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The primary purpose of this paper is to elucidate the importance of campus-to-campus
Cyberinfrastructure (CI) initiatives in the actualization of a global CI that can
effectively support research and education. The goal is for all stakeholders — funding
agencies, industry partners, academic research advocacy organizations, researchers,
faculty, and participants of such initiatives themselves — to better understand the value
and position of scalable and sustainable campus-to-campus CI, a CI that connects
resources within and between campuses.
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Executive Summary

Cyberinfrastructure resources are deployed at many levels in the nation’s academic research
community, but the use of those resources is critically hindered by a lack of accessibility in the
software and the social models employed to administer those resources. This lack of organization and
accessibility has created inefficiencies and gaps in our ability to successfully utilize available CI
resources in support of the academic enterprise. Identity management and trust are particularly thorny
issues, but many other technical issues loom as well. There have been concerted and well-funded
Federal efforts to bridge some of these gaps between campus and national CI services. What we have
not seen is a similar effort to lower the barriers to the deployment of campus-to-campus CI services,
services deployed for use within and between campuses. This is a fundamental gap that local IT
organizations are seeking to bridge.

SURAgrid (http://www.sura.org/suragrid), a community of campuses engaged in the adoption of a
coordinated campus-to-campus CI, is working to bridge the CI gaps between its member institutions.
SURAgrid participants recognize the advantage of working with a community of peers to address the
many existing barriers to the effective deployment of CI services. The SURAgrid model allows
expertise to be shared and not duplicated across member campuses. The campus-to-campus barrier
exhibits most if not all the problems encountered in linking up disparate CI. One could view inter-
campus CI deployment efforts as addressing the “horizontal” problems of CI (intra- and inter-campus
CI services) whereas efforts like the TeraGrid address the “vertical” problem (researcher to national CI
services). We believe that the fundamental problem in rationalizing academic CI is the “horizontal”
problem.

Our recommendation: Directly confront the campus-to-campus barrier as the fundamental challenge to
pervasive CI adoption. This can be accomplished by investing in projects like SURAgrid, whose goal
is to remove this barrier and rationalize the CI existing in each silo.

The Growing Need for and Challenges of CI Tools and Services

A desire to grow our collective body of knowledge has connected people throughout history. Each
generation has leveraged the tools of their era to share insights and build common understanding. The
Internet has most recently and strikingly accelerated our ability to collaborate across significant
geographic and organizational boundaries. This ease and density of interconnection has led us to a
point where a new infrastructure - Cyberinfrastructure' — is evolving to advance peer interaction and
shared discovery.

The promise of a Cyberinfrastructure (CI) that provides seamless collaboration across all boundaries is
widely discussed today, within and beyond the research and education (R&E) community. Within
R&E in particular we have shared this vision for nearly a decade” but still find ourselves facing

! Cyberinfrastructure consists of computational systems, data and information management, advanced

instruments, visualization environments, and people, all linked together by software and advanced networks to
improve scholarly productivity and enable knowledge breakthroughs and discoveries not otherwise possible.
From: "Developing a Coherent Cyberinfrastructure from Local Campus to National Facilities: Challenges and
Strategies”, pg 4. http://www.educause.edu/Resources/DevelopingaCoherentCyberinfras/169441
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numerous hurdles in implementation. Impressive CI resources have been established through
nationally focused funding initiatives. Significant obstacles must be eliminated, however, before these
resources can function as a pervasive CI from which the vast majority of researchers can benefit. Many
of the obstructions are well known; others we are just beginning to see and understand. Consider the
following experience that a research could have in capturing an insight — where ready access to a
coherent, pervasive Cyberinfrastructure is a strong enabler

A young faculty member studying microRNAs at Southern Coastal College is enjoying
refreshment at his neighborhood coffee shop, when he has an insight on how to verify an
important relationship between microRNAs and certain cell regulatory behavior. To verify the
result, our researcher needs to scan several publicly available databases for matches between
specific proteins and DNA patterns He would need to run at least 50,000 instances of his
program with data from these databases to have the next break-through in cell biology. But
each program runs for two hours and requires access to one of three databases hosted at
NIH. Using his laptop, he organizes the workflow and submits the jobs to his campus HPC
scheduler, which manages the identification of resources (on campus and through SURAgrid
partners), job submission and scheduling. Five days later (after consuming 100,000 cpu-hours
on resources shared through SURAgrid) he has the results from the 50,000 jobs. A little post-
processing and this breakthrough is achieved.

