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Practical Machine Learning I

D HH) & EE/Object and Summary of Class

TNTHIRE] & X2 D FBHANTO—2>Th DM T T OV TH 5.
MBI R — X b~ vy, WER, =2a—I 0y NT—=27 281250 T, FLBEin
LN AT LEERL, ETF— 2L TLEBRZE L TEOT y B AEHD.
The purpose of this course is to study Machine Learning, an important sub-area of Artificial
Intelligence. This course is designed to help students understand some key technologies such as
linear classifiers, support vector machines, decision trees and neural networks, through the

process of applying them for actual data and developing Python programs.

HEDEE HAZ/Goal of Study

B 7= DRI 70 R A B AT D L RIRELS, 7 — 2 RBROHEAN & HIfHT 5. Python S 3k CREAIIZR L
7w 77 ARET D IR, BRI AT 7 ) OWERD)D X912 5.

Students will acquire basic knowledge on machine learning and basic skills on data processing.

Students will be also able to read and write Python programs and modules.

ENE - J71E L H#EEE T E/Contents and Progress Schedule of the Class
Google Classroom (28> TH > T A VEUET DENEZERS A .02 LT, Google Colaboratory % V=i
EATWRIS BIRZEAHED TN

o ]

A hrE YAy, EEOWER L SR

SPRERE & T — 2 AR . T A DS FEE

OPFERTE & T — Z B . FEE T OTERRE

R A 157220 T 2505

. FHSEZ 2O~ 7227 T A535A & scikit-learn D7) Fgs
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11, B8 7T R4 REAR
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14. HFET LT XL =2 —TF Ky hT—2

15. L0

This is a practice-centered course, using Google Colaboratory. Teaching materials are provided via

© 0 1 O Ol b W M M




Google Classroom.

The contents and schedule are as shown below.

Introduction and preparation.

Classification and data processing: classifying Iris Species

Classification and data processing: recognizing hand-written digits

Binary classification with single feature

Binary classification with two features, and using built-in classifiers in Scikit-learn
Developing our own custom Scikit-learn-compliant classifiers

Evaluation and generalization performance of classifiers

Multi-class classification and visualization

© ©® =N o ok w o

Recognition of hand-written digits and dimension reduction

—
e

Machine learning algorithms: k-nearest neighbors

—
=

Machine learning algorithms: decision trees

—
po

Machine learning algorithms: support vector machines

—
&

Machine learning algorithms: ensemble methods

—
b

Machine learning algorithms: neural networks

15. Concluding remarks

g7 1/ Evaluation Method
HEEOMELEE, BIOLFR— FONE I+ 5.

Evaluation is performed comprehensively based on the progress of exercises the submitted reports.

HRER L UBEE/Textbook and References
BEhEURL

RIS & Preparation and Review

Google Classroom CEME S5 BT A M ZHIE L 223 6, HEMEE N T LR — b & mEETEH
TOHMENRDD.

Students are required to watch video teaching materials provided via Google Classroom, and

submit class assignments every time.

% Offi/In Addition

Python SEEZx 7 2 AR kI T LB & Loy, AR Y a offE (F—R—FANRT 7
A VARES) IZIFENTWD Z EREE L., KIS U T PythonD ARG #E L7 HHED T
D8, HEEEDH DO TR 2B M2 W 5.

No prior knowledge on Python programming is assumed, but basic computer skills (e.g.,
keyboard-input and file operations) are desirable. Various useful tips on Python will be
provided for the supplement. Serious efforts are expected, as the class progresses fast.

1B ORERBIX, 4 5FMOFEEZVNELTINEL > TR T 2 Z L 2FEL LTWET, 1 HADERIZ
WE L 22 5 HER O B 2%, T35 - %) 1220 Tix 1 5~ 3 O R0 3EE L O ERRSVAE (7 - 13
72E) 30~15KFH, [FBR, FEROFERE] 2OV TIE3 0~ 4 5K ORER LORERHNAE (TE - &
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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Introduction to algorithms for machine learning

D HH) & EE/Object and Summary of Class

HHY :

BB TSN D 7T ZLAICHOWTHEY, HifE2ED D.

REZE

BB I RIS E B SN TE Y, BEFO 747 7 U E LA T HIEEEC S @IS E 208 T
LRIV EL. TiE, FOIFAT7 TV ORTIEERIZED L5 REEBITOALTNLHDT
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E3c

Object:

In this course, students will learn about several algorithms used in machine learning.
Summary:

Machine learning becomes an increasingly important topic of artificial intelligence. There exist
many machine learning libraries which are used by not only experts but also beginners. So
what kinds of algorithms are actually performed in that library? In this course, students will

learn several algorithms that are important for making better use of machine learning.

HEDEE B IE/Goal of Study

B E Ik D 2 & RN E3D D Z L S,

PR DR R 2 WU R < B Z 5.

BT EHOT N ALEHTFETH LT, K0 @R E OB A2 85T 2.
Learn what machine learning can do and what it cannot do.

Learn how to understand the results of machine learning.

Acquire more advanced machine learning techniques by learning algorithms.

NG - J51E EHEE T E/Contents and Progress Schedule of the Class

Google Classroom i L 7.

This course uses Google Classroom.

BEEDFRRE : ~AT Y v R

X COZ A AL LETR, A7~ ROBEPIEEC L > THSICR 2 25 m e bt L E 7.
SR TR ORI RS H & TlZGoogle Classroom | ZH8#L L £ 9.

Class format: hybrid

An in-person class is the basic method. However, other forms of attendance (e.g. on-demand video
viewing) will also be provided.

Details on how to take the course will be posted on Google Classroom by the first day of class.
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1. Machine learning and algorithms
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2. Classification 1 (linear classification)

3. Classification 2 (support vector machine)

4. Regression 1 (linear regression)

5. Regression 2 (logistic regression)

6. Classification 3 (decision tree and random forest)

7. Classification 4 (MT method and k-nearest neighbor)

8. Clustering 1 (hierarchical method)

9. Clustering 2 (non-hierarchical method)

10. Natural language processing 1 (morphological analysis)
11. Natural language processing 2 (Kana-Kanji conversion)
12. Validation (accuracy, recall and precision)

13. Deep learning (Neural network)

14. Reinforcement learning (Dynamic programming and Monte Carlo methods)

15. Summarization

kR 5/ Evaluation Method
RO T 5 I = b= 3— 1 50%
2~ 3[EHEEND LA — NS : 50%

Minute paper to be submitted after each class: 50%

Report assignments to be given two or three times: 50%

HRER L UOSEE/Textbook and References
FRLE  HeE T LT XA, SREE, SFHIR, 2021, 978-4-320-12517-9
BhHEURL

RSN & Preparation and Review

RERHEIIROENTNDDOT, BEFENEZEIIRD., BREST vy Fu—Fahbil®k/ — b &

MR8 L, TH-EETDLZ LTS, F, BESCTEELRT.

The session time is limited and therefore self-directed learning is important. Students should be




required preparetions and reviews using a textbook and lecture notes. Some assignments will

be provided when needed.

Z Offt/In Addition

b= A AN F I 1RO Y

REPTNOTHEMT L Z LA HERD. A— /L TOEMbERZ T 5.

Math and programming skills are not required.

Questions are accepted at any time in class. Students also can e-mail their questions.

1 BN ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z & 2FEHEL LTWET, 1 BiZoERIC
WE L 22 5 HER O B 2%, T3EFE - %) [2o0Tid 1 5~ 3 O Mo L O ERRSNAE (78 - 13
72E) 30~15KH, [FER, FEHROEHL] (220 TIE3 0~4 5K ORER LOREREINAE (TE -4
EHpr) 15~0MTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.




RERE4 - BT/ Credit(s) | fHM4ZHEL -
FEAIREAR - E 1T 2 R A ArlE o TEEEETR
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % MR 5k

P22 H/Class Subject
FLERAIREAR T 1T

Practical Machine Learning 11

D HH) & EE/Object and Summary of Class
TNTHIRE] & X2 D FBHANTO—2>Th DM T T OV TH 5.

7S ARY T EEEE, bR EICoNT, FEINL LRSIV AT ARERL, EF—
BT AR EE L TCEDOT vy AR RS, T/ T ASiEPython DA LEHEST 5T 4 7
Z VDN b TEST 5.

The purpose of this course is to study Machine Learning, an important sub-area of Artificial
Intelligence. This course is designed to help students understand some key technologies such as
clustering, deep-learning, and reinforcement learning, through the process of applying them for

actual data and developing Systems.

HEDEE HAZ/Goal of Study

b7 0 IR S\ 5 & AIRRIC, 57— 5 ARG 12417 5. Python =it CHAH AL
BT 7 ARETHLOTRY, T4 77 VOMENERLND X975,

Students will acquire basic knowledge on machine learning and basic skills on data processing.

Students will be also able to read and write Python programs and modules.

FENE - J715 EHEEE T E/Contents and Progress Schedule of the Class

Google Classroom (28> TH > T A VEUET 2ENEZEES 2 .02 LT, Google Colaboratory 7 V=i
EATUNRDS DIRZEA D TS

e ceayni]

A bRZ vy, FEEONE L BT
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IIAZY T WEER Y T ALY T

e FEESETT 2O D Eigs

WETE . Nuy 77Ty NeBHIAHR=a—T Ry NT—7

RIETE  FEBEHDOET N AAE ST T

WY BAAR= 2 —T Ry NT—7 OFEOM X

Y - el
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14. ML R LEEE
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This is a practice-centered course, using Google Colaboratory. Teaching materials are provided via
Google Classroom.

The contents and schedule are as shown below.

Introduction and preparation.

Clustering: clustering on Iris data

Clustering: k-means clustering

Clustering: hierarchical clustering

Deep learning: recognizing hand-written digits

Deep learning: drop-out and convolutional neural networks

Deep learning: prediction with pre-trained models

Deep learning: components of convolutional neural networks

© ©® =N o gtk w o

Deep learning: transfer-learning

—
e

Deep learning: variational auto-encoders

—
=

Deep learning: optimization, logistic regression, back-propagation

—
po

Reinforcement learning: Q-learning for solving mazes

—
w

Reinforcement learning: Q-learning for control

—
L

Deep reinforcement learning

15. Concluding remarks

&R 7/ Evaluation Method
HEOELEL, BLOLAR— FORNE TEHT 5.

Evaluation is performed comprehensively based on the progress of exercises the submitted reports

HPER X %%/ Textbook and References
ESHEURL

RIS & Preparation and Review

Google Classroom CHELE S5 BT A M ZHIE L 2036, HEMEE N T LR — b ZEETEN
TOHMENDD.

Students are required to watch video teaching materials provided via Google Classroom, and

submit class assignments every time.

% Of/In Addition

MEERMI T E 1) DA THDH I e ahifed L TREZED D.
Students are assumed to have completed the course “Practical Machine Learning I”.
1HALORERHIZ, 4 5HOPELZLELTINEEL > THERT L2 EE2FHEL LTWET, 1 BZOERIC
WBE L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 R ks L ORRERESVAE (T8 - 15E
728) 30~15WMH, [FEBR, FEEHKOFEH] (220 TIE 3 0~4 5IEH O3 L ORERMAHE (T8 - 18
H7pL) 15~0mH<TI,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 W W prlE ERGEEIERT
BHEHA/ Term 1BEARE—

e H - 5%IF - (5 Day/Period/Place HiTHEA KFEH 1 3R

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(D) HAEA R A TR E LTOBL LML AR L, MUKW - 7TBRTED Y —v L -

AXNEBGTDH L.

(2) FHEBEORET) AIE M L MBRR FIEST — 2 B P2 P EERAHEM L, KRBT —2 25 L
ToHANICBE LT A Lo B, A TEL LI Y, SHIZENLIZEL TEERICTBIT S
T AL LI s 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
YR HEE A BT, CAUTTEDW TN - fTEIN TE 5 L 51T b 2 L.

- FHRBRFR A L DmEIREE - RTERAN TE D L0 1T p 2 k.

- T ABRER SIS T, KRBT — 4 LHGHROEARNBREHR NN TE L L2 b L bl 7—4
BEAZEES < EAMZBI U C AL OB, HWRTE L L 91Thb L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1. AV —vayv
2. A haXray
AW « VAT WO & A N —tF 2T 4
3. THT I « AF )N
TEREANC L2 HWAEFEDFEAR (2D 1)
4. THTI w7 « AF)U
TEHEHREANC LD FEFEORAR (2D 2)
5. 7T I v « A%
THEHREINC LD FAFEOFEAR (2D 3)

11



6. J—T v/ Ax)L
THH=IZB T HEE (ED1)
7. =)l s Ax)L
TBFHRHRIZBITHEE (D 2)
8 T T Iv s « AF NI
artaF—ate R (FD1)
9. THTIvT « AF)UI
aArtaT—ate RS (FD2)
10. 7THT Iy 7 « ZFI
ayvtar—afie Rl (F03)
11. 7Hh7 Iy 7 « A%
artaF—vatie R (FD4)
12. 7HT Iy 7 « ZF I
T—=H VT T— (ED1)
13. THT Iy 7 « ZF)II
TR VTT— (FD2)
14. 77 Iy 7 « AF)UIL
TR VTFT— (£D3)
15. 77 I w7 « AU
T VT T — (ED4)
1. Orientation
2. Introduction
Basics usage of information systems and cyber security issues
3. Academic skill I
Basics of intellectual production assisted by information technology(part 1)
4. Academic skill I
Basics of intellectual production assisted by information technology(part 2)
5. Academic skill I
Basics of intellectual production assisted by information technology(part 3)
6. Social skill
Responsibility in the information society (part 1)
7. Social skill
Responsibility in the information society (part 2)
8. Academic skill 11
Computational thinking (part 1)
9. Academic skill IT
Computational thinking (part 2)
10.Academic skill IT
Computational thinking (part 3)
11.Academic skill IT
Computational thinking (part 4)
12.Academic skill ITI
Data literacy (part 1)

12




13.Academic skill 11T
Data literacy (part 2)

14.Academic skill ITI
Data literacy (part 3)

15.Academic skill ITI
Data literacy (part 4)

AR 1/ Evaluation Method
AR 2 LaR— b @EIETIISEREE) LHEZE~OHRIL (RR20%) & AREZRHEd 2.
Evaluation will be made by the two-or-three term assignments.

The attendance will be taken into consideration up to 20%.

HFER L U5 E/Textbook and References
BEE  arCaT—va AR, BNTEE], INRIST, B, BN, SR, 2016,
978-4-320-12398-4
BEE EHWELr —AAZ T 4, WATER, A = Atk 2008, 978-4-7819-1198-4
BEL BELLTOT—FH A X, WHE—, JIIFFEES, 2RO, FAME, HEATE, IR, fin
Mz, U7, e, , 978-4-06-523809-7
BEURL
MEERELH BhEfE R https+/olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

RSN FE Preparation and Review

c RETIRR SN OB A, AT 52 L.

s A NR—X 2 VT CPython7' 0 77 2 7, T —X B0 N LHBEICEE T D miBh#br 2 58
MERE LTRIAITE 2. FIAFEITERRERPICHP SN D.

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

- Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Ofth/In Addition
c SRR R I E R A AT D . FiAREEHIISTU/DCXGoogle Classroom72 &% L CAFT
HTZEMWTES.
AFFEC OO TIIFERRFR T IZHAT 5.
s AT 4 AT U—ITRRCERT 0, BRI A — VS TR B,
- RERFF LSS CEINZRE BN H D25 81%, v VT AT 4 THEN RIS 57 7 =h L
TYAZ S MIHKRTHZ N TE S,
- KZBHO [HIEKID) BELO THILKIDSNZAT — K| ZERLTEBL 2 & WIERETHHTS) .
+ Handouts will be given in the lectures if necessary.
They are available also in ISTU/DC or Google Classroom, the instructions to obtain them will
be given in the lectures.
- No office hour is specified. Queries are accepted through emails.
+ Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of the Multimedia

13




Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1 B ORERBIX, 4 5FMOFELZNELTINEEL > THRT D2 Z LA FEL LTWET, 1 HADERIC
MBE LI D HERR O B2, 56 - 5 oW TiE 1 5~ 3 O R o3l L ORI 2E (78 - 15E
7E) 30~1 5K, [FB, EHROEH 2OV TE3 0~4 5RO L ORERRSNAE (78 - 1E
FHig L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.

14




RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 2 EE PR HERESERER
BHEHA/ Term 1BEARE—

e H - 5%IF - (5 Day/Period/Place HiTHEA KFEH 1 3R

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(D) HAEA R A TR E LTOBL LML AR L, MUKW - 7TBRTED Y —v L -
AXNEBGTDH L.

(2) FHEBEORET) AIE M L MBRR FIEST — 2 B P2 P EERAHEM L, KRBT —2 25 L
ToHANICBE LT A Lo B, A TEL LI Y, SHIZENLIZEL TEERICTBIT S
T AL LI s 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
YR HEE A BT, CAUTTEDW TN - fTEIN TE 5 L 51T b 2 L.

- FHRBRFR A L DmEIREE - RTERAN TE D L0 1T p 2 k.

- T A BB RIC B o C, KT — 4 LRETROEAR LRI TE D L O d L L b, T—4F
FAZED S HAMZBE U C AR L OB, W cE b Lok n 2 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1. AV —vayv
2. A haXray
AW « VAT WO & A N —tF 2T 4
3. THT I « AF )N
TEREANC L2 HWAEFEDFEAR (2D 1)
4. THTI w7 « AF)U
TEHEHREANC LD FEFEORAR (2D 2)
5. 7T I v « A%
THEHREINC LD FAFEOFEAR (2D 3)

15




6. /—I v/l Ax)L
THH=IZB T HEE (ED1)
7. =)l s Ax)L
BRI BITHEE (D 2)
8 T T Iv s « AF NI
artaF—rate R (FD1)
9. THTIvT « AF)UI
aArtar—atie R (FD2)
10. 7THT Iy 7 « ZFI
aytar—afie R (FD3)
11. 7Hh7 Iy 7 « A%
artaF—atie R (FD4)
12. 7HT Iy 7 « ZF I
T=H VT T— (ED1)
13. THT Iy 7 « ZF)II
T—=HVTT— (FD2)
14. 77 Iy 7 « AF)UIL
T—H e VTFT— (£D3)
15. 77 I w7 « AU
T VT T — (ED4)
1. Orientation
2. Introduction
Basics usage of information systems and cyber security issues
3. Academic skill I
Basics of intellectual production assisted by information technology(part 1)
4. Academic skill I
Basics of intellectual production assisted by information technology(part 2)
5. Academic skill I
Basics of intellectual production assisted by information technology(part 3)
6. Social skill
Responsibility in the information society (part 1)
7. Social skill
Responsibility in the information society (part 2)
8. Academic skill 11
Computational thinking (part 1)
9. Academic skill IT
Computational thinking (part 2)
10.Academic skill IT
Computational thinking (part 3)
11.Academic skill IT
Computational thinking (part 4)
12.Academic skill ITI
Data literacy (part 1)

16




13.Academic skill 11T
Data literacy (part 2)

14.Academic skill ITI
Data literacy (part 3)

15.Academic skill ITI
Data literacy (part 4)

AR 1/ Evaluation Method
AR 2 LaR— b @EIETIISEREE) LHEZE~OHRIL (RR20%) & AREZRHEd 2.
Evaluation will be made by the two-or-three term assignments.

The attendance will be taken into consideration up to 20%.

HFER L U5 E/Textbook and References
BEE A CaT—a R T, BNFE], INRIY, FAERE, BIEME, SRZHIR, 2016,
978-4-320-12398-4
BEE EHWELr —AAZ T 4, WATER, A = Atk 2008, 978-4-7819-1198-4
SEE HELLTCOT—F A A, NHE—, RGeS, 000, AARNE, HEATE, TS, Bl
e, L7, FERReL, , 978-4-06-523809-7
Bh#EURL
MEERELH BhEE#  httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent

Information on the class can be found in  https:/olg.cds.tohoku.ac.jp/jkisoforstudent.

RSN FE Preparation and Review

c RETIRR SN OB A, AT 52 L.

s A NR—X 2 VT CPython7' 0 77 2 7, T —X B0 N LHBEICEE T D miBh#br 2 58
MERE LTRIAITE 2. FIAFEITERRERPICHP SN D.

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

- Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Ofth/In Addition
c SRR R I E R A AT D . FiAREEHIISTU/DCXGoogle Classroom72 &% L CAFT
HTZEMWTES.
AFFEC OO TIIFERRFR T IZHAT 5.
s AT 4 AT U—ITRRCERT 0, BRI A — VS TR B,
- RERFF LSS CEINZRE BN H D25 81%, v VT AT 4 THEN RIS 57 7 =h L
TYAZ S MIHKRTHZ N TE S,
- KZBHO [HIEKID) BELO THILKIDSNZAT — K| ZERLTEBL 2 & WIERETHHTS) .
+ Handouts will be given in the lectures if necessary.
They are available also in ISTU/DC or Google Classroom, the instructions to obtain them will
be given in the lectures.
- No office hour is specified. Queries are accepted through emails.
+ Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of the Multimedia

17




Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1 B ORERBIX, 4 5FMOFELZNELTINEEL > THRT D2 Z LA FEL LTWET, 1 HADERIC
MBE LI D HERR O B2, 56 - 5 oW TiE 1 5~ 3 O R o3l L ORI 2E (78 - 15E
7E) 30~1 5K, [FB, EHROEH 2OV TE3 0~4 5RO L ORERRSNAE (78 - 1E
FHig L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 AR TS - EESRIETR
BHEHA/ Term 1BEARE—

e H - 5%IF - (5 Day/Period/Place HiTHEA KFEH 3 FERE

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

() BFHROBFZLEHMNOOT T a—FIck D, RFEEL LTOERNRT HTI v « AX LV
(R

2) FFERIALRICEZLZTRE L TCORMTLMEEEZ AR L, WUNHIW - TERTX DY —T %L -

AXNEETDHI L.

(3) FHEMEDRE) AVEH LI MBERRFIEST — 2 B P2 P EERTEM L, KB T — 2 251 L
7ML C AR R L OB, N TEL L5120, SHIZENLIZEL TEMESEIZHIT D
EE R Lo d b,

(1) Acquire the university-level academic skills through information science and technology.

(2) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(3) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEE HZ/Goal of Study

- AT ATE ] U7 AR 22 R AR PETEENAN FTREIC 72 D 2 &

- AR PR TRAIC K HimBIREE - RS TE D KO 1T b T L.

- T A BEERICH o T, KRBT — 2 LFGETEOEANRIR A TED L DI D L L b, 7T—4F
ATEES < BB U CARI UL OB, A TE A X 0T b T L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

* Become able to utilize the information technology for intellectual and productive activities

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FENE - J715 EHEEE T E/Contents and Progress Schedule of the Class
1. AV F—var
AEFRONAECEET DR, SR UERR L
2. T AT LOIERE
RFWAFR— R GERES AT b, B A/ &) (BT 2 Hfas & B EE
3. TAT I v « Z3)b (TEHEAN & DHAYAEREDHA))
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ICT> — /v i 451
4. THT Iy 7 « 2%V (IFEHEAMZ K 2 H0VAERE D EA(2))
ICTY—NVEAWE=TF—Lba a=lr— g L OFE
5. THT I w7 « Ax /L (IFHEANIC K D HHAFEDEA(R))
KT — %2, ATEAR DT — & BREPR2 361 218 4
6. V=L s 2% (FlFERIZIT 2 FH1)
YA —tF =2 U T o EREITOZLE AN & falfart:
7. V=¥ s 230 (FFHERICERT 2 712)
TR B E Y & EnAR PEME
8. AT X« 23/ T GHRHKIC & 2 RTEAFR O HAED))
Pythonflitk 7' ve 77 I > 7 5 LR, AHLD
9. AR - 231 T GIARRIC & 2 RO L))
Python#/lfk 7" 00 7' X > 7 ASALERL & G043
10. A =2 - 2300 T GHRBT X 2 RIEAER D FL7E(3))
Python®Wlith 70 7’7 X v 7t (RN 7 — 2 Al
11 A =R - 230 T GHERIC K 2 RO JEE(4))
Pythontlth7'v 77 X 7t Bk & Fmind - T afE
12. A=A« 2L 1 (F—ZREOIERE))
Python % FV /= SEa U (1): FEARM 2kt
18. AR« 2% )L [ (F—ZREOEREQ))
Python % oSG HUEREE(2): F27— & 2RI U 7o e s
14, AR« 2%V [T (F—ZEFEORRES))
Python % IV - #t3 MOUEREE(3): S27— & 2RI L 7-#s g
15. PA T A« AL 1 (T —FRHEOIHEW4)
T —ZBFOMEL L A ORYE
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Academic Skill (Basics of intellectual production assisted by information technology(1))
Practical examples of the use of ICT tools
4. Academic Skill (Basics of intellectual production assisted by information technology(2))
Methods of team communication with ICT tools
5. Academic Skill (Basics of intellectual production assisted by information technology(3))
Practical examples of large-scale data and Al in the today's data-driven society
6. Social Skill (1)
Cyber security: security and risk on the information technology
7. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
8. Science Skill I (Problem-solving through computer science (1))
Python programming for beginners: variables, input-and-output

9. Science Skill I (Problem-solving through computer science (2))

20




Python programming for beginners: loops and branches
10. Science Skill I (Problem-solving through computer science (3))

Python programming for beginners: a few representative data structures
11. Science Skill I (Problem-solving through computer science (4))

Python programming for beginners: functions, recursions and exercise.
12. Science Skill IT (Basics on Data Science (1))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (2))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (3))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (4))

Eithics on data science and technology, and related issues on the real-world

iRt/ Evaluation Method
FEIZRT D LR — FGEEB0AD EARFZEA~DBAIRIU20,0) DA FH100,5% SR ZFHl S5,
Final homework assignments: 80%

Participation in class: 20%

HFER LU 5 E/Textbook and References
BEE  avvaT—vat e kT, BOFE, NI, BT, BN, SLIHR, 2016,
978-4-320-12398-4
BEE EHWELr —AAZ T 4, WTER, AT X, 2008, 978-4-7819-1198-4
2EE R LTOT—F A A, WHE—, IIRFEEE, 22000, F/ARME, HEATE IR, fin
Lz, AL, GERAE, 2021, 978-4-06-523809-7
Bh#EURL
MEEE H Bh#EfE iR httpsi//olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

RSN & Preparation and Review

c RETIRR SN DHREITHY M2, R 2RI 52 &

s AN—tF 2T o XPython7 0 /7 I 7, F— 2RO N THGEICET 2 MiBh#k 2 A &
MERE LTRIAITE 2. FIAFEITERRERPICHP SN D.

- Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

- Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% DOfh/In Addition

c R TPIOE EEE BT S, BT EEHIISTU/DCXGoogle Classroom7s & % i L C AT
HZEWMTED.

AFFEZOWTUIHERRF M PIZET 5.

s AT 4 AT T IR T R BRI A —VETRTAT 5.

- BRI LIS CHEUNI AR BRI B A AT, YAV TF AT 4 THBEWN B EE T 5277 =L
TYUARZ Y MIMRT L ENTE D,
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- HZBHO THILKID) BELO THAELKRIDSZAT — K| ZER LT 2 & WIERETHHTS) .
- Handouts will be given in the lectures if necessary.
They are available also in ISTU/DC or Google Classroom, the instructions to obtain them will
be given in the lectures.

+ No office hour is specified. Queries are accepted through emails.

+ Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of the Multimedia
Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1B ORERBIX, 4 5FMOFEEZVNELTINEL > TR T 2 Z L2 FEL LTWET, 1 HADERIZ
VB L 72 B BRI O 2%, TlE% - T ICoW T 1 5~ 3 O R0k L ORI 2E (78 - B5Y
72E) 30~1 5, [FBR, EEHEOERL 1O TIE3 0~4 5RO L ORERRS2HE (75 - 14
FHp L) 15~0mHETY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 FEs = g A =P A
At H—
BHEHA/ Term 1BEARE—

g H - 5%KF - 22 Day/Period/Place BIH ©MER 1R

P22 H/Class Subject
1 & 7 — % O

D B & EE/Object and Summary of Class

(D) FHFRARICEZLZTRELTCOFERMLLMELAR L, WUIHW - TN TEH Y —v L -
AXNEEETH L.

(2) HEMORE ZTEA LI MBI FIESCT — A B2 RSB R B L, KT — 2 2 FH L
T8I B U C AL oBfE, HEATEHL91C70D, EHICENLICEH L TEERICBIT S
A T L olchbs 2 b,

HEDEEHF/Goal of Study

YR HRR A FTOF, EAUTIESWTEUNHIE - 7B TE 5 L9125 2 L.

- FHRBERI PR TREIC L DmBRRIEE - RN TE D Lo IC D T k.

s F— BRI B o T, KT — % LR ROEANZREIRO N TE L L I1CRh b E L bic, T—4
BHAZEES < BB U C AL OBE, RN TE DX o1 b L.

