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Executive Summary

TeraGrid integrates multiple high-performance cotimguresources at distributed provider
facilities. In 2006, the National Science Foundat{NSF) awarded a grant to the University
of Michigan's School of Information (UM-SI) to camet an external evaluation of TeraGrid.
The primary goals of the evaluation were to provifecific information to TeraGrid
managers that will increase the likelihood of TeidGuccess, and to give NSF and policy
makers general data that will assist them in makirategic decisions about future directions
for cyberinfrastructure. In order to accomplishsebjectives, the UM-SI study assessed
four aspects of the TeraGrid project:

* progress in meeting user requirements

* impact of TeraGrid on research outcomes

» quality and content of TeraGrid education, outreactd training activities
» gsatisfaction among TeraGrid partners

We employed a mixed method approach that consisted user workshop; participant
observation; document analysis; interviews withi@@ividuals representing five different
categories; a survey of a sample of 595 TeraGruisysand two surveys to assess TeraGrid
tutorials held in 2006 and 2007. Most of the dagseacollected from June 2006 through May
2007.

Findings from the evaluation study are presentetim parts. In this first part, we report
results from analyses of all data collected dutireginvestigation. Detailed findings from the
user survey are presented in Part 2 of the report.

TeraGrid as a Virtual Organization

A virtual organization (VO) is distributed acrogsase and time, dynamic in processes and
structure, and enabled and enhanced by technolé@iesommunication and coordination.
As a VO, TeraGrid has the potential to capitalinglee advantages of organizing in this way,
but it also confronts many of the challenges fabgdther distributed organizations. The
TeraGrid VO can be characterized as a series sides that both create challenges and help
the organization to grow, innovate, and adapt.

One set of tensions arises from the diverse cherasts, histories, and cultures of the
resource provider sites that participate in TerdGtiheir need to collaborate as well as
compete, and their desire to retain individual aatoy and identity while cooperating under
the TeraGrid banner. In addition, as new instingigoin the TeraGrid scaling becomes a
challenge. For instance, communication and cootidnamanagement and governance, and
technical integration become more complex. A segmace of stress stems from TeraGrid's
three-part mission to support the most advancedatational science in various domains, to
empower new communities of users, and to provid®uees and services that can be
extended to the broader cyberinfrastructure. Eatchhese goals can require different

methods, resources, expertise, and strategieshteva¢ making it difficult to establish and

balance priorities and to define success. Furtkeme goals fit better with the existing



strengths, customer bases, and priorities of iddai resource providers than others. Finally,
there is tension between the desire for infrastirattreliability and stability, particularly on
the part of users, and the research and developthahtare often necessary to create a
distributed cyberinfrastructure. TeraGrid has depetd approaches to deal with some of
these challenges, which can provide valuable lesgpother VOs.

Prior to TeraGrid, there was limited opportunity fateraction between personnel at the
different resource provider facilities. Projecttpapants noted that collaboration with people
at other sites has led to the development of nehni@ogies, processes, and systems to
support distributed computing; made them more avedrthe capabilities and expertise at
other sites, which has helped to improve servicesgrs and enhance local procedures; and
opened up TeraGrid resources and services to newassnmunities. While they viewed
these as important successes, many believed thaaer project vision would direct efforts
in ways that would better serve users’ needs.

Grid Computing

The original notion of grid computing as runningnare than one site concurrently (i.e. co-
scheduling) has evolved into the idea of employhreygridto enable a variety of distributed
tasks and modes of usage. This is viewed by mtetviewees as a positive development.

User Needs Analysis

The goal of the user needs analysis was to understee needs of different types of users
and the factors that influence user behavior. Tésults from the user survey offer a
generalizable view of current TeraGrid users wiiile qualitative data provide in-depth
information and help explain some of the survegifigs.

TeraGrid users are numerous, diverse, and distibu@inding meaningful ways to classify
users can improve strategies for delivering TerdGupport and consultation services to
users; inform decisions related to hardware, so#ywand policy; and provide mechanisms
for users to interact with each other in supporttiedir needs. Our results shows that
experience level; algorithms, models, and softwareage mode; and the relationship
between the nature of the research problem andetiteical infrastructure are potentially
productive means to distinguish the needs of differusers. In addition, we found that
usability issues affect users of all types and agpee levels and that problems with lengthy
gueue times go beyond user irritation and incoreueze and affect the efficiency and speed
at which science is conducted.

The resources available through TeraGrid are atit@ most users. Although batch use of a
single resource at one or more sites is a commarembusage, users noted that the ability
to move data from one computer to another was g@ortant aspect of TeraGrid. They also
noted that the use of TeraGrid resources madesgilple for them to simulate phenomenon at
longer time scales or across a continuum and tadwep experimental and engineering
designs. Future requirements will be shaped bysuseeds to manage, store, and analyze
growing amounts of data and to make existing codes efficiently on more capable



resources. Education and training, tools to suppoftaboration, and access to a wider
variety of usage modes will also be increasinglgomant.

TeraGrid Science Gateways

Recognizing that many disciplinary communities wén@lding elements of their own
cyberinfrastructure, TeraGrid formed partnershipthwther projects to provide TeraGrid
resources and services to user communities throogls and services they were already
using. One goal of gateways is to enable entirenconities of users associated with a shared
research goal to use TeraGrid resources throughmemon interface. Developers of science
gateways have two roles: 1) TeraGrid user, andt2ymediary between user communities
and TeraGrid.

As users of TeraGrid, developers of science gateway in need of tools and processes that
help make development easier and that assist thenpport their users. These include basic
services that gateways can use instead of creatingosting their own; templates and
standardized systems; and standardization to suppereffective use of allocations and
meta-scheduling. As intermediaries between the :xi@eéd eraGrid and their users, science
gateways appear to play an important role in intoing TeraGrid to potential users and
enabling current users to conduct their work in meays.



1. Introduction

TeraGrid integrates multiple high-performance cotimguresources at distributed provider
facilities. In 2006, the National Science FoundafidNSF) awarded a grant to the University
of Michigan's School of Information (UM-SI) to camet an external evaluation of TeraGrid.
The primary goals of the evaluation were a) to mlevspecific information to TeraGrid
managers that will increase the likelihood of TeidGuccess, and b) to give NSF and policy
makers general data that will assist them in maktrategic decisions about future directions
for cyberinfrastructure. In order to accomplishsebjectives, the UM-SI study assessed
four aspects of the TeraGrid project:

* progress in meeting user requirements

» impact of TeraGrid on research outcomes

» quality and content of TeraGrid education, outreaciu training activities
» satisfaction among TeraGrid partners

Findings from the TeraGrid evaluation study aresprgéed in two parts. In this first part, we
report results from analyses of all data colleadedng the investigation. As appropriate,
findings from theTeraGrid User Surveye conducted in late 2006 are integrated into this
document; detailed findings from the survey aresg@néed in Part 2 of the report.