Making this scenario possible requires coherent access to a portfolio of distributed, well-integrated
resources and support that includes:
e Availability of workflow tools tailored to the research community (eg. a science gateway or
portal tailored to the microRNA research community);
Access to remote databases;
Access to sufficient compute resources to meet job requirements;
Access to a familiar job scheduler with access to resources both local and remote;
Recognition and acceptance of researchers’ identity by local and remote resource providers;
Intelligent scheduling capability for optimized resource selection, availability and queuing,
regardless of where the resource is located;
e Streamlined support for questions or assistance with any of the tools or services needed to
execute his application (including binaries for all the resources needed in the computation).

In today’s environment our researcher might first need to find and gain access to an HPC or Grid
resource capable of running his job. The relatively small resources available to him locally may not
support an application of the scale or type needed and lining up sufficient resources could take weeks
or months of effort on his part. Gaining an allocation on a large national resource could also take
weeks and also require pre-existing funding or scientific justification beyond the inspiration of a
spontaneous idea. And there are numerous other barriers to using remote resources, including
incompatible binaries, local policies, lack of access to databases, etc.

Lacking the functionality described above, our researcher would not be able to test his hypothesis with
opportune timing to his field, or regrettably, not be able to test it at all. This illustrates the need for an
easily accessible, multi-tiered cyberinfrastructure that is well integrated into the campus but has links
to regional, national and even international CI communities and services. To accomplish this, the

Cyberinfrastructure, January 2003, http://www.nsf.gov/publications/pub_summ.jsp?ods key=cise051203
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definition and functionality of Tier 3 CI needs to be expanded to include the unique role of multi-
institutional, geographically distributed CI collaborations.

Vertical and Horizontal Perspectives

The barriers to successful adoption of CI are easier to understand by considering the major dimensions
of the CI landscape. A familiar “vertical” perspective of CI ranging from major national facilities to
local compute resources is provided by Branscomb's Pyramid, a rendition of which is found in the
CASC/EDUCAUSE report on developing a coherent CP® and shown in Illustration 1.
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Hllustration 1: A Resource & User Perspective of National CI)

Branscomb’s Pyramid shows resource and user dimensions and highlights their relative scale. The top
of the pyramid contains a small number of large-scale compute resources with a correspondingly small
user community. As we move toward the base of the pyramid, the number and diversity of computing
resources plus the size of the overall user community increases — as do the challenges. Indeed, a
collection of 1000 modest high performance computing resources each serving 100 users represents a
challenging but very rich CI resource.

Introducing organizations as a third dimension leads to the depiction of a global CI environment that
considers both horizontal and vertical communities of practice, which helps identify unmet needs that
confront the development of a coherent CI. An organization represents the scale of a community, its
processes and policies. A diagram of these three dimensions that includes campus, multi-campus, and
national resources is depicted in Illustration 2.

3 Dreher, Patrick (Committee Chair), et al. Developing a Coherent CI from Local Campus to National

Facilities: Challenges and Strategies, Report and Recommendations from EDUCAUSE Campus
Cyberinfrastructure Working Group (CClI) and Coalition for Academic Scientific Computation (CASC) workshop,
July 2008, available from http://www.educause.edu/Resources/DevelopingaCoherentCyberinfras/169441.
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This diagram emphasizes the “horizontal” perspective of a campus-to-campus coordinated CI that has
not yet been effectively addressed in both funding and effort. While most recent dialog and major
funding initiatives have focused on the vertical issue of creating and accessing Tier 1 and Tier 2
resources, the potential to maximize and leverage the large aggregate number of users, resources and
organizations at Tier 3 has largely been overlooked. It is campuses, however, that are a fundamental
organization of academics. It is at this horizontal level that many barriers are encountered, many of
which can be most effectively and sustainably addressed by leveraging resources, perspectives, and
collaborations across campus boundaries.

Barriers to CI Adoption and Use

As discussed above, the landscape of CI adoption includes both vertical and horizontal perspectives.
Barriers to the effective use and adoption are also varied and may be technological, sociocultural, or
policy-related with interdependencies that add to the complexity. Over the past 10 years, technologies
like the grid have made it significantly easier to meet some of these challenges. For example, in the
areas of high performance and high throughput computing, large numbers of similarly configured
resources can now be harnessed as a coordinated pool with significantly reduced effort. Still,
incompatibilities between systems are real, and differences in the size of memory, disk space, inter-
process communication tools and schedulers seriously impact the transparency of the infrastructure.
The responsibility for resolving these incompatibilities can be shifted to dedicated personnel, however,
the effort required to build traditional organizations with sufficient talent to address these challenges is
considerable and effectively prohibits all but the most determined and well funded campuses or
research teams from engaging in the effort to harness large resource pools.

