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UITS Research Technologies and the Advanced Biomedical Information 
Technology Core services and support for the IU School of Medicine 

and other Clinical Affairs Schools: FY 2013 - Condensed Version1  

1. Executive Summary 
The Research Technologies (RT) Division of University Information Technology Services 
(UITS) at Indiana University, and especially the Advanced Biomedical Information Technology 
Core (ABITC), provides extensive services to the IU School of Medicine (IUSM) and other 
Clinical Affairs (CA) Schools (IU Schools of Nursing, Dentistry, Health and Rehabilitation 
Sciences, and Optometry; the Fairbanks School of Public Health at IUPUI [Indiana University 
Purdue University in Indianapolis]; the School of Public Health at IU Bloomington; and the 
School of Social Work). Services provided by RT and ABITC are critical to the success of many 
of these schools’ strategic and transformative research activities. RT’s close involvement with the 
IUSM goes back to its role in the formation of the Indiana Genomics Initiative (INGEN). Given 
the goals of INGEN much of the early work of RT and what was then called the INGEN 
Advanced IT Core had to do with use of supercomputers by IUSM researchers. As IUSM, 
INGEN, and UITS/RT evolved, we continued offering high-end, high-value services to support 
high-risk/high-reward research by IUSM and other CA researchers. The RT subunit that worked 
most closely with IUSM and CA schools changed its name to the Advanced Biomedical 
Information Technology Core (ABITC), and evolved so that most of its resources and services 
now serve a broad group of researchers at IU and throughout the state, through ABITC’s central 
role in managing collaborative technology and databases for Indiana CTSI (Clinical and 
Translational Sciences Institute) and related projects. This report summarizes services provided to 
the IUSM and other CA schools for 1 July 2012 to 30 June 2013 (FY 2013). Key points regarding 
those services and their use by IUSM and other Clinical Affairs schools are summarized below. 

Widely used database and collaboration services supporting Indiana CTSI  
• ABITC operates the online presence of the Indiana CTSI (https://www.indianactsi.org/) and 

the services provided through collaborative tools accessed through the Indiana CTSI HUB. 
• All RT servers and storage systems are aligned with the Health Insurance Portability and 

Accountability Act (HIPAA), so that any IUSM or other Clinical Affairs school researcher 
can store and analyze Protected Health Information (PHI) on any RT- or ABITC-supported 
service. IU was the first institution in the US to operate supercomputers that were aligned 
with HIPAA, as far as we are able to ascertain. This meant IUSM researchers could analyze 
data containing ePHI (electronic Protected Health Information) on RT systems without first 
de-identifying them (tedious at best, and impossible with some forms of data). 

• ABITC- and RT-managed services used by IUSM and CA researchers now hold 715,227 
records and documents. These online services are accessed via 8,561 unique user IDs. The 
longstanding services provided and supported by ABITC, in place as of FY 2013, include: 

o REDCap (Research Electronic Data Capture) 
o Alfresco Share 
o Data repositories that support specific NIH grants to IUSM researchers, including the 

data repository for the Collaborative Initiative on Fetal Alcohol Spectrum Disorders 
(CIFASD) and the National Gene Vector Biorepository (NGVB). 

                                                        
1 Please cite as: Stewart, C.A.; W.K. Barnett; M.R. Link; G. Shankar; T. Miller; S. Michael; R. Henschel; M.J. Boyles; 
E. Wernert; R. Quick. Services and support for IU School of Medicine and other Clinical Affairs Schools provided by 
the Research Technologies Division of UITS and the Advanced Biomedical Information Technology Core in FY 2013 – 
Condensed Version. Indiana University. 2014. http://hdl.handle.net/2022/17429 
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• New services created, delivered, and/or supported by RT and ABITC during the current 
reporting period (FY 2013) include: 

o The Indiana CTSI Remedy Informatics Registry system  
o The Comprehensive Bone Marrow Transplant (Comprehensive BMT) registry 
o The Indiana CTSI OnCore Clinical Trials Management System 
o The Indiana Biobank system 
o Management of a mirror copy of Indiana Network for Patient Care (INPC) database 

Data Storage Services  
• Data storage services (storage of data on disk and tape) are the RT infrastructure services that 

IUSM and CA researchers use the most.  
• IUSM researchers were prodigious users of RT disk-based storage services, with some 174 

TeraBytes (TB) of data stored on disk (11.6% of the total data stored on disk at IU).  
• IUSM researchers are also significant users of archival tape storage, with 1.9 Petabytes (PB) 

of data on magnetic tape (10% of the total data stored on tape at IU). IU is unique in higher 
education in having mirrored storage – two copies of all data – within its tape data archive 
system – with duplicates kept in secure data centers at IUPUI and IU Bloomington.  

Supercomputing and visualization services provided to IUSM & other CA schools   
• During FY 2013, IU purchased and installed the Big Red II supercomputer, a one-PetaFLOPS 

(floating point operations per second) Cray supercomputer. A PetaFLOPS is one quadrillion 
mathematical operations per second. To match what a 1 PFLOPS computer system can do in 
just one second, a person would have to perform one calculation on a hand calculator every 
second for more than 31 million years. RT and ABITC staff interviewed and surveyed 
biomedical and clinical science researchers to ensure that the configuration, capabilities, and 
implementation of Big Red II would transform research capabilities for IUSM and other CA 
researchers, enabling potentially high-risk/high-reward work in biomedical and health 
sciences. (A video about Big Red II and its capabilities in “big data” biomedical research, 
with comments by IUSM researcher Dr. Andrew Saykin, is online at http://go.iu.edu/8NN) 

• According to data from the spring 2013 UITS user satisfaction survey, 10.2% of IUSM 
faculty use (directly or indirectly) one of IU’s supercomputers or other computational 
systems. Compared with other universities and medical schools, these levels of usage are very 
high and indicate the degree to which IUSM researchers value the advanced computing 
facilities that RT and ABITC provide and support.  

• IUSM and CA researchers used a total of 10,039,540 core hours of computing resources on 
IU supercomputers and on federally-funded computing facilities operated by RT and ABITC. 
Overall, IUSM researchers used 14.9% of the total supercomputer core hours used by 
researchers at IU and delivered from IU’s supercomputers. 
The RT Advanced Visualization Lab (AVL) assisted researchers and educators from Clinical 
Affairs schools in FY 2013 with projects that included implementing 3D scanners for use in 
research on fetal alcohol spectrum disorders, studying the formation of caries, and supporting 
enhanced-reality haptic simulation devices used in dental research and training. 

