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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.
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This course introduces the Lebesgue theory for doing integration and differentiation on real spaces.
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WA > R Learning Outcomes

The students will understand the construction of Lebesgue measure and Lebesgue integral on real spaces, know how to
correctly apply basic theorems such as the dominated convergence theorem and Fubini’s theorem, and acquire basic
skills to analyze the behavior of real-valued functions on real spaces.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

The course covers the properties of real numbers, the construction of measure, measurable
functions, integration theory, the relation between differentiation and integration, and L"p spaces. It
comprises 24 lectures, with each lecture lasting 2 hours.

Topic 1: The construction of real numbers as the completion of rational numbers, cardinality of
sets, the topology of a complete metric space, Baire category theorem (4 lectures);

Topic 2: The construction of the Lebesgue measure on R”"n, measurable sets and non-measurable
sets (3 lectures);

Topic 3: Measurable functions, almost everywhere convergence, convergence in measure, the
approximation of measurable functions (3 lectures);

Topic 4: Lebesgue integral, dominated convergence theorem, Fubini’s theorem, the relation
between Riemann integral and Lebesgue integral (4 lectures);

Topic 5: Differentiation of the integral, the Lebesgue differentiation theorem, differentiability of
functions, functions of bounded variation, absolutely continuous functions, the formula for
integration by parts, the change-of-variables theorem (5 lectures);

Topic 6: The theory of L*p spaces (4 lectures);

Review. (1 lecture)
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¥ Textbooks:

%2 ik References:

1. Real Analysis (ISBN 9780691113869), by Elias M. Stein & Rami Shakarchi;
2. SEAR R H06 (ISBN 9787301276471), AR ®ZE .

1. Real Analysis (ISBN 9780134689494), by Halsey Royden;
2. SRR (ISBN 9787040292213), fRFHZ /R « LLRIE4ERT « Miata .
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