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Overview
Studying methods of data analysis is crucial in today's data-driven world for several compelling reasons. Data analysis provides insights and knowledge from the vast and complex datasets that are now generated in almost every field. These insights inform decision-making in business, healthcare, science, and government, allowing for evidence-based choices that can optimize processes, improve outcomes, and enhance efficiency. Without effective data analysis, organizations and researchers risk making uninformed and potentially costly decisions.
This course is developed to provide theoretical knowledge and practical skills necessary to perform analysis of experimental and observational data, to simulate numerical experiments, to process and homogenize data, to visualize multidimensional data-sets and search for patterns, to select methods for statistical analysis and to perform it, to evaluate the reliability of the results, to formulate and to base the conclusions of the analysis.
Learning outcomes
On successful completion of this course, students should have the skills and knowledge to:
· Will be able to prepare data in various formats for analysis;
· Will be able to select the method of data visualization and explain visualization errors;
· Will be able to choose methods for statistical analysis;
· Will be able to assess the reliability of the analysis results, to formulate and to base the conclusions of the analysis.
· Will be able to interpret the data of real experiment within limits of constructed simplified numerical experiment and explain the physical meaning of model parameters
Content
· (topic 1) Overview of data analysis methods. Measurements and data acquisition, error sources. Python in data analysis. Numpy and matplotlib libraries.
· (topic 2) Digital data formats. Data structures and formats. Reading and saving various file formats. Pandas library (homogenization, reductions, selection, filtering, grouping).
· (topic 3) Data preparation. Errors in data, filtering, sorting. Basic statistical calculations. Interpolation and extrapolation of data. Large-scale processing of map-reduce algorithm.
· (topic 4) Data visualization. Importance of visualization and approaches. Plotly library. Histograms, two-dimensional diagrams. Bad and good visualization practices. Multidimensional data. Interactive analysis with TopCat.
· (topic 5) Numerical experiment. Linear relationships. Random numbers and their generation. Uniform and Gaussian distributions, their properties and application. Modeling of measurement errors.
· (topic 6) Model parameter estimation. Estimating parameters of linear relationship. The least squares method. The influence of data-point number and measurement errors on the reliability of model parameter estimates.
· (topic 7) Digital images. Image registration, pixels. Poisson distribution, its properties and application. Image distortions, camera sensitivity. Image matching.
· (topic 8) Signal detection. Time series, filtering, convolution, correlation. Spatial filtering, object detection in images.
· (topic 9) Non-linear relationships. Optimization packages and methods (Levenberg- Marquard, Markov Chain Monte Carlo, genetic). Formulation of the model. Criterion of model goodness. Local and global minimums. Model complexity and selection principles
· (topic 10) Data classification. Scikit-learn library. Training and testing datasets. Decisions tree classification. Dimension reduction, linear and logistic regression. Clustering. Model selection.
· (topic 11) Image classification. Keras library. Structure of neural network and its adaptation for image analysis. Data preparation. Training process and control. Reliability of results.
Teaching methods
· Lectures: 32 hours
· Practical work: 32 hours in order to implement concepts introduced in the lectures, to practice on real applications and to train students
Study materials	
· Python Data Science Handbook, by Jake VanderPlas, Oreilly (2016)
· Python for Data Analysis, by Wes McKinney, Oreilly (2017).
· Introduction to Computation and Programming Using Python, by John V. Guttag, MIT Press (2016)
· Tutorials, lectures and notes provided by the course instructor.
Assumed Knowledge
· Basics of calculus
· Basics of probability theory.
Evaluation criteria
· Written exam 50%
· Laboratory works 50%