Consulting and support 
• During FY 2013, RT and ABITC staff completed 52 extended consultations (defined as 

consulting and programming projects that take at least four hours of staff time to complete; 
some take months of staff time). Another 57 such consultations were ongoing as of the end of 
the reporting period. 
 

Grants and grant support 
• For FY 2013, IUSM and CA researchers who use RT and ABITC services were Principal 

Investigators on $122,012,650 in new and continuing grants. This represents more than 1/8th 
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of the collective total of $820,839,285 in new and ongoing external funding to IUSM and CA 
schools. 

• RT and ABITC aided IUSM in submitting grant proposals that have resulted in $30,894,726 
in grant awards to IUSM during FY 2013, including the CTSI award. 

• RT and ABITC led new and ongoing grants that total $6,082,815, which provide services 
directly relevant to IUSM/CA schools. 
 

Satisfaction with services, changes in services, and challenges for the future 

• The annual UITS User Satisfaction Survey assesses the IU community’s satisfaction with 
UITS services. Satisfaction is measured on a 1-5 Likert scale, where 1 is “not at all satisfied” 
and 5 is “highly satisfied.” In the 2013 survey the average satisfaction score for ABITC was 
3.77. Just over 92% of the respondents gave a rating of 3 or higher. More than 14% of all 
IUSM researchers who responded to the survey used ABITC services directly; more use them 
indirectly via the Indiana CTSI portal. 

• RT and ABITC have continually adapted their services to meet the needs of medical, 
biomedical, clinical, and public health research at IU, recognizing the importance of that 
research to IU, our state, the nation, and the world. One recent change is in the time that 
systems are taken down for maintenance and unavailable to users. At the close of FY2013, 
RT and ABITC use Sunday mornings (typically 8am to noon) as the maintenance window for 
most services. This minimizes the intrusion of maintenance windows on the work of most 
researchers. Certain maintenance windows (Big Red II and Quarry) will remain the first 
Tuesday of each month to ensure that our vendor partners’ technical experts are available to 
help IU staff if any problems arise with these cutting-edge systems. 

• The advanced cyberinfrastructure services and resources RT and ABITC provide are widely 
and heavily used by IUSM and CA researchers, many of whom conduct important and 
cutting-edge research based on these resources and which would not be possible without such 
advanced systems. IU’s investment in these resources is an asset to researchers’ efforts in 
innovation, discovery, and the development of new diagnostic tools and therapies. However, 
funding is a challenge. 

 

Research Highlights  
The value of the services provided by RT and ABITC is reflected in new discoveries, 
publications, and data resources created and maintained for use by the medical and clinical 
research communities, and development of new medical therapies. Some of the notable research 
advances enabled and supported by RT and ABITC staff this year include: 
• Discovery & validation of blood biomarkers for suicidality (Dr. Alexander Niculescu, IUSM) 
• Support for massive computational searches for drug candidates through the SPLInter 

molecular interaction prediction tool (Dr. Samy Meroueh, IUSM) 
• 3D imaging for the Collaborative Initiative on Fetal Alcohol Spectrum Disorders (Dr. Tatiana 

Foroud, IUSM) 
• Support for the Alzheimer's Disease Neuroimaging Initiative (Dr. Andrew Saykin, IUSM) 
• Exploiting High Performance Computing Resources for 3D-Time Series Analysis of Caries 

Lesion Activity (Dr. Masatoshi Ando, IU School of Dentistry) 
• Preparing and prototyping a 3D “printed” model of a bird skull for acoustical research 

(research of Dr. Roderick Suthers, Medical Sciences, IUB). 
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2. Introduction 
In the 1990s, the IU School of Medicine set a goal to be one of the 10 best public schools of 
medicine in the US (as measured by annual receipts and expenditures of NIH grant funds), and is 
currently considering expanding goals for excellence in clinical care and research nationally and 
internationally. University Information Technology Services (UITS), especially its Research 
Technologies Division (RT), supports basic, clinical, and translational research conducted by the 
School of Medicine (IUSM) and the Clinical Affairs (CA) schools. Much of the contact between 
RT and medical and clinical researchers is through the Advanced Biomedical Information 
Technology Core (ABITC), a management group within RT and a certified core of the IUSM and 
Indiana Clinical and Translational Sciences Institute (CTSI).  

RT’s deep involvement with the IU School of Medicine goes back to its role in writing the 
proposal to the Lilly Endowment that led to the creation of the Indiana Genomics Initiative 
(INGEN). With the advent of that initiative in 2000, the IUSM set out to differentiate itself from 
other such schools in a number of ways, including use of advanced cyberinfrastructure as a key 
component in research. (Cyberinfrastructure comprises computing systems, data storage systems, 
advanced instruments and data repositories, visualization environments, and people, all linked by 
high-speed networks to make possible scholarly innovation and discoveries not otherwise 
possible2.) Given the focus of that project, much of the early focus of RT and what was then 
called the INGEN Advanced IT Core was on supercomputers. This became the first core facility 
certified as an IUSM core that did not report organizationally to the Dean of the IU School of 
Medicine. 

In the early days of INGEN, the services offered by RT to IUSM were too heavily focused on 
supercomputers to be of immediate value to many IUSM researchers. That was in part due to 
INGEN’s emphasis on important topics of the day such as completing the human genome and 
computational de novo protein folding. It was also due in part to IUSM’s assessment, during the 
writing of the INGEN proposal, that its internal IT infrastructure was at least satisfactory for a 
leading medical school. It was not. Because of these two factors, UITS efforts in the first years of 
INGEN were highly valued by a small group of IUSM researchers, while many other IUSM 
researchers remained hindered by the basic IT infrastructure of the school and campus. Since then 
IUSM has dramatically improved its internal IT infrastructure, and UITS and RT have 
fundamentally changed the focus and breadth of services they deliver to IUSM. This shift is 
reflected in the name change from the INGEN Advanced IT Core to the Advanced Biomedical 
Information Technology Core (ABITC). 
 