The primary audience for this report is NSF persbnparticularly those responsible for
management of NSF's cyberinfrastructure investmamtisthose in divisions that support the
research of communities that are current or futusers of TeraGrid. The other main
audience for this report is TeraGrid itself, speeity senior managers, but also all
individuals at the TeraGrid resource provider (Ri®s who are or have been involved in the
project whether formally or informally. The docuniemas also written with many other
TeraGrid stakeholders in mind such as TeraGridsysecluding individuals affiliated with
projects that provide gateways to TeraGrid resauared services, developers of software
and applications, and other providers of high-pennce computing (HPC) or grid services
in the United States and internationally. Given #fert time period of the study, our
evaluation was necessarily formative, and our pyngmal was to provide feedback to NSF
and to TeraGrid that would help with future plarintWe hope the findings will be a
significant step toward filling gaps in our knowtgl about the needs of scientists and
engineers who use NSF-supported HPC resources aaides, particularly TeraGrid, the
factors that affect their use, and the impact of tise on research outcomes. In addition, we
aim to improve understanding of the organizatiorsdcial, and technical challenges
associated with the delivery of cyberinfrastruct(@) via a virtual organization such as
TeraGrid.

We begin this report with a description of the eadilon research questions and the multiple
methods used to collect and analyze the data ochwthe study's results are based. Next, we
provide an overview of the history, current orgatian, and operations of TeraGrid. In
addition to providing background for those who &ess familiar with TeraGrid, this



information is relevant to findings discussed laterthis document. The majority of the
report focuses on the study's findings. The resasdivided into sections that cover the
main topics of the investigation. The end of eagults section includes a summary and a
brief discussion of potential implications. Givdretformative nature of the evaluation, the
latter should be viewed as preliminary and are idexy for the purpose of offering some
discussion of the results. We conclude the repdtt a discussion of the study's limitations
and needs for future research.

2. Research Questions

As stated in the previous section, the evaluatiadyswas designed to address questions
related to user needs, experiences, and satigia¢tie impact of TeraGrid on research
outcomes; quality of TeraGrid education, outreaaid training activities (EOT); and
collaboration between TeraGrid resource providers.

Questions related to user needs and requirements:
* What factors affect users' computing needs andnegents?
» How are the needs of users expected to changdim/eext five years?
 What factors affect users' behavior as it relatstheir use or non-use of
computing resources and services?

Questions related to impact:
* How does the use of TeraGrid impact the work oésicsts and engineers?
* What are the benchmark factors for impact in paldicareas of research?

Questions related to TeraGrid as a virtual orgdiuna
» What factors affect satisfaction among the resoprogiders?
* How is information shared across sites?
» What mechanisms are used to coordinate activitidssarvices?

Question related to EOT activities:
* How do attendees of EOT events perceive the qualitgstruction and instructional
materials?
* How likely are attendees to participate in futwtials or workshops?
* What is the level of enthusiasm for TeraGrid useigeand after participation in an
EOT event?

We investigated the questions above using multgdearch methods. We describe these
approaches in the next section.

3. Research Methods

Mixed methods research involves the collection)yams and integration of quantitative
and qualitative data in a single study. This forinresearch can provide a better
understanding of a question or topic than is pdéssiith a single research approach



(Creswell, 2003). In this particular study, theledlion, integration, and analysis of both
gualitative and quantitative data improved validiyedibility, and comprehensiveness of
the findings.

3.1 Data Collection

Most of the data collection activities occurrednfraJune 2006 through May 2007.
Institutional Review Board (IRB) approval was obtad from the University of Michigan

for the study. In keeping with the conditions ofBIRapproval and to protect the
anonymity of research subjects, we provide onlyeganinformation regarding the sites
we visited and the individuals we interviewed.

3.1.1 User Workshop

The first major activity we conducted as part of #valuation study was a June 2006
user workshop whose purpose was to begin to exarfieerelationship between
TeraGrid's development priorities and the needsit®fusers. The invitation-only
workshop was funded by TeraGrid and held in cortjoncwith the first TeraGrid
Conference in Indianapolis, Indiana. The workshopswdesigned to assess user
requirements from the standpoint of how TeraGriduldoenable the next big
breakthrough in workshop attendees' lines of resedrwelve individuals, representing
the fields of biology, chemistry, geosciences, ptg/sand social and behavioral sciences,
participated in the event.

Two key conclusions were generated from the wornaskarst, we found that there are a
range of technical needs even in a group of uséis mave mostly large allocations.
Second, although the technical requirements ofsusary, the social and educational
challenges they face are similar. These two finslipgpvided a preview of results that
emerged from the study overall. Detailed resultenfthe user workshop are available in
a separate report (Zimmerman & Finholt, 2006).

3.1.2 Site Visits

From mid-July through early October 2006, we vidiseven sites around the United
States with the primary purpose of conducting wnesvs with a variety of individuals;
further detail on interviewees is provided belouweFof the cities we visited were home
to a TeraGrid resource provider site as well assters or other interviewees. In addition
to the opportunity to conduct face-to-face intemgewith a large number of people in a
short amount of time, the site visits also allowesdto observe users in their working
environments and to learn more about the operatbigraGrid RP sites.

3.1.3 Interviews

We conducted interviews with 86 individuals in Gfparate interview sessions. As these
numbers indicate, most interviews were conductdt wisingle person, but several took
place with groups of two or more individuals. Thedividuals we interviewed were

affiliated with 13 different institutions, includinfive RP sites, as noted above. At least



one institution from each major geographic arethefUnited States was represented in
the sample.

The interview sessions totaled more than 47 houits mdividual interviews averaging
43 minutes in length. Most interviewees agreedlltmnvathe interview to be audiotaped,
and transcriptions were made from the digital afiléiowhen an individual declined to
have the interview recorded the interviewer tootesonstead.

We conducted interviews with individuals who regmsfive different categories that we
identified in advance as being important to addtiessobjectives of the evaluation study.
Table 1 summarizes the number and types of peopéeviewed, and the text below
describes each category in further detalil.

. Number of
Category Definition . )
interviewees

TeraGrid Users Individuals associated with a

¢ Individual Researchers project that had a TeraGrid 26
allocation at the time of the
interview

TeraGrid Users Individuals who on a day-to-

« Science Gateway day be?sis.spend sqme portion

Developers of their time working on a 27

project designated as a
TeraGrid Science Gateway

TeraGrid Personnel Individuals employed by one of
the TeraGrid RP sites who have
a formal or informal role in the 26
TeraGrid project

Non-TeraGrid Users of HPC Individuals who use HPC

Resources computing resources other 3
than TeraGrid

Cyberinfrastructure Experts Individuals with extensive
knowledge of high- 4
performance computing

Table 1: Number and Types of People Interviewed

Several interviewees belonged to more than groop.ekample, an individual working
on one of the science gateways was a domain sstiemno had a TeraGrid account to
support his own research. In these cases, we askpdndents questions related to the
main reason for which they we selected for an uier, although comments they made
relevant to their other roles and experiences \weladed in our analyses.



