereas software profession-
als pursue products that are market leaders. The
former are mainly concerned with conceptual is-
sues; the latter are concerned with the details and
challenges of a successful implementation.

Although these broad values act as a focal point
for each group of individuals, others exist that are
perhaps more specific. Using these values as a
guiding principle, one can begin to identify the
factors important to each group and those factors
by which each group measures individual suc-
cess. A number of such success factors are sum-
marized in Tables 1 and 2.

These tables contain only some of the success
factors that motivate each of these groups. No
attempt was made to be all-encompassing. Simply
identifying and considering them in the develop-
ment of the model for the centre was beneficial.

Impediments to cooperation. The initial analysis of
the value systems and key success factors central
to each group led to the identification of a number
of impediments to cooperation. Table 3 summa-
rizes the impediments and provides relative
weights based upon their significance to each of
the groups. A weight of 5 means most significant,
and a weight of 1 means least significant. The
weights are somewhat arbitrarily assigned based
upon our experience. Clearly, the most significant
were ones that the structure of the model had to
address; eventually all will be addressed as we
learn from experience and the model matures.

Some of the impediments in Table 3 are self-ex-
planatory; we now discuss those that may not be
obvious.

Lack of contact: There was no available (simple)
mechanism for professionals and researchers to
make contact with one another.
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Table 1 Success factors: Researchers

Recognized research impact
Peer recognition”
International awards
Refereed publications
Patents

Research funding

Graduate students
Successful students
Individual monetary rewards
Citations

Table 2 Success factors: Software professionals

Product delivered on time and within budget
High-quality product

Individual productivity

Recognized innovations

Monetary rewards

Promotions

Respect from peer group

Respect as team member

Profitable products

Recognition as problem solver
Laboratory representative on task forces
Contribution to standards

Being on “fast track™ -

Buy-in of key personnel: Within any development
group, often several individuals are perceived as
leaders, wizards, or geniuses whom the other
members of the group admire. These individuals
could be managers, architects, designers, group
leaders, or programmers; there is no specific pat-
tern. Nevertheless, every successful group has at
least one. These people sometimes perceive in-
dividuals from outside the group as threats to
their own status within the group. Without their
cooperation, the relationship of researchers with
the group is difficult to develop and may not
achieve as much success as possible. This prob-
lem is not only true of development groups; such
individuals can also be found within research fa-
cilities as well. Conflicts between two such indi-
viduals can lead to long-term negative feelings.

Differences in problem scale: Some software pro-
fessionals have the perception that researchers
solve only “toy” problems because professionals
are often forced to deal with large, complex prod-
ucts. Researchers may develop prototypes, but
by their nature they are often designed and de-
veloped to avoid complexities so as to be able to
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Table 3 Impediments to cooperation

Professional Impediment Researcher
5 Different value systems and focus 5
5 Lack of contact 5
5 Lack of buy-in of key personnel : 4
4 Differences in problem scale 5
5 Accountability 3
3 Lack of trust 5
4 Lack of understanding of other’s objectives 4
4 No perceived benefit to the individual 4
3 Lack of simple method for cooperation 5
3 Lack of senior management buy-in 4
3 Different computing environment 3
3 Differences in skill sets 3
1 Risk of discontinuity 5
3 Need for long-term relationships 3
3 No perceived immediate benefit to cooperation 2
2 Differences in jargon 2
1 Lingering student-teacher relationship 1

validate certain ideas. In contrast, a product can
be thought of as a set of usable concepts.

Accountability: Both professionals and research-
ers take accountability seriously, though the
mechanisms and impact are quite different. Pro-
fessionals are accountable to those responsible
for products, and their performance directly im-
pacts the success of a product. Researchers are
less directly accountable for their success to a
single individual or group, but are, in a broad
sense, accountable to colleagues and, in particu-
lar, to themselves.

