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I. Introduction

Prime Minister Tony Blair said last year in a speech to the Royal Society, 

The biosciences are, rightly, drawing much admiring attention at the present time.  But huge advances continue to be made in the physical sciences and the interdisciplinary areas between them.  Indeed, increasingly, physical and life sciences are interdependent.  
He went on to note, 

Pulling together the massive power available from modern computers, the engineering capability to design and build enormously complex automated instruments to collect new data, with the weight of scientific understanding developed over the centuries, the frontiers of science have moved into a detailed understanding of complex phenomena ranging from the genome to our global climate.
The increasingly interdisciplinary nature of science has fostered collaborative efforts in which scientists must take full advantage of the Internet and new information technologies.  These tools have transformed the way scientific research and scholarship is now conducted, allowing scientists to work in collaboratories or knowledge networks that draw on new approaches to the investigation of scientific concepts and phenomena.  In the life sciences and chemistry there is a growing inter-connectedness of laboratory activities with computational techniques, molecular modeling, data analysis, database searching, and information retrieval.  However, what is often missing from such collaborative efforts is a member of the scientific research group with the technical expertise to make sense of the enormous amounts of data that today’s scientific research generates.  Through the creation of a Science and Technology Informatics Center at IUB, we will add significant value to the research teams that have already found collaborators in various disciplines.  The new informatics partners will help scientists to better discover and manage relevant data and make informed decisions because informatics deals largely with data configurations and their structure, properties, transformations, and applications.  With the extensive technical infrastructure and many scientists with interdisciplinary interests on the Bloomington campus, Indiana University is in an excellent position to compete for federal funding to establish a center in scientific and technical informatics. 
II. Collaborative Activities with Scientists
The National Science Board in the recent draft report Science and Engineering Infrastructure for the 21st Century notes that “An increasing number of researchers and educators, working as individuals and in groups, need to be connected to a sophisticated array of facilities, instruments, and databases.”  One of the recommendations addresses the need for “leading-edge computation as well as visualization facilities, data analysis and interpretation, tool kits and workbenches, data archives and libraries, and networks of much greater power and substantially greater quantity.”

There is a great need on this campus for a unit that would serve as a bridge between University Information Technology Services (as well as other relevant support units) and the scientists who need that support.  The Science and Technology Informatics Center must reach out to the campus as a whole.  While we cannot offer services to all units initially, the first pillars of such an infrastructure can be laid at this time for support of efforts in biology and biotechnology, bioanalytical sciences, and molecular materials research.   This would be a university center housed in the School of Informatics, with both a research and support component.  Via an e-science grid, it would help provide access to computing power, scientific data repositories, and experimental facilities.
It is a challenge on this decentralized campus is to design a library/IT/informatics environment that will provide such services as:

1. Algorithms— Recent advances in scientific disciplines, especially in biology and 

chemistry,

provide challenging computational problems that cannot be solved by simply applying state-of-the-art computational techniques. In addition, these problems require handling of huge amount of data that are often noisy and irregular (missing data). Thus novel computational techniques need to be developed to solve these problems.  One well known problem is due to recent development in genome sequencing, which made sequences of whole genomes in multiple organisms available to biologists and medical researchers. The content of genomes can be better understood by comparing sequences of multiple organisms.  The computational challenge comes from the fact that these genome sequences can be seen as ``encrypted'' texts and we have very little knowledge about the content of these encrypted sequences.  Comparing encrypted sequences of millions or even billions (human and mouse) characters has never been studied in computer science, thus becomes one of most challenging computational problems.  More novel challenging problems are expected to emerge as high throughput experimental techniques are continuously developed in scientific disciplines. We will identify and formulate such problems and develop practical computational solutions to these problems in collaboration with related disciplines.

2. Data Mining and Archiving of Scientific Data

In the last decade our ability to both generate and collect scientific  information has created a number of challenges.  Chief among these are two: 

(1) how to extract meaningful, sometimes latent, novel information  

(2) how to manage the information.  The new field of Knowledge Discovery in 

Databases (KDD) seeks to provide answers to both of these problems.  A component of KDD is data mining--the study and practice of semi-automated search for interesting, novel, and useful patterns in very large databases.  Unfortunately for scientist, there is no set of standard tools at their disposal to conduct data mining.  And while there exist many sophisticated, statistical packages, the kind of information extracted from databases is narrowly focused and is often a simple numeric type.  Furthermore, the level of sophistication of creating algorithms, heuristics and their implementation is generally outside the expertise of scientists.  Proper management of information is crucial for correctness (the information itself) and provides a platform for KDD.  Data warehousing has become a the de facto means of managing and storing large amounts of information. Special structures are created for the information to allow efficient extraction of information.  

Scientific Informatics at its core is about KDD. Our goals are to provide both theoretical and practicable solutions to the challenges facing scientists.  

Here is a rough draft of my writing on computational challenges. Please fell free to modify it for the proposal. See you Friday Sun

P.S: On a second thought, it might be better to merge


two sections (data archive and infrastructure)


since both are somewhat related.


Memo -- how do you think?