TeraGrid Users

We interviewed two types of TeraGrid users: 1) wdtlial users, and 2) science gateway
developers. Individual users (n=26) included ppatiinvestigators (Pls), faculty and
research scientists, postdoctoral associates, authate students with a TeraGrid account.
These users were affiliated with seventeen diffepeojects and eleven institutions. Table 2
provides information on the research area, positiand the largest allocation the
interviewee's project had at the time. When prolsosee accepted and projects are granted
an allocation, they are assigned to one of threardwategories: development allocations
(DACs), medium resource allocations (MRACs), andjgéaresource allocations (LRACS).
The awards differ based on the number of servidgts @tlotted, ranging from 30,000 for
DACs, between 30,000 and 200,000 service unitMiRACs, and over 200,000 service units
for LRACs. Although LRAC awardees are small in nemkelative to all awards made, they
represent a major portion of the use of TeraGrldcated resources (see section 8.1.1).
Whereas DAC awardees are many, they use a smakmgeof allocated resources. In the
interviews, we focused on LRAC and MRAC users besedahey represent the majority of
TeraGrid use. In addition, since some LRAC and MR4sérs sometimes also have a DAC
award, it was challenging to find users who hagy @nDAC award and were available for an
interview. The purpose in interviewing DAC only usevas to learn about the needs of
individuals who were new to TeraGrid. We were dblgain insight into these needs in other
ways, particularly by talking with graduate studeand other researchers associated with
LRAC and MRAC projects, who had not used TeraGedble, and through th&eraGrid
User Surveysee Part 2 of the report).

We asked individual users questions about theramesh, including future research goals,
their experiences using HPC resources generallyTanaGrid in particular, including when

they started using them, how they learned to usenthhow they obtained help, what
resources and capabilities they used (i.e., masag#, visualization, computation), and what
resource provider(s) they used, including fac#itiether than TeraGrid. We also asked
interviewees to describe the impacts of TeraGrid@ZHi? their research. Finally, we sought
information about the other technologies they uskeow they spent their time (i.e.,

administration, research, teaching), and who th@alsorated with. Our interview protocol

assumed that users understood what TeraGrid the sense of both its organization and
purpose. We soon found, however, that users' krigeleand perceptions about TeraGrid
varied widely, so we added a question to the poitticat asked interviewees to define
TeraGrid from their point of view. If users had ague notion of TeraGrid, we framed our
subsequent questions around their use of NSF HBQuUrees more generally rather than
TeraGrid specifically.



Project Position Research Area Allf:‘::\:ilon
A Principal Investigator High-Energy Physics LRAC
B Doctoral Student Chemistry LRAC
C Principal Investigator Biochemistry LRAC
D Principal Investigator Materials Science LRAC
D Principal Investigator Materials Science LRAC
E Research Scientist Molecular Biology LRAC
F Research Programmer Molecular Biology LRAC
G Postdoc 1 Chemistry LRAC
G Postdoc 2 Chemistry LRAC
H Principal Investigator Earth Science LRAC
| Doctoral Student Chemistry LRAC
J Research Scientist High-Energy Physics LRAC
K Masters Student Chemical Engineering LRAC
L Principal Investigator Astrophysics MRAC
L Doctoral student Astrophysics MRAC
M Principal Investigator Economics MRAC
M Postdoc Economics MRAC
M Doctoral Student Economics MRAC
N Principal Investigator Geoscience MRAC
N Postdoc Geoscience MRAC
N Doctoral Student Geoscience MRAC
0] Principal Investigator Molecular Biology MRAC
P Principal Investigator Chemistry MRAC
P Doctoral Student Computer Science MRAC

Research Scientist Geoscience DAC
Research Programmer Computer Science DAC

Table 2: Individual User Interviewees

Developers of science gateways are a second typerafGrid user. Here, we use the term
developerbroadly to mean people who on a day-to-day basend some portion of their
time working on a project designated as a TeraSdignce GatewayEarly in its history,

L A project is defined by TeraGrid as a TeraGriceSce Gateway if it has an allocation on the TemGri



TeraGrid conceived the idea for what has becomeldraGrid Science Gateway program.
Recognizing that many disciplinary communities wén@lding elements of their own
cyberinfrastructure, TeraGrid set out to form parships that would provide TeraGrid
resources and services to user communities throogls and services they were already
using (Catlett, Beckman, Skow, & Foster, 2006).al3d's role is as a back-end service
provider with the gateway serving as the front emthe user. There were approximately 20
such projects during the time of the evaluatiorl &e interviewed individuals affiliated with
eight of them. Interviewees (n=27) included perseith expertise in the scientific domain
represented by the project, technologists devegppird/or making applications and services
available through the gateway, project managemgperés, and education and outreach
professionals. We provide few details regarding teeways we studied since this
information could make it possible to identify theojects and thus compromise the
anonymity of our respondents. We can state thatinvestigated gateways that serve a
diverse set of disciplines. The questions we agkiedviewees varied depending on their role
in the project, but in all cases we spoke witheast one person who was able to tell us about
the motivation for the gateway, especially the sigfie needs that the project was trying to
fulfill, the gateway's intended user community, theds of resources and capabilities that
were perceived as being important for the user conityy and the impacts that the gateway
would have if it were successful. We also askedenspecifically about the need for HPC
resources and services within the gateway and exmpes in working with TeraGrid.

TeraGrid and Centers Personnel

The second main category of interviewees is indiald who were employed by one of the
TeraGrid RP sites and who had a formal or inforroéd in the project. We interviewed 26
people at five RP sites whose salary was suppartedhole or in part by TeraGrid funds or,
who received no funding from TeraGrid, but who lfr@ct involvement in the project such
as supervising people supported by TeraGrid fulds.refer to both types of people as
TeraGrid personnel. The individuals we interviewedrked in or were responsible for a
variety of areas such as operations, networkingsurdlg, user support, systems
administration, education, external affairs, andtvgare development. In addition, we
interviewed both staff and managers. The lattelugded a sample of individuals who serve
as Area Directors or are members of the Grid Itfuature Group (GIG) or the Executive
Steering Committee (ESC) (see section 4.2). Mdstrvirewees' experiences with TeraGrid
dated back to the start of their institution'sletfion as a member of TeraGrid. The questions
we asked TeraGrid personnel varied slightly depandn their role in the project, but in all
cases we asked individuals about their responsgsili how and when they came to be
involved in the project, their opinions regardingraGrid's challenges and successes, and
other TeraGrid personnel they work with and the siaywhich those interactions occur.