Many research and development groups are only beginning to require resources beyond their local
reach and do not have funding to build the full spectrum of expertise dedicated to integrating
distributed or advanced technologies into their workflow. Most of the support required to harness CI
resources would need to come from expertise they do not posses. This is especially true for individual
researchers and small research groups at campuses with limited institutional support for CI services.
These researchers know that more is possible; they just don't know how to get started short of
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becoming technology experts themselves. What is needed is an effective way for individuals and
organizations to engage a targeted fraction of their efforts in a larger, open community dedicated to co-
development of shared CI.

Expanding Tier 3 to include horizontal (multi-campus) initiatives can significantly complement other
efforts for faster progress. These initiatives in general are driven by local (campus) needs and provide
foundations for tool development based on the desire to collaborate. Broad and de-centralized
initiatives such as SURAgrid are enablers of this evolution, with the ability to draw from national
initiatives and further support tools and services that become integral components of the campus IT
infrastructure, creating notable efficiencies of scale in their use.

Appendix A provides a summary of barriers to the use and scaling of CI services that the SURAgrid
collaboration has identified. It groups those barriers into three categories: Technology Barriers,
Planning and Policy Barriers, and Cultural Barriers. It is worth noting that nearly all of the barriers
include a component that is best addressed at Tier 3. Effectively organizing multiple campuses to
address a given problem is a significant challenge. Multi-campus Tier 3 initiatives, formed from the
desire to solve common problems with shared solutions, are the most naturally suited to building the
trust and shared work environment needed to address these challenges.

Great economies of scale can be realized through aggregation and coordination at human, system and
enterprise levels. This type of sharing freely mixes viewpoints and talents from various stakeholders -
researchers, faculty, students, CIOs, and IT support staff - for successful adoption of CI at the campus
and beyond - a necessary foundation for large-scale CI success in R&E. Results can be as quantifiable
as group-buying power, or as subtle as influencing industry direction; as simple as easing access for an
individual researcher, or as far-reaching as promoting and expanding the value of federated identity.

National funding priorities have made significant progress toward establishing Tier 1 and Tier 2
(vertical) CI with investments in large-scale resources, like the TeraGrid, and generic interfacing
technologies, like Globus, that enable coordination of infrastructure across administrative domains.
Organizations like the Open Science Grid, caBIG and the science gateways of TeraGrid have adapted
and evolved to meet the needs of specific science communities. However, the job of implementing and
sustaining a truly broad-scale and integrated CI remains a major unsolved distributed systems
challenge. It in itself poses a “big-science” problem — how to address social, cultural, technological,
and economic challenges inherent in building a CI that can serve the competing needs of the many user
communities found even within a single campus.

Towards Effective Investment in Horizontal CI Initiatives

Considering the elements described above, we arrive at a final but critical consideration in the
realization of a coherent CI: the role of those charged with directing or influencing CI implementation
through funding allocations. Major CI investments by federal agencies to-date have focused on the
deployment of national services (both Tier 1 and Tier 2) and (to a lesser extent) on individual
researcher and campus CI systems (Tier 3). The potential to maximize and leverage the role and
resources associated with multi-institutional collaborative communities like SURAgrid have largely
been overlooked and rarely funded. A global view of CI that considers resources, users and
organizations provides crucial guidance to effective investments in CI — Federal, State and Campus. It
requires that the campus, together with its extended community, be regarded as an integral component
of a national CI. Regardless of how unique each campus experience is perceived to be, the truth is that
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many of the same processes are duplicated between, and even within, campus environments.
Supporting community efforts that build an open, operational, shared infrastructure across multiple
campuses is a more effective use of funds — and ultimately more sustainable than each campus “going
it alone.”

The same level of support that could in the past affect change for only a handful of users could now
impact a much larger community who hold in common their investment in a coherent infrastructure.
From the campus perspective, sharing the burden of infrastructure development across a larger pool of
stakeholders has clear financial benefits. Each campus can't be expected to individually meet
competing demands of their members to connect with distinct national infrastructures or resources and
services available through other campuses. Establishing connections through inter-campus
communities enables shared expense in both delivery and support, and is more practical than
expending limited funds to connect select groups to specialized resources.

In summary, we offer the following recommendations to achieve a more pervasive and inclusive
national Cyberinfrastructure:

e Encourage Community Models: Re-enforce the proposition that communities implementing open
Cl infrastructures for broad availability and shared use are crucial to a coherent CI that bridges
campus, regional and national resources.

e Extend Campus CI Initiatives: Recognize that engagement in multi-institutional communities
with shared goals will accelerate campus CI deployments while contributing to the development of
a broad, integrated national CL

¢ Reward Economies of Scale: Invest in CI programs and communities that realize cost-savings,
effectively coordinate talent, create sustained collaboration, and reduce barriers to new and non-
traditional users.

e Invest in Campus-to-Campus CI Collaborations: Allocate funds to create and extend multi-
institutional CI collaborations and communities. Within the National Science Foundation, the
Office of CyberInfrastructure appears particularly well suited to sponsor such programs.