--------

A Sun Microsystems white paper on Digital Library Technology Trends predicts that new technology services will enhance the scholarly communication process, just as they have enhanced e-commerce and online auction activities.  The growing dependence on digital information resources will lead to the development of cooperative solutions for long-term preservation of electronic data.  Getting a lot of press lately is DSpace, a joint project of Hewlett- Packard Labs and the MIT Libraries, which was officially launched November 4, 2002. DSpace is an institutional repository that offers MIT community members a digital space to submit, maintain and make available on the web all of their institution's intellectual output.

1. Consulting—There is a need for someone who can bring technology ideas to the faculty or perhaps be someone to whom the faculty can go with a problem and get ideas for a solution

a. People who help others to access information

b. Someone to conduct a skills and needs inventory

c. Someone to rotate around the scientific laboratories, spending time in each, to gain familiarity with the research techniques and problems
2. Visualization Techniques—Molecular visualization and data visualization techniques are essential to gain maximum understanding of scientific results in today’s collaborative scientific environments.  The Scientific and Technical Informatics Center will give us:
a. Physical location in which to combine IT and visualization support

b. A facility in which to conduct research in visualization techniques
3. Support for Computer Problems—Support for the many scientific groups that do not utilize the Microsoft operating environment could be offered through the Scientific and Technical Informatics Center.  This would help alleviate the lack of support for the Macintosh platform on campus and would bring together a knowledgeable group of people skilled in all aspects of the Unix environment. 
Staff and students of the STIC would have the potential to inform and advise on:
a. How best to organize IT, research computing groups, and electronic instrument services

i. To link instruments (measurement, interpretation, feedback on the future course of the experiment)

ii. To better utilize existing resources on campus, such as UITS, Informatics, and SLIS

b. How best to tap into the resources of the university 

i. Perhaps split hires with UITS and other units would facilitate this.
ii. The STIC would provide more research opportunities to utilize Informatics, SLIS, and other relevant graduate students.
Other Possible Activities
· Digital content management in the university: rescuing endangered digital projects

· Expert reference service and assistance with database searching

· Customized knowledge management tools (disciplinary information from internal and external sources that would be organized by subject categories)

· One-on-one or small group instruction

· Current awareness searches in interdisciplinary areas using services not commonly accessed at IUB

· Data format conversion and facility for using older formats (e.g., DOS and Windows 3.x)

· Expert advice on database design

· Advice on metadata use and XML
· Directory services

· Assistance with essential plugins and supplementary software for browsers to take advantage of scientific data: Chime, CN3D, Rasmol, Kinemage, Alternatiff

III. Needs
We start by mentioning two general objectives: Building a Strong Faculty and Starting a Ph.D. Program. Logically speaking, the first is our first priority since it is the foundation for the quality of our School. All of the other priorities are linked to this and support it. Our biggest need is more outstanding senior faculty, and frankly the market has placed very high price tags on these. As we outline specific programmatic needs below it will be clear that outstanding faculty are needed to support all of these areas. The second general priority stems from the fact that President Brand has recommended that we begin planning for a Ph.D., and our Graduate Program Committee has this year been charged with this. The Ph.D. is tied in a “chicken or the egg” relationship with the previous priority of building a strong faculty. Having a Ph.D. program is crucial to recruiting the best faculty, particularly senior faculty, and having those faculty members, again especially senior faculty, is critical for having a Ph.D. program. And strong faculty contributes as well to a strong undergraduate program.

The role of the PhD program in the proposal: $1,000,000
1. Need to define the discipline

2. Benefits to other departments

Other Curricular Developments and Their Relationship to the STIC
· Minor in Informatics

· Laboratory informatics track

· Possibility of joint PhD/MS in Informatics in conjunction with scientific degrees.

Needing Major Revision:
Bioinformatics

Goal: to build our bioinformatics program to be the best “free-standing” program in the country

Potential Partners: Biology, Chemistry, Center for Genomics and Bioinformatics, Computer Science, Mathematics, Medical School, INGEN, UITS, IBM

Planning Status: within grasp

University Priorities: research, diversity, engagement, multidisciplinary, funding

Recent developments in biotechnology have revolutionized modern biology research. In fact, a completely new paradigm has arisen. Biologists and medical researchers now generate and collect novel information heretofore not available.  Because of this, research methods are being completely reshaped, including data acquisition, experimental design, and even the experiments themselves—known as “in silico” experiments when run as computer models. One example of “in silico” experiments is the modeling of protein geometries that allows for the study of protein docking i.e., function, so important in drug design. 

The great technical challenge for this research paradigm is how to pull together multiple, diverse disciplines such as biology, computer science, applied mathematics—this new field of research is called Bioinformatics. Harold Varmus, former director of the National Institutes of Health, writes in the supplement to Nature Genetics, September 2002:  "Over the past 25 years, a mere sliver of recorded time, the world of biology—and indeed the world in general—has been transformed by [genomics] . . . all modern biologists using genomic methods have become dependent on computer science to store, organize, search, manipulate and retrieve the new information."