Lack of trust: Experiences in the past for both
groups left each with a number of misconceptions
that needed to be corrected if cooperation was to
be fostered. Practitioners felt that many research-
ers were or would be reluctant to become in-
volved in the later stages of design and imple-
mentation. Researchers often felt left in the dark
about how certain ideas, concepts, and tech-
niques that they had developed had been used in
products and often felt a lack of recognition for
their efforts.

Lack of understanding of other’s objectives:
Again, there was a gap in recognition by both
groups of those things most important to the in-
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dividuals: for the researcher a good paper; for the
professional a good product, among other objec-
tives.

No perceived benefit to the individual: If any per-
son involved in the relationship does not perceive
any benefit, he or she will not make the effort to
foster the relationship. Worse, if an individual
sees goals being changed or values challenged—
for example, a researcher not being permitted to
publish research results—there is a disincentive
to even begin a relationship.

Different environment: Typically, the hardware
and software used by the respective groups differ.
Perhaps more important, however, are the differ-
ent organizational structures. Universities tend to
be more open, operate more by consensus, and
have few strict hierarchical reporting mecha-
nisms. Within a corporate environment, the
structure is more rigid.

Simple method for cooperation: Doing business
with industry often entails lawyers, accountants,
proposals, counter-proposals, etc. This process is
generally time-consuming for both parties and
sets the tone for the subsequent relationship as
being adversarial rather than cooperative.
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Differences in skill sets: Researchers are very in-
volved in problem solutions, particularly in gen-
eral settings; many problems often have no ob-
vious solutions. The professional’s skills are
more disciplined, the solution is known, at least
in broad terms, and the professional must trans-
late that into a concrete implementation. A good
skill for a practitioner, for example, is the pro-
duction of simple, but elegant, code. A researcher
may have greater skills at developing new, ele-
gant algorithms.

Risk of discontinuity: The nature of the develop-
ment environment is such that professionals
move from group to group and project to project.
The researcher, however, may not be able to fol-
low the professional because the project may be
outside the scope of interest or expertise of the
researcher. As a result, the researcher is often at
risk in spending the time and effort to develop
individual contacts with practitioners who subse-
quently move on to other projects.

No perceived immediate benefit to cooperation:
If the development team is facing a problem that
requires an immediate solution and the researcher
cannot provide a solution, the team sees little
benefit, even though in the long term such coop-
eration might be extremely valuable.

Lingering student-teacher relationship: Many of
the individuals working in the development
groups graduated from universities. Software
professionals are now being asked to treat uni-
versity teachers as collaborators, whereas years
earlier there had been a student-teacher relation-
ship. There is some fear, albeit perhaps un-
founded, that the “teacher” will tell them that
they are “wrong.”

Notice, in particular, the significant difference in
weights of the two groups attached to several of
these impediments in Table 3—in particular, the
lack of trust, the risk of discontinuity, and the
lack of a simple process for cooperation. All were
considered very important in the context of the
researcher and were much less important from
the software professional’s viewpoint. Again,
these differences stem from the values of each

group.

One of the most important aspects of this process
was that little was formalized initially. Thus we
were able to change our focus, views, directions,
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emphasis, etc., during discussions. Moreover,
the analysis permitted us to view both sides rather
than focusing on one or the other initially. As in
any good relationship, both sides must be inter-
ested in communicating and must be committed
to make it work and to “bend” on occasion.

The model

This section presents the CAS model by describing
its fundamental principles, its underlying pro-
cesses, and its initiatives to date. These funda-
mental principles are discussed in the following
subsection. The CAS processes and initiatives to
date are described in successive subsections.

CAS principles. The conclusion that an applied
research centre must accommodate the values of
both professionals and researchers led us to iden-
tify a number of fundamental principles that serve
as the foundation for the centre.

Win-win design. An obvious principle of success-
ful cooperation is a win-win design in which both
parties gain something. This design requires un-
derstanding the main objectives of each party.
Researchers need to understand that the main ob-
jective of a development organization is to find
solutions to customer problems by obtaining or
developing new technology that ultimately results
in new products or improvements in existing
products. As already noted, the main driving
force for researchers is recognition and perceived
research impact. This force has several implica-
tions. It is crucial that researchers are permitted
to publish their results. It also means that uni-
versity researchers are reluctant to work on is-
sues that are proprietary or that, in their percep-
tion, will have little impact in the larger research
community.