ABITC has greatly expanded its activities in many areas of broad interest to biomedical and 
clinical researchers, and supports key areas in IUSM strategic initiatives, including the Indiana 
CTSI. RT and ABITC offer a mix of services that range from widely used tools critical to major 
initiatives in medical and clinical affairs research, to high-value, high-end services that support 
high-risk/high-reward research. Services such as the Indiana CTSI HUB and the tools accessed 
through it are used by thousands of researchers and hold hundreds of thousands of records and 
documents pertaining to IU research. These efforts tend to be less visibly associated with RT and 
ABITC because they are presented as part of Indiana CTSI projects. Other services focus on 
national research communities whose members include IU researchers using gene vectors, or 
studying Alzheimer’s disease and fetal alcohol spectrum disorders. RT offers data storage and 
archive services for securely storing research data and aiding IU medical and clinical researchers 
in meeting mandates for data management and retention.  
 

                                                        
2 http://kb.iu.edu/data/auhf.html 
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RT and ABITC continue to support high-end supercomputing and visualization. Researchers who 
use Big Red II and other supercomputers are generally among those researchers whose work is 
cutting edge, potentially high risk, but also high reward. While these researchers are in the 
minority in IUSM/CA schools, they are extremely productive in doing work at the frontiers of 
their fields – work that depends on these systems. Similarly, a relatively small number of users in 
IUSM and the IU School of Dentistry use advanced visualization and augmented reality systems 
to conduct research and education activities that would otherwise not be possible. 
 
This report presents information on services delivered by the UITS Research Technologies 
Division and Advanced Biomedical IT Core to the IU School of Medicine and other Clinical 
Affairs schools in FY 2013 (I July 2012 to 30 June 2013). For the sake of brevity we use the term 
“other Clinical Affairs schools” to include the IU Schools of Nursing, Dentistry, Health and 
Rehabilitation Sciences, and Optometry; the Fairbanks School of Public Health at IUPUI; the 
School of Public Health at IU Bloomington; and the School of Social Work. Because of its 
history and size, the IU School of Medicine receives a majority of the services. A detailed and 
extensive version of this report is available online3. 

3. Widely used database and collaboration services in support of Indiana 
CTSI and clinical research 

RT and ABITC provide a wide variety of services to IUSM and CA schools. These are valued in 
the millions of dollars each year as measured by actual costs to IU or by costs for comparable 
services at commercial market rates. Some of these services are described below. 

3.1. Support for Indiana CTSI and for storage and analysis of Protected Health Information 
 
ABITC operates the online presence of the Indiana Clinical and Translational Studies Institute 
(https://www.indianactsi.org/) and the services provided through collaborative tools accessed 
through the Indiana CTSI HUB. The Indiana CTSI HUB is the central portal for translational 
research for the state of Indiana and is the core online organizing facility for the Indiana CTSI. 
ABITC services include: federated identity support for trusted access (in keeping with National 
Institutes of Health [NIH] guidance), clinical trials listings, volunteer trials recruitment 
(INResearch), a grants management system for administering Indiana CTSI grant applications 
and awards, and i2iConnect, a national technology transfer service for licensing inventions.  
 
RT computational and storage services are aligned with the Health Insurance Portability and 
Accountability Act (HIPAA), so that any IUSM/CA researcher can expect to store and analyze 
Protected Health Information (PHI) on any RT- or ABITC-supported service. HIPAA alignment 
creates high value for researches by eliminating the obstacle of having to de-identify PHI before 
analyzing it. It also means researchers can store and analyze data that are inherently impossible to 
de-identify, such as facial scans of children suffering the effects of in-utero alcohol exposure. To 
the best of our knowledge, IU’s was the first US supercomputer center to offer this capability, in 
2008 (we do not have any information about what might have been in place at classified 
supercomputer centers prior to that). ABITC also operates a consulting and advising service for 
all of UITS, leading the expansion of HIPAA-aligned services for all UITS services. 

 

                                                        
3 Stewart, C.A.; W.K. Barnett; M.R. Link; G. Shankar, T. Miller; S. Michael; R. Henschel; M.J. Boyles; E. Wernert; R. 
Quick. Services and support for IU School of Medicine and other Clinical Affairs Schools provided by the Research 
Technologies Division of UITS and the Advanced Biomedical Information Technology Core and in FY 2013 - 
Executive Version. Indiana University. 2013. http://hdl.handle.net/2022/17216 
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3.2. Hosting HIPAA-aligned and secure online services and databases.  
ABITC- and RT-managed services now hold 715,227 records and documents. These online 
services are accessed via a total of 8,561 unique user IDs. RT and ABITC services related to 
managing and analyzing data (much of it PHI) include the following: 
 

• REDCap (Research Electronic Data Capture) enables researchers to quickly design and 
deploy small surveys and/or clinical studies and collect data online in a HIPAA-aligned 
environment.  

• Alfresco Share allows researchers to collaborate easily with colleagues from external 
institutions on preparing reports, articles for publication, or grant proposals, and share 
PHI. (This is not currently possible with IU’s other collaboration services, such as Box, 
or in such commercial offerings as Google online tools.) 

• Data repositories support specific NIH grants to IUSM researchers, including the data 
repository for the Collaborative Initiative on Fetal Alcohol Spectrum Disorders and the 
National Gene Vector Biorepository and Coordinating Center. 
 

During FY 2013, the IUSM and the Indiana CTSI asked ABITC to manage and support several 
new services and systems. ABITC developed new security plans and processes to align these 
systems and services with HIPAA and enable storage and analysis of PHI. ABITC operates the 
following services, added during this reporting period, as production facilities for Indiana CTSI: 
 

• The Indiana Biobank system. Indiana CTSI created the Indiana Biobank system intending 
it to become the definitive database for specimens available anywhere in the Indiana 
CTSI system. ABITC coordinated finalizing the contract for Remedy Informatics 
software used for this database and oversees the implementation of this system, which is 
managed by the Indiana Biobank.  

• The Indiana CTSI Registry system. ABITC creates and manages research registries that 
will use the Remedy Informatics platform to manage clinical study data and incorporate 
electronic medical records data to enhance research. This UITS-hosted system is in 
production and managed by ABITC staff.  

• The Comprehensive Bone Marrow Transplant (Comprehensive BMT) system uses the 
Remedy Registry platform to manage the IUSM bone marrow transplant program. This 
UITS-hosted system is managed by ABITC staff.  

• The Indiana CTSI OnCore Clinical Trials Management System manages clinical trials, 
including recruiting, reporting, billing, and order sets. It is hosted on UITS systems.  