Bioinformatics can only be successful if it is balanced among the different fields from which it has arisen, and yet, independent from any single field. Currently, most bioinformatics initiatives suffer from being dominated by a particular perspective—such as biology, chemistry, computer science, mathematics, even physics.  Indiana University’s Bioinformatics Program is uniquely positioned to be balanced, because it arisen independently of any one perspective, but is still joint with biology, computer science, mathematics, etc. In only a little more than one year, the Bioinformatics Program has attracted nearly 30 graduate students—many of whom are involved in serious, cutting-edge research. We have had preliminary conversations with Howard University (a traditional black university) about a partnership to bring their graduates to IU in something like a “3-2” program.

The funding opportunities for bioinformatics are astounding. From October 1, 2002 to February 28, 2003, there are more than a dozen grants from both NSF and NIH totaling in the tens of millions of dollars. Faculty members in the School of Informatics have already contributed to two grants recently awarded to IU:  IBM SUR grant (Dalkilic and Kim; an equipment grant of $500,000), IBM Protein Family Annotator (Dalkilic; $70,000). Proposals include an NSF Career grant (Kim; $587,990) submitted, (NIH: Dalkilic and Kim; $6,000,000) process of being submitted. In addition, several grants are in preparation with the Center for Genomics and Bioinformatics.

Needing Major Revision:

Chemical Informatics

Goal: to maintain our chemical informatics program as the best program in the country.

Partners: Chemistry, Biology, Center for Genomics and Bioinformatics, SLIS, Computer Science, Medical School, INGEN, UITS, Lilly, Abbott, Pfizer, MDL Information Systems, Daylight Chemical Information Systems

Planning Status: within grasp

University Priorities: research, engagement, interdisciplinary, funding
In a recent article entitled, “Developing tools and standards in molecular informatics,” Robert Glen, Director of the Unilever Centre for Molecular Informatics at the University of Cambridge, notes that “There are about 50 million accessible chemical substances, 6 million available reagents, 7 million published chemical reactions, 16,000 protein crystal structures and 250,000 ready available small molecule X-ray structures.” How does one manage this vast amount of data and information?

“Chemistry Plans a Structural Overhaul” is the title of an article on the birth of chemical informatics that appeared in the September 12, 2002 issue of the prestigious scientific news journal Nature. Chemical informatics applies the techniques of computer science to assist in solving chemistry problems that are otherwise insoluble. The Nature article notes that just as the genomics boom caused a great need for bioinformaticians, “an explosion in the amount of data generated by combinatorial chemistry and other high-throughput approaches to drug screening and drug design is creating a demand for chemoinformaticians.”  The IU M.S. program in Chemical Informatics is one of only three such graduate programs in the world that is mentioned in the article. It is the only one in the U.S.

Indiana University is a superb place to build a chemical informatics program, with its excellent Chemistry Department, its close proximity to major pharmaceutical companies and chemical informatics organizations, its long history of innovative, technology-based chemical information services complemented by a chemical information specialist program in the SLIS. The program in chemical informatics spans the two main campuses of Indiana University, drawing on faculty on the IUPUI campus and the innovative research programs of the IU School of Medicine. In the first year of its existence, the chemical informatics courses pioneered the use of collaborative technologies to share both computer and human resources. This year we will expand our links across the Atlantic using such technologies. A laboratory informatics track within chemical informatics is in the planning stages, to be piloted on the IUPUI campus and eventually offered on the IUB campus.

The well-established University of Sheffield program in chemical informatics acknowledges support from a number of pharmaceutical and chemical companies: AstraZeneca, Eli Lilly, GlaxoSmithKline, Novartis, Pfizer, Syngenta, and Unilever. Additionally, they cite the major commercial software and database companies in the field: accelrys, Daylight Chemical Information Systems, MDL Information Systems, and the St. Louis-based Tripos Associates. It is likely that such companies will also give support to the IU program in chemical informatics. MDL Information Systems and Daylight Chemical Information Systems have already donated two $15,000 graduate fellowships to our School of Informatics. The benefits that might accrue to IUB from closer associations with major software and database developers such as these are obvious. We particularly anticipate support from nearby pharmaceutical firms such as Lilly, Abbott, and Pfizer. Indiana University will be perceived as a place that recognized a need long before it became apparent to others in academe. 

Using a combination of Internet videoconferencing equipment and microcomputer conferencing software, several chemical informatics courses were taught between the Indianapolis and Bloomington campuses of Indiana University during the fall and spring semesters of the 2002/2002 academic year.  Polycom Viewstation 128: $3119.48

Future Directions

· Laboratory Informatics track

· Instrumentation and data interfacing

· Electronic Laboratory Notebooks

· Laboratory Information Management Systems

· Program to start at IUPUI, Fall 2003

· PhD Program in Science Informatics

· PhD Minor in Bioinformatics

Cooperative Programs with Sheffield

Needs

· Internships for chemical informatics graduate students

· Fellowships

· Daylight Chemical Information Systems

· MDL Information Systems

· Software and database access

· Joint projects

· Faculty support
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