Mission-driven projects. All projects undertaken
by CcAS must be directly related to the missions of
the laboratory and are in the short-to-midrange
time frame. Preferably, they should originate di-
rectly from within a development group.

No permanent research staff. Having no perma-
nent research staff in CAS is an important princi-
ple. Staff from development groups are assigned
to CAS for specific projects for durations of six
months to three years. The main reason is to
make sure that the technology is rapidly and ef-
fectively transferred back into development. We
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Figure 1 CAS research network
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strongly believe that the best vehicle for trans-
ferring technology is people—people who under-
stand the technology and who act as internal
champions.

Projects funded by development groups. All
projects must be partially funded by one or more
development groups; typically they cover some
of the salary expenses. This kind of investment
from development groups is crucial to ensuring
that the projects are relevant to the missions of
the groups and that the groups “buy in” to the
projects. If a project costs a group very little,
there is little reason to consider it seriously or
expect a return.

Foster simple, cooperative arrangements with
experts. Project leaders are strongly encouraged
to find and work with the best experts in the field,
wherever they are located nationally or interna-
tionally—within the laboratory, IBM Research,
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universities, customers, other vendors, or gov-
ernment facilities. No one has a monopoly on
good ideas. The mode of cooperation may differ,
depending on the participants and the needs of the
project. Flexibility in structuring the cooperation
is important. One of the main functions of the
centre is to facilitate building the team required
for a project by locating experts and finding the
best modes of cooperation. The centre actively
maintains ties to various research groups and or-
ganizations throughout the world (see Figure 1).
It follows that the scope, duration, and selection
of participants need to be driven by the nature of
the project, and not restricted by rigid rules.

Emphasize personal contacts and networking.
The centre places heavy emphasis on personal
contacts and joint work; personal contacts and
working together builds trust. The benefits of per-
sonal contacts extend well beyond the duration of
any single project. Simply being able to call some-
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Figure 2 CAS external leverage strategy
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one to discuss a technical problem may some-
times be of great benefit for all parties. For pro-
fessionals, in particular, it provides a wider
source of expertise that they can tap into. Re-
searchers, in turn, can gain insight into the inter-
nal aspects of large, complex software products.
Moreover, transfer of technology is essentially a
humanistic task;? without contact and trust, little
can be accomplished.

Focus on prototypes. All projects so far are ex-
pected to bring the proposed technology to at
least a prototype stage. The objective is to con-
vincingly demonstrate the feasibility of the pro-
posed technical solution; not only must it be
conceptually sound, but it must also be imple-
mentable. This point is important; practitioners
are not convinced by paper solutions. With pro-
totypes it is easier to assess the implications of
incorporating a technology within a product.
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Leverage funding. Whenever possible, the fund-
ing directly provided by the laboratory is lever-
aged in a variety of ways to increase the scope of
a project (see Figure 2). IBM has internal programs
from which additional funding can be obtained.
Governments in Canada and the United States
also have various programs under which univer-
sity participants can leverage funding obtained
from industry. CAS focuses on low- to medium-
term projects (six months to five years) with low-
to-moderate risk associated with the research.
Funding for higher-risk research is very impor-
tant but is beyond the scope of CAS as an applied
research centre.

CAS processes. With these principles in mind, CAS
was built around a simple model of how to suc-
cessfully develop and integrate innovative ideas
into new or existing products. The model consists
of a six-step process that encompasses the iden-
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Figure 3 CAS project life-cycle process
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tification of problems, definition of a project, and
creation of a project team. CAS projects follow a
simple life cycle that consists of three main stages
(see Figure 3). The steps within the basic CAS
process are:

1. A new research project is initiated by one or
more people in a development group.

2. The proposed project goes through an evalu-
ation and selection phase.

3. Key people from interested development
groups are assigned to CAS to work on the proj-
ect for a specific period of time.

