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This course aims to guide students learn frontier modeling methods in high dimensional statistical analysis and
data science. It helps students deepen their understanding in penalized least square methods and reach the goal
of solving practical high dimensional problems using advanced statistical methods and software.
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Section 1

114 (1 hour)

1.4 e o e B B

1.2 %R R
1 Introduction (1 Hour)

1.1 Rise of Dimensionality




1.2 Impact of Dimensionality

Section 2

2 Zu54ESHEASHT (7 Hours)

2.1 ZonsktkEA

2.2 fInklih — ke

2.3 Box-Cox Z#t

2.4 RN 5T

2.5 &[5

2.6 Reproducing Kernel Hilbert Space [ [H] )5

2.7 ZTXIIE

2 Multiple and Nonparametric Regression (7 Hours)
2.1 Multiple Linear Regression

2.2 Weighted Least Squares

2.3 Box-Cox transformation

2.4 Model Building and Basis Expansions

2.5 Ridge Regression

2.6 Regression in Reproducing Kernel Hilbert Space

2.7 Leave-one-out and Generalized Cross-validation

Section 3

3 Lasso ZkMH:A%Z%Y (4 Hours)
3.1 Lasso fiit&
3.2 X XIS UEAIHERT
3.3 Lasso il &5
3.4 Lasso fi#frmE—
3 The Lasso for Linear Models (4 Hours)
3.1 The Lasso estimator
3.2 Cross Validation and Inference
3.3 Computation of Lasso Solution

3.4 Uniqueness of Lasso Solutions

Section 4

4 7 LR MR (5 Hours)
4.1 2255 Logistic 715

4.2 SRR Saka T AR Y




4.3 Cox Ll KA A

4.4 SCHRFIAEHL

4.5 5k

4 Generalized Linear Models (5 Hours)
4.1 Multiclass Logistic Regression

4.2 Log-linear Models and Poisson GLM
4.3 Cox Proportional Hazards Models
4.4 Support Vector Machine

4.5 Computational Details

Section 5

5 HTARERFENEN R I (14 Hours)
5.1 1EGRBEFETTE
5.2 MIGSH/N " ITTIE
5.3 Lasso fl L1 7&4i
5.4 Ulntiae sk
5.5 HHHE
5.6 LIS HLHE
5.7 WkzEJ7 22 G 28 X HAIE
5 Penalized least square methods for variable selection (14 Hours)
5.1 Classical variable selection Criteria
5.2 Folded concave penalized least squares
5.3 Lasso and L1-regularization
5.4 Bayesian Variable Selection Procedures
5.5 Numerical Algorithms
5.6 Regularization parameter selection

5.7 Residual variance and refitted cross validation

Section 6

6 Lasso ZETI T (4 Hours)

6.1 Elastic Net

6.2 Group Lasso

6.3 M Al Y

6.4 Fused lasso

6 Generalizations of the Lasso Penalty (4 Hours)
6.1 Elastic Net

6.2 Group Lasso

6.3 Sparse Additive Models




11.

12.

6.4 Fused Lasso

Section 7

7 RA4kJ7E (5 Hours)

7.1 AR

7.2 BHEETRE

7.3 HUNMAREREIH

7.4 ADMM

7.5 /AMRKITIE

7 Optimization Methods (5 Hours)
7.1Convex Optimality Conditions
7.2Gradient Descent and Coordinated Descent
7.3Least Angle Regression

7.4 Alternating Direction Method of Multipliers

7.5Minorization-Maximization Algorithms

Section 8 , o
8 HMTAEEPFNIENIAITE (8 Hours)

8.1) AR

8.2 I TR TT i

8.3 HfH A%

8.4 Ui S Hk %

8 Penalized likelihood methods for variable selection (8 Hours)
8.1Generalized linear models

8.2Variable selection via Penalized Likelihood

8.3Numerical Algorithms

8.4 Tuning parameters selection
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TR 40% + HIER 20% + HIRIREG 40% (EE)
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Textbook and Supplementary Readings

1. Jianging Fan, Runze Li, Cunhui Zhang and Hui Zou. (2020). Statistical foundations of Data Science. Chapman
and Hall/CRC.

2. Hastie, T., Tibshirani, R., Wainwright, M. (2015). Statistical learning with sparsity: the lasso and generalizations.
Chapman and Hall/CRC.

3. Buhlmann, P., Van De Geer, S. (2011). Statistics for high-dimensional data: methods, theory, and applications.
Springer Science & Business Media.

4. Philippe Rigollet, Jan Christian Hutter. (2019). High dimensional statistics. MIT lecture notes,