• Mirror copy of Indiana Network for Patient Care (INPC) database. At the request of the 
Regenstrief Institute, ABITC hosts a mirror copy of the INPC electronic health records 
database on the Research Database Complex (RDC) servers, managed by the Research 
Technologies Division of UITS. As a result researchers associated with the Observational 
Medical Outcomes Partnership (OMOP) program are easily able to analyze these data 
with the UITS Quarry supercomputer – the primary reason for having the mirror site. The 
mirror site also provides extra resilience against data loss caused by natural disasters or 
other causes. 
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Figure 1. Number of users (user IDs per service) on various services and data sources operated by RT and 
ABITC in support of IUSM/CA schools. The number of user IDs per service is a good measure of the workload 
associated with maintaining that service. The total number of distinct users of these services is less than the sum 
of the login IDs per service, as many researchers have IDs on more than one service. The CTSI HUB is the main 
online collaboration tool for the Indiana CTSI; REDCap and Alfresco share are data, survey, and collaborative 
services that support the Indiana CTSI; CIFASD is the Collaborative Initiative on Fetal Alcohol Spectrum 
Disorders; NGVB is the National Gene Vector Biorepository. 

 

 

 
Figure 2. Number of records (database records, documents, or projects) stored in services and data sources 
operated by RT and ABITC in support of IUSM and CA schools 

 



 8 

4. Data Storage Services  
After online collaboration tools such as Indiana CTSI and databases of biomedical and clinical 
data, the service that IUSM and CA researchers use the most is disk storage for data other than 
databases. Because some data – such as complete DNA sequences and facial images – are 
inherently impossible to de-identify, it is essential that any systems that store or analyze such data 
be HIPAA aligned. To the best of our knowledge, IU was the first institution in the US to operate 
its advanced storage systems and supercomputers in alignment with HIPAA, allowing as of 2008 
the storage and analysis of protected health information (PHI). (We do not have any information 
about what might have been in place at classified supercomputer centers prior to that).   
 
During FY 2013, IU purchased and installed the Data Capacitor II (DC). With a total capacity of 
five PetaBytes (PB – quadrillions of bytes), it provides high-capacity, high-performance 
Input/Output (I/O) for short-term analysis and storage of data sets of all sorts. It is the disk 
storage companion to Big Red II and a key element of IU’s “Big Data” strategy. To put five PB in 
context: It would take a stack of DVDs more than three-quarters of a mile high – more than a 
million DVDs – to hold this much data. The DC can move data to and from IU’s supercomputers 
at the rate of 50 GigaBytes (thousands of MegaBytes) per second. 
 
The Scholarly Data Archive (SDA) is a service unique among US research computing centers. It 
is a tape-based archival storage service offering secure, replicated storage of data over long 
periods of time. Data stored here are copied in duplicate to a tape library in Indianapolis, and a 
second time to a tape library in Bloomington. Biomedical researchers can use the SDA to publish 
their research, data, or reports, and know they will be available electronically for the foreseeable 
future.  

IUSM researchers are prodigious users of these storage services, with some 174 TB (TeraBytes – 
one trillion bytes, or one thousandth of a PetaByte) of data on disk and 1.9 PB of data on 
magnetic tape. This represents 11.6% of the total data stored on disk at IU and 10.4% of the total 
data stored on tape at IU. Clinical Affairs researchers stored a total of 0.03 TB of data on disk 
(less than 1% of the total data stored on disk at IU), and 70 TB of data on magnetic tape (less than 
1% of the total data stored on tape at IU).  

	  

	  
Figure 3. Storage of data on disk and tape by IUSM and other CA researchers.  
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5. Supercomputers and advanced visualization systems 
IU operates several supercomputers and a number of advanced visualization facilities used by 
IUSM and CA researchers. Users of Big Red II and other supercomputers tend to be researchers 
doing potentially high-risk/high-reward at the cutting edge of medical research. Users of 
supercomputers are in the minority in IUSM/CA schools, but they are generally operating at the 
frontiers of their fields. In the same way, a relatively small number of IUSM and IU School of 
Dentistry researchers use advanced visualization and augmented reality systems for leading-edge 
research and education. RT- and ABITC-provided resources offer distinct value and enable 
research that would otherwise not be possible – research that would simply not be possible at 
many other US universities.    
 

5.1. Supercomputers 
As of July 2013 IU’s supercomputing systems included Big Red, Big Red II, Quarry, and Mason. 
The most significant changes in IU’s advanced cyberinfrastructure facilities during this reporting 
period were the acquisitions of the Big Red II supercomputer and the Data Capacitor II disk 
storage system. Big Red II is a one-PetaFLOPS Cray supercomputer, purchased and installed 
during early 2013. (A PetaFLOPS is one quadrillion mathematical operations per second.) To put 
this in context, a person performing one mathematical operation per second with a hand 
calculator would take more than 31 million years to do what Big Red II can do in one second. We 
surveyed and interviewed biomedical and CA researchers as part of the process of configuring 
Big Red II. Based on these and other analyses, we configured Big Red II to be IU’s answer to the 
challenges of  ”big data” in current biomedical research. Big Red II was the first university-
owned, university-funded PetaFLOPS supercomputer in the US and is currently ranked as the 
3rd-fastest supercomputer owned and operated for a single US university. Big Red II is the fastest 
HIPAA-aligned (unclassified) supercomputer in the US.  
 
One example of the importance of Big Red II in biomedical research is its value to the research of 
Dr. Andrew J. Saykin, Raymond C. Beeler Professor of Radiology. Dr. Saykin had this to say 
about Big Red II: “Data sets of unprecedented scope can facilitate new discoveries regarding the 
brain, genome, disease and therapies, but computational power has become a major bottleneck to 
scientific progress. To analyze the entire human genome in relation to longitudinal changes on 
brain MRI and PET scans in over 800 individuals we need an order of magnitude more 
computing power than is available today. The new [supercomputer] is an exciting development 
that will undoubtedly enable new discoveries by many investigators at IU and beyond.” A video 
about Big Red II, including Saykin’s comments, is online at http://go.iu.edu/8NN 
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Figure 4. Big Red II – IU’s newest, and fastest-ever supercomputer. To the best of our knowledge, Big Red II is 
the fastest non-classified, HIPAA-aligned supercomputer in the US.  