Non-TeraGrid Users of HPC Resources

We interviewed three individuals who use HPC féedi other than TeraGrid to understand
why they do not use TeraGrid. Due to the small damsjze, few conclusions can be drawn
from these interviews, but they were helpful inngag additional insight into the factors that
influence researchers' computing decisions. Thestopres we asked non-TeraGrid users of
HPC resources were similar to those we asked idaliTeraGrid users.
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Cyberinfrastructure Experts

Finally, we interviewed four people that we deserds cyberinfrastructure experts. These
individuals have been involved in the world of higérformance computing in various

capacities for many years. Among the intervieweethis category were a former funding

agency program manager, the director of a campomgpuebng center, a former employee of

Internet2, and a computer science researcher esgploy a university computing center.

3.1.4 Participant Observation

Participant observation enables a researcher tn glise familiarity with a group or
community and their practices through intense weolent with them, often over a long
period of time. In this study, participant obsermwas included our attendance at five
TeraGrid quarterly management meetings during #r@g@ September 2005 through April
2007. The primary purpose of the face-to-face Tach@uarterly meeting is to bring together
the RP-Pls, the ESC, and the GIG (including Arege@ors) to review and assess progress
over the past quarter and to make necessary adjostnin plans, priorities, or projects.
Representatives from some science gateway progssisparticipate in these meetings. The
September 2005 meeting was the first face-to-faatheging of the TeraGrid principals
following NSF's $150 million, 5-year extension diet TeraGrid for the period August 1,
2005-July 31, 2010. We also attended the firstsewbnd TeraGrid Conferences (June 2006
and June 2007), and weekly TeraGrid Architectureetings. Finally, one of us
(Zimmerman) served as co-chair of TeraGrid's Impajuirements Analysis Team (Impact
RAT). This team was charged to investigate, idgnahd recommend ways to quantitatively
and qualitatively measure TeraGrid's impact on rgifie outcomes. Material from the
group's report (TeraGrid Impact RAT, 2006) has beearporated into this document where
relevant.

3.1.5 Surveys

Three surveys were conducted over the course dttity. These consisted of a survey of a
sample of current TeraGrid users and surveys ttuateatutorials presented at the 2006 and
2007 TeraGrid conferences.

The purposes of th&eraGrid User Surveyvere to gain insight into the characteristics of
those who use TeraGrid and to understand siméaritind differences in the needs,
motivations, and commitment of different types @rdGrid users based on factors such as
their experience with supercomputers, frequencyeraGrid use, stage of career, field of
research, gender, and age. Part 2 of this repataes detailed results from the user survey,
which was administered using SurveyMonkey.com. pbpulation from which the survey
sample was drawn included all users who were adietveen 1 October 2005 and 30
September 2006 and all Principal Investigators @ased with active projects. We stratified
our population along two criteria: 1) the largelfd@ation associated with a user (e.g., DAC,
MRAC, and LRAC), and 2) the field of science asaten with projects. We selected a total
of 595 individuals, representing a random, stredifsample proportional to the distribution of
users by field and allocation category. The surnesponse rate was 52%.
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We prepared and administered two 15-question sard®signed to evaluate TeraGrid
education and outreach activities. These surveyse wieveloped to measure attendees'
satisfaction with pre-conference tutorials conddase part of the TeraGrid '06 and TeraGrid
'07 conferences. Findings from the survey of th@62TeraGrid conference tutorials are
available in a separate report (Krause & Zimmern20Q7). The results showed that the
tutorial attendees who responded to the surveyrgiyneated their experience positively and
would attend another EOT event sponsored by Teda@esponses to open-ended items
suggested that some attention should be paid teted of the tutorial and the ability of the
attendees. Offering introductory tutorials in whiftendees are given practical step-by-step
training in tandem with more advanced tutorialsecied at experienced users could be
beneficial in meeting the needs of a wide varidtyugers. Preliminary analysis of results
from the survey administered in conjunction witle theraGrid '07 Conference show that
participants rated the tutorials highly.

3.1.6 Internal Systems and Documents

TeraGrid senior management and resource providsopeel at all levels were supportive of
our study. In many cases they agreed to be int#edeand in other instances they provided
access to information and people which greathyifatéd our research. For example, internal
sources such as the TeraGrid central databasehwinitudes information on all projects

with a TeraGrid allocation, were made availableito We monitored several project emalil
lists, and we were provided with copies of TeraGuiposals and findings from NSF

reviews of TeraGrid. There were sources of inforamathowever, to which we were not

privy, including the weekly meeting of the TeraGménagement team.

3.1.7 Supplementary Information: The TeraGrid Planning Process

In late spring 2007, the UM-SI received a sepagatat from NSF to facilitate a planning
process whose goal was to provide information ttp lguide the future evolution of
TeraGrid. One objective of the first phase of thecpss was to gather information about the
future requirements (i.e., over the next five ypafscurrent and potential users of TeraGrid.
During summer 2007, researchers and staff at theSUbrganized and conducted a series of
three workshops to collect information on user neuents that could be used, along with
findings from the evaluation study, to inform suipsent phases of the planning process. The
first workshop, which focused on the needs of thadeseeloping TeraGrid Science Gateways
and on the intended users of those gateways wdsrhdune 2007. Seventeen of the then 21
science gateways were represented at the work3tnepsecond and third workshops were
held in late August 2007. The goal of these worksheas to gain an understanding of the
requirements of current and potential future usérseraGrid. The user workshops brought
together 35 individuals from ten research domaireddress the question: Where could HPC
take you and others in your field over the next ¥ tyears? The findings from the planning
process workshops (Lawrence & Zimmerman, 2007a7BDBupplement data collected in
the evaluation study.

3.2 Data Analysis

The qualitative data consisted of transcripts aoigs from interviews, documents and web
sites related to TeraGrid and the TeraGrid Sciéateways, and our notes and observations.
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We developed a coding scheme to analyze qualitd@e based on our research questions,
interview topics, and prior literature.

As described in the detailed survey reports, qtetivte survey data were analyzed using the
statistical package SPSS®. We calculated desceipstatistics for all variables and
conducted tests of association between variablesdan the appropriate method in specific
instances. The responses to the open-ended sunesyians were coded according to major
categories that emerged from an analysis of the dat

4. TeraGrid History, Organization, and Operations

NSF has been making substantial investments in FP@ore than 20 years. Although it
was not an objective of this investigation to doeuithe history of the TeraGrid project or
to analyze the wider contexts under which it depetb and evolved, in the course of the
project we learned that aspects of this backgrauek important to understand the data we
were collecting. Therefore, we provide a brief tuigtof the TeraGrid project, including some
of the activities and events that preceded it. fiermation presented here was gathered
from publicly available sources, including the N&E€b site, NSF solicitations related to
TeraGrid, third-party reports, and internal TeraGlocuments available through TeraGrid's
wiki.? Additional insights into the history that emerdeain interviews are discussed in our
findings and are not covered here. As we will shiavthe results section, the context in
which TeraGrid was created and the nature of itswvigr affected the TeraGrid virtual
organization and others’ perceptions about theqgaef TeraGrid.