NG - J51E L T E/Contents and Progress Schedule of the Class
1. AV Fr—av

RFRONKFICEET AR, BRSO &
2. [EHL AT LD KLAE

RFRIERT— R GEREV AT A, T A /L7 &) (2B 5 IR & R
3. Vvl s AF)L (IFRAERICRT 2 EB()

YA N—tF 2 VT 1 fHEREIROZ 2N & Rk
4. V=)L« A%V (FFRHERICBET 5 F12)

TR BEEES & AR PERE
5. YA TR« 2%/ T GHEMIC X 2 MR O HLRE(D))

AU aT—vatub s XU RO X DRI EE & Rl
6. FA A« 2L T GHRBEIC X 2 IEHER O EAE2)
PythonWik 701 7' 3 o 7t 25 RN, A
T AR« 2% T GHEIC X2 MR OILRES3))
Python®l#k 7" 01 7' X 7% AEALER & 5045
8 AT LA« Ax /L T GHEMIC K DRI OHLHE4))
Python®llfk 7' 10 7' 2 o 7 (RE 727 — 2 ik
9. AT A« ZF/L T GHEMICZ K DRI HHHEG))
PythonWth 7" vt 7’7 2 > 7 Bk & Fmtid
10. A =R« A% T GHRFEIC K 2 RREfRR O HRE6))
R
11. A =2 R « 230 I (F—E2 B0 EREQD))

KT —%2, ATEAOT — & BREFRG SIS 1551
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12. A =R « 230 I1 (F—2 B0 ERED))

Python% FA\ =R HUBEE (1) B 7ekiat &
18. AR« 2% )L 1 (F—ZRFEOEREQ))

Python % V= fEa HUWBREE(2): 327 — % ZFH U= #iiuBisss
14. PA TR« 2F L 1T (F—FREO L)

Python% FHV - HOUEREE(3): 527 — & ZFIH L= fistuisss
15. A =2 R « 230 I (F—2BEOEREB))

T — A BROMGEL L AL O

R 1/ Evaluation Method
PUEICKT D LAR— N QIElE7II3EFEE) LIFEA~OHERN (5R20%) % SR CRHnd 5.

HREB LU SEETextbook and References

SEE . aLEaTr—vaf s VXY, BENFE], INRIIY, FRAEHE, FISERE, HSTHIR, 2016,
978-4-320-12398-4

SEE AFRGI — AR Z T 1, FRER, A = A%, 2008, 978-4-7819-1198-4

BEE YR LTOT =AU R, Bl LCOT—Z A T A, ifiiktt, 2021, 978-4-06-523809-7
Bh#EURL

PR ISN (& Preparation and Review

c BETERSINDIEICH A, R ZRINTHZ L.

s A NR—F 2 VT ¢ Python7 1 /7 27, F—2 R0 N THEEICET D 4iBh R 2 5B
HERE LTRIHTE 5. FIREEERFR I SN 5.

% OAthi/In Addition

CEERETPICEEER AR TS, B EEHIISTU/DCR Google Classroom7¢ &% i L CA T
HZENTED. AFHIECOW TR AT 5.

c F T 4 AT U—IIRHERT 2. BRI A -V ETRIIMT D,

 FRERF LA THEIN R BN H 2B A%, SATF AT 4 THBEN RIS WEET 57 7 =L
TYAL Y MIHRT D ZENTED.

*FHEO THIEKRID) BEO THRAEKRIDAAT — ] 2R L TH< 2 & (WE¥E TR %)
1 B OBERBIX, 4 5FFHOFEZLEL T INEZ b THINT 2 Z &2 FHEE LTWET, 1 B OERIC
MBE LI D HERR O B2, 56 - 5 oW TE 1 5~ 3 O Mol L ORI 2E (78 - 15E
7E) 30~15WM, [FEB, EHROEH 2O TE3 0~4 5ROEES L ORERRSN2E (78 - 18
FHig L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 PRI EHiER TR TEEEEA TR
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A MR 1A

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(D) HAEA R A TR E LTOBL LML AR L, MUKW - 7TBRTED Y —v L -

AXNEBGTDH L.

(2) FHEBEORET) AIE M L MBRR FIEST — 2 B P2 P EERAHEM L, KRBT —2 25 L
ToHANICBE LT A Lo B, A TEL LI Y, SHIZENLIZEL TEERICTBIT S
T AL LI s 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
YR HEE A BT, CAUTTEDW TN - fTEIN TE 5 L 51T b 2 L.

- FHRBRFR A L DmEIREE - RTERAN TE D L0 1T p 2 k.

- T A BB RIC B o C, KT — 4 LRETROEAR LRI TE D L O d L L b, T—4F
FAZED S HAMZBE U C AR L OB, W cE b Lok n 2 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1. AV —vayv
TR ONKEICBET DR, SRS O/ &
2. THH AT LOHLE
REARGHR—E R GEREL AT &, &A1 A—/L72 E) (TRET 5 Bk & s
3. V=)L s A% (R BT 5 E)
PAN—tF 2 VT 1 (FREINOZL N & faliiE
4. V=¥ - A% (ISR 25 T2)
THHBEREVE T & AR EME
5. AT A - 230 T GHAEMIC X 2RISR O EHE1))
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artar—vati s xR U FHRERTOREIC L D 5EREE & TRk
6. P AT X« 23/ T GHRHIC & 2 RSO ILEQ2))
Python®With 70 7’7 X v 7 288 RS, A
T HA X« 230 T GHREIC & D RTEAER O HAER))
PythonWith 7" v 7’7 X > 7 [AEMWER & S5
8 AR 2L T GIAMC X 2 R0 KA 4))
Pythontllfk 7't 7' 2 v 7 (R0 7 — 2tk
9. FA T« 2L T GHRHIC & D RTEAFER D ILEB))
Pythonfllfh 7" 01 77 X 7 BAEL & Fmieies
10. YA =R - 230 T GHREREC K 2 BRI O JEE6))
R
11 A=A« 2L I (F—ZREOIEREQ))
KT — 2, AT DT — & BREVRA2 2361 218 FH =
12. AR« 2%V 1 (F—ZREOEEREQ))
Python % W o MBS (1) BT 2 kst &
18. PA =LA« AL T (F—ZRHEOIE®R))
Python % FV /= #ta MR (2): 27— & 2RI H L7 #s U
14, A=A« 250 T (T —FREEORME)
Python% FHU = #ita HABREEQ): 27— & ZFIH L7ofis HUs e
15. AR« 2%V [T (F— 2RO ERE5))
T2 R EOMmE & A OFE
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: a few representative data structures
9. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: functions and recursions
10. Science Skill I (Problem-solving through computer science (6))
Python programming for beginners: exercise on problem-solving by Python
11. Science Skill II (Basics on Data Science (1))
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Practical examples of large-scale data and Al in the today's data-driven society
12. Science Skill IT (Basics on Data Science (2))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (3))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (4))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world

pikERHI 5/ Evaluation Method
MEICT D LAR— b QEIE7CIFSEREE) L~ DHFIRIL (Fek20%) % b FHid 5.
Evaluation will be made by the two-or-three term assignments.

The attendance will be taken into consideration up to 20%.

HFER L U%BEE/Textbook and References
BEE AT —vativ e kT, BROFE], AINRIST, FAATEE, BN, SLIHAR, 2016,
978-4-320-12398-4
BEE AFRWEL — ARSI T 4, FRER, YA =Rtk 2008, 978-4-7819-1198-4
BEE HBELLTOT =2 A A, WHa—, JIIRFEEEL, 200, ARRE, HEATE TS, fin
Lz, UL, G, 2021, 978-4-06-523809-7
BEURL
M B BEhEfEE httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

RIS & Preparation and Review

CRETIRR SN DHREITH (A, R 2RI 5 2 &

s A NR— X2 T CPython7' 0 77 2 7, T—2 R0 N LHBEICET iR 2 54
MERE LTRIATE 5. FIRFEITHERERR P ICHA SN D.

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Of/In Addition
SRR ICE EE R A AT T 5. BAATEEHIISTU/DCX°Google Classroom7s &% L CATT
HZEWTEA.
AFITFEZ OV IR PIZH T 2.
s AT 4 AT T IRHCER T R, BRI A — VTR B
- FREFB LS TR RE RN S DA%, vV TF AT 4 THBEN LB 57 7 =h L
TUAL Y MIMHRT H I ENTE D,
- HZHO [HIEKRID) BEO THALKRIDNZA T — K| ZER L T 2 & WIERETHMTS) .
- Handouts will be given in the lectures if necessary.
They are available also in ISTU/DC or Google Classroom, the instructions to obtain them will

be given in the lectures.
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+ No office hour is specified. Queries are accepted through emails.

- Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of the Multimedia
Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 2 & 2EHEL LTWET, 1 BiZOERIC
WBE L 7o BHRERE O B Z21%, TR - 8 [CoWTiE 1 5~ 3 O KEf o ¥EER L O ERENZE (78 - B
7)) 30~1 5HEfHE, 5B, FEEHROEH] 2oV TIE3 0~4 5B oR¥ER L ORERTISZE (78 - &
BeL) 15~0KMTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 Sull R PR - TSR
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A M2 3Gk

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(D) HAEA R A TR E LTOBL LML AR L, MUKW - 7TBRTED Y —v L -
AXNEBGTDH L.

(2) FHEBEORET) AIE M L MBRR FIEST — 2 B P2 P EERAHEM L, KRBT —2 25 L
ToHANICBE LT A Lo B, A TEL LI Y, SHIZENLIZEL TEERICTBIT S
T AL LI s 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
Y722 F DT, FAUTEE SO TEUNTHIET - 7TERITE D L 01T D 2 L.

- FHRBRFR A L DmEIREE - RTERAN TE D L0 1T p 2 k.

- T A BB RIC B o C, KT — 4 LRETROEAR LRI TE D L O d L L b, T—4F
FAZED S HAMZBE U C AR L OB, W cE b Lok n 2 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

* Become able to handle large-scale data and basic statistic, and to make appropriate human-centered

understanding and decision in regard to the data-science-related technologies.

NG - J51E EHEE T E/Contents and Progress Schedule of the Class
1. AV —vayv
AEFRONAE T DM, FHREOUERR L
2. [EHT AT LD
RERAEHR—E R GEREL AT b, &A1 A—/L72 E) (TRET 2 Bk & Bk
3. Y=yl s A% (IFHHRICBT HE)
YA N —tF 2 VT 1 (FREINOL N & faliit
4. V= )b - A% (ERHERIZBT 5 EH2)
THHRBEHEVE S & AnM EME
5. AT A« Z%0 T GHAEMIC X 2 RSO EH#E(1))
AL Ty aF ) DR GRS ORRRRIC X DB EE L Rk
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6. A=A - 231 T GIARRIC & 2 REfRR O ()
Python®Wlith 70 7’7 v 7 288 RS, A
T HA T X« 2310 T GHREIC & 2 RTEAER D ILER))
PythonflJfk 7" 1 77 X 7 AEAER & Z0F5il5;
8. YA« 2%/ T GHRHIC X 2 RTEIRR O IEHE(4))
Pythonfllfk 7' 1 77 X v 7t RFER7e 7 — 2 Al
9. A=A - 231 T GHARRIC & 2 RO EHG))
Python®Wlith >0 7’7 X > 7 Bk & F)mtiis
10. A =2 - 2300 T GIHRRRC X 2 R 0 SL476))
R
11 A=A« 250 [ (F—HREOIEQ1))
KT — %2, ATEAR DT — & BREPR2 361 218 FH 4
12. AU A« AL 1T (T4 REOEHEQR))
Python % FV o MBS (1) AR 72 fiE &
18. AR« 2%V 1 (F—ZREOEERES))
Python% i HUEREE(2): F27— & 2RI L 7o e 93
14, PA TR« 250 [ (F—FFEEOHAE4))
Python % IV - #ts MOUERIEE(3): S5 — & 2RI L 7-#s U g
15. P A=A« AL 1 (F— 4 REOIEREE))
T — 2 BEOMmEL Lt ORYE
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: a few representative data structures
9. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: functions and recursions
10. Science Skill I (Problem-solving through computer science (6))
Python programming for beginners: exercise on problem-solving by Python
11. Science Skill IT (Basics on Data Science (1))

Practical examples of large-scale data and Al in the today's data-driven society
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12. Science Skill II (Basics on Data Science (2))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (3))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (4))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world

R 1/ Evaluation Method
FUEICKRT D LR— N EREA~DOHFERI (BeRk20%) % HAE R 5.

Evaluation will be made by the assignments. The attendance will be taken into consideration up to 20%.

HFER L U5 E/Textbook and References
BEE  avvaT—vat e kT, BIFE, NI, BOTEE, BN, SLIHR, 2016,
978-4-320-12398-4
BEE EHWELr —AAZ T 4, WATER, A = Atk 2008, 978-4-7819-1198-4
ZEE BELLTOT—F A A, NWHE—, IIRFEEE, 22000, F/ARME, HEATE IR, fin
Lz, AL, GERAE, 2021, 978-4-06-523809-7
Bh#EURL
MEEE H Bh#EfE iR httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

SN FE Preparation and Review

cRETIRR SN DHREITHY A, R 2RI 52 &

s AN—tF 2T o XPython7 0 /7 I 7, F— 2RO N THEEICE T 2 iBh#k 2 A &
MERE LTRIAITE 2. FIAFEITERRERTICHP SN D.

- Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

- Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Ofth/In Addition
c EREFRIOE EEE BT S, BEATEEHIISTU/DCXGoogle Classroom7s & % i L C AT
LI EWTES.
AFFEC OO TIIRERRFR T IZHAT 5.
s AT 4 AT USRS 20, BT A -V E TR B,
- RS CEIRB R ERIN S DAL, YV TF AT 4 THEN LIS BT 57 7 =h L
TYAZ S MIHKRTHZ N TE S,
- HZBHO THILKID) BELO THALKRIDSZAT — K| ZER LT 2 & WIERETHHTS) .
- Handouts will be given in the lectures if necessary.
They are available also in ISTU/DC or Google Classroom, the instructions to obtain them
will be given in the lectures.
+ No office hour is specified. Queries are accepted through emails.

+ Students can consult on the technical assistants on technical queries.
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The technical assistants are available at the IT Help Desk, the first floor of
the Multimedia Education and Research Complex.

- Students are expected to know their Tohokudai-ID and the corresponding password,
which will be used in the first lecture.

1B ORERBIX, 4 5FMOFEEZNELTINEL > THRT 2 Z L 2FEL LTWET, 1 HADERIZ
WE L 72 5 HER O B 2%, T35 - %) 1220 Tid 1 5~ 3 O R0 ¥d L O ERRSNAE (7 - 153
72E) 30~15KFH, [FBR, FEROFERE] 2OV TIE3 0~ 4 5K ORRER LORERHNAE (TE -4
FHig L) 15~0KRTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 Ml K— R BREERSEITR
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A M2 3Gk

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(1) B EHERICAEZLZTRE LTCOEMLE ML AR L, MUNTHE - /T8N T %

V=R AXRNVEBGETH L.

(2) FHEBEORET) AIE M L MBRR FIEST — 2 B P2 P EERAHEM L, KRBT —2 25 L
ToHANICBE LT A Lo B, A TEL LI Y, SHIZENLIZEL TEERICTBIT S
T AL LI s 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
YR HEE A BT, CAUTTEDW TN - fTEIN TE 5 L 51T b 2 L.

- FHRBRFR A L DmEIREE - RTERAN TE D L0 1T p 2 k.

- T A BB RIC B o C, KT — 4 LRETROEAR LRI TE D L O d L L b, T—4F
FAZED S HAMZBE U C AR L OB, W cE b Lok n 2 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber
security, to take appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1. AV —vayv
TR ONKEICBET DR, SRS O/ &
2. THH AT LOHLE
REARGHR—E R GEREL AT &, &A1 A—/L72 E) (TRET 5 Bk & s
3. V=)L s A% (R BT 5 E)
PAN—tF 2 VT 1 (FREINOZL N & faliiE
4. V=¥ - A% (ISR 25 T2)
THHBEREVE T & AR EME
5. AT A - 230 T GHAEMIC X 2RISR O EHE1))
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artar—vati s xR U FHRERTOREIC L D 5EREE & TRk
6. P AT X« 23/ T GHRHIC & 2 RSO ILEQ2))
Python®Wlith 70 7’7 I v 7 288 RS, A
T HA X« 230 T GHREIC & D RTEAER O HAER))
PythonWth 7" vt 7’7 X > 7 AEMVER & S5
8 AR 2L T GIAMC X 2 R0 KA 4))
Pythontllfk 7't 7' 2 v 7 (R0 — 2tk
9. FA T« 2L T GHRHIC & D RTEAFER D ILEB))
Pythonfllth 7" 11 77 X 7 BAEL & Fmieies
10. YA =R - 230 T GHREREC K 2 BRI O JEE6))
R
11 A=A« 2L I (F—ZREOIEREQ))
KT — 2, AT DT — & BREVRA2 2361 218 FH =
12. AR« 2%V 1 (F—ZREOEREQ))
Python % FV o MBS (1) BT 2 kst &
13. P A=A« AL T (F—ZRHEOIE®R))
Python % FV - #ta U E(2): 27— & 2RI H L7 #ts U
14, A=A« 250 1 (T —FREEORME)
Python% FHU = #ta HOUBREEQ): 27— & ZFIH Lo HUs e
15. AR« 2%V I (F— 2RO EREB))
TR EOMmE & A OFE
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: a few representative data structures
9. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: functions and recursions
10. Science Skill I (Problem-solving through computer science (6))
Python programming for beginners: exercise on problem-solving by Python
11. Science Skill II (Basics on Data Science (1))
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Practical examples of large-scale data and Al in the today's data-driven society
12. Science Skill IT (Basics on Data Science (2))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (3))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (4))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world

pikERHI 5/ Evaluation Method
MEICT D LAR— b QEIE7CIFSEREE) L~ DHFIRIL (Fek20%) % b FHid 5.
Evaluation will be made by the two-or-three term assignments.

The attendance will be taken into consideration up to 20%.

HFER L U%BEE/Textbook and References
BEZE  arBaT—vadi s Lok U, BNFER], INRIT, R, BSERE, HSZHRR, 2016,
978-4-320-12398-4
BEE AFRWEL — ARSI T 4, FRER, YA =Rtk 2008, 978-4-7819-1198-4
BEE HBELLTOT =2 A A, WHa—, JIIRFEEEL, 200, ARRE, HEATE TS, fin
Lz, L, Gt 978-4-06-523809-7
BEURL
M B BEhEfEE httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

RIS & Preparation and Review

CRETIRR SN DHREITH (A, R 2RI 5 2 &

s A NR— X2 T CPython7' 0 77 2 7, T—2 R0 N LHBEICET iR 2 54
MERE LTRIATE 5. FIRFEITHERERR P ICHA SN D.

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Of/In Addition

SRR ICE EE R A AT T 5. BAATEEHIISTU/DCX°Google Classroom7s &% L CATT
HZEWTEA.

AFITFEZ OV IR PIZH T 2.

s AT 4 AT T IRHCER T R, BRI A — VTR B

- FREFB LS TR RE RN S DA%, vV TF AT 4 THBEN LB 57 7 =h L
TUAL Y MIMHRT H I ENTE D,

- HZHO [HIEKRID) BEO THALKRIDNZA T — K| ZER L T 2 & WIERETHMTS) .
- Handouts will be given in the lectures if necessary.

They are available also in ISTU/DC or Google Classroom, the instructions to obtain them will

be given in the lectures.
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+ No office hour is specified. Queries are accepted through emails.

- Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of the Multimedia
Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 2 & 2EHEL LTWET, 1 BiZOERIC
WBE L 7o BHRERE O B Z21%, TR - 8 [CoWTiE 1 5~ 3 O KEf o ¥EER L O ERENZE (78 - B
7)) 30~1 5HEfHE, 5B, FEEHROEH] 2oV TIE3 0~4 5B oR¥ER L ORERTISZE (78 - &
BeL) 15~0KMTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
TG &7 — % O 2 USPLIIYN i T =
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A 2R 4 GEE

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(D) HAEA R A TR E LTOBL LML AR L, MUKW - 7TBRTED Y —v L -

AXNEBGTDH L.

(2) FHEBEORET) AIE M L MBRR FIEST — 2 B P2 P EERAHEM L, KRBT —2 25 L
ToHANICBE LT A Lo B, A TEL LI Y, SHIZENLIZEL TEERICTBIT S
T AL LI s 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
YR HEE A BT, CAUTTEDW TN - fTEIN TE 5 L 51T b 2 L.

- FHRBRFR A L DmEIREE - RTERAN TE D L0 1T p 2 k.

- T —HBERE R I o T, KT — 42 LREHREOEA LBV TE D L H1CRD L L b, 7—4F
FAZEED S HAMZB U T AR L OB, W cE D L o1k n 2 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1. AV —vayv
TR ONKEICBET DR, SRS O/ &
2. THH AT LOHLE
REARGHR—E R GEREL AT &, &A1 A—/L72 E) (TRET 5 Bk & s
3. V=)L s A% (R BT 5 E)
PAN—tF 2 VT 1 (FREINOZL N & faliiE
4. V=¥ - A% (ISR 25 T2)
THHBEREVE T & AR EME
5. AT A - 230 T GHAEMIC X 2RISR O EHE1))
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artar—vati s xR U FHRERTOREIC L D 5EREE & TRk
6. P AT X« 23/ T GHRHIC & 2 RSO ILEQ2))
Python®Wlith 70 7’7 I v 7 288 RS, A
T HA X« 230 T GHREIC & D RTEAER O HAER))
PythonWth 7" vt 7’7 X > 7 AEMVER & S5
8 AR 2L T GIAMC X 2 R0 KA 4))
PR 1
9. FA T - 2L T GHRHIC & SRR O ILEB))
Python®With 70 77 X v 7t (RFEW 727 — 2 A
10. YA =R - 230 T GHEHIC K 2 AR O JEE6))
Pythontlth7'v 77 X 7t Bk & Fmtind
11 PA T2 - 230 T GHRHC & 2 RTEAEI D ILRET))
[REAR R E 2
12. AR« 2%V [T (F—ZREOEERQ))
KEHET— %, AT DT — & BRER 2381 515 4
18. A =R« 2L 1T (F—FFEO Q)
Python% FHU = HABREE(1): B 7eiis &
14. A=A« 2L I (F—ZREOIEREQR))
Python% FHU = #ta HUBREE(2): 27— & ZFIH L7o s Hsses
15. AR« 2F%)L [ (F—Z RO EERE4))
T2 R EOMmE & O
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: exercise on problem-solving by Python (1)
9. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: a few representative data structures
10. Science Skill I (Problem-solving through computer science (6))
Python programming for beginners: functions and recursions

11. Science Skill I (Problem-solving through computer science (7))
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Python programming for beginners: exercise on problem-solving by Python (2)
12. Science Skill IT (Basics on Data Science (1))
Practical examples of large-scale data and Al in the today's data-driven society
13. Science Skill IT (Basics on Data Science (2))
Statistics through Python (1): Basic values on statistics
14. Science Skill IT (Basics on Data Science (3))
Statistics through Python (2): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (4))

Ethics on data science and technology, and related issues on the real-world

pikERHI 5/ Evaluation Method
MEICT D LAR— b QEIE7CIFSEREE) L~ DHFIRIL (Fek20%) % b FHid 5.
Evaluation will be made by the two-or-three term assignments.

The attendance will be taken into consideration up to 20%.

HFER L U%BEE/Textbook and References
BEZE  arBaT—vadi s Lok U, BNFER], INRIT, R, BSERE, HSZHRR, 2016,
978-4-320-12398-4
BEE AFRWEL — ARSI T 4, FRER, YA =Rtk 2008, 978-4-7819-1198-4
BEE HBELLTOT =2 A A, WHa—, JIIRFEEEL, 200, ARRE, HEATE TS, fin
Lz, L, Gt 978-4-06-523809-7
BEURL
M B BEhEfEE httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

RIS & Preparation and Review

CRETIRR SN DHREITH (A, R 2RI 5 2 &

s A NR— X2 T CPython7' 0 77 2 7, T—2 R0 N LHBEICET iR 2 54
MERE LTRIATE 5. FIRFEITHERERR P ICHA SN D.

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Of/In Addition
SRR ICE EE R A AT T 5. BAATEEHIISTU/DCX°Google Classroom7s &% L CATT
HZEWTEA.
AFITFEZ OV IR PIZH T 2.
s AT 4 AT T IRHCER T R, BRI A — VTR B
- FREFB LS TR RE RN S DA%, vV TF AT 4 THBEN LB 57 7 =h L
TUAL Y MIMHRT H I ENTE D,
- HZHO [HIEKRID) BEO THALKRIDNZA T — K| ZER L T 2 & WIERETHMTS) .
- Handouts will be given in the lectures if necessary.
They are available also in ISTU/DC or Google Classroom, the instructions to obtain them will

be given in the lectures.
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+ No office hour is specified. Queries are accepted through emails.

- Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of the Multimedia
Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 2 & 2EHEL LTWET, 1 BiZOERIC
WBE L 7o BHRERE O B Z21%, TR - 8 [CoWTiE 1 5~ 3 O KEf o ¥EER L O ERENZE (78 - B
7)) 30~1 5HEfHE, 5B, FEEHROEH] 2oV TIE3 0~4 5B oR¥ER L ORERTISZE (78 - &
BeL) 15~0KMTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 L WE prg . Tufseet
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A 2R 4 GEE

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(1) B EHERICAEZLZTRE LTCOEMLE ML AR L, MUNTHE - /T8N T %

V=R AXRNVEBGETH L.

(2) FHEBEDRES) AVEH L BRR FIEST — 2 B Pa P ERR AT L, KT —%

ZRIA LTI B U C AR R D OBRfE, HIMATE L 912720, SnicEnbIZBELT
FHRCBTLMEE AT X 01Tb 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
YR HEE A BT, CAUTTEDW TN - fTEIN TE 5 L 51T b 2 L.

- FHRBRFR A L DmEIREE - RTERAN TE D L0 1T p 2 k.

- T A BB RIC B o C, KT — 4 LRETROEAR LRI TE D L O d L L b, T—4F
FAZED S HAMZBE U C AR L OB, W cE b Lok n 2 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies

in today's data-driven society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class

1. AV —vayv

2. THHS AT LOHA

3. V=T /b « AX)L EHFEEIZBIT A ET (D [HFREAROFMEME & faliett: (A x—tF% a2 U7 ¢ LA
FAIPA PFEHESE)

4. V= )b« AF)V FEWERITBIT AETE @) VA —kX 2 VT 4 1B D5

5. A LA « AF)UL T —XFVFOFEREQ): 777 74

6. AU A« AL T—XFVFEOFERKR): 7T 74

7. AU A« ZAF)U FHEREIC L 2 RIEARR O ZE#EQQ): Python Wik~ 1 77 < o 7 (IR & 850

8 YA LU A« AF)U FHEHEIC X A RO FHEQ): Pythontlik 7' v 77 X 7/ (WHIE R & 225000
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9. A =LA« AU G K2 MREARR DO FREB): PythonWifh 7w 77 I o 7 (10 K L & 4318)
10. HA = R« AT G X 5 AR O FLR#(Q): Python®lifk 7" 1 777 X 2 70 IR L & Sl f0E
11 YA 2R - 2%V G C & 2 PR O J578#(5): Python#ifk 7w 777 < > 7 () A b & BIED
12. YA T A« AU FHEMEIC L 2 RIEARIR O FERE6): PythonWlik v 77 22 7(U A b+ & BEEOEE
13, A U R« AFNUL T —ZBFOIMEQ): 7 —H 53Hr
14. A TR« AR T —ZBFOIREL): 7 — 2 b
15. A TR« ZAFNUL T —ZBFOIHEG): 7 — & 532
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Discussion on Cyber security: security and risk on the information technology
5. Science Skill IT (Basics on Data Science (1))
Practical examples of large-scale data and Al in the today's data-driven society
6. Science Skill IT (Basics on Data Science (2))
Statistics through Python (1): Basic values on statistics
7. Science Skill I (Problem-solving through computer science (1))
Python programming for beginners: variables and input-and-output
8. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: variables and input-and-output (practice)
9. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: loops and branches
10. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: loops and branches (practice)
11. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: lists and functions
12. Science Skill I (Problem-solving through computer science (6))
Python programming for beginners: lists and functions (practice)
13. Science Skill IT (Basics on Data Science (3))
Practical training on visualization and analyses using real-world data
14. Science Skill IT (Basics on Data Science (4))
Practical training on visualization and analyses using real-world data (practice 1)
15. Science Skill IT (Basics on Data Science (5))

Practical training on visualization and analyses using real-world data (practice 2)

iRt 71/ Evaluation Method
I LAR— FOABFHR1008 2 B S D .
Homework assignments (4 to 6 times): 100%

AFRlER LU EE Textbook and References
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BhEURL
HiFen— & /L https‘//hackmd.io/@nagae/ICL_B_2022
MR B BEhEEE httpsi//olg.cds.tohoku.ac.jp/jkisoforstudent
Portal: https://hackmd.io/@nagae/ICL_B_2022
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent

RSN & Preparation and Review

c RETIRRSINDREICI Y A, AR ZRET 52 &,

A NR— X2 T 4 CPython7' 0 77 2 7, T—2F50 N LHBEICET iR 2 84
MERE LTRIAITE 5. FIRFEITHERERR IR SN D.

- Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Oh/In Addition
KA & EHIISTU/DCXGoogle Classroom’72 E#E L CAFTHZ ENTX 5.

AFHEZ DWW TITERR M T ICHT 2.

s AT 4 AT T IRHCERT R, BRI A — VTR AT B

- PREF LS TR RERN S DA%, vV TF AT 4 THBENERLIBSCFET 57 7 = h L
TYAZ L MIHKRT D Z N TE L.

- &£BHO THIEKRID) BEO THRALKRID SR T — K] g8 L TH< & WIERETHATS) .
- Handouts are available in ISTU/DC or Google Classroom, the instructions to obtain them will
be given in the lectures.

+ No office hour is specified. Queries are accepted through emails.

+ Students can consult on the technical assistants on technical queries. The technical assistants
are available at the IT Help Desk, the first floor of the Multimedia Education and Research
Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1B ORERBIX, 4 5FRMOFEEZNELTINEL > TR T2 Z L AFEL LTWET, 1 HADERIZ
VI L T2 B BRI O H2E,  T3EF% - THE ) I2oWVW L1 5~ 3 O RFf oz L OMRERRSV2E (7Y - BY
72E) 30~1 5, [FEBR, FEHEOERL T2 TIE3 0~4 5K OfRER L ORERRSAE (75 - &
FHipl) 15~0mFHETY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 ekl Bk, T B AT RS
SAFzeRt
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A AMER 25

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(D) HAEA R A TR E LTOBL LML AR L, MUKW - 7TBRTED Y —v L -

AXNEBGTDH L.