IUSM and CA researchers used a total of 10,039,540 core hours of computing resources on IU 
supercomputers and on federally funded computing facilities operated by RT and ABITC. Six of 
Big Red’s top 25 users, two of Mason’s top 25 users, and one of Quarry’s top 25 users were 
IUSM researchers. Dr. Samy Meroueh was able to use over three million hours of computing 
time on the federally supported Open Science Grid; he and his colleagues used these services at 
no charge. Overall, IUSM researchers used 14.9% of the core supercomputer hours used by 
researchers at IU and delivered from IU’s own supercomputers.  

RT and ABITC staff members work with faculty who are computationally savvy as well as those 
who are less so. Sometimes staff members create a solution through their involvement in national, 
federally funded cyberinfrastructure projects, and then go hunting for a problem it solves. This 
approach has had dramatic payoffs, like tuning and optimizing the Trinity RNA sequencing 
program, which resulted in a new release of the software that ran more than 4 times faster than 
the previous version.  

Overall, IUSM and CA researchers make significant use of IU’s supercomputers. 130 IUSM 
researchers have accounts on an RT-managed supercomputer. Adding CA researchers, the total 
comes to 201. According to survey data, 10.2% of IUSM faculty use (directly or indirectly) one 
of IU’s supercomputers or other computational systems. By comparison with other universities 
and medical schools, these metrics are high and indicate the significant value that IUSM 
researchers place on advanced computing facilities provided and supported by RT and ABITC. 
(Published figures are difficult to find. Colleagues from other institutions generally indicate that 
supercomputers are used by less than 5% of the researchers in other medical schools.)  
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Figure 5. Core hour usage by IUSM and other CA researchers 

 

Many of the things IUSM/CA researchers accomplish on IU supercomputers cannot be done on 
other smaller computers or on cloud computing facilities. If purchased from Amazon’s On-
Demand Instances, the core hours IUSM researchers used on UITS and OSG systems would have 
cost $1,029,053. If purchased from Amazon, the amount of RT storage used by the IUSM would 
have cost $295,791; the storage used by CA schools would have cost $8,612. Providing these 
supercomputer resources to university researchers saves them significant financial outlay.  

 

5.2. Visualization  

Research Technologies staff, particularly in the Advanced Visualization Lab (AVL), assisted 
researchers and educators from CA schools in FY 2013 with projects that included:  
 
• Support of Collaborative Initiative on Fetal Alcohol Spectrum Disorders (CIFASD) Imaging 

Core. AVL staff helped with the acquisition of three new scanning systems and led the 
technical efforts related to setup, testing, and documentation. AVL staff traveled to Ukraine 
to set up and train a new capture site, while other remote sites around the globe continue to 
rely on AVL staff support. AVL staff processed data from 1,615 new subjects from six 
global capture sites in 2012-2013 and shared the data with researchers around the world.  

• 3D movies. AVL created a video titled “Molecular Simulations of Dynamic Properties of 
Wild Type and Mutated 14-3-3 sigma Proteins,” which shows in 3D the results of research 
done with the Department of Pharmacology and Toxicology.  

• Exploiting HPC Resources for the 3D-Time Series Analysis of Caries Lesion Activity. AVL 
staff collaborated with researchers from the School of Dentistry to create visualizations and 
quantitative assessment of caries lesion activity based on collections of SkyScan µ-CT 
(microfocus computed tomography) images taken at different times during the dynamic 
caries process. Analyzing caries progression (or reversal) is data-driven, computationally 
demanding, and involves image segmentation, model construction, and interactive analysis 
and visualization. This project also exploits the Extreme Science and Engineering Discovery 
Environment’s (XSEDE) supercomputing, storage, and visualization resources to facilitate 
the discovery process.  
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• Enhancing education at the School of Dentistry (IUSD). RT staff provided operational 
support for the IUSD IQ-Force Haptic simulation devices that its faculty uses in research and 
education. These “enhanced reality” devices combine 3D visualization with a physical device 
(in this case simulating dental tools, such as drills) that researchers and students can actually 
hold. These haptic devices provide physical feedback that simulates the feel and tactile 
feedback of real dental tools. 

 

  
Figure 6. IU School of Dentistry students experience the IQ-Force simulator environment during a user study. 

6. Consulting and support 
ABITC provides extensive consulting and programming for IUSM/CA researchers. Much of our 
consulting work is done in the form of extended consultations – consulting and programming 
interactions that require more than 4 hours of staff time (and often require much more). Dedicated 
to projects for hours, weeks, or months, ABITC and RT consultants and programmers acquire a 
deep understanding of the research, which makes them more effective in aiding researchers. 
During FY 2013, RT and ABITC staff completed 52 extended consultations with IUSM/CA 
researchers, with another 57 ongoing as of the end of the reporting period on June 30, 2013. 
Many of these are part of grant-supported activities, and done with OVPIT and UITS funding as 
part of matching effort for grants to IUSM/CA researchers. Such matching efforts make IU 
researchers more competitive for limited federal grant money. Other consultations are provided as 
a baseline service supported by OVPIT/UITS general funds. These consultations amount to 
multiple person-years of support for biomedical, health, and clinical research at IU. Collectively, 
they contribute to completing research projects more quickly and effectively, and, in turn, to 
creating preliminary results and software projects that then support new grant proposals.  

7. Grant Support 
Grant funding is often a key to innovation. RT and ABITC provide direct help to IUSM and CA 
researchers in supporting grant proposals, providing matching funds and effort, and contributing 
to the writing and editing of proposals. 

Principal Investigators from IUSM and other Clinical Affairs Schools who used RT and ABITC 
services received a total of $122,012,650 in new and ongoing external funding. This is 14.86% of 
the $820,839,285 total received by researchers from IUSM and other CA schools during this time 
period. Facilities & Administration monies associated with grants to IUSM and CA researchers 
who use RT and ABITC services constitute an estimated $29 million. Any proposal funded by a 
federal or other granting agency owes its success to many factors, most particularly the PI. But 
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capabilities and facilities often contribute to success as well, and these figures demonstrate that 
RT and ABITC services are used by researchers who are bringing significant funds to IU. 
Recalling that RT and ABITC services are currently used directly by over 10% of IUSM and CA 
schools faculty members, one can infer that the researchers using RT and ABITC resources are 
somewhat more successful than the average faculty member in these schools in obtaining grant 
funds. This suggests that abundant cyberinfrastructure resources and IT staff expertise augment 
the competiveness of IU biomedical, medical, and health researchers in seeking external grant 
funding.   