4.1 History

TeraGrid grew out of a late 1990's focus on tedasoamputing and grid computing.
The project, as it currently exists, is the resfltawards made through a series of NSF
solicitations and Dear Colleague letters.

In 1999, a report by the President's Informatioshf®logy Advisory Committee (PITAC)
recommended that in order for "the United Statesdiotinue as the world leader in basic
research, its scientists and engineers must haessdo the most powerful computers" (p.
52). At this time, terascale systems ‘@ldperations per second) were emerging as the most
capable systems. The PITAC report was precededige tNSF-sponsored workshops on
terascale and petascale computing that were heldgdMay and July 1998. The findings
from these workshops are documented in a consetid&port (Reed, et al., 1998). A similar
joint Department of Energy/NSF workshop was heldrg after the three NSF workshops
(Langer, 1998). Like the PITAC document, the wodgsineports emphasized the importance
of the most capable computers to U.S. competitiseme science and engineering research.

What is now known as the TeraGrid began in 200k a®llaboration among four sites:
Argonne National Laboratory (ANL), California Intie of Technology (Caltech), National
Center for Supercomputing Applications (NCSA), &an Diego Supercomputer Center

2 See http://www.teragridforum.org/mediawiki/indebpPtitte=Main_Page. Although the wiki is not
intended to serve as TeraGrid's public Internet situch of the information on the site is unrestdc
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(SDSC). This partnership was the result of a dalicn for a Distributed Terascale Facility
(DTF) issued by NSF in January 2001. The soliatastated that more than computational
capability was required to meet the needs of ssisrdnd engineers.

Investments in large scale research instrumentagomg made in such diverse fields
such as astronomy, biology, earthquake engineergmyironmental science,
geosciences, gravitational science, and high engihggics, will not yield their full
returns unless corresponding investments are nradeei infrastructure needed for
data analysis. Terascale computing systems ane-fge scientific instruments and
sensors are now routinely creating multi-terabyagadarchives. All the researchers
involved encounter similar problems since compuigaserved, and experimental
data all require data manipulation and storageyaligation, data mining and
interpretation. The rapidly increasing rate at whitata are being generated and the
distance between its point of generation and tiwase need access to information
contained in the data are problems that must df@dSF, 2001, n.p.).

The DTF solicitation identified a computational dgras a way to meet these needs. The
solicitation defined the grid as "the sum of netwog, computing, and data storage
technologies needed to create a seamless, balancesfjrated computational and
collaborative environment." The DTF was named Teih@nd included computers capable
of 11.6 teraflops, disk-storage with capacity ofrenthan 450 terabytes of data, visualization
systems, and data collections integrated via gidtleware and linked through a high-speed
optical network.

In April 2002, NSF issued ®ear Colleague Letter on the Extensible Terascadeiliy
(ETF) for Principal Investigatorgo expand the DTF. A $35 million award was maderla
that year to expand the capabilities of the origIh@F sites and to include PSC's LeMieux
system. The partnership continued to be calledTém®aGrid, but the award program was
known as ETF.

In March 2003, NSF issued thHeerascale Extensions Program Solicitation NSF03-&53
further expand ETF capabilities. This resultechireé separate awards to fund the high-speed
networking connections needed to share resourcedsna University (IU), Purdue
University (Purdue), Oak Ridge National LaboratdiRNL), and Texas Advanced
Computing Center (TACC). Although they were lisesiseparate resource providers, Purdue
and U partnered on a proposal and received a @irtrd® In 2004, TeraGrid entered full
production, and in 2005 NSF's newly created Ofti€€yberinfrastructure (OCI) extended
its support with a $150 million set of awards f@eeation, user support and enhancement of
the TeraGrid facility over the next 5 years. Asawbpreviously, one of us attended the first
guarterly meeting organized by TeraGrid followihg terascale extension award.

% Since 2005 Purdue and Indiana have had separarelsw
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4.2 Organization and Operations

When the evaluation study began TeraGrid was caegrof eight resource providers: U,
ORNL, NCSA, PSC, Purdue, SDSC, TACC, and UC/ANL.Jme 2006, the National

Center for Atmospheric Research (NCAR) became ihéhrnTeraGrid RP site. Figure 1

shows the TeraGrid partnership during the periodusfinvestigation. The tenth and eleventh
sites—the Louisiana Optical Network and the Natidnatitute for Computational Sciences
established by the University of Tennessee and Rldge National Laboratory—joined the

TeraGrid in fall 2007 after the completion of otuidy.

eimie Facility. ——— -

y!.

Figure 1: TeraGrid Resource Providers - June 2006

As stated in th&@eraGrid Policy Management Framewotke TeraGrid comprises "multiple
cross-referenced but independent awards to autamoimstitutions” (Catlett, Goasguen, &
Cobb, 2006, p. 2). Each resource provider is furideNSF to operate and support resources.
The Grid Infrastructure Group (GIG), funded throughseparate grant to UC/ANL, is a
distributed body that provides integration and damation across the project (Catlett et al.,
2008). The GIG supports common services such assugpport and authentication services
and common processes such as accounting, authenzaand allocations peer review. It
also supports the TeraGrid operations and helpdedkcation, outreach and training
activities, external affairs, software coordinatenmd system architecture and planning, and a
dedicated optical network backbone. Each RP selactste lead to make and ensure
commitments on behalf of the organization.

The TeraGrid Forum includes one representative feawch institution (i.e., each RP site and
the GIG); it is the main decision making body fietTeraGrid. Working Groups and
Requirements Analysis Teams (RATs) help providerdioation across the project by
addressing areas of common concern. Working Grtagtdor a year or more and generally
include representation from all sites. Their ggatii coordinate services in major areas of the
project such as accounting, allocations, data, gsevices, and security. Requirements
Analysis Teams bring together a small number ofeetspto work together over a period of
six to ten weeks to understand a specific topiccloallenge, investigate solutions, and
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recommend a course of action. The Cyberinfrastradtiser Advisory Committee (CUAC),
which along with the GIG and resource providers wasdated by NSF, was an advisory
body comprised of users of cyberinfrastructuhdore detailed information about TeraGrid's
organizational structure, governance, and operatioravailable in Catlett et al. (2008) and
Catlett, Goasguen, and Cobb (2006).