(2) FHEBEORET) AIE M L MBRR FIEST — 2 B P2 P EERAHEM L, KRBT —2 25 L
ToHANICBE LT A Lo B, A TEL LI Y, SHIZENLIZEL TEERICTBIT S
T AL LI s 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
YR HEE A BT, CAUTTEDW TN - fTEIN TE 5 L 51T b 2 L.

- FHRBRFR A L DmEIREE - RTERAN TE D L0 1T p 2 k.

- T —HBERE R I o T, KT — 42 LREHREOEA LBV TE D L H1CRD L L b, 7—4F
FAZEED S HAMZB U T AR L OB, W cE D L o1k n 2 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1. AV —vayv
TR ONKEICBET DR, SRS O/ &
2. THH AT LOHLE
REARGHR—E R GEREL AT &, &A1 A—/L72 E) (TRET 5 Bk & s
3. V=)L s A% (R BT 5 E)
PAN—tF 2 VT 1 (FREINOZL N & faliiE
4. V=¥ - A% (ISR 25 T2)
THHBEREVE T & AR EME
5. AT A - 230 T GHAEMIC X 2RISR O EHE1))
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artar—vati s xR U FHRERTOREIC L D 5EREE & TRk
6. P AT X« 23/ T GHRHIC & 2 RSO ILEQ2))
Python®Wlith 70 7’7 I v 7 288 RS, A
T HA X« 230 T GHREIC & D RTEAER O HAER))
PythonWth 7" vt 7’7 X > 7 AEMVER & S5
8 AR 2L T GIAMC X 2 R0 KA 4))
Pythontllfk 7't 7' 2 v 7 (R0 — 2tk
9. FA T« 2L T GHRHIC & D RTEAFER D ILEB))
Pythonfllth 7" 11 77 X 7 BAEL & Fmieies
10. YA =R - 230 T GHREREC K 2 BRI O JEE6))
R
11 A=A« 2L I (F—ZREOIEREQ))
KT — 2, AT DT — & BREVRA2 2361 218 FH =
12. AR« 2%V 1 (F—ZREOEREQ))
Python % FV o MBS (1) BT 2 kst &
13. P A=A« AL T (F—ZRHEOIE®R))
Python % FV - #ta U E(2): 27— & 2RI H L7 #ts U
14, A=A« 250 1 (T —FREEORME)
Python% FHU = #ta HOUBREEQ): 27— & ZFIH Lo HUs e
15. AR« 2%V I (F— 2RO EREB))
TR EOMmE & A OFE
St E OB RNELFRZEDOHEPPIRDUC L > THIEE OEENEFTF 2 AR T 556038 5.
B DFHERAFIZ DWW TUIFANCHEN DT T U AEATH 10, L<MEsT5Z L.
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: a few representative data structures
9. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: functions and recursions

10. Science Skill I (Problem-solving through computer science (6))
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Python programming for beginners: exercise on problem-solving by Python
11. Science Skill IT (Basics on Data Science (1))

Practical examples of large-scale data and Al in the today's data-driven society
12. Science Skill IT (Basics on Data Science (2))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (3))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (4))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world
The number of lectures and the order of the lectures may be changed depending on the students' level of]
proficiency and the progress of the lecture.

The contents of each lecture will be announced by the lecturer in advance.

iRt 71/ Evaluation Method
Kitige Cik SAVCARBEDRGHE & READSINLEE 2 B I 5.
The evaluation is based on the performance of the assignments in each lecture and the effort of the

students in the class.

HRLER L U535 E/Textbook and References
BEE A aT—vativ e kT, BRIFE, NI, BT, BN, SIHAR, 2016,
978-4-320-12398-4
BEE  ERWELr —AA ST 4, GO, YA = A4E, 2008, 978-4-7819-1198-4
BEE HBELLTOT =2 A A, WHa—, JIIRFEEEL, 2200, ARRE, HEATE IS, fin
HZ, AL, GERAE, 2021, 978-4-06-523809-7
BhEURL
&AL B Bl httpsi//olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

NIV F& Preparation and Review

c RETRRSINDHEICIY M1, RN T 22 L.

s FAN—t X2 VT 4 °Python7' 0 /T I V7, T—HFHEEO N THEEICE T 2 /Bh#Eh 2 18
MERE LTRIAITE 2. AR FEITHERRRTICHP SN D.

-+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Of/In Addition

c SRFFFEPICE EE R A AT 5. BB EHIGoogle Classroom72 E & L CAFTTHI ENT
5.

AFHEZ DWW TTESRR M I3 T 2.

s AT 4 AT T IRRCERT R, BRI A — VTR AT B

- FZEERFREILIAN CHANPIZRER DN & 2 56101%, ~ VT AT 4 THEWSHIEIEE T 57 7 =
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TYAZ S MIHKRT D Z N TE L.

- HZHO THIEKRID) BEO THAEKRIDSZA T — K| 2R L T 2 & WIERETHMTS) .

- Handouts will be given in the lectures if necessary.

They are available also in Google Classroom, the instructions to obtain them will be given in
the lectures.

+ No office hour is specified. Queries are accepted through emails.

+ Students can consult on the technical assistants on technical queries. The technical assistants
are available at the IT Help Desk, the first floor of the Multimedia Education and Research
Complex.
+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.
1B ORERBIX, 4 5FMOFEEZNELTINEL > THRT 2 Z L AFEL LTWET, 1 HADERIC
VB L 7 B BRI O H 2%, T3E3% - TE ) I2oWVW L1 5~ 3 O RFf oz L OMRERRSV2E (7Y - B5Y
72E) 30~1 5, [FEB, FEHEOEL 2O TIE3 0~4 5K OfER LORERRSHE (75 - #
FHip L) 15~0mHETY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.

47




RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 WA B PR tEETseR
BHEHA/ Term 1BEARE—

e H - 5%IF - (5 Day/Period/Place A KMEH 1 ERE

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(1) B EERIcAEZLZTRE L COBETEMEEZ AR L, @U2HW - fTER T Y —v v b -
AFNEBGT D,

(2) EY - ERICHEDLIH L LT, EPERE e U 72 Ui i 72 B IE 217 0 72 O FARH)
AXNEERT D,

(3) FHHEME DR ZIEH Lo MR FIESLT — A B2 PSS ERTIM L, KT — 225 L
T HATICE U C AR L OB - A TELLHIC2D, IHICENLICE L TEESITBITD
A YD L0t D,

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Acquire the basic skills to use medical information in a cross-disciplinary context as a
medical and healthcare practitioner.

(3) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEOEE HAE/Goal of Study

EREASICAEZ TR E LT, £mEREEGMME LT, HRaFNEN 5 L Combbl 7 mmbz &
(21, TAUTHEAS W TGN HET - FTENTE D & 51270 D,

- ARSI PR TREIC X DB - IR CE D K 9127 D,

« KHWET — % ORI EBIRNRNTE D L1270 D & L HIT, T —F OFGEHUIRHTIC IS T 418
L CARITLOBE, HEATE 5 & 912725,

- ICTHERDEMELTENTE D L & BT, BRI REGVAE Ul G Il 2ok & Lo,

s A H—=F v b EOWHRZEL BHEEIR L TEMT 2 2310, ICTH#EGZ MW TERIREE T2 A%
2B,

+ Acqure appropriate knowledge on information technologies and be able to make proper decisions and
take appropriate action based on the knowledge, as a citizen of the information society and as a highly
skilled medical professional.

* Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven
society.

+ Become able to operate and use ICT device and to take appropriate action when there is some problem
with the device.

+ Acquire the skills to correctly assess and use information on the internet and to use ICT devices to
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present information to others.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1. AV o75—Tay
FRFEDONAEI BT HMER, SRR L
2. fEHT AT LOFAE
RERRERS— X GRAES AT b, B A7 L) (ZBIT 2 JERERR & B RE
3. V=i s A% (FlHERIZIT 2 5H1)
YA N—F 2 VT 11 fHFREIFOZ M & i
4. V=) s 2% (IFHERITRT 2 BEQ)
TR B A & ENAR PEME
5. P AT X« 23/ T GHRHKIC & D RTEAFR O HAED))
ERTENZ IV D IFHEN - OTEH]
6. P AT - 2/ T GHABIC & 2RISR D ILRE?2))
FETRY 7 N OREARN B E L T — 2 55t
T P AT X« 250 T GHREIC & 2 RSO ILHE®))
FEtHEY 7 MK 2B OFIH & s Hlst
8. AT X« 2/ T GHRHKIC & D RTEAER D HE4))
TR Y 7 ML D~ 7 nOFIH & gL
9. AT - ZF/1 T GHRMIC & 2 RIS D ILHEG))
TR T =g YT MR LTAEIsZ DM
10. FA =X - 250 T GHREIC & 2 RTEER D HLEE))
TR T =g Y7 MR LT ERA R i s
11. AR« 2L [ (F—Z R0 RRQ))
Python#Jfk 7' v 77 X > 7t R ERASL, A
12. FA U A« AL 1T (T4 BPEOFEER))
Python Wik ~>" 11 7' 2 > 7 [AEMLER & 2545
18. P A=A« AL 1 (F—ZRHEOIRES))
Python % FV = e LERSES
14. PA U A« AL T (F—ZRHEEOIEA4))
KIWET— %, AT OT — & BRI 2350 1 351
15. P A oA« 250 [ (F—H RO IEEB))
T —ZBFOMPR L S ORYE
FHENRRNEFIIERE SN ENR DD, £z, o n FEGYEEOSIERIUT K-> T, B3 LOWGE
FHIEFEDER 2 E [T 5,
1. Orientation
Guidance on the topics of the class and preparation on the computers
Unless otherwise instructed, all students are expected to meet at the Multimedia Education
and Research Complex
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification and
the email, and basic instructions.
3. Social Skill (1)
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Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Use of informatics in healthcare field
6. Science Skill I (Problem-solving through computer science (2))
Basic spreadsheet software operation and data compilation
7. Science Skill I (Problem-solving through computer science (3))
Use of functions and statistical processing using spreadsheets
8. Science Skill I (Problem-solving through computer science (4))
Use of macros with spreadsheets and iteration processes
9. Science Skill I (Problem-solving through computer science (5))
Basics of using presentation software for communication
10. Science Skill I (Problem-solving through computer science (6))
Use of presentation software for effective communication
11. Science Skill IT (Basics on Data Science (1))
Python programming for beginners: variables, input-and-output
12. Science Skill IT (Basics on Data Science (2))
Python programming for beginners: loops and branches
13. Science Skill IT (Basics on Data Science (3))
Statistics through Python: Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (4))
Practical examples of large-scale data and Al in the today's data-driven society
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world

The content and order of classes are subject to change. In addition, depending on the spread of

COVID-19 and other diseases, changes in lectures and grading methods will be considered.

Rt 7/ Evaluation Method

AFRHEY, ERICHED D EEHEEN & LTEREN S, ICTOFRIAHRET L OSSR AR C s ik 5
RO A SERIA TN D, T OREITFER - FHRRETH D701, BHFFHII IR TORE~DH
JEEH ORISR 2 SR L L, AU CTIEZERE ORI B 0 R ot 7 & DSR2 k45
o EDWVSIE D TREBRITFER LoV, BEREIORESC, REZEHERED & 5551 AP AL B AR 7T D

RN 72 2 D TERE SV,

This course is designed to provide students

HFLER KLU 5 E/Textbook and References
BEE AFRWEL T — AR AT 4, FREML, YA A4k, 2008, 9784781911984
BEE R T 0T T~ =D OPython THEWETEKR T, BRANEBY,
9784822295912
BEURL

Mi5EAl B BhEfEE httpsi//olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

H#%BP, 2019,

RIS & Preparation and Review
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s MELNTG U, RETRRASNDBEICI M, AW ERET 2 Z L.

P ANRN—X 2 UT 4 °Python7'0n 77 I 7, T =R N THBEICET 2 HiBh#EM 2 85
MERE LTRIAITE 2, FIAFEITHERRFFRPICEHP SN D,

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% OAth/In Addition

WP AEORERIRE L, O BEITERD 2R,

R ICEEER AR T D, A EEHIISTU/DCR Google Classroom7¢ &% i L CATT
HTENTE D, NPHECZOWTIERERFMPIZHIAT 5,

AT 4 AT U= FRHIRT R, BRIEA = VE TR D,

- PR LA THAIN R BRI b 5 5581E, IV TF AT 4 THENEHLIEICEE 57 7 =L
TYAL Y MIHRT D2 ZENTE .

- HZHO THAEKRID) BEO THALKRIDSATV— R ZfEgR L T 2 & WIERETHRATS) |
+ This course is intended for dental students only and is not open to students of other faculties.
- Handouts will be given in the lectures if necessary. They are available also in ISTU/DC or
Google Classroom, the instructions to obtain them will be given in the lectures.

+ No office hour is specified. Queries are accepted through emails.

+ Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of the Multimedia
Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1 WAL OERERBIL. 4 5RO FEEZLELTINEE b o THERT 2 2 & 2FHEL LTWET, 1 BiZ0ERIC
VB L 7 B BRI O 2%, T3EF% - THE ) I2oW L1 5~ 3 O RFf 03 L OMRERRSN2E (7Y - B5Y
7)) 30~1 5, 5B, FEHROEH] 2oV TIE3 0~4 5B oR¥ER L ORERLIS2E (78 - &
EHpr) 15~0MTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 Ok e AT TR IR
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A KRR 2 5

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(D) HAEA R A TR E LTOBL LML AR L, MUKW - 7TBRTED Y —v L -
AXNEBGTDH L.

(2) FHEBEORET) AIE M L MBRR FIEST — 2 B P2 P EERAHEM L, KRBT —2 25 L
ToHANICBE LT A Lo B, A TEL LI Y, SHIZENLIZEL TEERICTBIT S
T AL LI s 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study

- BEIZRERR A H IO, TAUTIESUWTHEENHET - TR TE D K51k d Z L.

- AR TFEIC L DmEIREE - RERAN TE D X0 1T p k.

- T —HBERE R I o T, KT — 42 LREHROEA LB TE D L 1L D L L big, 7—4F
FAZED S HAMZB U T AR L OB, W cE D L o1k n 2 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
01. AV =T —vary (EAFAYay, HAEKID@ESE] 2#E/H7E)
TR ONAFIC BT AR, FHREOEfR R &
02. 1H#T AT LOHRE
RFERIERT—E R GERES AT A, B A—/70 &) (TR 2 Habfb ik & Bk
03. Y—v /b« AF)L (IFRERICBT 2 B)
YA N—F 2 VT 11 THFREIFOZ M & ik
04. Y—T /b« AF)L (IFRARICBT 2 F12)
T RBEREEA & A PENE
05. Y — /L« A%/L (IFRHERICi T 5 FHT3))
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TR &8
06. FA TR A/ T GHEHEZ & 2 RO JERE(D)
AraT—vadil s LR SRR R OB L OmERIEE LR
07. P A TR 23/ T GHEHIC & 2 RERR O ILEQR))
ArEar—adib s YR FIRIERIEEOMBIC X DR EE & R
08. AT+ A%/ T GIHAMIC K 2RO FEE(3))
PythonWk >0 77 2 71
09. A =2« %0 T GIAHEIC K 2 RO FEE(4))
Pythonfllfk 701 7' 2 72
10. A =R« 2L T GHERIC K 5 RIEARER O FHEB))
e REAR R
11 A=A« 2L I (F—ZRROIERED))
KBUET — %, AT OT— & BRaE Rt 2361 216 $451
12. P A =R« 2L T (F—ZEEOELR2))
Python % FU - HUEREE (1) AR 72 His &
18. AR« 2% )L 1 (F—Z RO IERE))
Python% FHV -t HOBREE(2): 27— & ZFIIH L7 iia s ses
14. FA 2%« 230 1T (F—Z RO L))
Python% FHV /= #a HUBREEB): 527 — & ZFIH Lo i HU e
15, AR« 2%V 1 (F—ZREOLEREG))
T2 BEOMmEL Lt ORE
01. Orientation (will use your own computer and the notification letter of Tohokudai ID)
Guidance on the topics of the class and preparation on the computers
02. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
03. Social Skill (1)
Cyber security: security and risk on the information technology
04. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
05. Social Skill (3)
Search and utilize information
06. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science 1
07. Science Skill I (Problem-solving through computer science (2))
Computational thinking: Logical thinking and problem solving through computer science 2
08. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners 1
09. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners 2
10. Science Skill I (Problem-solving through computer science (5))
Exercise on problem-solving by Python
11. Science Skill II (Basics on Data Science (1))
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Practical examples of large-scale data and Al in the today's data-driven society
12. Science Skill IT (Basics on Data Science (2))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (3))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (4))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world

FihERH 71/ Evaluation Method
BRI LR— TR L, 7R COIERRIER T 5. TROERA LT, RERHEZT 5.
Evaluation is performed comprehensively based on exercises from the lecture and homework

assignments.

HFER L U%BEE/Textbook and References
BEE AT —vativ e kT, BROFE], AINRIST, FAATEE, BN, SLIHAR, 2016,
978-4-320-12398-4
BEE AFRWEL — AR I T 4, FRERT, YA = A4, 2008, 978-4-7819-1198-4
BEE HBELLTOT =2 A A, WHa—, JIIRFEEEL, 200, ARRE, HEATE TS, fin
Lz, UL, G, 2021, 978-4-06-523809-7
BEURL
MR B Bh#fEE ] httpsi//olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found at https:/olg.cds.tohoku.ac.jp/jkisoforstudent

RIS & Preparation and Review

CRETIRR SN DHREITH (A, R 2RI 5 2 &

s A NR— X2 T CPython7' 0 77 2 7, T—2 R0 N LHBEICET iR 2 54
MERE LTRIATE 5. FIRFEITHERERR P ICHA SN D.

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Oh/In Addition

wEl O ICIE [HAEKID@E M E CGRIEKID, 71D, “#4h— v A FHIDA L S @i | b
32 TiE.

We will also use the notification letter of Tohokudai ID, which includes Tohokudai-ID, Campus
Wi-FiID, etc., for the first week of the lecture.

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z &2 EHEL LTWET, 1 BLoERIC
VB L 7 B HERRI O HZ2E, TSR - THE ) I2oWVWTIE 1 5~ 3 O RFf 0¥ d L ORIV EE (T - BHY
&) 30~1 5K, [FEB, FEEROEE] 220 TIE3 0~4 5RO ER L ORERRNEE (TH -
Biar) 15~0FHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
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and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 2 EE PR HERESERER
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A KRR 2 5

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(1) B EHERICAEZLZTRE LTCOEMLE ML AR L, MUNTHE - /T8N T %

V=R AXRNVEBGETH L.

(2) FHEBEDRES) AVEH L BRR FIEST — 2 B Pa P ERR AT L, KT —%

ZRIA LTI B U C AR R D OBRfE, HIMATE L 912720, SnicEnbIZBELT
FHRCBTLMEE AT X 01Tb 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
YR HEE A BT, CAUTTEDW TN - fTEIN TE 5 L 51T b 2 L.

- FHRBRFR A L DmEIREE - RTERAN TE D L0 1T p 2 k.

- T A BB RIC B o C, KT — 4 LRETROEAR LRI TE D L O d L L b, T—4F
FAZED S HAMZBE U C AR L OB, W cE b Lok n 2 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1. AV —vayv
TR ONKEICBET DR, SRS O/ &
2. THH AT LOHLE
REARGHR—E R GEREL AT &, &A1 A—/L72 E) (TRET 5 Bk & s
3. V=)L s A% (R BT 5 E)
PAN—tF 2 VT 1 (FREINOZL N & faliiE
4. V=¥ - A% (ISR 25 T2)
THHBEREVE T & AR EME
5. AT A - 230 T GHAEMIC X 2RISR O EHE1))
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artar—vati s xR U FHRERTOREIC L D 5EREE & TRk
6. P AT X« 23/ T GHRHIC & 2 RSO ILEQ2))
Python®Wlith 70 7’7 I v 7 288 RS, A
T HA X« 230 T GHREIC & D RTEAER O HAER))
PythonWth 7" vt 7’7 X > 7 AEMVER & S5
8 AR 2L T GIAMC X 2 R0 KA 4))
Pythontllfk 7't 7' 2 v 7 (R0 — 2tk
9. FA T« 2L T GHRHIC & D RTEAFER D ILEB))
Pythonfllth 7" 11 77 X 7 BAEL & Fmieies
10. YA =R - 230 T GHREREC K 2 BRI O JEE6))
R
11 A=A« 2L I (F—ZREOIEREQ))
KT — 2, AT DT — & BREVRA2 2361 218 FH =
12. AR« 2%V 1 (F—ZREOEREQ))
Python % FV o MBS (1) BT 2 kst &
13. P A=A« AL T (F—ZRHEOIE®R))
Python % FV - #ta U E(2): 27— & 2RI H L7 #ts U
14, A=A« 250 1 (T —FREEORME)
Python% FHU = #ta HOUBREEQ): 27— & ZFIH Lo HUs e
15. AR« 2%V I (F— 2RO EREB))
TR EOMmE & A OFE
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: a few representative data structures
9. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: functions and recursions
10. Science Skill I (Problem-solving through computer science (6))
Python programming for beginners: exercise on problem-solving by Python
11. Science Skill II (Basics on Data Science (1))
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Practical examples of large-scale data and Al in the today's data-driven society
12. Science Skill IT (Basics on Data Science (2))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (3))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (4))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world

pikERHI 5/ Evaluation Method
MEICT D LAR— b QEIE7CIFSEREE) L~ DHFIRIL (Fek20%) % b FHid 5.
Evaluation will be made by the two-or-three term assignments.

The attendance will be taken into consideration up to 20%.

HFER L U%BEE/Textbook and References
BER AL CaTF—taA . LukL s, BT, IO, SO, RIBE % IS, 2016
, 978-4-320-12398-4
BEE AFRWEL — ARSI T 4, FRER, YA =Rtk 2008, 978-4-7819-1198-4
BEE HBELLTOT =2 A A, WHa—, JIIRFEEEL, 200, ARRE, HEATE TS, fin
Lz, L, Gt 978-4-06-523809-7
BEURL
M B BEhEfEE httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

RIS & Preparation and Review

CRETIRR SN DHREITH (A, R 2RI 5 2 &

s A NR— X2 T CPython7' 0 77 2 7, T—2 R0 N LHBEICET iR 2 54
MERE LTRIATE 5. FIRFEITHERERR P ICHA SN D.

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Of/In Addition

SRR ICE EE R A AT T 5. BAATEEHIISTU/DCX°Google Classroom7s &% L CATT
HZEWTEA.

AFITFEZ OV IR PIZH T 2.

s AT 4 AT T IRHCER T R, BRI A — VTR B

- FREFB LS TR RE RN S DA%, vV TF AT 4 THBEN LB 57 7 =h L
TUAL Y MIMHRT H I ENTE D,

- HZHO [HIEKRID) BEO THALKRIDNZA T — K| ZER L T 2 & WIERETHMTS) .
- Handouts will be given in the lectures if necessary.

They are available also in ISTU/DC or Google Classroom, the instructions to obtain them will

be given in the lectures.
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+ No office hour is specified. Queries are accepted through emails.

- Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of
the Multimedia Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 2 & 2EHEL LTWET, 1 BiZOERIC
WBE L 7o BHRERE O B Z21%, TR - 8 [CoWTiE 1 5~ 3 O KEf o ¥EER L O ERENZE (78 - B
7)) 30~1 5HEfHE, 5B, FEEHROEH] 2oV TIE3 0~4 5B oR¥ER L ORERTISZE (78 - &
BeL) 15~0KMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 Ok e AT TR IR
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A KMEH 3G

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(D) HAEA R A TR E LTOBL LML AR L, MUKW - 7TBRTED Y —v L -
AXNEBGTDH L.

(2) FHEBEORET) AIE M L MBRR FIEST — 2 B P2 P EERAHEM L, KRBT —2 25 L
ToHANICBE LT A Lo B, A TEL LI Y, SHIZENLIZEL TEERICTBIT S
T AL LI s 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study

- BEIZRERR A H IO, TAUTIESUWTHEENHET - TR TE D K51k d Z L.

- AR TFEIC L DmEIREE - RERAN TE D X0 1T p k.

- T —HBERE R I o T, KT — 42 LREHROEA LB TE D L 1L D L L big, 7—4F
FAZED S HAMZB U T AR L OB, W cE D L o1k n 2 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
01. AV =T —vary (EAFAYay, HAEKID@ESE] 2#E/H7E)
TR ONAFIC BT AR, FHRROER R &
02. 1H#T AT LOHRE
RFERIERT—E R GERES AT A, B A—/70 &) (TR 2 Habfb ik & Bk
03. Y—v /b« AF)L (IFRERICBT 2 B)
YA N—F 2 VT 11 THFREIFOZ M & ik
04. Y—T /b« AF)L (IFRARICBT 2 F12)
T RBEREEA & A PENE
05. Y — /L« A%/L (IFRHERICi T 5 FHT3))
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TR &8
06. FA TR A/ T GHEHEZ & 2 RO JERE(D)
AraT—vadil s LR SRR R OB L OmERIEE LR
07. P A TR 23/ T GHEHIC & 2 RERR O ILEQR))
ArEar—adib s YR FIRIERIEEOMBIC X DR EE & R
08. AT+ A%/ T GIHAMIC K 2RO FEE(3))
PythonWk >0 77 2 71
09. A =2« %0 T GIAHEIC K 2 RO FEE(4))
Pythonfllfk 701 7' 2 72
10. A =R« 2L T GHERIC K 5 RIEARER O FHEB))
e REAR R
11 A=A« 2L I (F—ZRROIERED))
KBUET — %, AT OT— & BRaE Rt 2361 216 $451
12. P A =R« 2L T (F—ZEEOELR2))
Python % FU - HUEREE (1) AR 72 His &
18. AR« 2% )L 1 (F—Z RO IERE))
Python% FHV -t HOBREE(2): 27— & ZFIIH L7 iia s ses
14. FA 2%« 230 1T (F—Z RO L))
Python% FHV /= #a HUBREEB): 527 — & ZFIH Lo i HU e
15, AR« 2%V 1 (F—ZREOLEREG))
T2 BEOMmEL Lt ORE
01. Orientation (will use your own computer and the notification letter of Tohokudai ID)
Guidance on the topics of the class and preparation on the computers
02. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
03. Social Skill (1)
Cyber security: security and risk on the information technology
04. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
05. Social Skill (3)
Search and utilize information
06. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science 1
07. Science Skill I (Problem-solving through computer science (2))
Computational thinking: Logical thinking and problem solving through computer science 2
08. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners 1
09. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners 2
10. Science Skill I (Problem-solving through computer science (5))
Exercise on problem-solving by Python
11. Science Skill II (Basics on Data Science (1))
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Practical examples of large-scale data and Al in the today's data-driven society
12. Science Skill IT (Basics on Data Science (2))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (3))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (4))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world

FihERH 71/ Evaluation Method
BRI LR— TR L, 7R COIERRIER T 5. TROERA LT, RERHEZT 5.
Evaluation is performed comprehensively based on exercises from the lecture and homework

assignments.

HFER L U%BEE/Textbook and References
BEE AT —vativ e kT, BROFE], AINRIST, FAATEE, BN, SLIHAR, 2016,
978-4-320-12398-4
BEE AFRWEL — AR I T 4, FRERT, YA = A4, 2008, 978-4-7819-1198-4
BEE HBELLTOT =2 A A, WHa—, JIIRFEEEL, 200, ARRE, HEATE TS, fin
Lz, UL, G, 2021, 978-4-06-523809-7
BEURL
MR B Bh#fEE ] httpsi//olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found at https:/olg.cds.tohoku.ac.jp/jkisoforstudent

RIS & Preparation and Review

CRETIRR SN DHREITH (A, R 2RI 5 2 &

s A NR— X2 T CPython7' 0 77 2 7, T—2 R0 N LHBEICET iR 2 54
MERE LTRIATE 5. FIRFEITHERERR P ICHA SN D.

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Oh/In Addition

wEl O ICIE [HAEKID@E M E CGRIEKID, 71D, “#4h— v A FHIDA L S @i | b
32 TiE.

We will also use the notification letter of Tohokudai ID, which includes Tohokudai-ID, Campus
Wi-FiID, etc., for the first week of the lecture.

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z &2 EHEL LTWET, 1 BLoERIC
VB L 7 B HERRI O HZ2E, TSR - THE ) I2oWVWTIE 1 5~ 3 O RFf 0¥ d L ORIV EE (T - BHY
&) 30~1 5K, [FEB, FEEROEE] 220 TIE3 0~4 5RO ER L ORERRNEE (TH -
Biar) 15~0FHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
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and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 2 EE PR HERESERER
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A KMEH 3G

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(1) B EHERICAEZLZTRE LTCOEMLE ML AR L, MUNTHE - /T8N T %
V=T b ARV EERT L L.

(2) FHAEMEOBET) 216 LR FIEOT — 2 B P2 RS ER A HR L, KT — 4
ZRIA LTI B U C AR R D OBRfE, HIMATE L 912720, SnicEnbIZBELT
FHRCBTLMEE AT X 01Tb 2 L.

(1) Acquire social skills to make appropriate decisions and actions,

taking responsibilities and being aware of ethics as citizens living in

today's information society.

(2) Understand the significance of learning problem-solving methods and data

science, utilizing computers, become able to make human-centered

understandings and decisions in regard to the large-scale data technologies,

and to find issues in the real-world problems concerning those technologies.

