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Deep Learning

DEEP LEARNING

Artificial neural networks; linear algebra; backpropagation; regularization;
hyperparameter tuning; optimization algorithms; convolutional neural networks;
recurrent neural networks; Long Short-Term Memory; generative adversarial

networks; Big Data principles and architecture; Big Data analytics for deep learning.
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Theory of Statistical Learning

THEORY STAT LEARN

Empirical risk minimization principle; generalization bounds; capacity in statistical
learning; support vector machines; kernel methods; Mercer’s theorem; convex
optimization for kernel methods; artificial neural networks; stochastic
approximation and stochastic gradient methods; prediction models; model

regularization; model selection; ethics in model efficiency reporting.
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Reinforcement Learning
REINF LEARN
Sequential decision making problems; dynamic programming and Markov decision process;
states; optimal value functions; backward recursive methods; forward dynamic programming;
infinite horizon dynamic programming; Q-learning; multi-armed bandits; trade-off between

exploration and exploitation; approximate dynamic programming; value approximation; policy

approximation.
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Machine Learning in Risk Analytics
ML RISK ANA
Overview of risk management process and governance; machine learning models
in risk analytics; machine learning applications in risk analytics; interpretable

machine learning; unbiaseness in machine learning.
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Data Science Approach to Portfolio Optimization
DATA SCI PORT OPT
Markowitz's portfolio optimization model; drawbacks with Markowitz's model;

Bayesian portfolio optimization; Black-Litterman model; machine learning for
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portfolio optimization; back testing and model validation; machine learning

approach to dynamic portfolio optimization.
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Big Data Computing

BIG DATA COMP

Big data fundamentals; Big data architecture; Shell programming; Hadoop
ecosystem; parallel programming; data replication, NoSQL database; data
ingestion; data preparation for processing; data analytics with Spark; Spark SQL, Big

data streaming.
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Theory of Probability
THEORY PROB
Axioms of probability; counting;, conditional probability and independence;
random variables; random vectors; transformation; moment generating function;
characteristic function; limit theorems; conditional expectation; introduction to

stochastic process; simulation for probability theorem.
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Statistical Inference

STAT INFERENCE

Prerequisite: 2603602

Concept of statistical inference; Classical statistical inference; Bayesian inference;

Fisherian inference: modern inferential methods for parametric model.
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Theory of Sample Surveys

THEORY SAM SURV

Principles of sample surveys; non-probability sampling;, probability sampling;
simple random sampling; systematic sampling; stratified sampling;, cluster
sampling; multi-stage sampling; sampling plans for large scale surveys; ratio
estimator and regression estimator; sample size determination; non-sampling error;
fundamental concepts of fixed population model and super population model;

modern technology in survey sampling.
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Multivariate Analysis

MULTIVARIATE ANAL

Concept of multivariate analysis; limitations of multivariate analysis; multivariate
normal distribution; sampling distribution of multivariate; statistical estimation and
hypothesis testing for multivariate; factor analysis; analysis of variance for
multivariate; discriminant analysis; cluster analysis; canonical correlation analysis;
principal component analysis; structural equation modeling; evaluation of
analytical results.
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Advanced Experimental Designs

ADV EXP DESIGN

Prerequisite: 2603600

Fundamental concept of experimental unit, randomization, replication, and
controls; completely randomized design; randomized complete block design and
incomplete block design; Latin square design; crossover design; factorial and
fractional factorial designs; split-factor design; hierarchical design; experimental
design for repeated measures data.
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Nonparametric Statistics

NONPARAMETRIC STAT

Tests based on binomial distribution: the binomial test, and sign test; contingency
tables; goodness-of-fit test, measures of dependence, test for homogeneity, some

methods based on ranks, and Kolmogorov-Smirnov test.
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Time-series Analysis