Due to the distributed nature of TeraGrid, most gamication occurs through electronic
mail, over the Access Grid, and via teleconferentég purpose of the TeraGrid wiki is to
serve as a central point for sharing documentsynmdtion, and ideas. The RP site leads and
the GIG meet face-to-face on a quarterly basis,ta@dnnual TeraGrid Conference provides
an opportunity for face-to-face meetings of workgrgups, RATS, and other teams.

Although this report focuses on an evaluation stoflthe TeraGrid, it is important to note
that TeraGrid is only one activity and one sourtéunding for the resource providers. The
percentage of each RP's budget and staff thatpposted by the TeraGrid award varies
across sites. In addition, TeraGrid is only onegpam that has, over time, supported HPC in
the United States. For example, from 2001-2004 Gedaco-existed with the Partnership for
Advanced Computational Infrastructure (PACI), whrelm from 1997-2004. There were two
PACIs—the Alliance and the National Partnership fédvanced Computational
Infrastructure (NPACI). In summary, TeraGrid grevorh and exists within a broader
context. The ways in which past and present cotktibns and competition among resource
providers, changing user needs and requirements,technical developments affect the
TeraGrid project are analyzed in the results seaidhis report.

4.2.1 Access to TeraGrid

Similar to other HPC resources, an allocation igur@d in order to use TeraGrid. As
described on the TeraGrid web site, the followiteps are necessary to obtain an allocation.

To use TeraGrid resources, you must submit a rédoean allocation of computing
time or data storage space. To make such a request,need to have an
understanding of the type of codes you will be ingror the amount and type of data
storage you will need, the amount of time you’ledeto complete the simulations
you plan to conduct, and any special data needsat@mpany a computing time
request. Allocation requests are subject to a vepi®cess, which varies according to
the size of your request.

As noted earlier, proposals are typically diredtmslard one of three award categories: DAC,
MRAC, or LRAC. The awards differ based on the numifeservice units allotted. Service
units are generally defined as “equivalent to eitiree CPU-hour, or one wall-clock-hour on

* In January 2008, the CUAC was reorganized intoTéxaGrid Science Advisory Board (SAB). The
charge to the SAB is to "provide advice to the Geid Forum and the NSF TeraGrid Program Officemon
wide spectrum of scientific and technical actigtigithin or involving the TeraGrid." See
http://www.teragridforum.org/mediawiki/index.phpRi=Science_Advisory Board

® See http://www.teragrid.org/userinfo/access/aliocs.php. TeraGrid began requiring allocationsdata
storage shortly after the completion of our study.
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one CPU, of the system of interest,” although ex@sdinitions vary based on resource
platform according to the NSF Cyberinfrastructueséurce Allocations Policy documént.
All proposals have a PI. If an award is made basethe proposal, a project is established,
and the Pl may add users may to the project. Atittegion means that a user has a TeraGrid
account; authorization defines what that userlgsedd to do at particular sites. For example,
a user may be restricted to file transfers at SO&€authorized to access compute resources
at PSC.

5. Introduction to the Findings

The findings of the evaluation research study agamzed by the major categories of the
evaluation as well as themes that emerged fromniestigation. The end of each findings

section (i.e., sections 6-9) contains a brief sumyraad some discussion of the implications
of the results. As noted in the introduction, thatdr should be viewed as preliminary and are
provided for the purpose of giving some inital feadk on the results.

In addition to Part 2 of this report, which analyzesults from th&eraGrid User Surveywe
have published other documents that present fisdiram specific data collection activities
(Zimmerman & Finholt, 2006; Zimmerman, 2007; Krads€immerman, 2007; Zimmerman
& Finholt, 2007). Results and conclusions from #hesblications are incorporated into the
relevant portion of the results sections that fello

These findings reflect data collected at a paricyloint in time. For example, in summer
2006 TeraGrid personnel were debating how to dedirieeraGrid user. This was also the
time of the problematic implementation of versiorof3the Common TeraGrid Software

Stack (CTSS). Although specific challenges will mha over time, we use these events to
illustrate the types of issues faced by TeraGritigpants.

6. The TeraGrid Collaboration

The TeraGrid collaboration can be characterizedh aseries of tensions that both create
challenges and help the organization to grow, iatevand adagtin this section we analyze
the sources and affects of those tensions. Oneofsetresses arises from the diverse
characteristics, histories, and cultures of thdigpating sites, their need to collaborate as
well as compete, and their desire to retain indigld autonomy and identity while
cooperating under the TeraGrid banner. In additasnew institutions join the TeraGrid
scaling becomes a challenge. For instance, commtmicand coordination, management
and governance, and technical integration beconre mmmplex. New participants must be
"caught up" with the existing policies, procedurasd plans and the rationales behind them,

® See http://www.ci-partnership.org/Allocations/aiionspolicy.html

" Informally, we have heard some objections to e of the wordollaborationto describe the
relationship among the resource providers. Thisiopiwas expressed by individuals who view a
collaboration as a partnership among individualsrganizations who willingly choose to work withcha
other. We use the broad®xford English Dictionandefinition, which states that to collaborate i Work
in conjunction with others."
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and the sites must adapt to a reconfigured orgtmizd arrangement. The concept of a
virtual organizationprovides a framework to better understand thesesss

A second source of tensions stems from TeraGrtsetpronged mission to support the
most advanced computational science in various d@n&g empower new communities of

users, and to provide resources and services that e extended to the broader
cyberinfrastructure. Each of these goals can reqiiiferent methods, resources, expertise,
and strategies to achieve, making it difficult gtablish and balance priorities and to define
success. Further, some goals fit better with thistieg strengths, customer bases, and
priorities of individual resource providers thahers.

Finally, there is a tension between the desireififrastructural reliability and stability,
particularly on the part of users, and the reseanthdevelopment that are often necessary to
create a distributed cyberinfrastructure. In TerdGrchieving this balance has been
particularly difficult because few users demandée grid computing capability that
TeraGrid was developing.

Below we analyze each source of tension, while alsmwing that they do not operate in

isolation from each other. We find that much of tva learned in the study was knowledge
that already exists in the project, but for varioegsons it was not brought to the foreground,
discussed, and acted upon. The results presentéhisirsection are based primarily on

interviews with TeraGrid personnel. Data collectgring participant observations and

interviews with others, especially cyberinfrastiuet experts, also informed the findings

discussed in this part of the report.

6.1 TeraGrid as a Virtual Organization

TeraGrid is a virtual organization (VO). As sucthiéis the potential to capitalize on the
advantages of organizing in this way, but it alsafronts many of the challenges faced by
other distributed organizations. DeSanctis and Mo(i999) defined a virtual organization
as

...a collection of geographically, functionally andfulturally diverse entities that
are linked by electronic forms of communication arady on lateral, dynamic
relationships for coordination (p. 693).