FAEDFE HAF/Goal of Study
WE7R A F O, EAUTIEE S TEONTHIED - fTEINTE L L0105 2 L.
- AR TREIC L DmERREE - RERAN TE D L0 1T p k.
- T BRI EIC S o T, KT — % LG ROERBRIHRORTE L L HIChd L L b, T—4F
IS BB L AR O OBME, AT D LR DH L
+ Acquire appropriate knowledge on information technologies, such as the cyber
security, to take appropriate action and decision in the information society.
* Become able to resolve problems through the computer science skills.
+ Become able to handle large-scale data and basic statistic, and to make appropriate
human-centered understanding and decision in regard to the data-science-related technologies

in today's data-driven society.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
L. AV=T7—var
FHFEDONAFE BT DR, SO L
2. fEWT AT LOFAE
REARIGHRT—E R GEREV AT A, BT A—/L72 ) (ZRET 2 5k & B Eik
3. Y=y s 230 (FEHtERITRT 25811)
YA =t F 2 U T 1 IGREITOZE RN & falfart:
4. V=¥ )b - 230 (IFHEERICRT 2 512)
THERBEHEE T & S PEHE
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5. AT A« 2L T GIAMC X 2 R0 HAE(1))
AraT—vadIl s R SRR EOMRBIC X DM S & R
6. P AT Z« 23/ T GHRHIC & 2 RTEAER D ILEQ2))
Python®With 70 7’7 X v 7 288 RN, A
T YA 230 T GHREIC X 2 RTEIRROIEHEB))
PythonWlth 7" vt 7’7 X > 7 [AEAER & S5
8 AT A 2L T GIFEMC X 2 RS0 LA 4))
Python®Wlith >0 7’7 X v 7t (RN T — 2 A
9. FA T« 2L T GHREHIC & 2 RTEAER O ILAEB))
Python{llfk 7" v 77 X 7t B PRt
10. FA =R - 250 T GHRHEC & 2 RISEEI D HLRE6))
R
11 A=A - 2L T (F—ZREEOEREQ))
KEHET — 4, AT D7 — 2 BRERI 2381 D15 4
12. AR« 2%V 1 (F—ZREOEEREQ))
Python % FIV /=R HULBRETE(1): FoARM ka2
13. A=A« 2L I (F—ZREOIERER))
Python % IV -3 MOUEREE(2): S5 — & 2RI H L 7-#s U g
14. A=A« 2L 1 (F—ZREOHRE4))
Python% JHU /- #ta HUBREER): 527 — & ZFIH L 7o s ses
15. AR« 2%V [T (F— 2RO EREG))
T — A B OMER L A ORE
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: a few representative data structures
9. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: functions and recursions
10. Science Skill I (Problem-solving through computer science (6))

Python programming for beginners: exercise on problem-solving by Python
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11. Science Skill II (Basics on Data Science (1))

Practical examples of large-scale data and Al in the today's data-driven society
12. Science Skill IT (Basics on Data Science (2))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (3))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill II (Basics on Data Science (4))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world

iR Tt/ Evaluation Method
TS D LAR— b QEIETCIFSEREE) e~ DHFIRIL (Fek20%) % b CFHid 5.
Evaluation will be made by the two-or-three term assignments.

The attendance will be taken into consideration up to 20%.

HFER L U%EE/Textbook and References
ZEE A aT—vat e X7, BEOFER], AINRIY, R, RIS 3, IR, 2016
, 978-4-320-12398-4
BEE GRS — AR I T 4, FRER, YA = At 2008, 978-4-7819-1198-4
BEE PELLTOT—FHA X, W, JIIFFRES, 2RO, FARE, HEATE, IR, BN
Lz, UL, Gkt 978-4-06-523809-7
BEURL
Mi5EAl B BhEfEE httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

RIS & Preparation and Review

CRETIRRSINDREICI Y A, AR ZRET 52 &

s YA NR—EX2 VT 4 CPython7' 1 /T I 7, F— 2R N TAREICBE 3 D #iBh#EH &2 7 4
MERE LTRIAITE 2. FIRFEITHERRR IR SN D.

- Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming,

data science and Al for the self-study purpose. Instructions will be given in the lectures.

% Oh/In Addition

SRR ICE EE R A AT T 5. B EEHIISTU/DCXGoogle Classroom7 & %8 L CAFT
HIZENTED.
AFIFIEZOWTIREZRRFH TSR 5.

cFT 4 AT U ITRRCET 2 BRIE A — VS TR B,

- FRERHEI AN CHIFZ2ER N H 2 561X, v~ VT AT 4 7T HEW MBI EEET 27 7 =h )L
TYAL Y MRS DI ENTES.

< KBHO [HRIEKID) BLO THRIEKIDSAT — K| ZERLTEBL ZE WIERETHHTS) .
+ Handouts will be given in the lectures if necessary.

They are available also in ISTU/DC or Google Classroom, the instructions to obtain them
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will be given in the lectures.

+ No office hour is specified. Queries are accepted through emails.

- Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of the Multimedia
Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1 B OBRERBIL. 4 5RO FEEZLELTINEEZ > THINT 2 Z & 2FEHEL LTWET, 1 BLOERFIC
WE L 22 5 HERE O B 2%, TRE3% - B 1220 Tt 1 5~ 3 OB of23Eds L O RSN 2E (78 - 5H
7p¥) 30~1 bW, TEEBR, FEEKOER] 2oV T3 0~ 4 5oL LU ERRISZE (TH -8
Bier) 15~0KMTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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R R4 HAKCredit(s) | #4254
T & 7 — 2 OHAE 2 B IR B EE PR T
— 2 BRENRL: - ATBE e o~

BRzEHA/Term 1EARAR—

g H - 5&IF - (2 Day/Period/Place AT JKMEH 4 5y

P22 H/Class Subject
T L7 — % OFLHgE

Information and data literacy

D B & EE/Object and Summary of Class

(1) B RIcAE A TR E L TCOEMTEMEZ AR L, @WUIZHW - fTEIN TE 5

V=T s ARNVEE/RTH L.

(2) FHEBEORET) A1EH Lo MBERR FIEST — 2 B R 2 P ERRAHEM L, REWT —2 25 L
TEHAMICB L C AR L OB, HWNTEH L5120, SHIZENLIZE L TEMRITHBIT S
Rz T XD 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study

* WHIZRERR A HNZO, AU TEENHET - 7TEN TE D L 512705 Z L.

- SRR TREIC K SIS - IR TE D KO 1T b 2 L.

- T A BRI T B o T, KT — & LG TROEARN LBV A TE L L0k b L e bls, 7—4F
FATHD S EAMZBI U T ARITLOBYE, Wi TE 5L 912852 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

NG - 51k L T E/Contents and Progress Schedule of the Class
1. AV o75—Tay
AEFRONAEEET DM, FHREOUERR L
2. TS AT LI
RERRER— X GRAES AT b, B A—/L7R L) (TBT 2 JERERR & B RE
3. V=i s 2% (FFlHRIZRIT 25HE®D)
PA N —tF 2 VT 1 (FREINOL N & faliiE
4. V= b - A% (ERHERIZBT 5 E2)
THHRBEHEVE S & AnM EME
5. AU A« 2%/ T GHEMIC I 2 MM OILREQ))
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artar—vati s xR U FHRERTOREIC L D 5EREE & TRk
6. P AT X« 23/ T GHRHIC & 2 RSO ILEQ2))
Python®With 70 7’7 X v 7 288 RS, A
T HA X« 230 T GHREIC & D RTEAER O HAER))
PythonWith 7" v 7’7 X > 7 [AEMWER & S5
8 AR 2L T GIAMC X 2 R0 KA 4))
Pythontllfk 7't 7' 2 v 7 (R0 7 — 2tk
9. FA T« 2L T GHRHIC & D RTEAFER D ILEB))
Pythonfllfh 7" 01 77 X 7 BAEL & Fmieies
10. YA =R - 230 T GHREREC K 2 BRI O JEE6))
R
11 A=A« 2L I (F—ZREOIEREQ))
KT — 2, AT DT — & BREVRA2 2361 218 FH =
12. AR« 2%V 1 (F—ZREOEEREQ))
Python % W o MBS (1) BT 2 kst &
18. PA =LA« AL T (F—ZRHEOIE®R))
Python % FV /= #ta MR (2): 27— & 2RI H L7 #s U
14, A=A« 250 T (T —FREEORME)
Python% FHU = #ita HABREEQ): 27— & ZFIH L7ofis HUs e
15. AR« 2%V [T (F— 2RO ERE5))
T2 R EOMmE & A OFE
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: a few representative data structures
9. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: functions and recursions
10. Science Skill I (Problem-solving through computer science (6))
Python programming for beginners: exercise on problem-solving by Python
11. Science Skill II (Basics on Data Science (1))

69




Practical examples of large-scale data and Al in the today's data-driven society
12. Science Skill IT (Basics on Data Science (2))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (3))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (4))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world

pikERHI 5/ Evaluation Method
MEICT D LAR— b QEIE7CIFSEREE) L~ DHFIRIL (Fek20%) % b FHid 5.
Evaluation will be made by the two-or-three term assignments.

The attendance will be taken into consideration up to 20%.

HFER L U%BEE/Textbook and References
BEE QL AT a Il LURL Y, BENFE], NREY, SR, RIS, HTHI, 2016
, 978-4-320-12398-4
BEE AFRWEL — AR I T 4, FRER, YA A4, 2008, 978-4-7819-1198-4
BEE HBELLTOT =2 A A, WHa—, JIIRFEEEL, 200, ARRE, HEATE TS, fin
Lz, L, Gt 978-4-06-523809-7
BEURL
M B BEhEfEE httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

RIS & Preparation and Review

CRETIRR SN DHREITH (A, R 2RI 5 2 &

s A NR— X2 T CPython7' 0 77 2 7, T—2 R0 N LHBEICET iR 2 54
MERE LTRIATE 5. FIRFEITHERERR P ICHA SN D.

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Of/In Addition

SRR ICE EE R A AT T 5. BAATEEHIISTU/DCX°Google Classroom7s &% L CATT
HZEWTEA.

AFITFEZ OV IR PIZH T 2.

s AT 4 AT T IRHCER T R, BRI A — VTR B

- FREFB LS TR RE RN S DA%, vV TF AT 4 THBEN LB 57 7 =h L
TUAL Y MIMHRT H I ENTE D,

- HZHO [HIEKRID) BEO THALKRIDNZA T — K| ZER L T 2 & WIERETHMTS) .
- Handouts will be given in the lectures if necessary.

They are available also in ISTU/DC or Google Classroom, the instructions to obtain them will

be given in the lectures.
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+ No office hour is specified. Queries are accepted through emails.

- Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of the Multimedia
Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 2 & 2EHEL LTWET, 1 BiZOERIC
WBE L 7o BHRERE O B Z21%, TR - 8 [CoWTiE 1 5~ 3 O KEf o ¥EER L O ERENZE (78 - B
7)) 30~1 5HEfHE, 5B, FEEHROEH] 2oV TIE3 0~4 5B oR¥ER L ORERTISZE (78 - &
BeL) 15~0KMTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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R A HAKCredit(s) | #4254
T & 7 — 2 OHAE 2 =fA KRB BEE PE:T
— 2 BRENRL: - ATBE e o~

BRzEHA/Term 1EARAR—

g H - 5&IF - (2 Day/Period/Place AT JKMEH 4 5y

P22 H/Class Subject
T L7 — % OFLHgE

Information and data literacy

D B & EE/Object and Summary of Class

(1) B RIcAE A TR E L TCOEMTEMEZ AR L, @WUIZHW - fTEIN TE 5

V=T s ARNVEE/RTH L.

(2) FHEBEDRES) A VG Lo BMRR FIEST — 2 B Pa P ERR AT L, KT —%

R L7 HIRICB LT AMH OO, HEATEL L1220, SHIZZENALICEALT
FHRITBT L2RE L AHEL Lo d 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
B ER A FN IO, AU THEENTHRT - 7TE TE D L 512D 2 L.

- AR PR TREIC K SIS - IR TE D L) 1T b 2 L.

- T A BB RIC B o C, KIS — 4 LRETROEAR IR TE D L O d L L b, T—4F
FATHD S EAMZBI U T ARITLOBYE, HWrRnTE 5K 912852 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

NG - 51k L T E/Contents and Progress Schedule of the Class
1. AV o75—Tay
AEFRONAE T DM, FHREOUERR L
2. T AT LI
RERRER— X GRAES AT b, B AL L) (ZBT 2 JERERIR & B FE
3. V=i s 2L (FFlHRIZRIT 25HE®D)
PA N —tF =2 VT 1 (FREINOL AN & falitt
4. V=T )b - A% (FERHERIZBIT 5 E2)
THHRBEHEVE S & HnM EME
5. AU A « 2%/ T GHEMIT I 2 MM OILREQ))
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artar—vati s xR U FHRERTOREIC L D 5EREE & TRk
6. P AT X« 23/ T GHRHIC & 2 RSO ILEQ2))
Python®With 70 7’7 X v 7 288 RS, A
T HA X« 230 T GHREIC & D RTEAER O HAER))
PythonWith 7" v 7’7 X > 7 [AEMWER & S5
8 AR 2L T GIAMC X 2 R0 KA 4))
Pythontllfk 7't 7' 2 v 7 (R0 7 — 2tk
9. FA T« 2L T GHRHIC & D RTEAFER D ILEB))
Pythonfllfh 7" 01 77 X 7 BAEL & Fmieies
10. YA =R - 230 T GHREREC K 2 BRI O JEE6))
R
11 A=A« 2L I (F—ZREOIEREQ))
KT — 2, AT DT — & BREVRA2 2361 218 FH =
12. AR« 2%V 1 (F—ZREOEEREQ))
Python % W o MBS (1) BT 2 kst &
18. PA =LA« AL T (F—ZRHEOIE®R))
Python % FV /= #ta MR (2): 27— & 2RI H L7 #s U
14, A=A« 250 T (T —FREEORME)
Python% FHU = #ita HABREEQ): 27— & ZFIH L7ofis HUs e
15. AR« 2%V [T (F— 2RO ERE5))
T2 R EOMmE & A OFE
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: a few representative data structures
9. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: functions and recursions
10. Science Skill I (Problem-solving through computer science (6))
Python programming for beginners: exercise on problem-solving by Python
11. Science Skill II (Basics on Data Science (1))
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Practical examples of large-scale data and Al in the today's data-driven society
12. Science Skill IT (Basics on Data Science (2))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (3))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (4))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world

pikERHI 5/ Evaluation Method
MEICT D LAR— b QEIE7CIFSEREE) L~ DHFIRIL (Fek20%) % b FHid 5.
Evaluation will be made by the two-or-three term assignments.

The attendance will be taken into consideration up to 20%.

HFER L U%BEE/Textbook and References
BEZE  arBaT—vadi s Lok U, BNFER], INRIT, R, BSERE, HSZHRR, 2016,
978-4-320-12398-4
BEE AFRWEL — ARSI T 4, FRER, YA =Rtk 2008, 978-4-7819-1198-4
BEE HBELLTOT =2 A A, WHa—, JIIRFEEEL, 200, ARRE, HEATE TS, fin
Lz, L, Gt 978-4-06-523809-7
BEURL
M B BEhEfEE httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

RIS & Preparation and Review

CRETIRR SN DHREITH (A, R 2RI 5 2 &

s A NR— X2 T CPython7' 0 77 2 7, T—2 R0 N LHBEICET iR 2 54
MERE LTRIATE 5. FIRFEITHERERR P ICHA SN D.

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Oh/In Addition

SRR ICE EE R A AT T 5. BAATEEHIISTU/DCX°Google Classroom7s &% L CATT
HITENTED.
AFITFEZ OV IR PIZH T 2.

s AT 4 AT U TR 2, BRI A — VS TR B,

- FREFB LS TR RE RN S DA%, vV TF AT 4 THBEN LB 57 7 =h L
TUAL Y MIMHRT H I ENTE D,

- HZHO [HIEKRID) BEO THALKRIDNZA T — K| ZER L T 2 & WIERETHMTS) .
- Handouts will be given in the lectures if necessary.
They are available also in ISTU/DC or Google Classroom, the instructions to obtain them

will be given in the lectures.
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+ No office hour is specified. Queries are accepted through emails.

- Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of the Multimedia
Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 2 & 2EHEL LTWET, 1 BiZOERIC
WBE L 7o BHRERE O B Z21%, TR - 8 [CoWTiE 1 5~ 3 O KEf o ¥EER L O ERENZE (78 - B
7)) 30~1 5HEfHE, 5B, FEEHROEH] 2oV TIE3 0~4 5B oR¥ER L ORERTISZE (78 - &
BeL) 15~0KMTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 Kty W, %k fHE TR 1%
WFgeE
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A KMEH 2 5

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

(D) HAEA R A TR E LTOBL LML AR L, MUKW - 7TBRTED Y —v L -

AXNEBGTDH L.

(2) FHEBEORET) AIE M L MBRR FIEST — 2 B P2 P EERAHEM L, KRBT —2 25 L
ToHANICBE LT A Lo B, A TEL LI Y, SHIZENLIZEL TEERICTBIT S
T AL LI s 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
YR HEE A BT, CAUTTEDW TN - fTEIN TE 5 L 51T b 2 L.

- FHRBRFR A L DmEIREE - RTERAN TE D L0 1T p 2 k.

- T A BB RIC B o C, KT — 4 LRETROEAR LRI TE D L O d L L b, T—4F
FAZED S HAMZBE U C AR L OB, W cE b Lok n 2 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1. AV —vayv
TR ONKEICBET DR, SRS O/ &
2. THH AT LOHLE
REARGHR—E R GEREL AT &, &A1 A—/L72 E) (TRET 5 Bk & s
3. V=)L s A% (R BT 5 E)
PAN—tF 2 VT 1 (FREINOZL N & faliiE
4. V=¥ - A% (ISR 25 T2)
THHBEREVE T & AR EME
5. AT A - 230 T GHAEMIC X 2RISR O EHE1))
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artar—vati s xR U FHRERTOREIC L D 5EREE & TRk
6. P AT X« 23/ T GHRHIC & 2 RSO ILEQ2))
Python®With 70 7’7 X v 7 288 RS, A
T HA X« 230 T GHREIC & D RTEAER O HAER))
PythonWith 7" v 7’7 X > 7 [AEMWER & S5
8 AR 2L T GIAMC X 2 R0 KA 4))
Pythontllfk 7't 7' 2 v 7 (R0 7 — 2tk
9. FA T« 2L T GHRHIC & D RTEAFER D ILEB))
Pythonfllfh 7" 01 77 X 7 BAEL & Fmieies
10. YA =R - 230 T GHREREC K 2 BRI O JEE6))
R
11 A=A« 2L I (F—ZREOIEREQ))
KT — 2, AT DT — & BREVRA2 2361 218 FH =
12. AR« 2%V 1 (F—ZREOEEREQ))
Python % W o MBS (1) BT 2 kst &
18. PA =LA« AL T (F—ZRHEOIE®R))
Python % FV /= #ta MR (2): 27— & 2RI H L7 #s U
14, A=A« 250 T (T —FREEORME)
Python% FHU = #ita HABREEQ): 27— & ZFIH L7ofis HUs e
15. AR« 2%V [T (F— 2RO ERE5))
T2 R EOMmE & A OFE
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: a few representative data structures
9. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: functions and recursions
10. Science Skill I (Problem-solving through computer science (6))
Python programming for beginners: exercise on problem-solving by Python
11. Science Skill II (Basics on Data Science (1))
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Practical examples of large-scale data and Al in the today's data-driven society
12. Science Skill IT (Basics on Data Science (2))

Statistics through Python (1): Basic values on statistics
13. Science Skill IT (Basics on Data Science (3))

Statistics through Python (2): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (4))

Statistics through Python (3): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (5))

Ethics on data science and technology, and related issues on the real-world

pikERHI 5/ Evaluation Method
MEICT D LAR— b QEIE7CIFSEREE) L~ DHFIRIL (Fek20%) % b FHid 5.
Evaluation will be made by the two-or-three term assignments.

The attendance will be taken into consideration up to 20%.

HFER L U%BEE/Textbook and References
BEZE  arBaT—vadi s Lok U, BNFER], INRIT, R, BSERE, HSZHRR, 2016,
978-4-320-12398-4
BEE AFRWEL — ARSI T 4, FRER, YA =Rtk 2008, 978-4-7819-1198-4
BEE HBELLTOT =2 A A, WHa—, JIIRFEEEL, 200, ARRE, HEATE TS, fin
Lz, L, Gt 978-4-06-523809-7
BEURL
M B BEhEfEE httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent
Information on the class can be found in https://olg.cds.tohoku.ac.jp/jkisoforstudent.

RIS & Preparation and Review

CRETIRR SN DHREITH (A, R 2RI 5 2 &

s A NR— X2 T CPython7' 0 77 2 7, T—2 R0 N LHBEICET iR 2 54
MERE LTRIATE 5. FIRFEITHERERR P ICHA SN D.

+ Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

+ Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Of/In Addition

SRR ICE EE R A AT T 5. BAATEEHIISTU/DCX°Google Classroom7s &% L CATT
HZENTEDL. ATHBEIZOWTULHBERRPICHAT 5.

s AT 4 AT T IRRCERT R, BRI A — VTR AT B

- RERFF DA CEINRZRE N S D258 1E, v VT AT 4 THEN BB CERET 57 7 =01
TYAZ L MIHRT D Z N TE L.

- HZHO THIEKRID) BEO THAEKRIDSZA T — K| ZER L T 2 & WIERETHMTS) .
- Handouts will be given in the lectures if necessary. They are available also in ISTU/DC or
Google Classroom, the instructions to obtain them will be given in the lectures.

+ No office hour is specified. Queries are accepted through emails.

+ Students can consult on the technical assistants on technical queries. The technical assistants
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are available at the IT Help Desk, the first floor of the Multimedia Education and Research
Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1B ORERBIX, 4 5FMOFEEZNELTINEL > THRT 2 Z L 2FEL LTWET, 1 HADERIZ
WE L 72 5 HER O B 2%, T35 - %) 1220 Tid 1 5~ 3 O R0 ¥d L O ERRSNAE (7 - 153
72E) 30~15KFH, [FBR, FEROFERE] 2OV TIE3 0~ 4 5K ORRER LORERHNAE (TE -4
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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R A HAKCredit(s) | #4254
T & 7 — 2 OHAE 2 IR ST, Y R PR T
— 2 BRENRL: - ATBE e o~

BRzEHA/Term 1EARAR—

g H - 5&IF - (2 Day/Period/Place A KMEH 3G

P22 H/Class Subject
T L7 — % OFLHgE

Information and data literacy

D B & EE/Object and Summary of Class

AFMICHERICAEZ DR E LTORMELMEZ AR L, EUNHE - TR TEDL Y —T v /b - X
INEERTH L.

< FPEBEORES) ATE M LRI FEST — AR 2 RS ER AR L, KT —2 2F|H L7z
TR L CAMPLOBEMEHWATED L IICRY, SHIZENLIZEL TEERIZH T D
V= R T a R s BN N4 o N

- Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

- Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study

cHAN—EF 2 VT A E2IL LD E LT, HFREEEOF TAZ DR E U TERSIMEST 288 7 55k
YO, ZIUTIESWOTHEENEWT - 7TEA TE 5L 512252 L

- FHRBRIPR A L DmEIREE - RERAN TE D Lo 1T n k.

- T HBERE R 8 o T, KT — 42 L REHROEARRLRBHROATE D L 1T D L L blg, 7—4F
TS HAMZBI U C AR L OBME L 1B TE D K2R D 2 &
- Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.
- Become able to resolve problems through the computer science skills.
- Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1. AV —Tay
- R OWNREIZBT 2R, SRRSO &
2. [HWT AT LOHAE
- (REER— R GERES AT L, B A /L7 &) (BT 2 IR & R
3. V=)L s A% (I BT 5 E)
- A N—EF 2 VT FREIR O L falRE
4. V=l - Z%)L (IFRHERITT 5 FEQ)
- THHEREE S & I PEME
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5. AT A« 2L T GIAHC X 2 R0 HAE(1))
- AYEaT—vadl s ks FHERREREOTERC & DRI L R
6. FA T A« 2L T GHRHIC & D RTEAER D ILEQ2))
- PythonWlth 7' 77 X 7 B AR, AHT)
T AR 2L T GIAHC X 2 BRI HAE3))
- PythonWlth7"'ve 77 X > 7 [ARALER & St
8 P AT Z - 2L T GHAMIT X 2 R D EHE4))
- Pythonfllith 70t 75 X 7t R&FEM72 7 — H Hid
9. FA T X« Z5/L T GHRHIC & 2 RTEAER O ILEB))
- [
10. A=A« 2L 11 (F—ZRBEOIERE))
- KB —%, AT D7 — & BRI 23617 215 1
11 A=A« 2L I (F—FREEOIEEQR))
- PythonZ Ve fta HAUBEE (1): FARR70f G &
12. AR« ZF%)L [T (F—ZREEOERER))
- Python % IV o s HUERETE (2): F27— & AR L 7-fis HLBR s
13. PA TR« AL T (T —ZRFEOKAEWQ)
- Python % AWV iG HUBREEE (3): Fe7— & AFIFH L7 ha st sy
14. A=A« 2L 1 (F—ZREROIELEE))
- Python % /oS HOBIEE (4): 5257 — & 2RI L7 htaHLeEsss
15. FA =R « 2L 1T (F—ZEEDEL#56))
- T AR POME LA O
1. Orientation
- Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
- Basic knowledge on several representative information services, such as the user identification
and the email, and basic instructions.
3. Social Skill (1)
- Cyber security: security and risk on the information technology
4. Social Skill (2)
- Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
- Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
- Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
- Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
- Python programming for beginners: a few representative data structures
9. Science Skill I (Problem-solving through computer science (5))
- Python programming for beginners: exercise on problem-solving by Python
10. Science Skill IT (Basics on Data Science (1))

- Practical examples of large-scale data and Al in the today's data-driven society
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11. Science Skill II (Basics on Data Science (2))

- Statistics through Python (1): Basic values on statistics
12. Science Skill IT (Basics on Data Science (3))

- Statistics through Python (2): Practical training on statistics using real-world data
13. Science Skill IT (Basics on Data Science (4))

- Statistics through Python (3): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (5))

- Statistics through Python (4): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (6))

- Ethics on data science and technology, and related issues on the real-world

iR Tt/ Evaluation Method
IR 2 LaR— b (2F72133[E], 80~10041) L FEEEDHFERIL (FRok2047) % SEHERHl 2.
Homework assignments (2 or 3 times): 80-100%

Participation in class: at most 20%

HFER L U%EE/Textbook and References
BEE A aTr—vat s XY, BEOFE], INRIST, B, BISERE, HSTHR, 2016,
978-4-320-12398-4
BEE GRS — AR I T 4, FRER, YA = At 2008, 978-4-7819-1198-4
BEE PELLTOT—FHA X, W, JIIFFRES, 2RO, FARE, HEATE, IR, BN
Fz, FLZE, GEmkt, 2021, 978-4-06-523809-7
BEURL
Mi5EAl B BhEfEE httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent

Information on the class can be found in https://olg.cds.tohoku.ac. jp/jkisoforstudent

RIS & Preparation and Review

CRETIRRSINDREICI Y A, AR ZRET 52 &

s YA NR—EX2 VT 4 CPython7' 1 /T I 7, F— 2R N TAREICBE 3 D #iBh#EH &2 7 4
MERE LTRIAITE 2. FIRFEITHERRR IR SN D.

- Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

- Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Of/In Addition

SRR ICE EE R A AT T 5. B EEHIISTU/DCXGoogle Classroom7 & %8 L CAFT
HTEWTEA.

AFIFFEZOWTIFHERRF R PIZH T 2.

AT 4 AT T IRHCERT R, BRI A VTR B

« FRERFF LA CHINBIZ2EMN H D581, VT AT 4 THEWEBLIEICEEET 57 7 =01
TYAL Y MRS DI ENTES.

< KBHO [HRIEKID) BLO THRIEKIDSAT — K| ZERLTEBL ZE WIERETHHTS) .
- Handouts will be given in the lectures if necessary. They are available also in ISTU/DC or

Google Classroom, the instructions to obtain them will be given in the lectures.
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- No office hour is specified. Queries are accepted through emails.

- Students can consult on the technical assistants on technical queries. The technical assistants
are available at the IT Help Desk, the first floor of the Multimedia Education and Research
Complex.

- Students are expected to know their Tohokudai-ID and the corresponding password, which
will be used in the first lecture.

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 2 & 2EHEL LTWET, 1 BiZOERIC
WBE L 7o BHRERE O B Z21%, TR - 8 [CoWTiE 1 5~ 3 O KEf o ¥EER L O ERENZE (78 - B
7)) 30~1 5HEfHE, 5B, FEEHROEH] 2oV TIE3 0~4 5B oR¥ER L ORERTISZE (78 - &
BeL) 15~0KMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 Wz Fa s T — X BRER
- ATEEWE 2 —
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A KMEH 3G

P22 H/Class Subject
1 & 7 — 2 O

Information and data literacy

D HH) & EE/Object and Summary of Class

EMRIAERICAEZ DR E LTORMLEMEAL AR L, EWUNHE - TER TED Y —T v b - X
FNEBGETLHI L.

cFPEBEORES) ATE M LRI FEST — A R 2 RS ER AR L, KT —2 2F| 1 L7z
FIHIZB L C AR DO L HEATEDL L DICRD, SHICENLICEAL TEARITBIT 5
R TR s W NS B R O N

- Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

- Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study

YA N—EF2 VT 42T LOLE LT, FRtERoh T SR E U TEREINZRET 25 70 k5%
IO, TAUTIEDWTEENEWT - fTEI TE 5L 012 n 2 &

- FHREHERL RO A L 25RERRES - MRS TE D L) 1Tk b 2 k.