TIME SERIES ANAL

Prerequisite: 2603645

Definition of time series; category of time series; statistical linear model for time
series and assumptions; stationary time-series model, limitation, and assumptions;
autoregressive time-series model and assumptions; moving-average time-series
model and assumptions; autoregressive-integrated-moving average model and
assumptions; statistical model for time-series without seasonality and with

seasonality, and assumptions.
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Data Management for Statistical Applications

DATA MGT STAT APP

Importance of data management, managing data by spreadsheet program,
database management systems, relational schema design, using SQL to manage
data, data warehouse, design of multi-dimensional database, using multi-
dimensional database, data on the Internet, suitability and limits of data

management technologies in statistical analysis.
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Machine Learning

MACHINE LEARNING

Supervised learning; linear methods for classification; support vector machines;
advanced data mining techniques; model assessment and model selection;
unsupervised learning; association rules; cluster analysis; programming for machine

learning.
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Stochastic Processes

STOC PROC

Prerequisite : 2603602

Stochastic processes in discrete and continuous time: Poisson process, renewal
process, Markov chain, Brownian motion and stationary process; applications of
stochastic processes.
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Decision Analysis

DECISION ANALYSIS

Prerequisite : 2603602

Concept and theory of utility; subjective probability; elements of statistical
decision theory; quantification of utility; prior analysis; Bayes’ theorem; posterior
analysis; pre-posterior analysis; advanced decision analysis; multi-attributed utility
decision.
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Statistical Analysis for Categorical Data

STAT ANAL CATE

Prerequisite : 2603645

Discrete distribution; categorical data, multinomial data; loglinear model, logistic
model; one-way classification, two-way classification, multi-way classification; test
of homogeneity, test of independence; measures of association: exact test, Mantel-
Haenszel test,McNemar test and others testjincomplete contingency tables,
squared contingency tables; higher dimensional contingency tables; likelihood

ratio test.
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Statistical Computation and Simulation

STAT COM SIM

Monte Carlo techniques: generation of random variables and random vectors;
simulation output analysis; Markov chain Monte Carlo techniques; applications of

Monte Carlo and Markov chain Monte Carlo techniques.
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Applied Statistical Models

APP STAT MODEL

Methods for analyzing normal and non-normal data; multiple linear and nonlinear

regression; generalized linear models; statistical software for data analysis.
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Information Visualization

INFO VIS

Principles of visualization; visual perception; information visualization pipeline;
univariate, bivariate and multivariate data visualizations; hierarchical, relational,
spatial, and geographical data visualizations; interactive visualizations; visual
analytics; visualization evaluation; ethics in data reporting.
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Fundamental Programming for Data Science

FUND PROG DATA SCI

Algorithm design; algorithm analysis; programming techniques; programming
practice; programming environments; programming tools; program libraries;
Application Programming Interfaces (APIs); data manipulation; data structure and

indexing; data wrangling; data aggregation and group operation.
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Bayesian Analysis

BAYESIAN ANAL

Prerequisite : 2603602

Introduction to Bayesian data analysis; prior distribution ; posterior distribution;
conjugate prior distribution; Bayesian analysis for multiparameter models;Bayesian

computational methods; Gibbs sampler; applications to other statistical models.
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Survival Models

SURVIVAL MODELS

Prerequisite: 2603603 or by consent of faculty

Natures and properties of survival models; estimation of parametric and
nonparametric survival models from complete and incomplete dta samples;

applications and extensions of survival models; life tables.
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Advanced Data Science Practicum

ADV DATA SCI PRAC

Prerequisite: 2603691 or by consent of faculty

Skills required in data science jobs; data enabled products and services;

information technologies used in data science: machine learning, programming

languages used in data science; data visualization techniques; measurements and

analyses in data science; experiments in data science; advanced topics in data

science.
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Special Topics in Statistics

SPEC TOP STAT

Interesting topics and current issues in statistics.
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Master Project

MASTER PROJECT

A study or a problem solving related to statistical methods.

Anendnus

Thesis

THESIS
MIFaUUsINaANS

Comprehensive Examination
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