Virtual organizations vary across dimensions swgBize, degree of formality, lifespan, and
purpose. The definition of a VO is still evolvingdause it is a relatively new form and
knowledge about it is incomplete. However, simitaDeSanctis and Monge, Cummings and
his colleagues (2008) identified the following &g common to most VOs:

» Distributed across spacavith participants spanning locales and institugio
» Distributed across timewith asynchronous as well as synchronous intienast

» Dynamic structures and processasevery stage of their lifecycle, from initiation
termination

» Computationally enabledia collaboration support systems
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» Computationally enhancedvith simulations, databases, and analytic sesvigbich
interact with human participants and are integrahe operation of the organization.

Cummings and his coauthors stated that technologg in a VO goes beyond
communication. For example, a centralized projeanhagement plan that is accessible to
everyone in the VO can help to coordinate work sEsites by listing tasks, responsibilities,
and milestones. The DeSanctis and Monge definieamphasized the lateral nature of
relationships in a VO. Taken together, these twaceptual definitions provide a framework
for understanding the TeraGrid partnership.

The existing literature has identified a numberreésons for the formation of virtual
organizations. Among these are to facilitate act@sssources and expertise, enhance ability
to solve problems, improve economic and scientbmpetitiveness, help leverage limited
funding and other resources, and enable discovetyraovation. But it seems that for every
potential advantage there are risks.

For example, greater geographical reach of the fmight be enabled via electronic
communication, but the firm may also struggle withintaining a coherent identity.
Similarly, more participation by discussion in larggroups of people may be
possible, but information overload may be a burdenparticipants; and more
efficient communication might be possible but sgimigreater alienation (DeSanctis
& Monge, 1999, p. 694).

Virtual organizations also face challenges relateduilding trust, motivating and rewarding
participants, sharing knowledge, and scaling omgiunal processes and governance. In the
section that follows, we analyze how these andragmies identified in the VO literature
affect TeraGrid.

6.2 Factors Affecting the TeraGrid Virtual Organization

Cummings and his co-authors (2008) stated thatobriee most important questions to ask
about a VO is how it came to be created. In the chJ eraGrid what seems more relevant is
the contrast between the way the project begantaananner in which it evolved into its
current form. As noted in the history section, guwal of the original partnership between
ANL, Caltech, NCSA, and SDSC was to create a thigted system based on homogeneous
clusters® During the time from 2001-2007, the TeraGrid grfe@em four resource providers
to eleven. The expansion occurred through whatefer to as "organization by solicitation."
Except for an initial cooperative proposal subndittyy IlU and Purdue, the current TeraGrid
partners did not choose each other nor was growahnpd strategically by TeraGrid.
Resource providers were added primarily based cardsvmade to sites by NSF; the NSF
also made the award to the UC/ANL to operate th®.Glhe addition of sites increased the
technical and organizational complexity of the potj and new initiatives such as the

8 Two interviewees noted that the project actuadigdn with two sites NCSA and SDSG-and about
three months later it was expanded to include Angoend Caltech. The project's history is obviously
complex. Our goal was to understand the affectajbmevents on the partnership, particularly asteel
by the participants themselves.
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TeraGrid Science Gateways program introduced momgptications and further clouded the
vision. Thus, like many other VOs, TeraGrid hasrbaad continues to be dynamic. While
the situation has sometimes been stressful forGralgpersonnel and often confused users, it
has also forced the individual sites as well asT#aGrid as a whole to adapt and innovate
and helped to forge collaborations that otherwisghinnot have been formed. In the
paragraphs that follow, we analyze the dynamismfefiGrid and the affects of changing
conditions.

6.2.1 Homogeneity to Heterogeneity

The first instantiation of the TeraGrid, in 2004nsisted primarily of Itanium-processor
based machines distributed across the original RRursites. The homogenous clusters were
designed to operate as a single distributed faailitd were linked via a dedicated optical
network. Grid software was employed to integraterdgsources to create the appearance of a
“virtual system,” which was in fact resources cotlad independently by the individual
sites. The recommended use guidelines emphasimedpmplications, but according to one of
the TeraGrid participants, users did not have gpdlications, and so early on few requests
were made for time on these machines. This is agirising given the fact that "the user
community that TeraGrid started with was not basedrid computing users," as one project
member noted."The people who we catered to were not peopleingnsmall jobs on small
clusters. We need people who will spend million$ofirs on full machine jobs running on
big machines.” Nonetheless, the lack of requestalfocations on high-end resources was
troubling and problematic. As a result, the recomdesl use guidelines were altered to allow
users to request time on a single computing sy&efhis change was one source of what
became an ongoing lack of clarity within and owdilde project about TeraGrid's vision and
goals. However, there was little time to addressiisue before further changes occurred.

The addition of new sites to the TeraGrid, begignmth PSC in 2002, created another
challenge for the struggling grid computing visidws a project member noted, "One of the
hallmarks of the DTF was this complete homogendihey were all bought at the same time
and constructed in the same way. PSC came in addaheompletely different system.”

Specifically, PSC's Bigben supercomputer had a mdiferent architecture and its

networking design and equipment also varied from other sites. With the addition of
Bigben, homogeneity began to give way to heteragen€his posed new challenges for
TeraGrid, which were summarized by one of the pigdnts.

So, it really made them have to rethink how theyemgoing to add sites. It made
them have to take into consideration ideas andeqgsdhat hadn't been core or even
critical to the original proposal that they subeetitt | think that was difficult. | think it
was really eye opening, and | think it helps esgbcif you think of the TeraGrid
and the ETF as a prototype for the cyberinfrastmectBut | think it was also a
challenge because here you've submitted a proploats gotten funded by the NSF
and all of a sudden you have to change it. So, stduhave all those goals and
objectives that went along with the original proglahat you submitted. Then, all of

° This statement was supported by our interviewh witers and with cyberinfrastructure experts.
191 section 7, we analyze reasons for the lackidfapplications both then and now.
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a sudden you have these new goals and objectigesuth a little bit more difficult to
meet, and you have to figure out how to do that stild make progress on both
fronts.

TeraGrid personnel held different opinions regagdihe merits of trying to achieve and
maintain system homogeneity and enable grid comgutAccording to the participants,
different views on technical matters are not uncammmong computer scientists. There are
often multiple ways to accomplish the same task diffdrent people and institutions have
varied preferences. In this case, most interviewgese skeptical about the viability of
homogeneity because they felt it was not scalal#sirable, or even possible. For example,
one person who questioned the wisdom of this agprsaid:

You can create a homogeneous environment thatti®tthe least good of any one
system. These systems have positive quirks, te@b,ate the very reason that people
want to use them. So, you have to sort of managgethimilarities and differences in
a way that's usable.