- T BRI RIC o T, RERT — % L FETROIEARN LB R TE L L9 b L& big, 7—4F
IS < BB U C AR D OB LA T E H L DD T k.
- Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.
- Become able to resolve problems through the computer science skills.
- Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
L. AV=T7—var
- FFROWEEFIBET DM, FHRROHER &
2. fEWT AT LOFAE
- REWOFRY— R GEREY AT L, B A—/V72 E) BT 2 SRR & Bk
3. Y=y b s AxL (IFRHERICET 5 EED)
- YA SN F 2 U T 0 TR O L fakRE
4. =Ty )b - 230 (IFHEERITRT 2 5112)
- [HERBEhEE T & FIRMAPENE
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5. AT A« 2L T GIAMC X 2 R0 HAE(1))
- AYEaT—va b ks FRRERAOTERC & DRI L R
6. FA T A« 2L T GHRHIC & D RTEAER D ILEQ2))
- PythonWlth 7' 77 X 7 AR, AH)
T AT 2% T GIAHC X 2 RS0 HAER))
- PythonWlth7"'v 77 X > 7 [ARALER & St
8 P AT Z - 2L T GHAMIT X 2 R D EHE4))
- Pythonfllith 70 75 X 7t R&FEM70 7 — H Hik
9. FA T X« 25/ T GHRHIC & 2 RTEAER O ILEB))
- [
10. A=A« 2L I (F—ZRBEOIEE))
- KBS —%, AT D7 — & BRI 23617 215 1
11 A=A« 2L I1 (F—F RO Q)
- Python % VMo fta HAUBEE (1): ARG &
12. AR« 2F%)L [T (F—ZREOERER))
- Python % IV o #ia WS (2): F27— & AR L 7-fis HLBRIEE
13, A=A« ZF)L [ (F—H RO HAE4))
- Python % Vo iG HUEREEE (3): Fe7— & A FIH L7 hss st sy
14. A=A« 2L 1 (F—ZREROIELEE))
- Python % /oS HOBIEE (4): 5257 — & 2RI L7 htaHLeEsss
15. FA =R « 2L 1T (F—ZEEDEL#56))
- T AR POME LA O
1. Orientation
- Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
- Basic knowledge on several representative information services, such as the user identification
and the email, and basic instructions.
3. Social Skill (1)
- Cyber security: security and risk on the information technology
4. Social Skill (2)
- Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
- Computational thinking: Logical thinking and problem solving through computer science
6. Science Skill I (Problem-solving through computer science (2))
- Python programming for beginners: variables, input-and-output
7. Science Skill I (Problem-solving through computer science (3))
- Python programming for beginners: loops and branches
8. Science Skill I (Problem-solving through computer science (4))
- Python programming for beginners: a few representative data structures
9. Science Skill I (Problem-solving through computer science (5))
- Python programming for beginners: exercise on problem-solving by Python
10. Science Skill IT (Basics on Data Science (1))

- Practical examples of large-scale data and Al in the today's data-driven society
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11. Science Skill II (Basics on Data Science (2))

- Statistics through Python (1): Basic values on statistics
12. Science Skill IT (Basics on Data Science (3))

- Statistics through Python (2): Practical training on statistics using real-world data
13. Science Skill IT (Basics on Data Science (4))

- Statistics through Python (3): Practical training on statistics using real-world data
14. Science Skill IT (Basics on Data Science (5))

- Statistics through Python (4): Practical training on statistics using real-world data
15. Science Skill IT (Basics on Data Science (6))

- Ethics on data science and technology, and related issues on the real-world

iR Tt/ Evaluation Method
IR 2 LaR— b (2F72133[E], 80~10041) L FEEEDHFERIL (FRok2047) % SEHERHl 2.
Homework assignments (2 or 3 times): 80-100%

Participation in class: at most 20%

HFER L U%EE/Textbook and References
SEE  arEaTr—yvat - XU, BEOFE], INRISY, B, FISERE, HTHR, 22016,
978-4-320-12398-4
BEE GRS — AR I T 4, FRER, YA = At 2008, 978-4-7819-1198-4
BEE PELLTOT—FHA X, W, JIIFFRES, 2RO, FARE, HEATE, IR, BN
Fz, FLZE, GEmkt, 2021, 978-4-06-523809-7
BEURL
Mi5EAl B BhEfEE httpsi/olg.cds.tohoku.ac.jp/jkisoforstudent

Information on the class can be found in https://olg.cds.tohoku.ac. jp/jkisoforstudent

RIS & Preparation and Review

CRETIRRSINDREICI Y A, AR ZRET 52 &

s YA NR—EX2 VT 4 CPython7' 1 /T I 7, F— 2R N TAREICBE 3 D #iBh#EH &2 7 4
MERE LTRIAITE 2. FIRFEITHERRR IR SN D.

- Students are expected to engage themselves in works and exercises given in the class, and to
submit papers.

- Students can make use of various supplementary materials on the cyber security, python
programming, data science and Al for the self-study purpose. Instructions will be given in the

lectures.

% Of/In Addition

SRR ICE EE R A AT T 5. B EEHIISTU/DCXGoogle Classroom7 & %8 L CAFT
HTEWTEA.

AFIFFEZOWTIFHERRF R PIZH T 2.

AT 4 AT T IRHCERT R, BRI A VTR B

« FRERFF LA CHINBIZ2EMN H D581, VT AT 4 THEWEBLIEICEEET 57 7 =01
TYAL Y MRS DI ENTES.

< KBHO [HRIEKID) BLO THRIEKIDSAT — K| ZERLTEBL ZE WIERETHHTS) .
- Handouts will be given in the lectures if necessary. They are available also in ISTU/DC or

Google Classroom, the instructions to obtain them will be given in the lectures.
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- No office hour is specified. Queries are accepted through emails.

- Students can consult on the technical assistants on technical queries. The technical assistants
are available at the IT Help Desk, the first floor of the Multimedia Education and Research
Complex.

- Students are expected to know their Tohokudai-ID and the corresponding password, which
will be used in the first lecture.

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 2 & 2EHEL LTWET, 1 BiZOERIC
WBE L 7o BHRERE O B Z21%, TR - 8 [CoWTiE 1 5~ 3 O KEf o ¥EER L O ERENZE (78 - B
7)) 30~1 5HEfHE, 5B, FEEHROEH] 2oV TIE3 0~4 5B oR¥ER L ORERTISZE (78 - &
BeL) 15~0KMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T & T — 2 O HHk 2 Ky W FrE . LEAFseR
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A KMEH 4G

P22 H/Class Subject
1 & 7 — % O

D B & EE/Object and Summary of Class

(1) HREHSICAEZ TR E L TCORMLEmBEL AR L, MUIHE - fTHNR TEL Y — v /b -

AXNEBRTDH L.

(2) FHEBEORET) AIE M L MBRR FIEST — 2 B P2 P ERRAHEM L, KRBT —2 25 L
TEHAMICBE L C AR L OB, N TEHL 51270, SHIZENLIZE L TEMERITEIT S
Rz T XD 2 L.

(1) Acquire social skills to make appropriate decisions and actions, taking responsibilities and
being aware of ethics as citizens living in today's information society.

(2) Understand the significance of learning problem-solving methods and data science, utilizing
computers, become able to make human-centered understandings and decisions in regard to the
large-scale data technologies, and to find issues in the real-world problems concerning those

technologies.

HEDEEHF/Goal of Study
2R ER A FNZ O, AU TEENSHRT - 7TE TE L L 01Tkd 2 L

- SRR TREIC K SIS - IR TE D L)1t b 2 L.

- T A BB RIC B o C, KT — 4 LRETROEAR LRI TE D L DI d L L b, T—4F
FATHD S EAMZBI U T ARITLOBYE, HWrRnTE 5K 912852 L.

+ Acquire appropriate knowledge on information technologies, such as the cyber security, to take
appropriate action and decision in the information society.

+ Become able to resolve problems through the computer science skills.

+ Become able to handle large-scale data and basic statistic, and to make appropriate human-centered
understanding and decision in regard to the data-science-related technologies in today's data-driven

society.

NG - J51E EHEE T E/Contents and Progress Schedule of the Class
1. AV o5—Tar
AEFRONAE T DM, FHREOUERR L
2. 15 AT LOEHE
RERRER— X GRAES AT b, B AL L) (ZBT 2 JERERIR & B FE
3. V=i 2L (FFlHRIZRIT 2 5E®D)
YA N —tF =2 VT 1 (FREINOL N & faliit
4. V=T )b - A% (ERHERIZBIT 5 E2)
THHRBEHEVE S & HnM EME
5. YA TR« 2%/ T GHEMIC X 2 RO FERE(D))
Pythontlfk 7' vt 7/'7 3 7 B8 AR, A
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6. AT Z - 231 T GHABEIC X 2 R D EHE2))
Python¥lfk 7' v 77 X 2 7 [AGALER & G551
TP AT X« 230 T GHREIC & 2 RTEAER O ILER))
Python#/ltk 7' m 77 X o 7t (REM72 T — Z HiE
8 AR« 2L T GIFAHC X 2 R0 A 4))
Python#ith 7" v 77 X o 7 B & Fymdines
9. FA T« 251 T GHRHIC & 2 RIS D ILAEG))
R
10. AR« 2%V [T (F—Z RO EREQ))
KIHET— %2, ATEAR DT — & BREPRF2 31T 218
11 A=A« ZF0 [ (F—HREOIAEQR))
Python% FHU =fa HABREE(1): FARM)7ehis b
12. AU A« AL 1T (T —FBEOFEB))
Python % oG HUUEREE(2): F27— & 2RI H L 7o 5
18. AR« 2% [T (F—ZREOERE®))
PythonZ HV i HUBEE (3): 327 — & ZFIH U 7o fis LSy
4. ¥ L FRERKE 07T 1070 (1)
PRI DR RFER L IFHIA
15. EOE L GRERK L T v s T I 7oA (2)
RPRERREE ORERTE R & A
1. Orientation
Guidance on the topics of the class and preparation on the computers
2. Basics on Information Systems
Basic knowledge on several representative information services, such as the use identification
and the email, and basic instructions.
3. Social Skill (1)
Cyber security: security and risk on the information technology
4. Social Skill (2)
Laws and regulations on the information technology and intellectual property rights
5. Science Skill I (Problem-solving through computer science (1))
Python programming for beginners: variables, input-and-output
6. Science Skill I (Problem-solving through computer science (2))
Python programming for beginners: loops and branches
7. Science Skill I (Problem-solving through computer science (3))
Python programming for beginners: a few representative data structures
8. Science Skill I (Problem-solving through computer science (4))
Python programming for beginners: functions and recursions
9. Science Skill I (Problem-solving through computer science (5))
Python programming for beginners: exercise on problem-solving by Python
10. Science Skill IT (Basics on Data Science (1))
Practical examples of large-scale data and Al in the today's data-driven society
11. Science Skill IT (Basics on Data Science (2))
Statistics through Python (1): Basic values on statistics
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12. Science Skill IT (Basics on Data Science (3))
Statistics through Python (2): Practical training on statistics using real-world data
13. Science Skill IT (Basics on Data Science (4))
Statistics through Python (3): Practical training on statistics using real-world data
14. Summary (presentation and programming sharing (1))
Presentation of exercise on problem-solving by Python
15. Summary (presentation and programming sharing (2))

Presentation of exercise on problem-solving by Python

R 1/ Evaluation Method
FHZEOWHE LAR— N &R OBEE) LAR— ML ViHnT 5.

Evaluation will be made based on each class's exercise reports and problem-solving exercise reports.

AFRlER LU EE Textbook and References
EHHEURL

SN FE Preparation and Review
TR RSN DHEICIY A, MR 52 L.
- Students are expected to engage themselves in works and exercises given in the class, and to

submit papers.

% Ofth/In Addition

c EREFRTIOE EEE BT 5. BEATEEHIISTU/DCXGoogle Classroom7s & % i L C AT
LTI EWTES.
AFFEZOWTUIHERRF M PIZET 5.

-ﬁ74x7?-iﬁ_afﬁw. HRHIA —/VETRZIIT 5.

- RERFF DA CTEIN R E RN H D258 1E, vV T AT 4 THEREBIBSCERET 57 7 =01

TYAZ S MIHKRTHZ N TE L.

- HZBHO THILKID) BEO THALKRIDSNZAT — K| ZER LT 2 & WIERETHHTS) .

- Handouts will be given in the lectures if necessary.
They are available also in ISTU/DC or Google Classroom, the instructions to obtain them
will be given in the lectures.

+ No office hour is specified. Queries are accepted through emails.

+ Students can consult on the technical assistants on technical queries.
The technical assistants are available at the IT Help Desk, the first floor of the Multimedia
Education and Research Complex.

+Students are expected to know their Tohokudai-ID and the corresponding password, which will
be used in the first lecture.

1B ORERBIX, 4 5FMOFEEZVNELTINEL > TR T 2 Z L 2FEL LTWET, 1 HADERIZ
WE L 72 5 HER O B 2%, T3E38 - %) 1220 Tid 1 5~ 3 0RO L O ERAAE (7Y - #E7
72E) 30~1 5, [FEBR, FEHEOERL IO TIE3 0~4 5B OfER L ORERRSAHE (75 - 14
FHipl) 15~0mHETY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERIEA A EyCredit(s) | 4 E4 -
TERBEFER (AlZH <D A &S| 2 K% NI 1 N N = W N 151 I 2
% - BUE - K2K) g 7 — 2 BRERL: - ATEEE
A —
B/ Term 2B RAAH—

- WIF - Z5 Day/Period/Place %W KHER 5

% H/Class Subject
ATz <D AN EFE o E - BUE - Kok

Past, present, and future of humanity and our society with Al

D B & EE/Object and Summary of Class
ANIFAHOT 7 ) a o —DfEFELIEETHD, — T, %ﬂ%i‘DAb@*O@fﬁﬂT“% HEBZRIL
X, FICEDLEMTT - kﬁbi%fjw‘f%t/\/f@/b—ﬁ@ﬁﬁ‘i W25, - T, AL, ZDHE
TNRAE — RRRT — /LB N T, ARRASROBER, A ERMVESEE 7oA Z
LTI IE S50 T, Ziﬁé‘réﬁﬁ‘ BN, AGEZRTIE, AIORERCHMAITINZ T, Al
DEDEHITE FOHERERRIZH T 2B HTOMEOH ) HITHEL KT NI ONTELET L
OO AT 5, 2LV, bivbit— A— ABALE FT DS 2 mEr o LER
WETDHZIEDTEDL~A LV REFERT 5,
Al is one of the most advanced achievements of technological development so far. On the other
hand, when we consider it to be a manifestation of intelligence, the path leading to Al is linked
to the history of people's thoughts that have continued since long ago. Therefore, Al should
change and transform established thoughts concerning humans, society, and law in its
transcendental capabilities, speed, and scale. In this lecture, in addition to the history and
mechanism of Al, we will provide guidelines to consider how Al affects the way people think
about intelligence and consciousness and the way society is. This will foster a mind that allows

you to analyze and make a decision thoughtfully about the society where Al coexists.

HEDEE B IE/Goal of Study
UTFDT—=ITONWTHFEWY, BHHDEZEZHIETD
- ATOEMES
cAIPHEOHTE SIENPSN TN D)
AlIZ L > TENE TCOHEOHFANRED X S I LTBHDWNE L-D>DH D0
« ATE AR E OIAFD L —)L
- AT& b hOFEIE & OiFEOR A RIEFE~DEHK
Learn about the following themes and acquire your way of thought.
+ Al history and concepts
- How Al is utilized in society
- How has the social structure changed so far, or is being changed by Al
+ Rules for coexistence between Al and humans

+ Difference between Al and human intelligence and Al's contribution to human understanding

NG - J51E EHEE T E/Contents and Progress Schedule of the Class
AGHFEIILL T ORI 5,
HART A - B— - =& HiflrE
/ST CRETAINGER) - 2d%)
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AN (7 — 2 BRER: - ATBEI e 2 — - B (RBD)
HIPPRIL (R BERGR 2T P SR - )

BAERK (FERREITTER - 1)

KA (FFEBEATTER) - He2ds)

REWRES (7 — 2 BRERY: - ATBEEE v & — - B0

733, FHANOEN BN EDHMIZ LY AFVED D AReltn 5.

AN

1. AT

2. AN RV ED L1

B AUC LV ED L2

4. AR EZ DA 237 b

5. Al AR FsE

6. AT & fi Pt

7. AT L EAE - B

8 AIMRET A 4% (1)

9. AItt=% 71 4% (2

10. ATt Z2 7 A 325 (3)

11. A& AL @ [~E7=n ) & 1530 (D)
12. A& AL @O [~7270 ) & To7epdn) (2)
18. A& AL @O [~7270 ) & To7ep3n ) (3)
14. AL & 16

15. AT ik

1. Introduction to Al

2. Society changed by Al 1

3. Society changed by Al 2

4. Al's impact on the society

5. Sociology by utilizing Al

6. Al and ethics

7. Al and Law/Ethics

8. Designing Al society (1)

9. Designing Al society (2)

10. Designing Al society (3)

11. “Distance” and “Connection” between people and Al (1)
12. “Distance” and “Connection” between people and Al (2)
13. “Distance” and “Connection” between people and Al (3)
14. Al and intelligence

15. Al and body

g7 1/ Evaluation Method

FiF CLAR— MR 2 enh D, HFIRILE LaR— FORAEZR LI K- TREmIZHET 2,

An assignment is given in each class. Evaluation is done comprehensively considering attendance and

score of assignments.

92




HPER L %% E/Textbook and References

BE#EURL
ZEEEL MOOCERS [HEEDH DA~ N THBEDH A & ARREEOAR KRS~  (ISTU L CHERTEE) |

RSN & Preparation and Review
RIS, TOBRATEBL RELESCER 2T 25505 5,

When necessary, documents and materials to be read in advance are presented for each lecture.

% Of/In Addition

#5713 Google Classroom + Google Hangouts Meet/Microsoft Teams (U 7/ % A &) & DT A
T RTITo, Enafl ) hixClassroom| T T 5,

In this lecture course, one of Google Classroom + Google Hangouts Meet/Microsoft Teams
(Realtime) or On-demand video will be used.

The selected tool will be announced in the Classroom.

1B ORERBIX, 4 5RFMOFEEZNELTINEL > THRT 2 Z L AFEL LTWET, 1 HADERIZ
WE L 22 5 HER O B 2%, T35 - %) 1220 Tid 1 5~ 3 0RO 3d L O ERRSMVAE (7 - 153
72E) 30~15KFH, [FBR, FEHROERE] 2OV TIE3 0~ 4 5K ORER LORERHRINAE (TE - &
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T— 2B - AT 2 & B e HEREErER
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMEH 5k

P22 H/Class Subject
T — 2 BT - AT

Introduction to Data Science and Artificial Intelligence

D HH) & EE/Object and Summary of Class

T — 2 BRI BIT 5T — 2 FNEH ORN A RS 5 L4, T—XIEMICh > THE L7
HIEFOME, PO FOEAFHEAR VIR Do, BEHENLR Y 7 ho 270y —L (KA
V7 MR, —#Python 2 4HE) #HWEEEEZ L2206 BIRRYRT — &2 U 2 (RBRE9 I
5o Flo, Bk RO FEORIT, O WCT —# i OEEFEORBEFHIC O it IS E
TEILILT—HZIEHTE S L9 HEHE1T 9,

In addition to understanding the status of data utilization in a data-driven society, we will
review the laws and regulations, ethics, and basic mathematics and statistics required for data
utilization. Students learn concrete data processing through hands-on practice using standard
software and tools (assuming spreadsheet software, R, and Python, etc.). They also learn
various statistical analysis methods as well as notes on the analysis so that they can prepare for

further use of the data in application situations.

HEDEEHF/Goal of Study

(DPCEfE~ T, FHE CTHWOND T —X ZEUNHEERE - T TX 5,

QEREAFNT &> TT—F DIERIRAHULEAT D ZENTE D,

Q)W A ZFwiE, tE, BEHTR SITONWT, EURE DTt & 2 BF L7z LT, SEHIREDOFRiE O
FAT, FEROBHIY | FEROEBLENTE D,

(O EfHT (BUFHT, BEREIFOHT, FEGHT. RF00) ORI OWT, S FeeE O34T, fER
DFAHIY | FERDOBLENTE D,

B)YT—2 WY 7 b =T NN TE 5,

OWNHG)Ed LI, A—T T —HEET — X DRSS U TOfT FEZ#MUNTEIR L, o087 - i TX
Do

(DEFE @R, =2—F 03y NU—7 | IREARE) TR 2 EMER 2B L. 2ol
[ZOWTIRHTE %,

(1) To be able to use a PC to organize and process data used in various fields in an appropriate manner.
(2) Able to summarize and visualize data using figures and numbers.

(3) Understand hypothesis testing procedures for chi-square tests, t-tests, and ANOVA, and be able to
perform statistical testing procedures, read results, and discuss results.

(4) Understand the basics of multivariate analysis (regression analysis, multiple regression analysis,
principal component analysis, factor analysis), and be able to perform analysis procedures, read results,
and discuss results.

(5) Be able to perform analysis using data analysis software.

(6) Based on (1) through (5) above, be able to select, analyze, and report on analysis methods appropriate

to the characteristics of each type of data, including open data.
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(7) Understand basic concepts related to machine learning (linear discriminators, neural networks,

decision trees, etc.) and be able to explain their applications.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
FVxzoTFr—ar
RICL D LR— b OFERL
RIZEIT D7 7 A VRME
FOMERK
75 7 DVERL

X2 FBE

tHRE

GyBIHT

B oo

10 FRsr AT

11 Ko

12 HEEE L7 =2 ()
13 Bt E &7 —4(2)
14 7SR L et

15 £&8

1 Orientation

© 00 =3 O U A~ W N M

2 Creating a report in R

3 File Operations in R

4 Creating Tables

5 Creating Graphs

6 x2 Tests

7 t-test

8 ANOVA

9 Regression Analysis

10 Principal Component Analysis
11 Factor Analysis

12 Machine Learning and Data (1)
13 Machine Learning and Data (2)
14 Data Science and Ethics

15 Summary

g7 1/ Evaluation Method
FEADOSINIRIE L O RFREOFR (7055 & RA&FREICT T 5 Lai— B0 D EFH100 5% I 23
flisis.

Students course scores are based on an assignment in every class (70% in total) and final report (20%).

HRlER L U%EE Textbook and References
T — X DI L FERRE AL, BRI, AR E RS, 2020, ISBN978-4-595-32213-6
REh#EURL

NIV F& Preparation and Review
TH, BEEBEE I ENRET LD, HETOETREHDICHRT L L,
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B O TEIZIT60~904r, HEITIT90~120500 0% LHE S D,

Please check the instructions given in class carefully, as there will be preparatory and review
tasks respectively.

It is expected that each lesson will take 60-90 minutes for preparation and 90-120 minutes for

review.

% Offi/In Addition

ORI N DR FA LT RIC LTERENE 2R E T, BERFAEMTITIE=a K4 - Kl
BHIEANEE T L [F—2 8% - AE DIYIBFESNTOWET DT, 260X E LT
HEIICLTLIIEZSN,

oThis course is designed for humanities and social sciences students. For science and
mathematics students, please consider taking "Data Science and AI Overview" taught by
Prof Mitsuishi and Prof.Oyama, which is offered in parallel.

1B ORERBIX, 4 5FMOFEEZNELTINEL > TR T 2 Z L 2FEL LTWET, 1 HADERIZ
WL 7 BB O B2, T3 - B ) 122V T 1 5~ 3 0 R 0fZZER L OWRERFMANEE (T8 - Y
72E) 30~15KFH, [FBR, FEROFERE] 2OV TIE3 0~ 4 5K ORER LOREREINAE (TE -4
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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R A HAKCredit(s) | #4254
T — AR - AT 2 S SINGPNTTE iV
5 BEEhREE - ATEEEE v 2 —

BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMEH 5k

P22 H/Class Subject
T — 2 BT - AT

Introduction to Data Science and Artificial Intelligence

D HH) & EE/Object and Summary of Class

AREFHOHMIL, REOT =20 OAEH 2 EHREAMH L, IEHT 272007 —Z B FELAID
A & BN DR ER/T 22 L1ITh D,

AR, RO 2 7235510 CREME 2T — 2 RNEME - MBI TEBY . 200 a2 X2 d>FMCNE
DABARAE TR THND Ak L ge i, BIRWR Y 77— L LTROLN TV D,
Thbb, k- HREMbTRTOFAEN, EENRFEEI P2 T L& L bIlc, TnrI I
VREEE GO RBR O R R A BEOICEN L, T2 00 BROEREEH T 272007
— A B AIORE & B2 EGT5 2 L AR TWD,

T ZTCARERE TIE, 72RO . Alo g CIEEN T 7 7 IV T EED1IOTH
LPythonZFIH LIZEE 22272085, BARRY 27 — Z LI HEIZ DWW TRERIZF 5,

The purpose of this course is to acquire basic knowledge and skills in data science and Al to
extract and utilize valuable information from huge data.

In recent years, huge-scale data has been accumulated and distributed in various scenes of]
society, and insights and abilities to use them safely and effectively for public welfare and social
activities are required as modern literacy.

Therefore, all students, regardless of humanities or science, are expected to understand basic
statistics and to acquire knowledge and skills in data science and Al in order to extract the
intended information from such data by utilizing various achievements in computer science,
including programming environments.

In this course, you learn actual data processing methodology practically using the Python,
which became one of the standard programming languages in the field of data science, machine

learning and Al

HEOEE HAF/Goal of Study
A a—2T7u T AEFH LT — & OB E AT 2 D,
« A TANGHARE DFRER & A2 PR L, HAIG CToRE AT A Do
- BGOSR LI T — 2 B0 Ly T AT 2.5,
s =a— TRy NU—ZIZ KD NTHBEOBEEZBHiR U iR 70 7T L& FlT& 5,
- BRHERITBIT 57 — A RO EEA R TE 5,
After taking this course, you will be able to :
- Organize and visualize data using computer programs
- Understand the types and meanings of statistical hypothesis test, and be able to perform them
according to the purpose.

- Analyze data obtained from measuring object, and conduct classification and prediction

- Understand the outline of artificial intelligence using neural network, and be able to create its simple
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programs.

- Identify the issues of data science in modern society.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
LAY rvay  7F—2F% - AIOTERFS

2. Python|Z L 57— & (O#&p L wiii{b

3. T—HRFORMEQ) T O EY T T

. T AR OEHEQ) | HEE - RO ERL L HEE
AGEAFEQ R ARG E D HERE

AGEIFE2) R G E OFER &

AGEHARTEB) © FHEFEIZ DN T OREHHER]

- T RITEESE E TR - B ERE & AR
LTSI G E TIQ) - ok — BT T L
1048072 (1) - TR 04T

11EEE Q) © 7 7 22— 0T

1287 3) « P AR— F T fb~ v

BALAREQD : S~k F bry| =a—F %Ky hT—7
U ANTHREQ) : T4 —FTFT—= 7

15. 7 — 2R L fm et

1. Introduction: Applications of Data Science and Al

© 00 3 O Ot

2. Organizing and Visualizing Data in Python

3. Data Science Basics (1): Probability Distribution/Sampling

4. Data Science Basics (2): Theorems of Probabilities and Statistics/Statistical Inference
5. Statistical Hypothesis Testing (1): Basics of Hypothesis Testing

6. Statistical Hypothesis Testing (2): Variations and Practice of Hypothesis Testing

7. Statistical Hypothesis Testing (3): Hypothesis Testing about Discrete Variables

8. Data-driven Explanation and Prediction (1): Least Squares and Linear Regression

9. Data-driven Explanation and Prediction (2): Maximum Likelihood Method and Generalized Linear
Model

10.Machine Learning (1): Principal Component Analysis

11.Machine Learning (2): Cluster Analysis

12.Machine Learning (3): Support Vector Machine

13.Artificial Intelligence (1): Perceptron and Neural network

14.Artificial Intelligence (2): Deep Learning

15.Data Science and Ethics

R 7/ Evaluation Method
AR O TR THEED LR — F004) 2 s il < v 5,

Home assignments in each class: 100%

HREL LU SEZETextbook and References

BRE TV A DU RHOR, WAES, BT, A — 24t 2018, 978-4-274-22290-0

#EURL

UITFIESGERSEEIC & D TR - =4 A o & - ATBEORERR) F3ItE- Tk S s
— XA T AHERIAE 2 Y — T L) MR LD BEAER Ch D, HESHOZ L,
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The following are self-study materials provided by the Consortium for Strengthening Mathematical

Data Science Education, which was organized as part of the "Na

RIS & Preparation and Review
KAl OF 2 TR EEREICI A, AR SN FIE TR 2T 5 2 &

Work on the assignments given in each class and submit the results.

Z Oft/In Addition

By (BIRAECT. MOEST) BROEERG FOREARNEE, BLIOWBNRT e 77107
SrrlEf OV IZOWTEEE LTV Z ENREE LV,

Basics of some mathematics (linear algebra, differential and integral calculus, statistics) and

elementary programming skills are required.

B, RRETI, WHNRT —ZUBEO D7 v 75 v 7 5iETh HPython ZFIH LN S

T —Z BRI 2 B R BRI OV T R T D 2 & T AR a 220G TR < G RTRE e AR O

e EET, . T OO OORATa 7 IV EETHAREMA L, EEWT —

ST EER AR N OESZ B Haid, ARELWINICHEINATWD [F—2F5 - AT

il (RESEAERYEZZHT D L L,

This course aims to acquire knowledge that can be widely applied to a variety of applications

while learning basic theories related to data science by using Python, a programming language

for general-purpose data processing. On the other hand, we recommend another "Introduction

to Data Science and AI" by Prof. Nagahama in parallel with this course is recommended if you

want to acquire more practical data analysis skills by using R, a programming language

specialized for data analysis.

