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Course Proposal Submitted to the COS Curriculum Committee

1. COURSE NUMBER AND TITLE:

CDS 302 – Scientific Data and Databases
Course Prerequisites:  MATH 125, STAT 354
Catalog Description:
Modern scientific research projects are often characterized by the collection, organization, and analysis of databases.  Topics to be covered will include basic concepts about user requirements analysis, data modeling, database organization, metadata, query languages, markup languages, data registries, web services, and distributed data systems.  Case studies will be presented from various science disciplines, including space science, bioinformatics, earth science, geographic information systems, and numerical simulation research.

2. COURSE JUSTIFICATION:
Course Objectives:
Students will become familiar with a variety of large scientific database projects, their goals and implementation; will become capable in using database and data management techniques to solve scientific problems; and will acquire knowledge in database and data management techniques that will enable the student to progress to more advanced courses, research projects, and employment opportunities that require database skills and science data understanding.

Course Necessity:

This course will be as an elective for majors in the Computational and Data Science majors as well as an elective for students who are interested in learning more about scientific databases from other disciplines.
Course Relationship to Existing Programs:

This course is uniquely tailored to the new program in Computational and Data Sciences.   It may be used for students in other majors who are interested in learning about this field.

Course Relationship to Existing Courses:
The content of this course is similar to CSI  710 – Scientific Databases.   However, the content will be suitably altered for an undergraduate audience.

3. APPROVAL HISTORY:
This course was approved by the CDS department as part of its proposed undergraduate degree program.

4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering:
Spring 2010
Proposed Instructors:
Kirk Borne, Robert Weigel
5. TENTATIVE SYLLABUS: See attached.

CDS 302
SCIENTIFIC DATA AND DATABASES
-- SYLLABUS --

Prerequisites: MATH 125, STAT 354
Credits: 3


Instructor: Borne
Office Hours: TBD

Course Description:
 This course will review data and databases used by scientists.  Modern scientific research projects are often characterized by the collection, organization, and analysis of databases.  Topics to be covered will include basic concepts about user requirements analysis, data modeling, database organization, metadata, query languages, markup languages, data registries, web services, and distributed data systems.  Application-related concepts will be presented, including data discovery, data fusion, data integration, data mining, data grids, user query interfaces, decision support, knowledge representation, ontologies, the semantic web, inference from databases, and machine intelligence. Science-related concepts will be presented, including science data formats, data dictionaries, informatics, noise and error-handling, multi-level data products, science use cases, data-driven discovery, data-centric science, spatio-temporal databases, e-Science, virtual observatories, annotation systems, and grid computing. Case studies will be presented from various science disciplines, including space science, bioinformatics, earth science, geographic information systems, and numerical simulation research. Student exercises will include queries of existing systems, along with basic design of simple database systems.  
     
Lecture Content: 

· Scientific Data, Databases, and Data Systems

· Format Standards

· Data Modalities:  Image, Catalog, Time Series, Simulations

· Metadata

· XML Markup Languages for Science
· Scientific User Requirements
· Data models, domain models, and ontologies 
· Database Basics

· Entity-Relationship Modeling

· Schema

· Queries: SQL Tutorial

· UML: Unified Modeling Language

· Data Modeling Tools and Software
· Scientific Data Mining – KDD: Knowledge Discovery in Databases

· Scientific Motivation: Killer App for Scientific Databases

· Science Data Preparation

· Supervised Learning Methods

· Unsupervised Learning Methods

· Science Recommendation Systems

· QBE: Query-By-Example

· Collaborative Filtering

· Content Filtering

· Science Case Studies

· Astronomy 

· Remote Sensing

· Bioinformatics

· Spatial-Temporal Data Mining

· Outlier Detection: Discovery or Anomaly

· Data Mining Tools and Software

· E-Science

· Web Services for Science

· Science Resource Registries

· Scientific Data Discovery

· Science Grids

· Virtual Observatories

· Discovery Informatics

· Semantic Web for Science

· Knowledge Acquisition Systems

· Annotation Systems

· Distributed Data Systems 

· Interoperability Middleware

· Data Integration

· Data Fusion

· P2P:  SETI@Home, Einstein@Home, Folding@Home, LHC@Home, Predition@Home

· Scientific Database Case Studies

· LIMS: Laboratory Information Sytems

· Astronomy:  HST, LSST, NVO, AstroDAS

· Space Physics:  VxO, IHY

· Physics:  BABAR, Materials Properties Databases

· Bioinformatics:   Human Genome Project, BioDAS

· Earth Science:  GIS, EOSDIS, GEOSS, Decision Support Systems

· Databases for Numerical Simulations and Models 

· Intelligent Science Archives of the Future

· Autonomous Sensor Networks

· The Thinking Telescope

· Precision Weather

· Precision Farming

· Dynamic Data-Driven Discovery and Experiment Driving
Homework: (explain assignments)
Students will use on-line and computational resources learn about the paradigms, languages, and methods in scientific databases.   Examples will be drawn from the a variety of scientific domains, and show students how tools such as XML, SQL, and UML are used in this field.    The emphasis will be on a hands-on approach to these systems.
Project: (describe, if applicable)
There will be no class project for this class.
Exams: (give details about midterm and final exams)
Midterm and final exams will be given, based on the content of the lectures and the homework assignments.   Short essays as well as analytic calculations about problem complexity, time, and simple examples from programs will be used.

Grades:           
        Homework (40), Projects (%), Midterm (30%), Final Exam (30%) 

Required Texts: (list)                 

. R. T. Watson, Data Management: Databases & Organizations,



5th Edition, Wiley, 2005.