4. The project leader builds a research team to
work on the project, tapping into the best
sources of expertise in the area, wherever they
can be found. The research done during this
portion of the project is precompetitive; this is
Stage 1 of the CAS project life cycle.
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5. Once some viable technology has been iden-
tified and prototyped, the technology is eval-
vated by one or more development groups. At
this point, the project has entered Stage 2.

6. At the end of the project, people assigned to
the project are transferred back to their devel-
opment groups to work on the new technol-
ogy. This step represents Stage 3 of the proj-
ect. Beyond this stage, the project may be
terminated or may suggest the formation of
new projects to pursue work on problems iden-
tified during the project or to investigate areas
not adequately researched.

CAS initiatives. Based on the principles and basic
CAS process, CAS has begun a number of initia-
tives aimed at fostering research to address prob-
lems central to the laboratory, transferring results
to development and increasing communication
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among researchers and professionals. These ini-
tiatives are now described.

CAS projects (1990-1994). CAS has initiated 15 re-
search projects to date. Some of these have al-
ready been completed and others are ongoing.
Other projects are in the formative stages. More
general information about some of these projects
is provided in the next section.

Research fellowship program. The Ph.D. Fellow-
ship Program is one of the cornerstones of the
activities of the centre. Fellowships for graduate
study have been key ingredients in other industry-
university research centres. ® CAS supplies univer-
sity researchers with interesting problem topics
related to their areas of expertise. Once agree-
ment on a research topic to be explored has been
reached, CAS provides scholarships for one or
more Ph.D. students to work under a faculty
member’s supervision. The students pursue
pieces of the selected problem as part of their
thesis topic. At some point during their support,
the students are expected to spend three or more
months in CAS. This time permits them to network
with other students, researchers, and profession-
als within the laboratory who are working in re-
lated areas. The result of the fellowship program
is to speed up the research that a student must
pursue. A major outcome of this program is that
it is expected to increase the number of disserta-
tions dealing with systems-related research topics
and solutions to the identified problems.

Sabbaticals. For several years, the laboratory en-
couraged university researchers to spend sabbat-
ical leaves at the laboratory, without much suc-
cess. One of the main reasons for this lack of
success was the difficulty that researchers had in
interacting directly with development groups. As
mentioned above, development groups are very
much driven by short-term schedules and have
little time for interacting with visitors. The exis-
tence of the centre and people in the centre work-
ing on research issues have made the laboratory
much more attractive for sabbatical visitors.
Shorter visits, for example, over a summer, are
also encouraged.

Visiting scholars. Outside researchers working
on joint projects are (strongly) encouraged to
spend some time in the laboratory. The arrange-
ments are flexible, ranging from one day a week
to a few weeks or months at a time. We believe
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that personal contacts and actual working to-
gether are crucial to building trust and interaction
beyond the lifetime of the project. In some cases,
similar visiting arrangements have been made
with leading researchers in some fields without
direct involvement in a specific project. This
method is regarded as an investment for the fu-
ture, but it also has the immediate effect of re-
ducing the gulf between practitioners and re-
searchers.

University adjunct faculty. In the same spirit, lab-
oratory staff are encouraged to become involved
with (local) universities both as part of specific
projects and as adjunct faculty members. In some
cases, staff are teaching courses and supervising
graduate students in their areas of expertise. Be-
ing involved in this way has the additional benefit
of making students in the universities aware of
IBM as a potential employer.

The Executive Advisory Board (EAB). The EAB is
composed of the chairpersons of 12 computer sci-
ence departments in Canadian universities that
have Ph.D. programs, along with representatives
from the IBM T. J. Watson and Almaden Research
Centers. The EAB meets twice annually, and its
mandate is to advise and review the mission of
CAS. Recommendations about the goals and prog-
ress of CAS are reported to John Schwarz, Vice
President, Application Development Solutions
and Director of the Toronto laboratory. This
board also acts as a forum in which both the con-
cerns of Canadian universities and those of IBM
Canada can be expressed. Concerns over the cur-
riculum in computer science are often topics of
discussion.