Returning to our opening scenario, how would our researcher perform his potentially breakthrough
analysis? That’s simple; he just uses the tools embedded in his campus research environment — tools he
isn't aware that he is using, any more than we are aware today that a global packet exchange network
underlies almost every interaction we have with the electronic tools that surround us. His research is
enabled by a pervasive fabric that connects resources across organizations through an openly defined,
implemented, and operated Cyberinfrastructure.
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Appendix A: Barriers to the Effective Use and Scaling of Cyberinfrastructure

The separation of barriers into higher-level categories below is useful for organizing thoughts and

devising approaches to discrete problems. However, there are also interdependencies and some overlap
between barriers in the various categories, which adds a level of complexity to solving the problem and
can become yet another barrier. A majority of barriers are also best met by action at all tiers but require

coordination to avoid duplication and waste of resources or, worse, tiers working at cross-purposes.

Almost any barrier where Tier 3 is involved, particularly as a main driver or problem solver, is highly

likely to benefit from communication, collaboration, best practices, etc. among those within Tier 3.
Both campuses and organizations developing national CI resources are (understandably) more
internally focused - willing to participate in coordination between tiers but not likely to lead. Multi-

campus Tier 3 initiatives, formed from the desire to solve common problems with shared solutions, are

the most naturally suited to safeguarding the health of the shared intention, and initiating and

maintaining the necessary dialogue.

Technology Barriers

Best addressed at Tier(s)

Time, expertise and steep learning curve required for adapting research
applications to CI environment(s).

1,23

Need programming techniques, code and possibly new languages to 1,2,3
support newer applications and architectures (e.g. virtual environments,

MPI in the WAN, distributed file systems, shared data management).

Decreasing cost of higher performance computing resources and 3

advances in hi-throughput technologies encourage acquisition of local
systems (discourage exploration of shared approaches).

Software licenses in distributed environments can be restrictive. Need
new paradigms and pricing models.

3, w/industry

Technological discrepancies between campus and national Cl
environments prevent “seamless ac

1,2,3

Some geographical areas and also many campuses still have poor
network connectivity, or high-speed access is only available to small
pockets or research teams on campus.

3, w/government & industry

Identification and development of necessary standards is still not well
coordinated and may not have critical mass for successful adoption.

1, 2, 3, w/industry

Difficulty of obtaining and securely managing identity across resources
in different administrative domains (i.e. need for federated authoritative
ID).

1,23

Planning and Policy Barriers

Best addressed at Tier(s)

Lack of sufficient expertise on campus to build, maintain and promote ClI | 3
Need to better identify common issues vs. domain-specific issues inthe | 1, 2, 3
use of Cl to develop more efficient training and support

Current support models do not scale (e.g. campus supporting use of all 1,2,3
external resources by its users, or national resources being able to

support full potential of campus users). Need to leverage expertise at

multiple levels to create an efficient and scalable support structure.

Key middleware requires inter-institutional coordination to achieve 3
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seamlessness
control (discovery, metascheduling), software management and
licensing, accommodation of dynamism of users, resources and
services.

and scalability, e

Funding for Cl deployment and development is not well coordinated
(across agencies, across sectors) and too low for achieving desired
goals.

1, 2, 3, w/government & industry

Need to apply as much emphasis on collaborative tools and capabilities
within Cl as to the advancement of system capabilities.

1,23

Model persists for significant federal funding to be used for the creation
of large national HPC centers that are (still) used by a relatively small
percentage of the nation’s resear

1, 2, w/government

Phenomena of research projects being reliant on graduate student skills | 1, 2, 3
and schedules, particularly for integrating Cl with domain science.

Need closer coordination/communication between those providing ClI 3
(e.g. Central IT) and those using CI (e.g. researchers, faculty, students,

staff).

Need to incorporate the understanding of CI at highest organizational 3

levels, with resultant inclusion in strategic and operational planning.

Cultural Barriers

Best addressed at Tier(s)

How to address domain-specific issues and needs within Cl deployment
without developing “silos of col

1,23

How to expand the number and type of users that have access to Cl so
that innovation can flourish (in both ClI development and in the uses it
supports).

1,23

Perpetuation of use, and therefore understanding, of highest-end
resources by the relatively smal/l
with not enough emphasis on sharing the technical knowledge gained.

1, 2, w/government

How to get people to expect, embrace and embody the spirit of sharing
of information, resources, i deas,

1,2,3

Moving from the perception of Cl as a research project to Cl being a
necessary research tool (expected infrastructure, production-level
operations & support).

1, 2, 3, w/government & industry
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