1 B OBRERBIL. 4 5RO FEEZLELTINEEZ > THINT 2 Z & 2FEHEL LTWET, 1 B OERFIC

VB L 72 DHERE o B2k, Tk - B 1o\ Tt 1 5~ 3 O Rl o3 L OB st s (78 - 18

72E) 30~1 5K, TER, FEEROEHE] 220 TIE3 0~4 5 RHEORHER X ORERFEINEE (78 - E8

B r) 15~08H<TT,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,

and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RFERR4 W7 HYCredit(s) | H24%E4 -
THMABCE R 2 LRI NI TR 2 S S
(AL « 7 —Z B FEHIE D BL) A -7 — 2 BREEY: « ADAEIE
T H—
B ]/ Term 1EARL—

WeH - 5%IF - (5 Day/Period/Place AT KIER 5 EERE

P22 H/Class Subject
PR - AL - T— R T —XER - IEHOBGINI S D —

Mathematics Al Data Science - Witnessing Data-driven Research —

220 B L HE5/Object and Summary of Class

T—HBE AINEHENTWD TB5] 2BDYVIZTD LT, TN b0/ & % R
LTHH 9, T8 &iF. 307 —20ER Blllsh, SHE S, FEHROBEI R LT
VWS GEHBTLHZLTHD, TORBREEBL T, 7—Z8% - AIOEZEMEZHFET D,

By witnessing the "on-site" where data science and Al are utilized, the students will expe
rience their power and challenges. In the "on-site," the students will see the on-site wher
e data is generated/observed, computed, and utilized to solve real-world problems. Throug

h this experience, the students will understand the importance of data science and Al

FHEOEREHF/Goal of Study

T A WERT BRI | WITEE ) DRI T NSOV TR E 2T 5 2 & T, 74X
B - Al S CEHER T —~ Th D 2 L%, WLl 2, Eo, EEh O RSNiEE &
D FHUTHRR TE D 0vaidkim LE O T, T—FFEF « A OWTOBLREETRD D,

By learning about the on-sites where data are generated, on-going researches, and issues to be sol
ved, students will recognize data science and Al as usual and important themes with a sense of a
ctuality. The students will also deepen their knowledge of data science and Al by discussing how t

o solve the problems presented by the researchers.

PN - J71E & T E/Contents and Progress Schedule of the Class

FHRTH O U, WAL D, A v Z Ea—, MR - R L Th<, #ETL 77
T RTADSHRE LT 2 6| A DR SNTFFREDFRR TR DN T TN —T7CHa L
ZOREREIY £ LD, BRI —~ T T2 TEL T D,

LT UTIV e AL THT 4T A

T — &

HRFT—4

R G T — &

AT LI« ATT =B N

K VRTT—H

T4 e aRT 4T A

VAT T4

0 N O O kW N
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9. ZDih,

Students take a look at presentations, interviews, and researches conducted by researchers in adv
ance. In the lectures, students discuss in groups how to solve the research problems given by the
researchers with the support of facilitators and TAs, and compile the results. Specific research topi
cs include the following.

1. Material informatics

2. Economic data

3. Sociological data

4. Medical imaging data
5. Medical mega databank
6. Disaster and risk data
7. Data and robotics

8. Healthcare data

9. Others

iRt 1/ Evaluation Method
BB CLAR— MR 220305,  HRIRILE LAR— RO S12 L > TRETIZEHET 5.
Assignment is given in each class. Evaluation is done comprehensively considering attendance and

score of assignments.

HElELRS L USEETextbook and References

BhEURL

RSNV & Preparation and Review
MR, TOHRATB REUEMSER 2T 25606 5,
When necessary, documents and materials to be read in advance are presented for each 1

ecture.

% Oftti/In Addition

1 B OBERBIX, 4 5RO FEZLELTOINEEZ b THINT 2 Z &2 EHEE LTWET, 1 BiZOERFIC
WL 22 5 HER I O B 2%, T5638 - B I2oW X 1 5~ 3 0 Rl o3 ds X O R RSN A E (78 - 138
728) 30~1 5K, [FEB, FEHKOFEH] (220 TIE 3 0~4 5IEM oI LORERMAAHE (78 - 18
FHip L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of
15-30 hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, pra
ctical training, and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours

of preparation and review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
A 2 Pl E77 Prig . BUEtsERt
BAREH/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KRR A GERE

P22 H/Class Subject
BIHE A

Introduction to Mathematical Statistics

D HH) & EE/Object and Summary of Class
BORFE A O FMER e T T OUSHIZ DWW TR T 5,

This course will provide fundamentals and applications of mathematical statistics.

HEDEE HZ/Goal of Study

- EERARORESRZEEL, WIFHIE « 07 E ORGEH AT B im0 ZEaOBE S L 5,

- CHEOARSOIER MG 78 E ORI IR AR BT SRR DR D L 012 B,

- BEHE IR T DHEECRE D 2 7 2 BiRT 5,
This course is aimed at:

- understanding essential concepts in probability theory, such as probability distribution, random
variables, expectation, variance, and so on;

+ acquiring the ability for calculations involving basic distributions, such as binomial and normal
distributions;

- understanding the fundamental principle for statistical estimation and testing.

ENE - J71E L H#EEE T E/Contents and Progress Schedule of the Class
1A 7 — 2 ORI

Hi2lE] 7 — & OFEPR2

FB3E] T — & OFEEFRS

CZICIRT 2y

Fabla] S3An B

HaeIm] B & Sy

FTIR] RN

H8IA] fe=RAm2

O] MRS E DS MEL

F10E] fERZ R OS2

F110R] REGOIEA & L OsRE L
F12m] KEOER & R E #E2
FE13[E] HEE & EL

1408 HEE & BE2

5515001 HEE & M3

1. Data reduction 1

2. Data reduction 2

3. Data reduction 3

4. Random variables
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5. Distribution functions

6. Expectation and variance of random variables

7. Probability distributions 1

8. Probability distributions 2

9. Independence of random variables 1

10. Independence of random variables 2

11. Law of large numbers and central limit theorem 1
12. Law of large numbers and central limit theorem 2
13. Statistical estimation and testing hypothesis 1

14. Statistical estimation and testing hypothesis 2

15. Statistical estimation and testing hypothesis 3

a7/ Evaluation Method
ARBR & BEGEDERE LS FHE T, 78 L <UTHIOORERAZIBIRZ T2 TE T,
Course grades will be based on written assignments and exams. The details will be explained at the

beginning of the course.

#HPER L %%/ Textbook and References

ZEE Bt A, NSRS, BEER, 1996, 978-4-7853-1099-8

SEE R - S AR, EHEIEA, SRR, 2008, 978-4-320-01825-9
2 R, SR fth, HSTHIR, 2016, 978-4-320-11155-4

SEE  BEIWEHFOREEE, R, HSTHAR, 2014, 978-4-320-11118-9
SEE WG EMEROIERE, IREITYR, FNEHAREE, 2006, 978-4-87361-842-5
REEURL

RIS & Preparation and Review
FEEEICEY ST BT, EUCE b CBE T 2 E T OEE HIT-> TF I,
It is recommended for students to review related topics when solving problems given in each

assignment.

% Oh/In Addition

CBREOREILH Y EFEA, RICEFBEZFEONFIZOWTUID OFRERTEN O T ETT,
MBS CTHEEMED TETTN, FHlLEARY —IIMES FORELIBEINLTNDZ ENE
FLWTT,

- FREIBEIONEITH < ETH HLZD-D, FEEREOBRETIIH A IINEE L AIE T 2FOEREDAEL
LDGENHY 7,

- No textbooks are assigned; the contents of each reference listed above will be introduced at the
beginning of the course.

- It is preferable that students completed a calculus course in the first semester.

- A few changes in the above-mentioned plan of the course may occur.

1AL ORERBIZ, 4 5RHOPEZLELTINEEL > TERT L Z L EFEHEL LTWET, 1 BAOERIC
VB L 7 B HERRI O HZ2E, TSR - THE ) I2oWVWTIE 1 5~ 3 O RFf 0¥ d L ORIV EE (T - BHY
&) 30~1 5K, [FEB, FEEROEE] 220 TIE3 0~4 5RO ER L ORERRNEE (TH -
Biar) 15~0FHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
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and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
weat T AR 2 P 215 I Ty I PR e
B A/ Term 1EBARE—

MEH - FhF - (= Day/Period/Place A KMEH 3G

%F¥H H/Class Subject
R - Fuat o ZAE

Foundations of probability and statistics

D HH) & EE/Object and Summary of Class

SESERDHTHIL SNDT — FRIT ORI ML S ODBHER LRI TH D, ZOHKT
X, EREE L T OWIFRHE - /U & OMERO LS G IR0 T, HEHFIC LB R RS
WTHS, IRWT, METHHER DB 2 2B L T, RO RHERE - IXEHEE O 1k, ﬂiaﬁﬁ%‘lm@
AR e %5, £72, Python I[C X270/ T I v Va2 KERT 5,

Probability and statistics provide the mathematical foundation of data analysis in various
fields. This course will start with random variables, expected values, variances and other
fundamental concepts in probability and introduce probability distributions used in statistics.
Then the course will provide methods of point and interval estimations of population
parameters and of testing hypothesis as an introduction to statistical inference. This course

includes rudimentary programming by Python.

HEDEE HiF/Goal of Study

(1) FERDATOMERLL WIRHIE - /08070 & DR A LB RGO B 7 b T N 5,

(2) ZHOMRRCIER M 78 & OIAR eI BT 23RN TE 2 L 918725,

(3) WAHHHEE DB 2 728k LT, RO SHEE - IKEHEEZ R D K 912725,

(4) GERIRE D 2 7 2 B LT, BARZREDIEAE WA 5 £ 9127 2%,
(1) understanding essential concepts in probability theory, such as probability distribution, random
variables, expectation, variance, and so on;
(2) acquiring the ability for calculation involving basic distributions, such as binomial and normal
distributions;
(3) understanding the fundamental principle for statistical inference and acquiring the ability to use
point and interval estimations of population parameters;
(4) understanding the fundamental principle for hypothesis testing and acquiring the ability to use the

basic format.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1. BEEBEEE L Fri

2. 1 &T —4

3. 2 T — X

4. i & AR

5. MEERDHA

6. BRI

7. G AT

8. BEAHHY & EHAAT - KIOIER & HR R E R
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9. RHEE

10. XHHEE

11. ffife & AT

12. REEEJORE

13. REEM] D

14. 1A 25hE  CBAEERUE - ISZHERRE)

15. ¥ & & HIERGABR

X LRCLOBZENA L TEIIMRA RBERTERE SND Zen3d D, £DHAEIE. BEPICEMT 5,
1. Introduction

2. Single-variate data

3. Multi-variate data

4. Supplements and Exercises

5. Basics of probability

6. Discrete probability

7. Continuous probability

8. Sampling and normal distribution (law of large numbers and central limit theorem)
9. Point estimation

10. Interval estimation

11. Supplements and Exercises

12. Testing population mean

13. Comparing two populations

14. Chi-square test (testing goodness of fit and testing independence)

15. Final reviews and examination

# The contents and schedule mentioned above may be changed for various reasons. If any, such a

change will be announced during lectures.

iRt/ Evaluation Method

LAR— R« /7 A NER L OWIRRBRORE R 20 A UG 2, BEOEMEEIIRE THHDT, FEL
ISR RIS %,

Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course because the class style is not yet decided.

HFEL LU SEZE Textbook and References

HRE . T2 A T ADT D OREERKEE, AR, ISAHRR, 20214, 978-4320125186

2E&E (529)  AMEEEFGEEHY, P.GA—V (B - M ERR) |, BIEAE, 19784, 978-4563008284
25E (509) BTG FEHEAM, BRUORTFEEE G T AEER, B TEHRES, 19914,
978-4130420655

ZEE (O0RE) - o
978-4753601196

2EE (529)  AMFEHT—REN D LERMNT - FRFTEVEE T, EEM—, F—2%, 20114,
978-4274068553

ZEE (O  HORRGEI RO, R, TR, 20144, 978-4320111189

ZEE (RS LY) MO TESEARRGENY, SARFE RS, AR, 20054, 978-4627095915
HEE IR TSP L ORGEE:, BEREREES, B AR L, 20154F, 978-4535557901

I

TN OS5 T — SR, ORI - IIRPEARRS, NI, 19964F,

gl

=Y
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BEE EFET VY XL, SR, SRR, 20214, 978-4320125179
BE#EURL

www.math.is.tohoku.ac.jp/~obata/

RIS & Preparation and Review

TH  WAOTPEZSBIZ, ZREFORY T HEFTICHZET,

1 ERENAZIRVIRY 28 6, HE FECHEICHLY M,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

%+ Oh/In Addition
MEERIIRETH I, FHEABICED CFa2a— NI TAETHIREMELONA,LT Y v )5
REBEL TS,

WEEORBEREFICONW UL, HYEFOV = 7Y A ML THHDT, BHICF Y r—F
L THIAE X,

AR IIAEMRAYIC Python 2489,

The class style is not yet decided but is expected to be a combination of face-to-face and online
style.

The materials of the past lectures are available in the lecturer's website.

Experience of Python programming is encouraged.

1B ORERBIX, 4 5FMOFEEZVNELTINEL > THRT 2 Z L 2FEL LTWET, 1 HADERIZ
WE L 22 5 HER O B 2%, T3EF5 - B8 2o Tid 1 5~ 3 O Mo L O ERRSNAE (78 - 13
72E) 30~15KFH, [FER, FEROERE] 2OV TIE3 0~ 4 5K ORER LORERHRINAE (TE - &
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
B R AR 2 P 215 I Ty I PR e
B A/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMEH 3G

%F¥H H/Class Subject
R - Fuat o ZAE

Foundations of probability and statistics

D HH) & EE/Object and Summary of Class

SESERDHTHIL SNDT — FRIT ORI ML S ODBHER LRI TH D, ZOHKT
X, EREE L T OWIFRHE - /U & OMERO LS G IR0 T, HEHFIC LB R RS
WTHS, IRWT, METHHER DB 2 2B L T, RO RHERE - IXEHEE O 1k, ﬂiaﬁﬁ%‘lm@
AR e %5, £72, Python I[C X270/ T I v Va2 KERT 5,

Probability and statistics provide the mathematical foundation of data analysis in various
fields. This course will start with random variables, expected values, variances and other
fundamental concepts in probability and introduce probability distributions used in statistics.
Then the course will provide methods of point and interval estimations of population
parameters and of testing hypothesis as an introduction to statistical inference. This course

includes rudimentary programming by Python.

HEDEE HiF/Goal of Study

(1) FERDATOMERLL WIRHIE - /08070 & DR A LB RGO B 7 b T N 5,

(2) ZHOMRRCIER M 78 & OIAR eI BT 23RN TE 2 L 918725,

(3) WAHHHEE DB 2 728k LT, RO SHEE - IKEHEEZ R D K 912725,

(4) GERIRE D 2 7 2 B LT, BARZREDIEAE WA 5 £ 9127 2%,
(1) understanding essential concepts in probability theory, such as probability distribution, random
variables, expectation, variance, and so on;
(2) acquiring the ability for calculation involving basic distributions, such as binomial and normal
distributions;
(3) understanding the fundamental principle for statistical inference and acquiring the ability to use
point and interval estimations of population parameters;
(4) understanding the fundamental principle for hypothesis testing and acquiring the ability to use the

basic format.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1. BEEBEEE L Fri

2. 1 &T —4

3. 2 T — X

4. i & AR

5. MEERDHA

6. BRI

7. G AT

8. BEAHHY & EHAAT - KIOIER & HR R E R
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9. RHEE

10. XHHEE

11. ffife & AT

12. REEEJORE

13. REEM] D

14. 1A 25hE  CBAEERUE - ISZHERRE)

15. ¥ & & HIERGABR

X LRCLOBZENA L TEIIMRA RBERTERE SND Zen3d D, £DHAEIE. BEPICEMT 5,
1. Introduction

2. Single-variate data

3. Multi-variate data

4. Supplements and Exercises

5. Basics of probability

6. Discrete probability

7. Continuous probability

8. Sampling and normal distribution (law of large numbers and central limit theorem)
9. Point estimation

10. Interval estimation

11. Supplements and Exercises

12. Testing population mean

13. Comparing two populations

14. Chi-square test (testing goodness of fit and testing independence)

15. Final reviews and examination

# The contents and schedule mentioned above may be changed for various reasons. If any, such a

change will be announced during lectures.

iRt/ Evaluation Method

LAR— R« /7 A NER L OWIRRBRORE R 20 A UG 2, BEOEMEEIIRE THHDT, FEL
ISR RIS %,

Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course because the class style is not yet decided.

HFEL LU SEZE Textbook and References

HRE . T2 A T ADT D OREERKEE, AR, ISAHRR, 20214, 978-4320125186

2E&E (529)  AMEEEFGEEHY, P.GA—V (B - M ERR) |, BIEAE, 19784, 978-4563008284
25E (509) BTG FEHEAM, BRUORTFEEE G T AEER, B TEHRES, 19914,
978-4130420655

ZEE (O0RE) - o
978-4753601196

2EE (529)  AMFEHT—REN D LERMNT - FRFTEVEE T, EEM—, F—2%, 20114,
978-4274068553

ZEE (O  HORRGEI RO, R, TR, 20144, 978-4320111189

ZEE (RS LY) MO TESEARRGENY, SARFE RS, AR, 20054, 978-4627095915
HEE IR TSP L ORGEE:, BEREREES, B AR L, 20154F, 978-4535557901

I

TN OS5 T — SR, ORI - IIRPEARRS, NI, 19964F,

gl

=Y
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BEE EFET VY XL, SR, SRR, 20214, 978-4320125179
BE#EURL

www.math.is.tohoku.ac.jp/~obata/

RIS & Preparation and Review

TH  WAOTPEZSBIZ, ZREFORY T HEFTICHZET,

1 ERENAZIRVIRY 28 6, HE FECHEICHLY M,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

%+ Oh/In Addition
MEERIIRETH I, FHEABICED CFa2a— NI TAETHIREMELONA,LT Y v )5
REBEL TS,

WEEORBEREFICONW UL, HYEFOV = 7Y A ML THHDT, BHICF Y r—F
L THIAE X,

AR IIAEMRAYIC Python 2489,

The class style is not yet decided but is expected to be a combination of face-to-face and online
style.

The materials of the past lectures are available in the lecturer's website.

Experience of Python programming is encouraged.

1B ORERBIX, 4 5FMOFEEZVNELTINEL > THRT 2 Z L 2FEL LTWET, 1 HADERIZ
WE L 22 5 HER O B 2%, T3EF5 - B8 2o Tid 1 5~ 3 O Mo L O ERRSNAE (78 - 13
72E) 30~15KFH, [FER, FEROERE] 2OV TIE3 0~ 4 5K ORER LORERHRINAE (TE - &
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
B R AR 2 P 215 I Ty I PR e
B A/ Term 1EBARE—

MEH - FhF - (= Day/Period/Place A 2R 25

%F¥H H/Class Subject
R - Fuat o ZAE

Foundations of probability and statistics

D HH) & EE/Object and Summary of Class

SESERDHTHIL SNDT — FRIT ORI ML S ODBHER LRI TH D, ZOHKT
X, EREE L T OWIFRHE - /U & OMERO LS G IR0 T, HEHFIC LB R RS
WTHS, IRWT, METHHER DB 2 2B L T, RO RHERE - IXEHEE O 1k, ﬂiaﬁﬁ%‘lm@
AR e %5, £72, Python I[C X270/ T I v Va2 KERT 5,

Probability and statistics provide the mathematical foundation of data analysis in various
fields. This course will start with random variables, expected values, variances and other
fundamental concepts in probability and introduce probability distributions used in statistics.
Then the course will provide methods of point and interval estimations of population
parameters and of testing hypothesis as an introduction to statistical inference. This course

includes rudimentary programming by Python.

HEDEE HiF/Goal of Study

(1) FERDATOMERLL WIRHIE - /08070 & DR A LB RGO B 7 b T N 5,

(2) ZHOMRRCIER M 78 & OIAR eI BT 23RN TE 2 L 918725,

(3) WAHHHEE DB 2 728k LT, RO SHEE - IKEHEEZ R D K 912725,

(4) GERIRE D 2 7 2 B LT, BARZREDIEAE WA 5 £ 9127 2%,
(1) understanding essential concepts in probability theory, such as probability distribution, random
variables, expectation, variance, and so on;
(2) acquiring the ability for calculation involving basic distributions, such as binomial and normal
distributions;
(3) understanding the fundamental principle for statistical inference and acquiring the ability to use
point and interval estimations of population parameters;
(4) understanding the fundamental principle for hypothesis testing and acquiring the ability to use the

basic format.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1. BEEBEEE L Fri

2. 1 &T —4

3. 2 T — X

4. i & AR

5. MEERDHA

6. BRI

7. G AT

8. BEAHHY & EHAAT - KIOIER & HR R E R
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9. RHEE

10. XHHEE

11. ffife & AT

12. REEEJORE

13. REEM] D

14. 1A 25hE  CBAEERUE - ISZHERRE)

15. ¥ & & HIERGABR

X LRCLOBZENA L TEIIMRA RBERTERE SND Zen3d D, £DHAEIE. BEPICEMT 5,
1. Introduction

2. Single-variate data

3. Multi-variate data

4. Supplements and Exercises

5. Basics of probability

6. Discrete probability

7. Continuous probability

8. Sampling and normal distribution (law of large numbers and central limit theorem)
9. Point estimation

10. Interval estimation

11. Supplements and Exercises

12. Testing population mean

13. Comparing two populations

14. Chi-square test (testing goodness of fit and testing independence)

15. Final reviews and examination

# The contents and schedule mentioned above may be changed for various reasons. If any, such a

change will be announced during lectures.

iRt/ Evaluation Method

LAR— R« /7 A NER L OWIRRBRORE R 20 A UG 2, BEOEMEEIIRE THHDT, FEL
ISR RIS %,

Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course because the class style is not yet decided.

HFEL LU SEZE Textbook and References

HRE . T2 A T ADT D OREERKEE, AR, ISAHRR, 20214, 978-4320125186

2E&E (529)  AMEEEFGEEHY, P.GA—V (B - M ERR) |, BIEAE, 19784, 978-4563008284
25E (509) BTG FEHEAM, BRUORTFEEE G T AEER, B TEHRES, 19914,
978-4130420655

ZEE (O0RE) - o
978-4753601196

2EE (529)  AMFEHT—REN D LERMNT - FRFTEVEE T, EEM—, F—2%, 20114,
978-4274068553

ZEE (O  HORRGEI RO, R, TR, 20144, 978-4320111189

ZEE (RS LY) MO TESEARRGENY, SARFE RS, AR, 20054, 978-4627095915
HEE IR TSP L ORGEE:, BEREREES, B AR L, 20154F, 978-4535557901

I

TN OS5 T — SR, ORI - IIRPEARRS, NI, 19964F,

gl

=Y
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BEE EFET VY XL, SR, SRR, 20214, 978-4320125179
BE#EURL

www.math.is.tohoku.ac.jp/~obata/

RIS & Preparation and Review

TH  WAOTPEZSBIZ, ZREFORY T HEFTICHZET,

1 ERENAZIRVIRY 28 6, HE FECHEICHLY M,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

%+ Oh/In Addition
MEERIIRETH I, FHEABICED CFa2a— NI TAETHIREMELONA,LT Y v )5
REBEL TS,

WEEORBEREFICONW UL, HYEFOV = 7Y A ML THHDT, BHICF Y r—F
L THIAE X,

AR IIAEMRAYIC Python 2489,

The class style is not yet decided but is expected to be a combination of face-to-face and online
style.

The materials of the past lectures are available in the lecturer's website.

Experience of Python programming is encouraged.

1B ORERBIX, 4 5FMOFEEZVNELTINEL > THRT 2 Z L 2FEL LTWET, 1 HADERIZ
WE L 22 5 HER O B 2%, T3EF5 - B8 2o Tid 1 5~ 3 O Mo L O ERRSNAE (78 - 13
72E) 30~15KFH, [FER, FEROERE] 2OV TIE3 0~ 4 5K ORER LORERHRINAE (TE - &
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
PG v a1 2 g AT TR CEWEE R
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A 2R 25

P22 H/Class Subject
R « gt Ha

Foundations of probability and statistics

D HH) & EE/Object and Summary of Class

SESERDHTHIL SNDT — FRIT ORI ML S ODBHER LRI TH D, ZOHKT
X, EREE L OMIFRHE - /58U & OMERO LS G R0 T, RN E R ARSI D
WTHS, RWT, MR O 2 F 28R LT, o SHE - KEHEEO L, KRR ED
BRI OWTHEBLT 5, 2O ONEOBMRIZVIE L 72 28057 HEEE (RFRES . 1T
FI72 L) 2OV THIEER .

Probability and statistics provide the mathematical foundation of data analysis in various
fields. This course will start with random variables, expected values, variances and other
fundamental concepts in probability and introduce probability distributions used in statistics.
Then the course will provide the outline of point and interval estimations of population
parameters and of testing hypothesis as an introduction to statistical inference. Moreover,

relevant mathematical topics will be also treated accordingly.

HEDEEHF/Goal of Study

(1) FERDATOMERLELL, WIRHIE « 73870 & DR A LB HERGm O SR 7SI BN D,

(2) ZHEHSPIER M 72 E OFAR 2RI BT i RG RN TE D K H1T72 5,

(3) WATHHEE DB 2 7 28R LT, RO SHEE - IXEHEE OB AR 2,

(4) BEHEDE 2 2L T, EARNEDOROME AR T 2,

(5) ZNHDOWNEDHMEMELL 7 D280 FHIREE (AFRES. 175172 L) IZOWTEAFT 5,
(1) understanding essential concepts in probability theory, such as probability distribution, random
variables, expectation, variance, and so on;
(2) acquiring the ability for simple calculation involving basic distributions, such as binomial and normal
distributions;
(3) understanding the fundamental principle for statistical inference and grasping the outline of point
and interval estimations of population parameters;
(4) understanding the fundamental principle for hypothesis testing and grasping the outline of the basic
format.

(5) understanding mathematical topics (e.g., improper integral, matrix) related to this context.

FENE - J715 EHEEE T E/Contents and Progress Schedule of the Class
1. FESROFARIME

2. S &R & A XDAR

3. WERAEL & WA

4. 7T—H DEEH

5. WIFHiE CEEE) - 43k - KEOER
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6. IERL & FRURRE R

7. FEE LD

8. HertHIHEE &1

9. REELR - REVAOHEE

10. IEMOARIC R 20D 000 (xA2-5340, t-53A, F-00)
11, (REURIE & 13

12. REESR « REVEORIE

13. RHEMODH

14. WEERUE « JSIVERE

15. F &0 & HEREER

1. Fundamental concepts of probability

2. Conditional probability and Bayes’ formula

3. Random variables and probability distributions

4. Describing and summarizing data

5. Expected value (mean value), variance and law of large numbers
6. Normal distribution and central limit theorem

7. Midterm reviews

8. Statistical inference

9. Estimation of population rate and population mean
10. Distributions related to the normal distribution (chi-square distribution, t-distribution,
F-distribution)

11. Hypothesis testing

12. Testing population rate and population mean

13. Comparing two populations

14. Testing goodness of fit and testing independence

15. Final reviews and examination

iRt/ Evaluation Method

LAR— b < /N7 2 R (30%) 3 KOMWIRERER (70%) OfERERE LT 5, 78 L <IIRZEF1EIRIC
AT %,

Course grades will be based on reports, short tests (30%) and the final exam (70%). The details will be

explained at the beginning of the course.

HRER LB % ETextbook and References

SEE (RILY) T XRYEOMRE SRR, TREEA - S EGEE - LRI - HnEIETT, R
, 2007, 978-4785315450

BRE (P L) E HEREG, BB - gaARF - ook - KEF5AT - MR, HarHihi, 1994
978-4320014824

EE (RS LY) O TESEAREY, 8ARZ S, FRILHAR, 2005, 978-4627095915

ZEE (RELY) & FROTZHOOREIAM, TISF, KFEAE, 2004, 978-4563008925

BE (RELY) - APHGEHFREDN DS BT - FFEHEEE T, R, A— A, 2011,
978-4274068553

2EE (509) [ [EFEOFGHY, FHAERS, #iaENE, 2013, 9784254128321

Z&E (509)  AMBEEGHE, P.GA—L (BF - FLEER) |, BEEAE, 1978, 9784563008284

O O W
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2&E (509)  BEGEHFORAE, A, L3RR, 2014, 978-4320111189

SEE(SDD) ¢ HAEREHTT FEHEAR, BRI TR, BRI E, 1991,
978-4130420655

Bh#EURL

NIV F& Preparation and Review

TH  WAOTPEZSEIZ, ZREFEORY T HEFTICHZBT,

BEE  ARIOFERPITE 2 DAL EHE M2 2 ER MM <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% OAthi/In Addition

FREORENR LEETEITRA RERTEEIND Z LR D, TOEEIT, BERITEMT D,
The contents and schedule mentioned above may be changed for various reasons. If any, such a
change will be announced during lectures.
1 B OERERBIL. 4 5RO FEEZLELTLINEEZ o THERT 2 Z 2L LTWET, 1 BiLoES
WE L 22 5 HER R O B 2%, T3EFE - %) [2o0Tid 1 5~ 3 O Mo L O ERRSNAE (78 - 13
72E) 30~1 5K, [FEE, FEHROFEHL] 220 TIE3 0~4 5K ORER LOREREINAE (TF -4
FHipL) 15~0mHETY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
s 2 IR B PR EEEETSER
BAREH/ Term 3EARAK—

MEH - FhF - (= Day/Period/Place A KRR 1 EIF

P22 H/Class Subject
BIHE A

Introduction to Mathematical Statistics

D HH) & EE/Object and Summary of Class
HEIE - WUE & AT — Z DT ORA % 55
This course is concerned with an introduction to confidence interval, hypotheses testing and

multivariate analysis of data.

HEDEIEHIE/Goal of Study
BEBE O I & 2 BT — X DT ORI E 5T 5.

To acquire the foundation of confidence interval, hypotheses testing to process high dimensional data.

