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Lecture materials for numerical analyses (by Kamiya)
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Update News:
|

o June 29, 10:49, 2026: Lecture materials for June 30 has been uploaded: course_materials.zip
o June 26, 11:31, 2026: Final version: Lecture materials for June 26 has been updated: course materlals 2|p
| © June 23, 11:42, 2026: Final version: Lecture materials for June 23 has been updatessmme

o June 21, 16:25, 2026: Lecture materials for June 23 has been uploaded We W()uld Wa]t f()l’ ﬁve mlnultles (l €., tlll 8 55)

o June 19, 10:49, 2026: Final version: Lecture materials for June 19 has been updatt

In meantime

= download the latest lecture materials
?;%arne 30, 2026: Nonlinear optimization (FE&RF=E1L), Fourier transform (7 —1) I (uploaded yesterday)

FY2026

Course materials (Lecture slides and python programs): - hear the ShOl’t aUdiO gUide.

> course materialszp English and Japanese versions available
| 5-8min audio guide:
| o Bx=m P> 0007447 = ® i (VOICEVOX BE® AT ATZDA)

O English: P 0:00/600 == © i

#05 June 26, 2026: Solution of equations (G £l DAEZ), Nonlinear optimization (iR miE1E)

Course materials (Lecture slides and python programs):
|
© course materials.zip

o Clide filee and Vidame (manmlaoiials f1iearial ek
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Class Schedule

Lecture materials (Kamiya’s part): http://d2mate.mdxes.iir.isct.ac.jp/D2MatE/?page=cms

2% 6A10B(K)~7A288(K), 7TA30B(K) AEOEX 7A238(K) HXRAE-#HE 7H2980K), 7A318(£)~8A6H(K)

#01 June 12 (Fr1)
#02 June 16 (Tue)
#03 June 19 (Fr1)

#04 June 23 (Tue)

#05 June 26 (Fr1)
#06 June 30 (Tue)
#07 July 3 (Fr1)

Kamiya (Fundamentals of computer, Sources of error (A E 2 —2DEHE, 322 ), Numerical differentiation (3{EH 7))
Kamiya (Numerical differentiation (3{E# %), Numerical integration (#U{E*&4%3"), Differential equation (7 AFER))
Kamiya (Differential equation (#§%>A*83(), Molecular dynamics (5 F & hFi%),

Interpolation (f&f&]), Smoothing (F;&1k))
Kamiya (Smoothing ((E;&1t), Linear least-squares method (#ffi¢&x/N=%&i%),

Numerical solutions of equations (HATERX D IIEREE))
Kamiya (Numerical solutions of equations (T2 D fEAE;X), Nonlinear optimization (4R & 1L))
Kamiya (Fourier transformation (7—") TZ #), Matrix (175!, Applications (It FQ))
Kamiya (Montecarlo methods, Baysian regressions, etc.)



Explanation of the answers
AR OB



PROBLEM, June 26

 Answer in English or Japanese
* Submit electronic file(s) via LMS by midnight on June 28

(If LMS doesn’t work, send the files to kamiya.t.aa@m.titech.ac.jp.
In this case, file name must include your STUDENT ID and FULL NAME)

 Common formats (.pdf, .txt., .docx, .xIsx, .pptx) are acceptable, but NO APPLE-ONLY files
PROBLEM:
Solve Scos(x) —x = 0.

(i) Plot the functions y = Scos(x) and y = x in the range x = 0 — 3, find an initial x for
Newton-Raphson method.

(ii) Solve 5cos(x) —x =0 by Newton-Raphshon method at least with four significant digits.

Additional mandatory item: Choose one of the following
(i) Write any quetion, comment, opinion, or impression about the lectures

(ii) Propose if you have any numerical analysis method / simple python program
that you would like to learn



PROBLEM, June 27

See equation answer.xlIsx



Request about textbooks

NOTE: Numerical analysis covers a huge area with many algorithms and
implementations. No single textbook can cover everything you may want to know.

Search the literature and check the contents first.

E.g., search by “numerical analysis”, “numerical simulation”, “&{Ef##T", etc.

1. Richard W. Hamming, Introduction to Applied Numerical Analysis
Dover publications, inc., New York (1989)

2. Anthony Ralston and Philip Rabinowitz, A First Course in Numerical Analysis
Dover publications, inc., New York (1978)

A practical way now: Use generative Al as a starting point.
(i) Ask: How can I solve problem XXX in Python?
(ii) Ask it to generate Python code and simple test cases.
(iii) Ask for textbooks, papers, and accessible references.
(iv) Check the algorithm, implementation, and references yourself.



Requests for additional methods

Bayesian mversion, Markov Chain Monte Carlo (MCMC) methods, Metropolis-Hastings
algorithm.

How to implement the Lagrange multiplier method for constrained optimization in Python.

For each type of problem, should we consider the methods introduced 1n this lecture to be
sufficiently comprehensive for practical use, or should we regard them as only a small
selection from the many methods available?

Exact diagonalization / exact solution for Hubbard / Heisenberg model
How to choose smoothing algorithms

How do the numerical methods we study adapt to guarantee the conservation of physical
invariants, like energy or angular momentum, over long timescales?

Short Python comparisons of bisection, secant, Newton-Raphson, and Brent methods applied
to the same equation

Characterize ICP-MS spectrum: Send a digital data by e-mail



PROBLEM, June 30

 Answer in English or Japanese
* Submit electronic file(s) via LMS by midnight on July 1st

(If LMS doesn’t work, send the files to kamiya.t.aa@m.titech.ac.jp.
In this case, file name must include your STUDENT ID and FULL NAME)

 Common formats (.pdf, .txt., .docx, .xIsx, .pptx) are acceptable, but NO APPLE-ONLY files

PROBLEM: Answer can be in Japanese or English
(i) Find (x, y) to minimize exp(-x?) * sin(x+y) by your-chosen algorisms
hint: use SD method with fixed alpha
if you will approximate df/dx and df/dy, use central differences

Optional;

(1) Propose if you have any other numerical analysis you want to learn in Computational
Materials Science

(11) Propose if you have any python program (should be simple) you want to learn
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