RT and ABITC supported the preparation of several grant proposals led by IUSM and CA 
researchers. They aided IUSM in obtaining $30,894,726 in grants during FY 2013, including the 
Indiana CTSI renewal submitted in FY 2013 and funded in FY 2014. RT and ABITC provided 
matching effort and other significant support for several other ongoing grants that remained 
active during the reporting period, such as CIFASD and NGVB. RT and ABITC also led new and 
ongoing grants that total $6,082,815, and that provide services directly relevant to IUSM and CA 
schools. 

 
Figure 7. Total active grants for IUSM/CA research users of ABITC/RT services (in FY 2013)    

 

8. Satisfaction with services, changes in services based on community 
input, and challenges for the future 

8.1. Satisfaction with and usage of ABITC and RT Services 
The annual UITS User Satisfaction Survey provides an overall view of the IU community’s use 
of and satisfaction with UITS services (details at http://www.indiana.edu/~uitssur/). The survey 
measures satisfaction on a 1-5 Likert scale, where 1 is “not at all satisfied” and 5 is “highly 
satisfied.” The average satisfaction score for ABITC was 3.77 in the 2013 survey. Just over 92% 
of the respondents gave a rating of 3 or higher. This is referred to as the “satisfaction %.” Over 
14% of all IUSM researchers who responded to the survey used ABITC services directly; more 
use them indirectly via the Indiana CTSI portal.  

IU School of Medicine new awards

IU School of Medicine continuing awards

Other Clinical Affairs Schools new awards

Other Clinical Affairs Schools continuing awards 

$107,272,102

$11,411,197

$2,911,392

$417,959

Total of $122,012,650 in grant awards to IUSM and CA
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The ratings from the 2013 UITS User Satisfaction Survey for other services used by IUSM 
researchers are presented in the table below.  

 

 Ave. Score Satisfaction Usage 

Central research and high performance computers (Big 
Red, Quarry, and RDC clusters)  3.90± .12 96.6 ± 2.4% 9.7% 

Scholarly Data Archive  3.84 ± .12 96.3 ± 2.5% 9.0% 
Advanced Visualization Laboratory (AVL)  3.79 ± .14 92.2 ± 3.5% 4.2% 
Support for software applications using IU and national 
high performance computer resources  3.95 ± .11 94.9 ± 2.9% 6.5% 

Support for Life Sciences - Advanced Biomedical IT Core 
and National Center for Genome Analysis Support  3.77 ± .11 91.6 ± 3.6% 14.7% 

 
Table 1. IUSM researcher ratings of key services offered by RT and ABITC from UITS 2013 survey.  
 
 

Table 2 and  

Table 3 below present historical information on satisfaction and usage of high performance 
computing and ABITC for the past decade.  There was a dip in satisfaction with several services 
in the middle of the 2000s decades, resolved by several changes including changes in 
management staff. Over the course of a decade levels of usage have increased by a factor of 5, 
based on pursuing strategies outlined in a paper by Stewart and colleagues in 20034. 

 
Central research and high performance computers (Big Red II, Big Red, Libra, Quarry and 
Research Database servers) [Faculty, Staff, Graduate Students – IUSM only] 
 Average Likert Score  

(5=highly satisfied) 
Satisfaction % (% of 
responses scored 3, 4, or 5) 

Usage (% of respondents 
that indicate use of service) 

2003 4.40 ± .08 100± .30% 2.00% 
2004 3.95 ± .13 100 ± .30% 5.20% 
2005 4.05 ± .12 97.1 ± 2.5% 9.20% 
2006 3.86±  .14 84.0 ± 4.9% 7.60% 
2007 3.72±  .17 85.3 ± 5.4% 7.20% 
2008 4.12±  .11 95.6 ± 3.0% 8.30% 
2009 3.76 ± .13 88.8 ± 5.3% 6.90% 
2010 N/A N/A N/A 
2011 4.25 ± .12 92.6 ± 3.6% 12.30% 
2012 4.23 ± .11 100 ± .4% 6.50% 
2013 3.90± .12 96.6 ± 2.4% 9.7% 

 

Table 2. History of satisfaction with and usage of central research and high performance computers from 2003 
to 2013 – including only respondents from IUSM. N/A indicates that the survey in a given year did not include 
questions on this service. Figures are shown ± 95% confidence interval. 

  

                                                        
4 Stewart, C.A., D. Hart, R. Repasky, M. Papakhian, A. Shankar, E. Wernert, A.D. Arenson, G. Bernbom. 2003. 
Advanced Information Technology Support for Life Sciences Research. Proceedings of SIGUCCS 2003 Conference, 
21-24 September, San Antonio, Texas. http://portal.acm.org/citation.cfm?id=947472  

Stewart, Craig A� 5/29/14 6:44 AM
Deleted: ... [1]

Stewart, Craig A� 5/29/14 6:44 AM
Deleted: ... [2]
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Advanced Biomedical IT Core  [Faculty, Staff, Graduate Students – IUSM only] 
 Average Likert Score  

(5=highly satisfied) 
Satisfaction % (% of 
responses scored 3, 4, or 5) 

Usage (% of respondents 
that indicate use of service) 

2003 4.12± .12 100± .3% 3.20% 
2004 3.45 ± .16 89.2 ± 5.1% 4.00% 
2005 4.08±  .11 100±  .2% 6.10% 
2006 3.97±  .15 82± 5.1% 7.00% 
2007 N/A N/A N/A 
2008 N/A N/A N/A 
2009 N/A N/A N/A 
2010 N/A N/A N/A 
2011 4.39 ± .12 96.7 ± 2.6% 12.10% 
2012 3.90 ± .21 87.9 ± 5.9% 5.80% 
2013 3.77 ± .11 91.6 ± 3.6% 14.70% 

 

Table 3. Satisfaction with and usage of support for life sciences between 2003 and 2013 –including respondents 
only from IUSM. N/A indicates that the survey in a given year did not include questions on this service. 