FENE - J71E L HEEEFE/Contents and Progress Schedule of the Class
L 1EEDT—5 L2ERDT—H
2. MERDFANAME

3. FEREHL

4. TEREH D

5. WERAEEDOHAN 2 ME
6. IEHIRIER DRV O EHEIXH

7. IERREERORSEOEHEX -]

8. FHEEROEHEXE &Y T YA AOPIE

9. REIRIE & RVAAI O E

10. REFEEJDZEDRE

11. REEROEORE & MBI ORE

12. TEEFEORE L IMSEPEORE

13. BEIER T

14. FEYEF OIS & @iRoeT — Z OfiftT

15. F & & IR

0. Introduction

1. Describing and summarizing one variable and two-variable data
2. Fundamental properties of probability

3. Random variables

4. The sum of random variables

5. Fundamental properties of probability

6. Confidence interval of the mean of normal population

7. CI interval of the variance of normal population

8. CI of the mean of proportion and determination of sample size

9. Hypothesis test of mean
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0. Test of the difference of mean

11. Test of the difference of proportion and correlation coefficients
12. Test of goodness of fit and independence

13. Linear regression analysis

14. Application to various fields and high dimensional data analysis

15. Summary and examination

&M 7/ Evaluation Method
AESCEESEA~OTRL (40%), HRAER (60%) . FEMNIRIROEZENR G4 5.
WIAGERBR I LRI DS 25855 .

#HPER L %% E/Textbook and References

BFEE  AMIZ U TORGHT, ARTER, BUTERE, 2006, 978-4489007460

25 BURBERAHEOIRE, AR, TR, 2017, 978-4320111660

2% PIEZOIELWVEME A, B1ZE U tt, 2018, 978-4-7649-0583-2

B PIE TSSO ORGEHY, AWEEERS, AAG w2015, 978-4535557901

2 U — LTy PUDEGEETIR, FORE R AR B, RO RS, 2018, 978-4130121149
23 TG MEEAR, BURR TR TR AR, FUR RS, 1991, 978-4130420655
2% HAHGHY, BIAT, AR, 2015, 978-4641164550

SEE A T RAPDIO LHEY: - EWRGEE, KRS, ILEE, 2012, 978-4-521-73479-8

EHHEURL

RSN FE Preparation and Review

WEREE A AT FEETHOT, £ THEEL, SREAA TR Z L.
HIARFBR D 2 % 5t i CHEMET D TIE.

T TIEDOFHMNC OV TR —EEERIC T T 5.

% Of/In Addition

Google classroom|Z, F YT A4 & HCEMEZEKT 5.

FHTHBEEETAEZHEL, 78— Mffo THIMAED D, 526N UAR— MNE & HEE
= H I TE<.

UAR— M E L TEBREFEOHMRETF = v 7 e E2 HET 5.

LR — MMEHIXGoogle classroom”?> HAT 9. BRI A —/ 72 ETZTT 5. FEMIE, BRI
Tt 2.

Fio, LRRORENRLEETEIRA RERTELINDZ LRHD.

1HALORERHIZ, 4 5HOPELZLELTINEEL > THERT L2 EE2FHEL LTWET, 1 BZOERIC
WBE L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 R ks L ORRERESVAE (T8 - 15E
728) 30~15WMH, [FEBR, FEEHKOFEH] (220 TIE 3 0~4 5IEH O3 L ORERMAHE (T8 - 18
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.

118




RERE4 - BT/ Credit(s) | fHM4ZHEL -
s 2 2R X e #EEses
BAREH/ Term 3EARAK—

e H - 5%IF - (5 Day/Period/Place HiTHEA KFEH 1 3R

P22 H/Class Subject
R
Probability and Statistics

D HH) & EE/Object and Summary of Class
FEEHF DT ORE=RGR & T DB OWNTHFS,

Learn about probability theory for statistics and basics of statitics.

HEDEE HZ/Goal of Study
WESRIIAT & HHIRRTE & S HEIX R O HAR R OV TR 5 = &,

Understand the basics of probability distributions, statistical tests, and confidence intervals.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class

1. Bernoullicg®fT, XA/, f5An, A IHGAR

2. Gaussf&sr, W ~EHEL, N—ZEE

3. 1IE#IMA, Poissonsifii, L ~53Ai, ~—Z 534

4. EHAROIEAR AR

5. —MROBFARGZATD AR T, KREOER], HODWRIRER 7 &

6. KM E oA, BEEGDS LBk, HEE, FUdHSET

7. 51

8. HeEtiRiE L ASHEXH (D—Gm

9. QR

10. (3)F-4%

11. (DHEROEN

12. (5) D7

13. FEHI AR T D 72O DVER

14. 51

15. 1

1. Bernoulli trials, binomial distributions, geometric distributions, and negative binomial distributions
2. Gauss integral, Gamma function, and Beta function

3. Normal distributions, Poisson distributions, Gamma distributions, and Beta distributions

4. Sample distributions of normal distributions

5. Unbiased variance, law of large numbers, central limit theorem, etc. of general sample distributions
6. Conditional probability distributions, likelihood functions, estimation, and descriptive statistics
7. Examples

8. Statistical tests and confidence intervals (1) General theory

9. (2) Proportion

10. (3) Mean

11. (4) Difference of proportions
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12. (5) DIfference of means
13. How to avoid misuse
14. Examples

15. Examples

iR Tt/ Evaluation Method

HIRRER CRliiz o1 2,

SAEEZER A ATREZR A1, WER L AR— MZ KD AGGEHIATT 2 20h Liveu,
The final exam will be used to assign grades.

If a face-to-face lecture is not possible, grading may be done by the final report.

HFER LU EE/Textbook and References
SEE PG FOREEE, R, TR, 2014, 9784320111189
ESHEURL

RIS & Preparation and Review
IR ORI R LT3 EME Z LT LT 2 &,

Be sure to practice the calculations as instructed in the lecture time.

% Oft/In Addition

ZEED R [HERFEFORME] ONKEZHER LIZNEORBRIIRDLTFTETH D, 2EEH
ICIEEENRVARIZOVWTHIAT LI L b H D, BEEICE ENRVANFIZ OV TIHNE R
ZleAnT D,

This lecture will be a reorganization of the contents of the reference book JE/MfHAA [HBELHETF
DO}AE] . It may explain some contents that are not included in the reference book. Materials
will be distributed separately for contents not included in the reference books.

1B ORERBIX, 4 5FMOFEEZVNELTINEL > THRT 2 Z L 2FEL LTWET, 1 HADERIZ
VB L 7o D BRI 0 2%, TR - E ) (2O TE 1 5~ 3 OB ok L ORI 2E (78 - 15
72E) 30~1 5, [FEBR, FEHEOERL IO TIE3 0~4 5B OfRER L ORERRS2HE (75 - 14
FHipl) 15~0mHETY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,

and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
s 2 Bt BERS PR . EETR
BHEHA/ Term 3EARAK—

MEH - FhF - (= Day/Period/Place A KRR 1 EIF

P22 H/Class Subject
R « gt Ha

Foundations of probability and statistics

D HH) & EE/Object and Summary of Class

SESERDHTHIL SNDT — FRIT ORI ML S ODBHER LRI TH D, ZOHKT
X, EREE L OMIFRHE - /58U & OMERO LS G R0 T, RN E R ARSI D
WTHS, RWT, MR O 2 F 28R LT, o SHE - KEHEEO L, KRR ED
TR 2B U O CTHEEL S 5,

Probability and statistics provide the mathematical foundation of data analysis in various
fields. This course will start with random variables, expected values, variances and other
fundamental concepts in probability and introduce probability distributions used in statistics.
Then the course will provide the outline of point and interval estimations of population

parameters and of testing hypothesis as an introduction to statistical inference.

HEOEE HAF/Goal of Study
1) FERGATOMEFAEL, WIRHE - 59072 & OFGH AR R Gm O HE 7SI L D,

(2) ZHMPIER M 70 £ ORAR e T BT DR AN TE 5 L 91272 D,

(3) WEHHHEEDE 2 T 2BYR LT, REOSHEE « XEHEE O 4R 5,

(4) GEREDE 2 5% B L C, FEARRIZRE DI OME A2 T 5,
(1) understanding essential concepts in probability theory, such as probability distribution, random
variables, expectation, variance, and so on;
(2) acquiring the ability for simple calculation involving basic distributions, such as binomial and normal
distributions;
(3) understanding the fundamental principle for statistical inference and grasping the outline of point
and interval estimations of population parameters;
(4) understanding the fundamental principle for hypothesis testing and grasping the outline of the basic

format.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1. 7—Z DS

2. MEROFEARNIEE
3. SRR & A XD ER
4. WEFREE b e
5. S5 Bl
6. [EHIAT & REOWER - HpRIR E R
7. FEE LD

8. HuaHHIEE & 1%

9. R - REEOHEE
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10. IERARIZESD D500 X200, t-o0Af, F-4347)
11, RGEURE & 13

12. REESR - REEHORGE

13. RHEMDH

14. JEAEERE - MSZPERE

15. F & & WG

1. Describing and summarizing data

2. Fundamental concepts of probability

3. Conditional probability and Bayes’ formula

4. Random variables and probability distributions

5. Multivariate random variables

6. Normal distribution, law of large numbers central limit theorem
7. Midterm reviews

8. Statistical inference

9. Estimation of population rate and population mean
10. Distributions related to the normal distribution (chi-square distribution, t-distribution,
F-distribution)

11. Hypothesis testing

12. Testing population rate and population mean

13. Comparing two populations

14. Testing goodness of fit and testing independence

15. Final reviews and examination

iR At 514/ Evaluation Method
LAR— b < /N7 A NER LU OFE R G LTl 2, 78 L < I3REEE 1B IS 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRlER L UBEE/Textbook and References

BEE . F—ARROKIE R, TEEA - S EEHE - IUARDSE - HOBIEST, EHER, 2007,
9784785314540

S5 AT FGET AR, BRI T A EEm, FURR TR, 1991, 9784130420655
Z&E  ANMEEGEE, P.GAA—L (B - AT ERR), BREAE, 1978, 9784563008284

#EURL

RSN FE Preparation and Review
17 . FROFER TG 2 5V R M & R E R R M AiE <,

Review: Students are required to solve problems given in the class.

% Of/In Addition

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z &2 EHEL LTWET, 1 BLoERIC
WL 22 5 HER I O B 2%, T3EFE - B 1220 Tid 1 5~ 3 O Mo 3¥d L O ER RSNV AE (78 - 1E
72E) 30~1 5K, IR, ERROFEH 2O TIE3 0~4 5 KOS L O ERRSVAE (78 - 1E
e ) 15~0KMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
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and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
s 2 GE R T PRETE
BHEHA/ Term 3EARAK—

MEH - FhF - (= Day/Period/Place A KRR 1 EIF

P22 H/Class Subject
R « gt Ha

Foundations of probability and statistics

D HH) & EE/Object and Summary of Class

SEIERHTCHEL SNDT — X REITOBER A S OBRHR L HEFTHDH, ZOHERT
X, EREE L OMIFRHE - /58U & OMERO LS G R0 T, RN E R ARSI D
WTHS, RWT, MR O 2 F 28R LT, o SHE - KEHEEO L, KRR ED
AR F 5,

Probability and statistics provide the mathematical foundation of data analysis in various
fields. This course will start with random variables, expected values, variances and other
fundamental concepts in probability and introduce probability distributions used in statistics.
Then the course will provide methods of point and interval estimations of population

parameters and of testing hypothesis as an introduction to statistical inference.

HEOEE HAF/Goal of Study

(1) FERDATCMERLEL, WIRHIE « 238070 & DR A LB RGO B 7 bR T N 5,

(2) ZHATCIERI M 78 & DRARNI SRR AT 23RN TE D L 91278 D,

(3) MRIHHMEEDE R T2 BRE L T, REOSHEE - KEHEE AR 2 L 91875,

(4) RHREDE 2 S 28R LT, EARRREDOIRE2W A 5 X 91272,
(1) understanding essential concepts in probability theory, such as probability distribution, random
variables, expectation, variance, and so on;
(2) acquiring the ability for calculation involving basic distributions, such as binomial and normal
distributions;
(3) understanding the fundamental principle for statistical inference and acquiring the ability to use
point and interval estimations of population parameters;
(4) understanding the fundamental principle for hypothesis testing and acquiring the ability to use the

basic format.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
. MEROFARNIEE

SR EffEER & A ADAK

LT ORER

. TSR & oA

CHHE CEEE) - ok - JEROER

. BB & FRURRE R

FiE &

. HURTHHIEE & 1%

L AEHOC E D D00 (X250, to0Ai. F-o0h)

© ® =1 & Uk W N
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10. REEES - R OHEE

11, RGEURE & 13

12. REHEER - RREORIE

13. REEMDH

14. WEERIE « JSIHERE

15. F & & WA

1. Fundamental concepts of probability

2. Conditional probability and Bayes’ formula

3. Describing and summarizing data

4. Random variables and probability distributions

5. Expected value (mean value), variance and law of large numbers
6. Normal distribution and central limit theorem

7. Midterm reviews

8. Statistical inference

9. Distributions related to the normal distribution (chi-square distribution, t-distribution, F-distribution)
10. Estimation of population rate and population mean

11. Hypothesis testing

12. Testing population rate and population mean

13. Comparing two populations

14. Testing goodness of fit and testing independence

15. Final reviews and examination

pikER 5/ Evaluation Method
HfERER(50%) & HIAGABRGOIC & 0 FHliT 5, 7% L <I3REEFHLRIRIZHT 5,
Students are evaluated on their points from the mid-term exam 50% and the final exam 50%. The

precise explanation is given in the first class.

HRlER L UBEETextbook and References

FRE (RILY) T XRRORE AR, FREEA - HHEOGHE - RS - HoE T, EEER
, 2007, 978-4785315450

BEE (P L) ME BEEGT, BB - R - Otk - KEFSAT - mARH, AR, 1994
, 9784320014824

HRlE (5o9) - APEEEEEE P.GA—x/L (- A EER) | EZEAS, 1978, 978-4563008284
BREE (509)  BEGEIEOREE, A, HOIHAR, 2014, 978-4320111189

BEE  FIETHSUEN O ORGEY, BRSNS, HAG L, 2015, 978-4535557901

F#URL

RIS & Preparation and Review

TH  WADOFEEZSEIZ, ZRFORE T HEPTICH 287,

HHE  BRESSEBEEFOR G T D AT OFE R 2 RSN <,
Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the textbook and references.

Z Of/In Addition
HEREBIOBEEIZONT
No.1-2 EEHEMLRHERE, 3L
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No.3-4 IEHERZRHERE, 529

No.5 [H¥EE

FREORENE CEE T EIIRA RBRTEREIND ZERH D, TOHEIE, RETITEMT D,
The contents and schedule mentioned above may be changed for various reasons. If any, such a
change will be announced during lectures.

1B ORERBIX, 4 5FMOFEEZVNELTINEL > THRT 2 Z L AFEL LTWET, 1 HADERIZ
WL 7 BB O B2, T3 - B ) [V T 1 5~ 3 0 R 0fZZER L OWRERFMANEE (T8 - Y
72E) 30~1 5K, [FER, FEHROFERE) 220 TIE3 0~4 5K OREER LORERESNZE (TE -4
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
g 2 P 215 I Ty I PR e
B A/ Term 3 AAH—

MEH - FhF - (= Day/Period/Place A KMEH 3G

%F¥H H/Class Subject
R - Fuat o ZAE

Foundations of probability and statistics

D HH) & EE/Object and Summary of Class

SESERDHTHIL SNDT — FRIT ORI ML S ODBHER LRI TH D, ZOHKT
X, EREE L T OWIFRHE - /U & OMERO LS G IR0 T, HEHFIC LB R RS
WTHS, IRWT, METHHER DB 2 2B L T, RO RHERE - IXEHEE O 1k, ﬂiaﬁﬁ%‘lm@
AR e %5, £72, Python I[C X270/ T I v Va2 KERT 5,

Probability and statistics provide the mathematical foundation of data analysis in various
fields. This course will start with random variables, expected values, variances and other
fundamental concepts in probability and introduce probability distributions used in statistics.
Then the course will provide methods of point and interval estimations of population
parameters and of testing hypothesis as an introduction to statistical inference. This course

includes rudimentary programming by Python.

HEDEE HiF/Goal of Study

(1) FERDATOMERLL WIRHIE - /08070 & DR A LB RGO B 7 b T N 5,

(2) ZHOMRRCIER M 78 & OIAR eI BT 23RN TE 2 L 918725,

(3) WAHHHEE DB 2 728k LT, RO SHEE - IKEHEEZ R D K 912725,

(4) GERIRE D 2 7 2 B LT, BARZREDIEAE WA 5 £ 9127 2%,
(1) understanding essential concepts in probability theory, such as probability distribution, random
variables, expectation, variance, and so on;
(2) acquiring the ability for calculation involving basic distributions, such as binomial and normal
distributions;
(3) understanding the fundamental principle for statistical inference and acquiring the ability to use
point and interval estimations of population parameters;
(4) understanding the fundamental principle for hypothesis testing and acquiring the ability to use the

basic format.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1. BEEBEEE L Fri

2. 1 &T —4

3. 2 T — X

4. i & AR

5. MEERDHA

6. BRI

7. G AT

8. BEAHHY & EHAAT - KIOIER & HR R E R
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9. RHEE

10. XHHEE

11. ffife & AT

12. REEEJORE

13. REEM] D

14. 1A 25hE  CBAEERUE - ISZHERRE)

15. ¥ & & HIERGABR

X LRCLOBZENA L TEIIMRA RBERTERE SND Zen3d D, £DHAEIE. BEPICEMT 5,
1. Introduction

2. Single-variate data

3. Multi-variate data

4. Supplements and Exercises

5. Basics of probability

6. Discrete probability

7. Continuous probability

8. Sampling and normal distribution (law of large numbers and central limit theorem)
9. Point estimation

10. Interval estimation

11. Supplements and Exercises

12. Testing population mean

13. Comparing two populations

14. Chi-square test (testing goodness of fit and testing independence)

15. Final reviews and examination

# The contents and schedule mentioned above may be changed for various reasons. If any, such a

change will be announced during lectures.

iRt/ Evaluation Method

LAR— R« /7 A NER L OWIRRBRORE R 20 A UG 2, BEOEMEEIIRE THHDT, FEL
ISR RIS %,

Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course because the class style is not yet decided.

HFEL LU SEZE Textbook and References

2EE (509) BGOSR, 3SR, 20144F, 978-4320111189

2E&E (529)  AMEEEFGEEHY, P.GA—V (B - M ERR) |, BIEAE, 19784, 978-4563008284

25E (509) BTG FEHEAM, BRUORTFEEE G T AEER, B TEHRES, 19914,

978-4130420655

ZEE (CHE)  BUBTEHEIE DS T — 2T, SRR - (UEVERES, PNHEEERE, 19964,

978-4753601196

Z2EE (RS L) AMFGEHFREN D LR - EREHEVEE T, BURM—, A —2A% 201147,

978-4274068553

Z2EE (RILY) :7%&%4z/z®f_&>@ﬁ%fpﬁ+ FEAMERA, HSTHIRR, 20214, 978-4320125186

ﬁ%‘i (RELW) D TESEATGE, $aRFE RS, ALK, 20054, 978-4627095915
R BIRE TSR D OffSEHE, EWE@H& HAG R, 20154, 978-4535557901
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BE#EURL

www.math.is.tohoku.ac.jp/~obata/

RIS & Preparation and Review

TH  RAOTEEZS B, ZREFORL T LEFTICHZET,

1 ERNAZIRVIRY 28 6, HE FEHEICEY M,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% OAft/In Addition

BRERRBIIRETHLIN, FHEBEIED TTFa— NI TAEITIREMENDNAT Y v N
Xz fEL TWD,
WEEORBEREFICONW UL, HYEFOV = 7Y A ML THHOT, BHICFYyr—F
L CTHIHE X,

AL IAEMAYIZ Python #4% 5,

The class style is not yet decided but is expected to be a combination of face-to-face and online
style.

The materials of the past lectures are available in the lecturer's website.

Experience of Python programming is encouraged.

1 B oORERBIX, 4 5RFRMOFELZNELTINEEL > THERT 2 Z LA FEEL LTWET, 1 HADERIC
MBE LI D HERR O B2, 563 - 5 oW TE 1 5~ 3 O R o3l L ORI 2E (78 - BE
72E) 30~15KFH, [FER, FEHROERE] 2OV TIE3 0~ 4 5K ORER LORERRNAE (TE - &
FHig L) 15~0KRHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
s 2 2R X e #EEses
BAREH/ Term 3EARAK—

e H - 5%IF - (5 Day/Period/Place HiTHEA KFEH 3 3R

P22 H/Class Subject
R
Probability and Statistics

D HH) & EE/Object and Summary of Class
FEEHF DT ORE=RGR & T DB OWNTHFS,

Learn about probability theory for statistics and basics of statitics.

HEDEE HZ/Goal of Study
WESRIIAT & HHIRRTE & S HEIX R O HAR R OV TR 5 = &,

Understand the basics of probability distributions, statistical tests, and confidence intervals.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class

1. Bernoullicg®fT, XA/, f5An, A IHGAR

2. Gaussf&sr, W ~EHEL, N—ZEE

3. 1IE#IMA, Poissonsifii, L ~53Ai, ~—Z 534

4. EHAROIEAR AR

5. —MROBFARGZATD AR T, KREOER], HODWRIRER 7 &

6. KM E oA, BEEGDS LBk, HEE, FUdHSET

7. 51

8. HeEtiRiE L ASHEXH (D—Gm

9. QR

10. (3)F-4%

11. (DHEROEN

12. (5) D7

13. FEHI AR T D 72O DVER

14. 51

15. 1

1. Bernoulli trials, binomial distributions, geometric distributions, and negative binomial distributions
2. Gauss integral, Gamma function, and Beta function

3. Normal distributions, Poisson distributions, Gamma distributions, and Beta distributions

4. Sample distributions of normal distributions

5. Unbiased variance, law of large numbers, central limit theorem, etc. of general sample distributions
6. Conditional probability distributions, likelihood functions, estimation, and descriptive statistics
7. Examples

8. Statistical tests and confidence intervals (1) General theory

9. (2) Proportion

10. (3) Mean

11. (4) Difference of proportions
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12. (5) DIfference of means
13. How to avoid misuse
14. Examples

15. Examples

iR Tt/ Evaluation Method

HIRRER CRliiz o1 2,

SAEEZER A ATREZR A1, WER L AR— MZ KD AGGEHIATT 2 20h Liveu,
The final exam will be used to assign grades.

If a face-to-face lecture is not possible, grading may be done by the final report.

HFER LU EE/Textbook and References
SEE PG FOREEE, R, TR, 2014, 9784320111189
ESHEURL

RIS & Preparation and Review
IR ORI R LT3 EME Z LT LT 2 &,

Be sure to practice the calculations as instructed in the lecture time.

% Oft/In Addition

ZEED R [HERFEFORME] ONKEZHER LIZNEORBRIIRDLTFTETH D, 2EEH
ICIEEENRVARIZOVWTHIAT LI L b H D, BEEICE ENRVANFIZ OV TIHNE R
ZleAnT D,

This lecture will be a reorganization of the contents of the reference book JE/MfHAA [HBELHETF
DO}AE] . It may explain some contents that are not included in the reference book. Materials
will be distributed separately for contents not included in the reference books.

1B ORERBIX, 4 5FMOFEEZVNELTINEL > THRT 2 Z L 2FEL LTWET, 1 HADERIZ
VB L 7o D BRI 0 2%, TR - E ) (2O TE 1 5~ 3 OB ok L ORI 2E (78 - 15
72E) 30~1 5, [FEBR, FEHEOERL IO TIE3 0~4 5B OfRER L ORERRS2HE (75 - 14
FHipl) 15~0mHETY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,

and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
s 2 Mt BERE ArE
BHEHA/ Term 3EARAK—

MEH - FhF - (= Day/Period/Place A KMEH 3G

P22 H/Class Subject
R « gt Ha

Foundations of probability and statistics

D HH) & EE/Object and Summary of Class

SESERDHTHIL SNDT — FRIT ORI ML S ODBHER LRI TH D, ZOHKT
X, EREE L OMIFRHE - /58U & OMERO LS G R0 T, RN E R ARSI D
WTHS, RWT, MR O 2 F 28R LT, o SHE - KEHEEO L, KRR ED
TR 2B U O CTHEEL S 5,

Probability and statistics provide the mathematical foundation of data analysis in various
fields. This course will start with random variables, expected values, variances and other
fundamental concepts in probability and introduce probability distributions used in statistics.
Then the course will provide the outline of point and interval estimations of population

parameters and of testing hypothesis as an introduction to statistical inference.

HEOEE HAF/Goal of Study
1) FERGATOMEFAEL, WIRHE - 59072 & OFGH AR R Gm O HE 7SI L D,

(2) ZHMPIER M 70 £ ORAR e T BT DR AN TE 5 L 91272 D,

(3) WEHHHEEDE 2 T 2BYR LT, REOSHEE « XEHEE O 4R 5,

(4) GEREDE 2 5% B L C, FEARRIZRE DI OME A2 T 5,
(1) understanding essential concepts in probability theory, such as probability distribution, random
variables, expectation, variance, and so on;
(2) acquiring the ability for simple calculation involving basic distributions, such as binomial and normal
distributions;
(3) understanding the fundamental principle for statistical inference and grasping the outline of point
and interval estimations of population parameters;
(4) understanding the fundamental principle for hypothesis testing and grasping the outline of the basic

format.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1. 7—Z DS

2. MEROFEARNIEE
3. SRR & A XD ER
4. WEFREE b e
5. S5 Bl
6. [EHIAT & REOWER - HpRIR E R
7. FEE LD

8. HuaHHIEE & 1%

9. R - REEOHEE
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10. IERARIZESD D500 X200, t-o0Af, F-4347)
11, RGEURE & 13

12. REESR - REEHORGE

13. RHEMDH

14. JEAEERE - MSZPERE

15. F & & WG

1. Describing and summarizing data

2. Fundamental concepts of probability

3. Conditional probability and Bayes’ formula

4. Random variables and probability distributions

5. Multivariate random variables

6. Normal distribution, law of large numbers central limit theorem
7. Midterm reviews

8. Statistical inference

9. Estimation of population rate and population mean
10. Distributions related to the normal distribution (chi-square distribution, t-distribution,
F-distribution)

11. Hypothesis testing

12. Testing population rate and population mean

13. Comparing two populations

14. Testing goodness of fit and testing independence

15. Final reviews and examination

iR At 514/ Evaluation Method
LAR— b < /N7 A NER LU OFE R G LTl 2, 78 L < I3REEE 1B IS 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRlER L UBEE/Textbook and References

BEE . F—ARROKIE R, TEEA - S EEHE - IUARDSE - HOBIEST, EHER, 2007,
9784785314540

S5 AT FGET AR, BRI T A EEm, FURR TR, 1991, 9784130420655
Z&E  ANMEEGEE, P.GAA—L (B - AT ERR), BREAE, 1978, 9784563008284

#EURL

RSN FE Preparation and Review
17 . FROFER TG 2 5V R M & R E R R M AiE <,

Review: Students are required to solve problems given in the class.

% Of/In Addition

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z &2 EHEL LTWET, 1 BLoERIC
WL 22 5 HER I O B 2%, T3EFE - B 1220 Tid 1 5~ 3 O Mo 3¥d L O ER RSNV AE (78 - 1E
72E) 30~1 5K, IR, ERROFEH 2O TIE3 0~4 5 KOS L O ERRSVAE (78 - 1E
e ) 15~0KMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
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and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
s 2 FHWE  FoBH P -
BHEHA/ Term 3EARAK—

g H - 5%KF - 22 Day/Period/Place BTHA KWEH 3 EERF

P22 H/Class Subject
SR - gt HA

D B & EE/Object and Summary of Class

SEIERGHCHLEL INDT — XN OB ZH S ORI CTh D, ZDOET
WL, HEREE L ZOHFHE - 58U & OfERO S B0 T, HEHRICLERERSAMITD
WTHES, IRWT, SR OB 2 5 2 8iF L C, B O SHEE - KEHEE O F1E, REURE D
AR R A2 5,

HEOEE HA%/Goal of Study
(1) WEERSATOMERAEL, WIRHE - 9 & DFGEH AL B iR Gm O S 7Bl RI B D,
(2) ZHESACIER A 72 & ORAN 2RI BT D3RR TE 5 K H 12725,
(3) MAHAHEE DB 2 &R L C, FHEROAHEE - KEHEE AR 5 X 512725,
(4) GEREDE 2 5 % PR L C, BARRIREDIEREZ W2 D K 91T 5,

FENE « )15 EHEEE T E/Contents and Progress Schedule of the Class
1. 7— X OREH

. WP
| WL LS
. RIS

. BRI MR 2D 1

. AR 2D 2

. REOERI & e iR EBE

i EED

CBEROHEEED 1 RHEE

10. B HEEZD 2 [XIEHEE

1LRE £D 1 REDE X, BEH
12KURE T2 RPEEIORE

13KRRE 03 2FEDIERR, FHOME
14GHRE TD 4 A 2 TRE

15.F & & & HIRRER

STt OPRRRE A JLC RO O WRZ IS 5,

© 00 3 O Ot b~ W N

R 7/ Evaluation Method
LAR— b « /N7 A MEEB L OWIRFBR O R 2 E U GHET 2, 5EL IIEFELRBIZHAT 5,

AFRlER LU EE Textbook and References

ZEE  BOMGETFORNE, EImm, 2R, 2014, 978-4-320-11118-9
SEE MR LG ELE, BEERE, 2012, 987-4-903342-39-9

ZEE RS, IISE EREEA, 1990, 987-4-7649-1014-0

SEE AL X — R REPTAEE, ART, EEEA, BREEE, 2017, 987-4-563-01017-1

3

O
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TR AT - Y ek, BEME ERPLER, ST, 1990, 4-320-01435-9
HRIE - fER - MRE, PR, WEEEK, FANXEHRR, 2017, 978-4-7906-0596-9
BEhEURL

RIS & Preparation and Review
TE WEOTEEZSEIL, BREOZS T HEHTCH 2@,
B HRE - BEEOBEEMEA R,

% Of/In Addition

BRFICRWEEL BN DFEEICOWTII Y » P CHEHEMET 5, BERFOMBEILR D~ fF
WTH DWW E BN BIEE T HEDH 5 HBEIC OV TIE, BMEHA(H 51 I EExcel PR) % 5
BANCHNTE BNz E - S,

1 B OBERBIX, 4 5RO FEZLEL T OINEEZ b > THINT 2 Z &2 FHEE LTWET, 1 B OERIC
VL e D HEMRO B2, 38 - Y 2oV TiE 1 5~ 3 0 B3R L O 2E (78 - 88
7E) 30~1 5K, [FB, EHROEH 2OV TE3 0~4 5RO L ORERRSNAE (78 - 1E
FHig L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
fEHT Y 2 B EN g - BEEETE
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A KRR A4 GEI

P22 H/Class Subject
1 EE BB O FE 57

Single variable calculus

D HH) & EE/Object and Summary of Class

W FEST FAIIRNT P DERTH %, MO FONATH D 1 BHEEBOM I LR KOS EICD
WC, AR Z BT 2 L RIER I EE D,

Calculus plays an important role in the understanding of science. This course covers

differentials and integrations of functions of one variable, with applications.