Research Partners Guide. This publication’ lists
the researchers with whom CAS has collaborated.
Details are provided concerning the interests and
background of each expert, as well as the current
projects that are being undertaken in cooperation
with CAS. The guide provides an excellent re-
source that permits software professionals to tap
into a willing network of researchers without go-
ing through formal channels.

Technical reports. Every CAS project culminates
in one or more IBM technical reports. The purpose
is to provide useful documents concerning the
project that can aid practitioners working in that
area. Typically the generation of a technical re-
port is also followed by a journal article or con-
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Table 4 CAS projects and laboratory missions

Project ‘Distributed Compliers, Databases Programming Multimedia
Services  Languages - Environments

Advanced software design technology , " I '
Distributed environment (CORDS) - 4 v v
Color imaging processing : I
Distributed knowledge worker "
Extensible SQL/DS "
Global on-line information P
Object-oriented environment v
Parallel computing in C** » »
Program understanding » I
Software processes I
Ontario telepresence »
Multimedia services in high-speed networks » ' »
Software reliability and testing »
Multidatabases ' - "4
Managing distributed applications I v

ference presentation that publicizes the contribu-
tions made. Because CAS members are drawn
from different development groups within the
Toronto laboratory, these individuals have in-
creased both their expertise and their writing
skills by the time that their CAS project is com-
plete.

Centre for Advanced Studies Conference (CAS-
CON). CASCON®*"? is the annual conference spon-
sored by the centre. It provides a vehicle that
brings researchers and practitioners together and
allows them to communicate face to face. Besides
providing information about the status of CAS-
sponsored projects, it holds demonstrations of
working prototypes. This event provides a sound-
ing board for projects; constructive criticism from
colleagues can be used to influence the future di-
rection of projects. The conference permits re-
searchers and professionals in different disci-
plines to come together and share ideas or to
receive practical gnidance from someone in a dif-
ferent area. Finally, CASCON permits the work of
CAS to be visibly reviewed by both government
granting agencies and IBM executives.

Impact of the centre

It is still too early to assess the full impact of CAS
and to determine how effective it is in achieving
a rapid transfer of technology. Nevertheless, it is
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still important to provide the reader with some
assessment of how effective the model is.

To date, a total of 15 projects have been started;
of these, nine are currently ongoing. A brief de-
scription of each of these projects and its rele-
vance to the missions of the Toronto laboratory is
presented in Table 4. A detailed summary of CAS
projects can be found in the annual project sum-
mary technical reports. >

Based on our observations and discussions with
others, we describe what we sense is the impact
of CAS on the laboratory, on university research
and education, and on government groups.

The IBM Toronto Laboratory. Impressions within
the 1BM Toronto Laboratory regarding CAS and its
role are, as expected, both positive and negative.
On the positive side, the increased communica-
tion between researchers and professionals is
noted. On the negative side, CAS is still viewed as
a “research” organization with all of the associ-
ated implications. In particular, this view creates
expectations among professionals that the results
of the work of the centre work should lead to the
creation of new products that will generate new
revenue for the laboratory. It is a mismatch be-
tween the perception that those people have and
the current objectives of CAS that must be ad-
dressed.
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We elaborate on the following areas in which we
believe CAS has had an impact on the laboratory:

* One of the important objectives of CAS research
projects was to reduce development risk by
evaluating concepts and ideas via prototypes.
Results of the projects may demonstrate that
certain ideas are feasible and could be incorpo-
rated into products. As of today, the 15 CAS
projects have yielded over 35 different proto-
types. Of these prototypes, seven have embod-
ied ideas or techniques of interest and have
been transferred to development for further im-
plementation. For example, concepts for novel
distributed debuggers, graphical query lan-
guages, and parallel libraries in C++ are now
being considered for commercialization.

Research results can also demonstrate that our
understanding of certain concepts is still imma-
ture or impractical and that their incorporation
into products would be premature. Five proto-
types proved to be in this category, including
software for end-user calibration of colour im-
ages and multidatabases.