8.2. Changes in services based on input from IUSM and other Clinical Affairs 
schools 

RT and ABITC have made many changes to their services to meet the needs of medical, 
biomedical, clinical, and public health research at IU, recognizing the importance of that research 
to IU, and the state, nation, and world. During this reporting period RT changed the way system 
and service maintenance is scheduled. Years ago, RT adopted the first Tuesday of each month as 
its general maintenance window. This was because almost all RT services then depended on 
servers and software that were so near the cutting edge that if a problem arose during the 
maintenance period, resolving it usually required the help of vendor technical experts, who were 
only available on weekdays. Today many RT and ABITC services are robust and based on well-
tested, reliable technology, so Sunday morning maintenance (typically 8 am to noon) is now 
standard for most RT and ABITC services, minimizing the impact on the typical researcher’s 
work schedule. The major exceptions are Big Red II, Quarry, and the Research Database 
Complex (RDC), each of which are maintained on the first Tuesday of the month. This timing for 
the RDC is a problem for IUSM/CA research, so RT is developing plans to move RDC 
maintenance to Sunday mornings during FY 2014. 

8.3. Challenges for the future 
IU is making strategic investments in advanced cyberinfrastructure to support its own research. 
This means IU can customize solutions where needed through its deployment of new 
cyberinfrastructure resources and extensive collaboration between IT staff and IUSM and Clinical 
Affairs schools researchers. This also means that IU can be the first to implement in production 
and benefit from new computer science innovations created by researchers in its School of 
Informatics and Computing.  
 
Funding for advanced information technology and cyberinfrastructure services is a challenge 
throughout the US. IUSM has a culture of internal recharge for core services rather than 
providing ongoing funding. This works well for services that are reliable and can be contracted in 
advance. However, work related to the use of supercomputers, visualization systems, haptic 
systems, and other cutting-edge cyberinfrastructure tends to be potentially high reward, but very 
high risk. It is very difficult to operate a core service delivering such services on a recharge basis. 
High-risk, high-reward services are likely better funded as a strategic institutional investment.  
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9. Key Science Highlights from Projects Supported by RT and ABITC 
 
The value of services that RT and ABITC provide IUSM and CA schools is reflected in new 
discoveries, publications, data resources created, and development of new medical therapies. 
Some of the research advances supported and enabled by RT and ABITC staff this year include: 
• Discovery & validation of blood biomarkers for suicidality (Dr. Alexander Niculescu, IUSM) 
• Support for massive computational searches for drug candidates through the SPLInter 

molecular interaction prediction tool (Dr. Samy Meroueh, IUSM) 
• 3D imaging in studies of Fetal Alcohol Spectrum Disorders (Dr. Tatiana Foroud, IUSM) 
• Support for the Alzheimer's Disease Neuroimaging Initiative (Dr. Andrew Saykin, IUSM) 
• Exploiting High Performance Computing Resources for 3D-Time Series Analysis of Caries 

Lesion Activity (Dr. Masatoshi Ando, IU School of Dentistry) 
• 3D “printed” model of a bird skull (Dr. Roderick Suthers, Medical Sciences, IUB) 

These research high points, and the RT and ABITC support and services that helped enable them, 
are described in the following pages.  
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Discovery and Validation of Blood Biomarkers for Suicidality  

Project Lead: Dr. Alexander Niculescu, Indiana University School of Medicine 

 

Clinicians today do not have a reliable 
test to detect inclination or propensity 
toward suicide. They rely on indirect 
tests, such as patient-reported symptoms 
and feelings to decide whether someone 
requires immediate help and care. A 
quantitative test would be clinically 
useful for predicting and tracking 
suicidal tendencies and could allow 
clinicians to treat patients earlier. Dr. 
Alexander Niculescu, Department of 
Psychiatry, IU School of Medicine, has 
discovered that SAT1 mRNA levels 
may serve as a biomarker for suicidality 
when used in conjunction with other 
tests. 

People contemplate and fall victim to 
suicide every day. This loss affects 
families and friends and leads to 
lifelong emotional trauma. Members of 
the military services are at high risk for 
depression and suicide. Current tests for 
suicide rely on self-reports and are 
subjective and prone to error.  

Developing an objective diagnostic tool 
would be highly useful in predicting and 
tracking the inclination toward suicide 
and would help in prevention.  

Developing a biomarker panel from the 
current research will be a crucial step in 
creating an objective measure of 
suicidality. 

 
Figure 8. Dr. Niculescu’s research has identified a biomarker 
for suicidality that can be identified in blood samples.  

Dr. Niculescu has been researching mood disorders over the past two decades, and suicide more 
recently. He is focusing on developing molecular biomarkers for mood disorders as objective 
measures of mental state and ideation. The Advanced Biomedical IT Core provided software 
development expertise to finish developing the Convergent Functional Genomics scoring 
algorithm. This algorithm was instrumental in identifying the SAT1 biomarker for suicide. Dr. 
Niculescu published the results in Molecular Psychiatry, and the paper was the most viewed and 
downloaded from the Nature.com website for September 2013.   
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SPLInter Molecular Interaction Prediction Tool on the Open Science Grid 

Project Leads: Dr. Samy Meroueh, Indiana University School of Medicine; Rob Quick, Open 
Science Grid, Indiana University  

Small molecule therapeutics, such as the anti-cancer drug Gleevec, work by binding to a specific 
protein in the body and modulating its function. Researchers work to pinpoint proteins in cancer 
cells, and find compounds that target those proteins, all in hopes of shutting them down. With the 
help of the Open Science Grid (OSG) nearly four million hours and thousands of compound-
docking simulations have been delivered to the SPLInter project at the IU School of Medicine. 
The SPLInter (Structural Protein-Ligand Interactome) project is an online database that predicts 
interactions of small organic molecules with proteins through structure-based molecular docking 
and scoring. 

The more compounds that are docked and scored, the greater the diversity of the interactome — 
the set of molecular interactions — in a given cell. This increases the chances of making 
promising discoveries and speeds the research process from simulation, to ordering, to wet-lab 
testing in a more efficient manner.  

The SPLInter project may be accessed and used at www.biodrugscreen.org. 

  

 
 

Figure 9. Different perspectives of protein epidermal growth factor receptor (EC 2.7.10.1) (Proto-oncogene c-
ErB-1) (Receptor tyrosine-protein kinase erbB-1). The table lists rank-ordered compounds docked to the target, 
and provides links to external websites for purchasing information. Image courtesy www.biodrugscreen.com. 
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Support for Collaborative Initiative for Fetal Alcohol Spectrum Disorders and 3D Imaging 
(October 2013) 

Project leads: Dr. Tatiana Foroud, Indiana University School of Medicine; Jeff Rogers, 
Advanced Visualization Lab, Research Technologies, Indiana University

The Collaborative Initiative on Fetal 
Alcohol Spectrum Disorders (CIFASD) 3D 
Imaging Core has acquired three new 3dMD 
facial capture systems with funding from the 
National Institute on Alcohol Abuse and 
Alcoholism, doubling the number of capture 
sites the facial-imaging project can support.  