Another project member, whose institution was ma of the original four sites, viewed it as
an improbablefeat even with identical clusters and iampossibletask once new RPs and
architectures were introduced.

What was quickly demonstrated was unless you haeeykody install the same
version of everything at the same time, and idethly should like all be clones—the
system administrators should all be clones of edbkr—and somebody blows the
whistle, and they push the button exactly at theesaime, you will rapidly get
differences, even if you have the same system fravendor point-of-view. That's
what | saw. Then, of course, we started bringingew architectures and new sites.

Another person felt that grid computing was notgi\a chance to succeed, and the addition
of new architectures increased the complexity afidulty of achieving the original vision.

| thought this was NSF’s big chance to promote gachputing. Could those systems
have been brought up and efficiently used as agngeand true multiple resource by
a multitude of people immediately? Absolutely néould there be wasted potential
computing cycles? Absolutely. What better way cogdd support and increase the
probability of evolving these capabilities and #etechnologies if not in an

environment where this was top priority? The onbople that should have gotten
onto those systems were the people who had eitteaep, could argue, or were
willing to do new things to try the new technolagfeom the very beginning.

In this, as in some other situations, it was natswal for TeraGrid participants to have
different interpretations of the outcome of the sagituation. In this case, a couple of staff
we spoke with felt the original goal had merit ahdt it had achieved a result that other
experts thought was impossible. As one of them said
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Back in the early days of the project...you couttually build and execute on one
machine, so that you could do dynamic resolutionlilmfaries rather than static
resolution. And you could take it from San Diego N&€SA to Argonne and to
Caltech, and the crazy thing would find all thedities it needed at run time. So, that
meant that the environment was really set up ctiyreeind you could roam between
these resources. And | don’t know if that still Wertoday. | have my doubts. But
that’s kind of cool and kind of amazing.

The issue is not that people have varied opinibas,that the lack of clarity regarding a
major aspect of the project leads to confusion @and result in personnel working at cross
purposes. Several interviewees thought this was dhge in regard to the issue of
homogeneity.

| see huge evidence that people are still workawgards the homogeneity. I'm never
sure if that's because there is somebody or somapgof people who really believe
this, or if there are just a set of people who hlbeen given a charter several years
ago and are still working toward that charter.

While PSC's hardware posed a challenge, it wasnasinterviewee stated, "bringing them
onto the playing field at the same level." The #&ddiof the next set of resource providers
significantly increased the diversity of the prajesembership and the heterogeneity of the
technical environment. The affects of these chaageshe subject of the next section.

6.2.2 Organizational Growth and Diversity

The nine sites that comprised the TeraGrid durimg period of our study varied along
several dimensions, including history, culture,jonsand mission, organizational context,
and the number, type, and size of the computatimesdurces contributed to TeraGrid. The
latter also corresponds to the number of persoargte has available as well as the depth
and/or breadth of expertise it brings to TeraGriktcording to the participants we
interviewed, this diversity has been both challaggand beneficial. We found that diversity
in terms of culture, mission, and human and tedinapabilities, along with past
experiences among some of the sites, were partigutaportant as both sources of tension
and innovation.

NCSA and SDSC were two of the four supercomputegters funded by NSF in 1985, and
they have been the leading-edge sites for acad@seéarchers in the United States. PSC was
established by NSF in 1986, but it was not pathefPACI program. According to one of the
interviewees, the terascale computing system awasl PSC's "reentry into the NSF after
having been out of it for awhile." Although NCSADSC, and PSC provide the full
complement of services typical of dedicated supamding centers (see Graham, Snir, &
Patterson, 2005, p. 174), PSC is significantly senah terms of the number of employees. It
was clear from our interviews with TeraGrid perselinnsers, and Cl experts that each center
is perceived as having unique strengths. PSC isvikrfor focusing on high-end users and
dedicating people to work closely with them; NCSAseen as serving a broad range of users,
and SDSC is recognized for data.
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The other six resource providers are situated muétitude of contexts. The Computation
Institute was established in 2000 as a partneiséigween Argonne National Laboratory and
the University of Chicago. It is the home of thed®@rid GIG. ANL, along with ORNL, is a
Department of Energy (DOE) research center. Pusdparticipation in TeraGrid is
headquartered in the Rosen Center for Advanced Goingp which is located within the
Office of the Vice President for Information Techogy at Purdue (ITaP). Similarly, the
Research Technologies Division, which is part doimation Technology Services, is IU's
home for TeraGrid activities. Purdue and IU are llman terms of hardware capability and
number of staff, and they have less experienceigiray resources, services, and support at
the national scale. NCAR is unique from the othd?sRn that it provides tools and
technologies to a targeted area, namely the atmeosptand Earth system science
community. TACC is a research center at the Unityersf Texas at Austin. The following
guote captures the impact of this organizationaledity as described by several
interviewees.

So there’s the multi institutional challengénstitutions who have and are competing
as well as collaborating. Each of them has a vdifgrdnt culture. Some of them
have been in this field, obviously, for 20 someghyears. Others are new to this idea
of sharing resources and providing shared resouitese are, of course, some sites
that have, say, a DOE background, which is a toiliferent thing than the NSF
culture.

Together, these factors can lead to what one pedssocribed as "serious philosophical
differences among the sites."

In addition to philosophical differences, it wasdant from our observations, and to a lesser
degree from the interviews, that some sites havee mesources, particularly in the form of
computational capacity, human expertise, and tatahber of people to leverage and
contribute to TeraGrid than other sites do, ansl iha source of some tension.

| know that we’ve put in twice as much effort asmedunded, and | suspect the same
is true of [name of RP] from talking to the folkatdahere'! ...it sort of creates more
tension in that there’s an expectation for thirmghappen on money that doesn’t even
belong to them. You try to do what you can, butweejot other obligations on that
money... As always, there’s never enough money tewdwything you want to do,
and there’s a lot of expectations from a lot ofygdeo

Regardless of their size, every site has a stakeaitters that affect them, and so each RP
wants a say in how things will be done. Yet, suitagy in terms of their degree of experience
and expertise in particular areas. For exampleh bbéraGrid personnel and users,
particularly those who compute at multiple sitesnparked on the varied quality of support

1 Sites are not named in order to protect confiaditti
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available at different sité$.Further, smaller RPs must consider whether theyimglement
or commit to particular tasks such as installingl @upporting new software and making
future upgrades. As one person stated, "Comparéuketother places, we're pretty small. ...
So, the number of people we have to throw at tticgtds very small." This diversity raises
guestions about whose opinion should prevail whendapabilities of sites are not equal.
Resource providers with more experience and knayddd a particular area can feel that
considering the opinions of sites with less capigbdlows down the process of getting
decisions made or tasks accomplished. And foritgé,sdoing thin