* Professionals have increased their personal
contact with researchers. This increase has
been achieved through involvement of profes-
sionals in the various CAS projects. The projects
have involved around 120 faculty and around
160 graduate students.

* The CAS annual conference has been held for
three consecutive years and has proven to be
extremely important in bringing researchers,
professionals, and others together. The past
conference, CASCON93, brought together about
900 participants in its four-day duration. Of
these, approximately 40 percent were from uni-
versities and research centres, 33 percent from
the Toronto laboratory, and the remaining at-
tendees from other organizations, IBM Business
Partners, customers, government groups, and
other IBM sites.

¢ The visibility of CAS and the Toronto laboratory
within the university community (individuals
from over 50 Canadian and international uni-
versities participate in CAS projects) has helped
recruitment for the laboratory. Graduate and
undergraduate students have become much
more aware of IBM as a preferred employer.
This awareness is a significant turnaround from
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just a few years ago, when the Toronto labora-
tory was barely known among students. CAS
initiatives have also increased the number of
Ph.D. students and M.Sc. students, from both
Canada and internationally, seeking employ-
ment with IBM.

Through the interactions of researchers with
professionals and the focus of CAS, more stu-
dents get access to real-world problems and
those important to the laboratory. As a result,
these students have much more realistic views
of industry needs, problems, and expectations.

The use of university faculty within 1BM’s in-
ternal education facilities to teach courses and
give seminars has also increased. It assists the
laboratory in enhancing the skills of its profes-
sionals and in maintaining their technical vital-

ity.

University research and education. The involve-
ment of CAS with universities has also had an im-
pact on university research and the education of
graduate and undergraduate students in the fol-
lowing ways:

¢ Many of the CAS projects involve multiple uni-
versities; ten of the 15 CAS projects have in-
volved more than three universities, and nine of
these ten have involved at least one interna-
tional university. Multiuniversity collaborative
research makes it possible to attack larger and
more complex problems. For example, the mul-
tidatabase project prototype contains code de-
veloped at four universities and also uses sev-
eral commercial products. It now consists of
over 260 KLOC (thousand lines of code) of uni-
versity-generated code. Of course, this much
code cannot be developed during the short time
of a three-year project but represents the con-
tinuation of previous work. Continuation of
work is precisely one of the goals of the col-
laborative research projects within CAs—to fos-
ter a research methodology that is not designed
to start from “scratch” every time.

Research funding from CAS and matching funds
from governments has enabled university re-
searchers in software and systems areas to build
infrastructures and laboratories with people
and state-of-the-art hardware and software to
support research and education involving large,
multisite projects.

* The increased openness to the IBM environ-
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ment, via sabbaticals and student assignments
at the laboratory, fosters a better understanding
among students and faculty of development
concerns. The increased exposure to product
planning, to the internals of products, and to use
of actual products as components in research
results in better understanding of professional
concerns. CAS has helped foster and encourage
the growing trend toward experimental re-
search in computer science and engineering by
requiring that the feasibility of basic ideas be
demonstrated and evaluated via prototypes.

¢ CAS has also had an indirect impact on univer-
sity curricula. Through the efforts of CAS and
faculty from several universities in Ontario, an
M.Sc. program in computer science oriented
toward software engineering has been estab-
lished for laboratory employees. The program
is unique since it is a joint effort by faculty
from six different universities, and it sponsors
courses given in intensive formats within the
laboratory itself. CAS has also sponsored proj-
ects in testing, software processes, develop-
ment environments, software architecture, pro-
gram understanding, and other subjects.

Government funding agencies. The initiative by
CAS to partially fund and support projects in soft-
ware and systems areas with personnel and equip-
ment has resulted in increased awareness of soft-
ware research among the Natural Sciences and
Engineering Research Council of Canada (NSERC)
and the National Science Foundation (NSF) of the
United States.

The CAS projects have helped to increase the rel-
evance and potential of university research to the
creation of wealth. Industry input to the research
agenda ensures relevance and a higher potential
for products and revenues.

