Computational Materials Science (F+&#1 *4—?—4%’%)

http://d2mate.mdxes.iir.isct.ac.jp/D2MatE/D2MatE_programs.html?page=cms E

Lecture materials for numerical analyses (by Kamiya)

HIERITICEI T 3 BHREE - python7OS S L (HAEYS)

. Update News:

o June 21, 16:25, 2026: Lecture materials for June 23 has been uploaded: course_materials.zip I

| © June 19, 10:49, 2026: Final version: Lecture materials for June 19 has been updated: course_materials.zip
o June 16, 15:38, 2026: Final version: Lecture materials for June 16 has been updated: course_materials.zip
o June 12, 17:17, 2026: Final version: Lecture materials for June 12 has been updated: ¢

~ We would wait for five minuities (i.e., till 8:55).

FY2026 In meantime
403 June 23, 2026- Smoothing (FEE), Linear least-squares method (¢ dOWNload the latest lecture materials
(HEADIEE) (updated June 21st)

Course materials (Lecture slides and python programs):

= hear the short audio guide.
English and Japanese versions available

o course_materials.zip

|| 5-8min audio guide:

o gxz= P 000/556 == @ i (VOICEVOX ME®H 7= A&T ATH A)
[} Ke] E["I,_‘_::.i‘_-';}‘li P 0{]{]1’6‘]2 — *D E

#03 June 19, 2026: Differential equation ({5 75#£x(), Interpolation (#[&), Smoothing (F:&§1E)

Course materials (Lecture slides and python programs):
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Class Schedule

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

2% 68108 (K)~7H28B(K), 7TA30H(K) AEOEE 7A23H(K) HRAR-#HE 7H298(K), 7TA318(£)~8A6H(K)

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

#04 June 23 (Tue)
#05 June 26 (Fri)

#06 June 30 (Tue)
#07 July 3 (Fri)

Kamiya (Fundamentals of computer, Sources of error (A E 2 —2 D EHE, 322), Numerical differentiation (3{E# %))
Kamiya (Numerical differentiation (Z2{E#% %), Numerical integration (31{E%&4%2"), Differential equation (f7 AFEX))
Kamiya (Differential equation (#4375 %2=X), Molecular dynamics (5 F 81 h35%),
Interpolation (4## &), Smoothing (FE;&1k))
Kamiya (Smoothing (FFi&1k), Linear least-squares method ($& % &/N—F&;i%),
Numerical solutions of equations (A =X DEELE X))
Kamiya (Numerical solutions of equations (7 F2= D $E#E%),
Nonlinear optimization (JEfE F2 &aE1k), Fourier transformation (7—1) TZ= )
Kamiya, Matrix (4751)
Kamiya, Review ({83



Explanation of the answers
REREORH



PROBLEM, June 23

Answer in English or Japanese
Submit electronic file(s) via LMS until the midnight of June 24

(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:
Smoothen the data DOS(E) in dos.xlsx
by simple moving average method and polynomial fit method.

Add them and plot the raw DOS(E) and the smoothed data in an Excel file.

You can choose smoothing parameters as you like, but explicitly descrive them.
Submit the excel file.

Optional: Any gquestions and impressions of the lecture style are welcome
Request of other numerical methods for the last day, July 3rd



PROBLEM, June 23

PROBLEM:

Smoothen the data DOS(E) in dos.xlsx

by simple moving average method and polynomial fit method.

Add them and plot the raw DOS(E) and the smoothed data in an Excel file.

You can choose smoothing parameters as you like, but explicitly descrive them.
Submit the excel file.

See dos_smoothing_answer.xlIsx



Smoothing

Simple moving average (2m+1 points)

Yi smoothed —
Weight w; /W
i-i0 1p simple avg 7p 9%
-5 0 0 0
-4 0 0 1 2
-3 0 1 1
-2 0 1 1
-1 0 1 1
0 1 1 1 1
1 0 1 1
2 0 1 1
3 0 1 1
4 0 0 1 0
5 0 0 0
w 1 7 9

1 i+m _ witm
o1 &ai=i-mYj = Lj=i-mWjJj

Weights of simple moving average

——1p simpleavg ——7p 9p

10



Smoothing
Order 2 and 3 polynomial fit using (2m+1) points

wy3(j) =3m(m+1)-1-5j* j=-m,---,-1,0,1,---,m
1 i+m -
_ _ yi,smoothed W j=i—-m Wp3 (])yj
Weight w,,(j)/W 23
o 3p order 3
i-i0 polynomial op P
5 0 0 0 Weights of polynomial fit smoothing
-4 0 0 0 >0
-3 0 0 -10 40 ——3p order 3 polynomial ——5p 7p
-2 0 -3 15
-1 0 12 30 30
0 5 17 35
1 0 12 30 20
2 0 -3 15
3 0 0 -10 10
4 0 0 0
5 0 0 0 0 ——e— ———
w 5 35 105 -6 -4 -2 0 2 4.



A smart answer by student

Use Excel matrix functions:
See “7p(transpose+mmult)” column in dos_smoothing answer.xlIsx
mmult(rangel, range2):
Multiply matrixes (vectors) given in the ranges rangel and range?2
transpose(rangel)
Transpose the matrix (vector) given in the rangel

Use Excel product sum:
See “7p(sum)” column in dos_smoothing answer.xlsx

=SUM($B2:$B12*M$3:M$13)/SUM(M$3:M$13)

Use Excel product sum function:
See “7p(sumproduct)” column in dos smoothing answer.xlsx
SUMPRODUCT (rangel, range2):
Calculate the dot product of two vectors given in rangel and range?2



Compare local polynomial smoothing and global polynomial LSQ fitting

> Python smoothing-answer.py

local smoothing vs global LSQ

= 3001 - degsesgenalsa | L polynomial coefficients do not have physical
250 - meaning
e - Different polynomials are used for different
200 1 :
" data points.
"""""""" g 1501 | - Reduces noise while retaining some fine
Mg R o structures.
100 - YL 1 RSPV van NP
! == = 0] % _t~ Global polynomial Isq:
r 09 4 ““= | - One polynomial is fitted to all data points.
e V! 5 0 » Gives a smooth global trend.
E | Very smooth, but can lose fine structures.
BEEZHEA TR moving-window polynomial smoothing Different polynomials are used for
_ R - - different data point
BT % IEXERE local polynomial smoothing
Savitzky—Golay*;g1t Savitzky—Golay smoothing/filter One of moving poly smoothing

One polynomial is fitted to all data

i ZIEX &/ ZF T global polynomial least-squares fitting 00iNts



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, .xlsx, .pptx) are acceptable, but NO APPLE-ONLY files

PROBLEM:
Solve 5cos(x) — x = 0.

(i) Plot the functions y = 5cos(x) and y = x in the range x = 0 — 3, find an initial x for
Newton-Raphson method.

(i) 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 gquetion, comment, opinion, or impression about the lectures

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