With more than 3,400 subjects and six facial 
capture sites, the 3D facial database 
continues to grow. IU’s Advanced 
Visualization Lab (AVL) processes the data 
into several formats for analysis by 
researchers around the globe. The results of 
analyzing longitudinal data will have 
significant impact on understanding FASD.  

Tatiana Foroud, P. Michael Conneally 
Professor of Medical and Molecular 
Genetics, Chancellor's Professor, and 
Director of Hereditary Genomics Division, 
is the principal investigator of the 3D Facial 
Imaging project in the CIFASD. With AVL 
support, Dr. Foroud incorporated more 3D 
facial data collection sites into the project, 
including sites in Ukraine and South Africa. 
For nearly a decade, the AVL has provided 
support locally and internationally, 
including hardware support and 
troubleshooting, along with custom data-
processing and analysis software. Support 
involving the additional capture systems will 
increase the amount of cross-cultural, cross-
racial subject data gathered around the 
world.  

 
Figure 10.  The 3D camera system set up to capture 
a subject, data acquisition processing, and the final 
3D dataset ready for research analysis.  

 



 

 20 

Alzheimer's Disease Neuroimaging Initiative (ADNI) Data stored at IU passes  
100-TeraByte mark 
 

Project Leads: Dr. Andrew Saykin, Indiana University School of Medicine; Matthew Link, 
Research Technologies/PTI 

The Alzheimer's Disease Neuroimaging Initiative (ADNI) will store the full human genomes of 
808 individuals, and use this data with brain imaging data and behavioral assessments to identify 
linkages between genome variations and Alzheimer’s disease. IU is one of three national data 
repositories for ADNI, storing over 100 TeraBytes of ADNI genomic data. IU’s high 
performance storage system will thus enhance the national infrastructure of ADNI, and position 
IUSM researchers for better access to these research data.  

Local storage on IU supercomputers will augment the ability of ADNI-affiliated researchers at IU 
to analyze these data. The computational capabilities of Big Red II will have a huge impact on 
this research. With Big Red II, Saykin and his colleagues can assemble the genomes of 125 
individuals a day – 25 times more than was possible in one day with IU’s former system for 
genome assembly. This means that the human genomes of all 808 individual study subjects can 
be assembled in a week or less – a task that previously would have taken half a year. The 
combination of data storage and analysis capabilities makes it possible to analyze data from 
enough individuals that it is realistic to think that new and fundamental breakthroughs in 
understanding the underlying causes of Alzheimer’s disease are on the not-too-distant horizon. 

 

 

 
 
Figure 11. IU researchers and others involved in the ADNI project are trying to understand the causes of 
Alzheimer’s disease by linking brain image data and behavioral test data to genome sequences of individual 
patients.  
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Exploiting High Performance Computing Resources for the 3D-Time Series Analysis of 
Caries Lesion Activity 
 
Project Leads: IU School of Dentistry professor Masatoshi Ando; Hui Zhang, Advanced 
Visualization Lab, Research Technologies, Indiana University 
 

The Advanced Visualization Lab of the UITS Research Technologies Division collaborated with 
IU School of Dentistry professor Masatoshi Ando to create visualizations and quantitative 
assessments of caries lesion activity, based on collections of SkyScan µ-CT (microfocus 
computed tomography) images taken at different times during the dynamic caries process. 
Analyzing caries progression (or reversal) is data-driven and computationally demanding. It 
involves segmenting high-resolution µ-CT images, constructing 3D models suitable for 
interactive visualization, and analyzing 3D and 4D (3D + time) dental images. Indiana 
University’s AVL staff and IUSD faculty developed image processing algorithms to understand 
and analyze the dental scan images, and XSEDE’s high performance computing resources were 
exploited to parallelize the computational tasks. This investigation enables quantitative analysis 
as well as three-dimensional comparison of multiple temporal datasets from the longitudinal 
dental research studies. Such quantitative assessment and visualization can help us understand 
and evaluate the underlying processes that arise from dental treatment, and therefore can have 
significant impact in the clinical decision-making process and caries diagnosis. More information 
is available online.5 

 
 
Fig 12. Mineral content distributions in a carious lesion over 5 phases (1: sound, 2: demineralization, 3: 
demineralization, 4: remineralization, 5: remineralization). Volumes corresponding to 5% mineral content loss 
are rendered in green, 15% in yellow, and 30% in red. Visualization indicates that tooth issues have lost most 
mineral content at phase 3 (with most pixels in red), after two demineralization treatments in a row. After two 
treatments, the tooth structures at phase 5 have been restored to a status comparable to phase 1. 
 
 
                                                        
5 Zhang, H., M. J. Boyles, G. Ruan, H. Li, H. Shen, and M. Ando, "XSEDE-enabled high-throughput lesion activity 
assessment." Conference on Extreme Science and Engineering Discovery Environment: Gateway to Discovery 
(XSEDE '13), San Diego, CA, Jul 2013. 
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Preparing and prototyping a 3D “printed” model of a bird skull for acoustical research  
 
Project Leads: Roderick Suthers, Medical Sciences Program, IU Bloomington; Jeff Rogers, 
Advanced Visualization Lab, Research Technologies, Indiana University 
 
 

 

 

 

 

 

 

 

Figure 12. Left: Visualization of songbird (Zebra finch) skull from Micro CT scans, manipulated to be 
physically correct and complete (e.g. no holes in bone where there should not be). Right: 3D “print” of bird skull 
(shown several times life size). 

Dr. Suthers of the IUB Department of Medical Sciences obtained a high-quality 3D geometric 
image of a Zebra finch (Taeniopygia guttata) skull from Micro CT scans. AVL worked with this 
initial data set to provide a “water tight” 3D geometric dataset – that is, physically correct with no 
holes or gaps in the bone where there should not be. The resulting model was printed as a 3D 
model several times life size for acoustical research related to understanding animal 
communication. The virtual model created by AVL can also be imported into specialized 
software to simulate sound inside the skull. 

Suthers and his collaborator Kenneth Jensen will use the virtual and physical models in their 
research in the neuroethology of acoustic communication, focused on song production in song 
birds. Their research goal is to bridge the gap between understanding of avian vocal 
communication and the underlying neural mechanisms and its behavioral ecology. 

 