CAS has been very successful in leveraging its in-
vestments in the projects. Within Canada, funds
have been leveraged at a ratio of around one CAS
dollar to five external dollars, and in the United
States the ratio has been as large as one to ten.

By participating in government programs, soft-
ware professionals were able to increase the gov-
ernment’s understanding of the need for research
in the software industry. Through flexible and re-
sponsive programs, in turn, government agencies
made it more attractive for IBM to increase its
funding of external software research.
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Lessons, directions, and conclusions

There has been a great deal of learning during the
initial four years that CAS has existed, and much
work still lies ahead. Areas where we have gained
new insights and adjusted expectations are briefly
discussed below.

Stable funding is critical for the success of CAS
since the model aims to establish trust based on
long-term relationships between software profes-
sionals, researchers, and students earning a
Ph.D. The CAS model is based on leveraging funds
from external sources. Since current funding for
the centre comes only from the laboratory, the
financial pressure on the laboratory to decrease
costs creates an unpredictable funding environ-
ment for the centre and associated researchers.

Our experience to date has shown that the suc-
cess of CAS projects can be measured in different
ways, and the criteria need to be established up
front, on a project-by-project basis. The measure-
ments of success are influenced by the different
value systems of the groups. Increasing the un-
derstanding by both research and professional
groups of the criteria of success of the other re-
mains a challenge.

In CAs projects in which technology has been
identified as useful, actually transferring it to de-
velopment has proven to be as challenging as ex-
pected. The transfer process within the CAS
model had not anticipated the need to synchro-
nize technology knowledge transfer with the
product planning cycle. Moreover, the success of
the transfer was strongly correlated with the qual-
ity of the IBM champion of the project and the
champion’s respect within the laboratory.

Support or buy-in from the development groups
in the laboratory is crucial to the long-term health
of the centre. They are, after all, its “customers.”
Obtaining support requires sufficient communi-
cation between CAS and the development groups.
It also requires the development groups to staff
research projects within CAS with strong profes-
sionals, a critical need since the transfer of results
from the project will depend on this individual.
Experience to date suggests that staffing a project
with two professionals enhances the chances of
successful transfer.

Professionals should view working on a CAS re-
search project as an opportunity and as a part of
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a normal career path. At this point, working on a
CAS project is not integrated as a normal part of
the career path of a software professional. It is
seen by some as a career disruption or loss of
opportunity for promotion and, therefore, not at-
tractive.

Based on our experience, we can also draw some
conclusions about CAS and about aspects of col-
laborative projects involving researchers and pro-
fessionals. A common research environment is
necessary. It helps foster common terminology
and contexts when discussing problems, solu-
tions and examples. The problems must be chal-
lenging so that the researchers see some benefit in
the overall research effort. Financial support for
Ph.D. students as a vehicle for supporting col-
laborative projects has been effective. Finally, in-
tellectual property issues have not been as great
a problem as expected. CAS projects have pub-
lished over 200 articles and have also yielded
more than ten patent filings. When professionals
and researchers cooperate and try to accommo-
date the needs of each other, difficulties can be
overcome.

In summary, our analysis reveals that there are
significant differences in the objectives of practi-
tioners and researchers. Recognition and accep-
tance of this fact are the keys to successful col-
laboration. Each group has to understand the
objectives of the other. It follows that collabora-
tive programs must be structured so that the ob-
jectives of each party are at least partially met.

Different objectives and lack of communication
and interaction creates distrust, misunderstand-
ing, and lack of appreciation. We strongly believe
that increased communication, interaction, and
openness are crucial to building trust and under-
standing. Furthermore, one of the best ways to
achieve this goal is for people to work together,
in the same location, on the same problem, over
a period of time. The importance of personal re-
lationships should not be underestimated. How-
ever, it is necessary to be realistic. Building trust
and understanding takes time. It has to be an on-
going process.

The papers in this issue of the IBM Systems Jour-
nal describe some of the CAS projects.
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