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Calculus (MA102b) (or Mathematical Analysis II (MA102a)),
Linear Algebra (MA104b),
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Operations Research (MA210)
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This course is for students interested in solving nonsmooth convex optimization problems. Because of
the wide (and growing) use of optimization in science, engineering, economics, and industry, it
is essential for students and practitioners alike to develop an understanding of
optimization algorithms. This course introduces the basic concepts of convex function, subdifferential,
conjugate, proximal operator and the analysis of convergence of typical optimization algorithms. The
goal of this course is to give a comprehensive description of the most powerful, state-of-the-art,
techniques for solving nonsmooth optimization problems.
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Course Contents
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F

G Minima of non-smooth functions, Applications in image processing,
Applications in the data sciences, Saddle-point formulations
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Convex analysis

PER . 7 SEL RO LA
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Convexity and properties of (convex) functions,

Subdifferentials and examples, Properties of the subdifferential set,

Directional derivatives, Computing Subgradients, Optimality conditions
i?mg SRR H S XL RR A A T RIS FE AN 5. BT A
FLHE R %

Conjugate functions
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Conjugate functions and the biconjugate,
Conjugate calculus rules and examples,
Infimal convolution and subdifferentials of conjugate functions

Section 4
JeiE S RN
Smoothness and strong
convexity
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smooth functions, Strongly convexity,
Smoothness and strong convexity correspondence

Section 5
ST

The proximal operator
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Existence, uniqueness and examples of the proximal operator,
Prox calculus rules, Prox of indicators—orthogonal projections,
The second prox theorem, The Mreau envelope,

Prox of indicators—orthogonal projections,

The second prox theorem, the Mreau envelope

Section 6
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The proximal gradient
method and the block
proximal gradient method
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The proximal gradient method,

Convergence analysis of the proximal gradient method,
The cyclic block proximal gradient method,

The randomized block proximal gradient method

Section 7 LT M e L
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Course Assessment

(@ %% Form of examination; (2). 3%k grading policys () UTH FIASEIE T, 8= X 40 P 25
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NI CPRHENE (30%) , BRI (20%) , BRI (50%)
Quiz, Assignments (30%), Mid-Term Test (20%), Final Exam (50%)
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Textbook and Supplementary Readings

Textbooks

1. A Beck, First-Order Methods in Optimization, SIAM, 2017
Supplementary Readings:

1. J. Nocedal and Stephen J. Wright, Numerical Optimization, Springer, 1999

2. B Mordukhovich and Nam, An easy path to convex analysis and applications 2015