HEDEEHF/Goal of Study
WoVE ERNEDOFAN 72BN EZ J 2O, Fix OEFLORF ORI AT,
Understanding of the fundamental theorems of single vatiable calculus and accqiring skills to

perform differentiation and integration.

FENE « )15 EHEEE T E/Contents and Progress Schedule of the Class
(1) #FN R

@) ek

(3) JLiEREEL

(4) 1BHL

(5) sy

(6) YR

(7) B

(8) HefiEs

© 71 77—k

(10) Hstlkx

(11 ERES

(12) WIEBHDIAGREL

(13) Efy

(14) ErEHy OIS

(15) JRzshisy

(1) Limits of sequences

(2) Infinit series

(3) Continuous functions

(4) Inverse functions

(5) Differentiayion

(6) Derivatives of higher order
(7) The method to calculate differentiations

(8) Maximum and minimum
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(9) Taylor's expansion

(10) Series of functions

(11) Indefinite integrals

(12) Integrals of elementary functions
(13) Definite integrals

(14) Applications of integrals

(15) Improper integrals

iRt/ Evaluation Method

LAR— FRYNT A MBS KOWIRGRBROFER 24 E U GHIET 2. 3 L <IE1EIH OBRZEICIW Gl 7 2.
Course grdes will be based on reports, short tests and the final exam. The details will be explaned at
the begining of the course.

AFRlER LU EE Textbook and References

HRlE 2T T T o TIORESY,  F BRI, BEEAE, 2015, 978-4-563-00495-8
SEE  WOREST, BIDWRER, HFEE, 2006, 978-4-434-23069-1

BEE  TX R LW, NEEE, LR, 2008, 978-4-320-01751-1

SEE . Ny, =% e, BHEEE, 1992, 9784563002213

BEURL

RIS A& Preparation and Review
EPITIY SN PIEOREZEE L, AXOMEEICER T2 L,

% OAthi/In Addition

1AL ORERFIZ, 4 5HOPELZLELTINEEL > THERT L2 EE2FHEL LTWET, 1 BOERIC
VR & 70 B HERFE O B&E, TRES% - HE ) I2OWVWTIL T 5~ 3 0RO ¥R L ORENR 2E (7Y - EY
7E) 30~1 5K, [FEB, EHROEHL 2O TE3 0~4 5RO L ORERRSN2E (78 -4
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
fEHT Y 2 =S EH TR IR
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A KRR A4 GEI

P22 H/Class Subject
(g s YN

Introduction to calculus

D HH) & EE/Object and Summary of Class
1R BEH & 2258 B Doy, Ry DEEMER IR &5 5.
Students will learn the basic properties of calculus for single variable and two-variable

functions.

HEOEE HA%/Goal of Study

B OOMRIR, JdEfetE, oy LR OMES AP L, HAR)RBIE (3ABIEL, B, xIHEBa%, W3R
) 1ZonT

YRR D K 912725,

The aim is to understand basic concepts of calculus such as limits, continuity, differentiation and
integration of functions, and to apply them to specific calculations for basic functions such as
trigonometric functions, exponential functions, logarithmic functions and inverse trigonometric

functions.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
F1E] HENOMRR

2ln] B O, HEEE

FE3MA] Py DIAME, SRBIEOMSE
Falnl YRR DL

Fsla] SPHNEOERE, T4 7 —OER
gelnl B oOfRE

HF7lE] ERGY

S8IA] OIFE I O RAEEE

F9la] NERT DFHA

F51008] 2255 BIR O RSy

1Rl S RBHROMWOIE

F5120m] 225K B D i

5513[8] EASy

H141R] ER T OLSIEH

Hi15[E] F &6 & HIRER
EBRNAI IV EIE U TER S NE T

1. Limits of sequences

iy

et
5l

s

N

2. Limits and continuity of functions
3. Differentiation, Chain rule

4. Differentiation of elementary functions
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5. Mean value theorem, The Taylor theorem
6. Extremals of functions

7. Definite integrals

8. Fundamental theorem of calculus

9. Calculation of indefinite integrals

10. Partial differentiation

11. Chain rule for two-variable functions
11. Extremals of two-variable functions

13. Double integrals

14. Change of variables in double integrals
15. Summary and final examination

Content of lecture will be changed as necessary.

iR 5/ Evaluation Method

LR— b, /N A MER LUOWHGBROR R E L CRHEd 2.

FEL IIRESRIEIHT 5.

Course grades will be based on reports, short tests and the final exam.

The details will be explained at the beginning of the course.

AFRlER LU EE Textbook and References

BRLE RS LIPS, OFET, HSZHIRR, 1999, 978-4-320-01633-0

BEE  TXA MBS, /INFEE, LR, 2008, 978-4-320-01751-1

sEE NSRS, —EdE, BEAE, 1992, 978-4-563-00221-3

SEE . THEROWORRF— AP DIGH £ T, BEY, S, BIREE, i, FNXEHR:
, 2020, 978-4-7806-0787-1

BEURL

RIS & Preparation and Review

TH  RAOTEEZSBIZ, ZREFORLTLEHTICHZET.

TE - ABEIOEEPITE 2 DAL E 2 B ER RN E < .

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% Of/In Addition

1 WAL ORERBIX. 4 5RO FEEZLELTINEE b o THERT 2 2 &2 FHEL LTWET, 1 BiL0ERIC
WL 22 5 HER I O B 2%, T3F8 - B 1220 Tid 1 5~ 3 O Mo 3¥ds L O ER RSNV AE (78 - 1E
72E) 30~1 5K, IR, EHROFEH] [T TIE3 0~4 5 KOS L O ERRSNAE (78 - 1E
Biel) 15~0KMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
BIEAREE AM 2 =S EH TR IR
BAREH/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 3G

P22 H/Class Subject
e v G YN

Introduction to Linear Algebra

D HH) & EE/Object and Summary of Class

MRRBE IS OEEH ) ETEANTHY, HFTLLAA, ARRFEHESRT, BT
DEMETH D, ARFEZRTIE, 178, EIRFEKX, 175X, BEAMER E ORI T O LML 75
Linear algebra is an essential tool to handle multi-component quantities, and is a foundation of
natural sciences, social sciences and economics, as well as mathematics. This course covers
fundamentals in linear algebra, such as matrices, systems of linear equations, determinants of]

matrices, and eigenvalues.

FAEDFE HAF/Goal of Study
AL, 1751, 3 15 175, BRI B 2 ARG OBif & BARFIGHR TE 5 2 & ThHh D
The aim is to understand fundamental concepts and to compute concrete examples in linear algebra,

such as matrices, systems of linear equations, determinants, and eigenvalues.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
FllE X7 hv

H20E] 1751

#3la] EHKETH

Haln] 1781 & B A%

F5la] 1THINDFEALTE

gela] HN A FEOMRE

TR W THI DA

7] ATHIOERE

#8[E] 1THIROMEE

H5100E] RIAF-BA & Wi 751

F11a] 1 THIR DR F A ELR

%1208 FEHEEEBEA7 ML

#5138l 1751 0% Ak

F51408] *FFALLDISH

FE15IE] F & L AR
RN IV EE U TER I NE T

1. Vectors

2. Matrices

3. Non-singular matrices

4  Matrices and linear mappings

5. Elementary transformations of matrices
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Solving systems of linear equations
Computation of inverse matrices

Definition of determinants

© ° =N

Properties of determinants

10. Cofactor expansion and inverse matrices
11. Geometric meaning of determinants

12. Eigenvalues and eigenvectors

13. Diagonalization of matrices

14. Applications of diagonalization of matrices
15. Summary and final examination

Content of lecture will be changed as necessary.

iR Tt 514/ Evaluation Method

LAR— b, /N7 A FNER TGO R A E U CRHlT 5.

PR L <IIHRESBLRIB ISR 5.

Course grades will be based on reports, short tests and the final examination.

The details will be explained at the beginning of the course.

HREB LU SEZETextbook and References

BREE RS L FEOMEAE, AT, 7R, 2000, 978-4-320-01660-6

SEE K THESOS LWEEREL, KEFEIL, A = A, 2006, 978-4-781-91147-2

S HEE ORISR 63THR) , A EIERE - Vel - B 7« fidEd, K5EEE, 2016, 978-4-563-01205-2
#EURL

NI F& Preparation and Review

THEKBEOTEEBEIL, BREORSTLEMCHZET.

B ABIOFERPITE 2 DAV HE M2 2R RN fE < .

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% OAth/In Addition

1 B OBERBIX, 4 5FFHOFEZLEL T INEZ b THINT 2 Z &2 FHEE LTWET, 1 B OERIC
MBE LI D HERR O B2, 56 - 5 oW TE 1 5~ 3 O Mol L ORI 2E (78 - 15E
7E) 30~15WM, [FEB, EHROEH 2O TE3 0~4 5ROEES L ORERRSN2E (78 - 18
FHig L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
fENT A 2 Al WEE PR IEEREEEER
BAREH/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 25y

P22 H/Class Subject
1 B KOS AR OME Y

Single variable and multi-variable calculus

D HH) & EE/Object and Summary of Class
1 %R L OB A5 (T2 2 BB Oy « BEOICERRT 5

To be familiar with treatment of functions of one or more real variables

HEDEE HZ/Goal of Study

WOy « BT A 77— 8B« WRGHENTE D L 91T D 2 L.

2 RO ER N TE D X0 R D T &

To perform differentiation and integration of elementary functions and, furthermore, Taylor expansion

and calculation of limits. Also, to perform partial differentiation and multiple integrals.

FENE - )15 EHEEE T E/Contents and Progress Schedule of the Class
F1IE P ORRIR & R

F2m HEREE

55 3[E SEEEOERLE DI

Fall 7oA T —EH

#5510 TRy &ENERS

FelE RNEFRES O

FTIE ERORE

F8Mml ERSDIGH

Folml 2 RSB OMBRE X OMRERIEL
#5108 ARONEDREER

Bl T4 T —OEH

1 20 R N

%13 =Y

1A BAREESy & s

H15F F & B

FE LV GEZR T EI RO IHA L £
1. limits and derivatives of functions

2. elementary functions

3. the mean value theorem and its applications
4. Taylor expansion

5. definite integrals and indefinite integrals
6. computation of indefinite integrals

7. computation of definite integrals

8. applications of definite integrals
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9. limits of functions of two variables and partial derivatives
10. various results on partial derivatives

11. Taylor's theorem

12. extremal problems

13. multiple integrals

14. iterated integrals and change of variables

15. summary and the final examination

Details will be announced at the beginning of the course.

iRt/ Evaluation Method
SRR & WIFEABRIC K DGR,

Evaluation by reports and the final exam.
HFER L U5 E/Textbook and References
HRE - BTy, AR REFERY), SR, 19 9 44, 978-4320014787

BEURL

BN DR— =
http://sugawa.cajpn.org/

PR ISN (& Preparation and Review

VAR— MEZEE S 25 DT, WENEOMMRZ MR 272 ORERER £ TIOA BIRE L TR
LTHH .

Solve report problems and submit them at the next class.

% Of/In Addition

1 B ORERBIX, 4 5FMOFELZNELTINEEL > THERT 2 Z LA FEL LTWET, 1 HADERIC
B L I BERR O B2, 5 - 8 1250 TiE 1 5~ 3 0oL LURERRIZE (T8 - 5E
7mE) 30~1 585, [FEB, FEEEROEE] 220V TIE3 0~4 5RO L ORERRNEE (7E -8
FHp k) 15~0mHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,

and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
AT A R 2 Ho KXW g - tEWEErseR
B A/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 25y

P22 H/Class Subject
1E¥ B8 L O EBEAR O E S5

Single variable and multivariable calculus

D HH) & EE/Object and Summary of Class

MO I FOREARTH Y, BLFROFMICKIT R TH 5, 188 L O EH
O E L FEMEDEANMEZ B 2 & L HICHEANEZE S,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable as well as those of several variables.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
1. $| & B ORRR, HfeRask

2. WIS L 2 OME

3. HEE L 2 DA

4. EHEOERL L ZOIGH

5. rlRERHL

6. 155B55 D> Taylor OERE

7. RNERESY &R, WO ED A E

8. MR DI AR

9. 2B BRI GY & Ay

10. 225 BI DG R B D15y

11. P RERE & 2255 B3> Taylor DERL
12. 22 B OiE

13. iy & ZORE, BUEy

14. EFR/ OZEHIE

15. flild L £ L0

1. Limits of sequences/functions, and continuous functions
2. Elementary functions and their properties

3. Derivatives and their computations

4. The mean value theorem and its applications
5. Higher order derivatives

6. Taylor's theorem for one-variable functions

7. Indefinite/definite integrals, and the fundamental theorem of calculus
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8. Indefinite integrals of elementary functions

9. Partial derivatives and total derivatives of two-variable functions

10. The chain rule for two-variable functions

11. Higher order partial derivatives and Taylor's theorem for two-variable functions
12. Extrema of two-variable functions

13. Double integrals, their computations, and iterated integrals

14. Change of variables

15. Remarks and summary

iRt/ Evaluation Method
INT A B KON = T (40%) - HIREAER (60%) (&0 EHEd S,
By quizzes and online homework (40%), and the final exam (60%).

HFER L U5 E/Textbook and References

BEE - 7 XA MRSy, NF S, LR, 2003, 978-4-320-01751-1
BEURL

http://www.math.is.tohoku.ac.jp/

NI FE Preparation and Review

K EH TS (Mathematical Association of America) 3B L7724 T4 v FEHY AT A [
WeBWorK | (2 X 2REAZT,

Assignments by the online homework system "WeBWorK" developed by the Mathematical

Association of America.

% OAthi/In Addition

FREOIBRIOEEIITETHY . EEOARENDLRH S,

The above schedule of the 15 lectures is subject to change.

1B ORERBIX, 4 5FMOFEEZVNELTINEL > TR T 2 Z L2 FEL LTWET, 1 HADERIZ
WL 7 BB O B2, T3 - B ) 122V T 1 5~ 3 0 R 0fZZER L OWRERFMANEE (T8 - Y
72E) 30~15KH, [FER, FEHROFEHE) 220 TIE3 0~ 4 5K ORER LOREREIZE (TE -4
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
AT AR 2 AT T TR BEEEIER
B A/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 25y

P22 H/Class Subject
1E¥ B8 L O EBEAR O E S5

Single variable calculus and multivariable calculus

D HH) & EE/Object and Summary of Class

WAFED T FOEARTH Y | B LFROFMICBITDEMTH D, VAP OMIE S 15 % 5
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study

o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,

Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform
differentiation

and integration.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
%5 18] BEIOWTR, FEOER
55 28] HEHNDOUROH
75 3lEl R & R, WRE T A T O =L —Fl
55 4] HPREOEH
%5 5lE] B OMSY. Moy DOFHER, SEEDOEE
5% 6lEl T A T —ONEAEBIRAEE, T A T —OEHDIGH]
55 78] ANEFES. W< ODE RG]
95 88l ERSY, INFERY
55 9lal ZERINOERR & O FRE, (Rsr Lo TR, F1aisr & G R O#sy
F10[E] =Py L IEFAeHs, 288 DT A T —DERE
ARG e B g N ol N {111
12 BARRESy. ER Y ROIER, BB Y a e T v
F13[E] ERCAFEORRL, SO RS
F14ln] FRRBUERE, oy TR OMfE
H15[a] F & & AR
RN IL IS UT, FIEFABCP LY UL U GHEEE SN ET,
1. Convergence of sequences, definition of real numbers
2. Examples of convergence of sequences
3. What is a continuous function?, limit and Landau's order
4. Intermediate value theorem

5. Derivative of function, examples of derivative, mean value theorem
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6. Taylor's expansion, application of Taylor's theorem

7. Indefinite integral, examples

8. Integral, proper integral

9. Equations of line and plane in Euclidian space, partial derivative and differentiability, directional
derivative and derivative of composite function
10. Derivative of higher order and change of order, Taylor's theorem for 2 variables
11. Change of variables and Jacobian
12. Iterated integral, multiple integral and change of order, change of variables and Jacobian
13. Computation of area and capacity, integration by parts for function of several variables
14. Implicit function theorem, solution of differential equations
15. Summary and the final examination

Content of lecture will be changed as necessary, or according to BCP level of Tohoku University.

iR 5/ Evaluation Method
LAR— b <« /N7 A MNERB LUOWRRBROFER LA L GHIT 2, 3% L < I3RS 1RI B ISR 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HREB L UOSEE/Textbook and References
HEE RO STV RSy, NI, A = A, 2005, 4-7819-1105-6
BE#EURL

RSN FE Preparation and Review

FE L7274 2 F OB I OMS @I E TE LT A2 L, £, HEERD D & 2 PLICEE
EET D Z &,

Students are required to prepare for the assigned part of the designated textbook for each class.

They are also required to make a thorough review, mainly by completing assignments.

Z Offt/In Addition

1AL ORERHIZ, 4 5HOPELZLELTINEEL > THERT L2 EE2FHEL LTWET, 1 BOERIC
R L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 K iRk L ORERESNVAE (T8 - 15E
728) 30~15WMH, [FEBR, FEEHKOFEH] (220 TIE 3 0~4 5IEH oI LORERMAHE (78 - 18
Fi L) 15~0KEMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,

and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
AT A R 2 AH Ed TR EEEEEEE
PR RS
B A/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 25y

P22 H/Class Subject
1E¥ B8 L O EBEAR O E S5

Single variable calculus and multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1la] 281 & B ORRlR

Fa2ln] HRTHK

B3] B0 7T 7 L a— T — OO ER
ARl T A T & v v H L OER

955,60 NERESY

FTIE] ERRSY

Si8IE] JAFEY

FolE] 2 ZSBBHROMIR, Ry & 25y

Hi100m] SRBIR OIS A & RBEOE R

H110E] AREOH]E

H12] S M

F13Im] EREDOER, BRI LR ONETAE
140l JRFROEMSy, EEONL, ZEEDY
FE15E] F & L AR

HRANRIDEIL L TERSNET.

1. Limits of sequences and functions

2. Derivatives of functions

3. Graphs of functions and Cauchy’s mean value theorem
4. Taylor series and I’Hospital’s rule

5,6. Indefinite integrals

7. Definite integrals

8. Improper integrals
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9. Limits of functions of two variables, partial derivatives and total derivatives

10. Derivatives of composite functions and the implicit function theorem

11. Determination of extremal values of functions

12. Extremal problems with constraints

13. Definition of double integrals, iterated integrals and change of the order of integration
14. Improper double integrals, change of variables in double integrals, multiple integrals
15. Summary and the final examination

Content of lecture will be changed as necessary.

iRt/ Evaluation Method
IINT A N0 %)F K OHIAGBROFESNB80 %) &b d L CrHilid %, 7 L IIHEPITHT 2,
Course grades will be based on short tests(20 %)and the final exam(80 %). The details will be explained

1n the course.

HRER L USEE/Mextbook and References
BRVE oy &Sy, =5 WE, BREEE, 20044F, 978-4-563-00352-4
REh#EURL

NI FE Preparation and Review

FBELETX A NOREYHOBUENZ TEL LA, £, HEESDZ EE2FLICESE
EET D 2 &,

Students are required to prepare for the assigned part of the designated textbook for each class.

They are also required to make a thorough review, mainly by completing assignments.

% OAthi/In Addition

1 B OBERBIX, 4 5FFHOFEZLELTOINEEZ b > THINT 2 Z &2 FHEE LTWET, 1 B OERIC
MBE LI DHERR O B2, 56 - 5 oW TE 1 5~ 3 O R o3l L ORI 2E (78 - BE
7E) 30~1 5K, [FEB, EHROEH 2O TE3 0~4 5RO L ORERRSN2E (78 - 1E
FHig L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,

and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
fENT A 2 HR R TR IR
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 25y

238 H/Class Subject
"R BAEES K O B BB Oy FE Sy

"Single variable and multivariable calculus"

D HH) & EE/Object and Summary of Class

"W TR IR OEARTH O R LFROFRINCI T 2 M TH 2 1L L O A5
BOWIE L FEMED AN S Z T 2 & L BICFHR I E# D "

"Calculus plays an important role in the understanding of science,engineering,economics,among
other disciplines.This course covers differentiation and integration of functions of one variable

as well as those of several variables."

HEDEEHF/Goal of Study
" & RO BRI G A BRI U I00is LB MED BRI 25 B B2 T 5.
"Understanding of the fundamental notion of calculus and acquiring skills to perform differentiation and

integration."

NG - J51E L T E/Contents and Progress Schedule of the Class
"H1El Hd & B OONGR E e R

"2l WIS L EorEE"

"HEaEl R L E A"

"SR] STEAEOERLE Z OIS

"L EEERE & 128K O Taylor D E L

"HelEl  AERY & ERRD"

"ETE B OFE G

RS IR

Ol 2R ORIR Y &

106 QIS AR OH

"E11E  ERE SR & 228 BB D Taylor D EEE"
"E51218]  2ZH B ORI

IS TR & DR R

"14lR] FERST ORHI

S b LR

"1.Limits of sequences/functions,and continuous functions"
"2.Elementary functions and their properties"
"3.Derivatives and their computations"

"4, The mean value theorem and its applications"
"5.Higher order derivatives and Taylor's theorem for one-variable functions"
"6.Indefinite/definite integrals"

"7.Computations and applications of integrals"
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"8.Improper integrals"

"9.Limits of two-variable functions,partial derivatives and total derivatives"

"10.The chain rule for two-variable functions"

"11.Higher order partial derivatives and Taylor's theorem for two-variable functions"
"12.Max-Min problem for two-variable functions"

"13.Double integrals,their computations,and iterated integrals"

"14.Change of variables"

"15.Summary and the final examination"

iRt/ Evaluation Method
"LAR— b /N TR NERB L OWIRGBRORE R ZRE UGl 258 L < IIFEZEE1RI B I3 5."
"Course grades will be based on reports,short tests and the final exam.The details will be explained at

the beginning of the course."

HRlER L U0%EE Textbook and References
BRE . TRFHEE MO O] , TR —#, BWHhR, 20204, 978-4410153587
REh#EURL

NI FE Preparation and Review

"HELZT XA MORELHORUETZ TE LTS DI L ELEEEZRL Z EaPOICEE %
K452 L

"Students are required to prepare for the assigned part of the designated textbook for each

class.They are also required to make a thorough review,mainly by completing assignments."

% OAthi/In Addition

"ERLOIBEOEE T TE TH Y EEO RN H 5"

"The above schedule of the 15 lectures is subject to change."

1B ORERBIX, 4 5FMOFEEZVNELTINEL > TR T 2 Z L2 FEL LTWET, 1 HADERIZ
WL 7 BB O B2, T3 - B ) 122V T 1 5~ 3 0 R 0fZZER L OWRERFMANEE (T8 - Y
72E) 30~15KH, [FER, FEHROFEHE) 220 TIE3 0~ 4 5K ORER LOREREIZE (TE -4
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
b S AAw i 2 M A FTE  TEEEETR
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A AMER 1A

P22 H/Class Subject
IR A 2

D B & EE/Object and Summary of Class

MIERECHIIZ R D EEW S ETORARTHY, BBTRICEEELRNEL OB OIEMEL 78>
TW5. BERETFATIE, BBERETFONSTH 175 L1781, S BICBIETBE 5. 1750
AR FEHE I OTH ORI R RBHHAE 2 HG L, TR0 ERLLOKE], @y 1 k5
ROFEIRIEZE 5. F1z, X7 FVERMNL T MVERIS~OBIEGHE OIS, Tha Tz kb
HARBNC KRBT 2 k& 5.

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices, the definition
and role of the determinant of a matrix, and the method of solving systems of linear equations.
Furthermore, linear mappings between vector spaces and their matrix representations are

treated.

HEDEEHF/Goal of Study

1) <7 bARATHIOREIHA 2 I AT D L O 12T 5.

2) AR DER L TOEENZ IR, BANREENTED X017 5.

3) WAL 1 RO E HE IR L, FERGHRNTED L0127 5.

4) BEGBIONT, 1PN L DR, AR L, BhEOITHIEE A EST 5.

The aim is

(1) to be able to perform arithmetic operations on vectors and matrices,

(2) to understand the definition and role of the determinant of a matrix, and to be able to compute
determinants,

(3) to be able to solve systems of linear equations,

(4) to understand the matrix representations of linear mappings, and to perform manipulations in terms

of matrices.

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
1A A XA, 2RDATH

wolal--Esla] X kL LA THIOEE

FAlE--55E 2k & 3IRODITHI

BEeE--EETE] —fRtDTTHIIEC

H8Irl-- 5390 ST 1 IR TR O

F10[E--2E11m] X7 hLZER] LRSS

1255130 EAE &1 THIOR At

#14lm] 2 B

#5158 fRFE &6
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1. Guidance, 2x2 matrix

2-3.. Calculation of matrices

4-5. Determinant of 2X2 and 3x3 matrices

6-7. Determinant

8-9. Systems of linear equations

10-11. Vector spaces and linear maps

12-13. Eigenvalues and diagonalization of matrices
14. Quadratic form

15. Summary

pikERHI 5/ Evaluation Method
EHERER, LAR— TRl 5. FEL UEREFLIRIBIZHIT 2. KIUC K> TERT L AlEEEDH D,
Course grades will be based on reports and the final exam.. The details will be explained at the

beginning of the course.

HFEER LU SEE/Textbook and References
BRE  RKETHESOS LUVRYEAREL, KHEFEIL, 1 = &%k, 2006, 4781911471
BEHEURL

PR ISN (& Preparation and Review
BRFEOTEEZLEATL TR Z L,

Students are required to look over the textbook for the next class.

% OAthi/In Addition

MR K-> THEBANEDEEH Y, KWKo TUIA T A o THEREZIT O WRettEd v,

1 B OBERBIX, 4 5FFHOFEZLELTOINEEZ b > THINT 2 Z &2 FHEE LTWET, 1 B OERIC
MBE LI DHERR O B2, 56 - 5 oW TE 1 5~ 3 O R o3l L ORI 2E (78 - BE
7E) 30~1 5K, [FEB, EHROEH 2O TE3 0~4 5RO L ORERRSN2E (78 - 1E
FHig L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
BRI S 2 A WG PR BEEETR
BHEHA/ Term 1BEARE—

e H - 5%IF - (5 Day/Period/Place HiTHEA KFEH 1 3R

P22 H/Class Subject
FRIEARECT:
Linear Algebra

D HH) & EE/Object and Summary of Class

MIERECHIIZ R D EEH S ETERNTHY , HFFTLbAA, BILRIZEEEFLRNEZLLD
DEOEMEL 2D EOFEEREZITTWD,

ZOFRTIE, ATHIOME, @ — R R 1THIROEEN L2NE 2R, R RitH ) 2 5
(2D ORI DI % 7.5,

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences. This
course covers fundamentals in linear algebra, such as operations of matrices, systems of linear
equations, determinants of matrices. Students will acquire relevant skills to perform certain

computations.

HEOEE HAF/Goal of Study
175, N 1 RFFE, ATHIRICRE T 2 AL SO BE, F5|% 18 U5tk E2 BiE L 35,
The aim is to understand fundamental concepts in linear algebra, such as matrices, systems of linear

equations, and determinants, and to acquire the ability to compute concrete examples.

FENE - J715 EHEEE T E/Contents and Progress Schedule of the Class
1. HAZ AL B MVEER] EAT5]
TURARNT. & FLJE
& UYE LA T8I DL
ITHINDBER, W75
IERIFTHI) &N — RO
EHDORFE L1751
ITHROME & 7 F A —nDRF
FeD1
W58
EAE & EA~T L
. ATENOFERER,
. PFE
BRI DI T
PRI DI TT
15. LD 11
SR DB A LT, MO O WA ZTRIET 5,

1. Guidance, space of row/column vectors and matrices

B S N T

_ o e =
N

2. Linear independence and bases
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. Row reduction and matrix rank
. Operations on matrices and inverse matrix

. Regular matrices and solutions of systems of linear equations

3
4
5
6. Sign of permutation and determinant of a matrix
7. Fundamental properties of determinant and Cramer's formula

8. Review I

9. Linear map

10. Eigenvalues and eigenvectors

11. Normal form of a matrix

12. Inner product

13. Application of linear algebra I

14. Application of linear algebra I

15. Review II

According to the understanding for the lecture of the attending students, the schedule and content of the

lecture mentioned above may be modified.

FihERH 71/ Evaluation Method

HERQEIZTE) L EEIC L VM 2, 7L <IHRESLURRISHIT 5,
Evaluation is based on examinations and homework.

The detail will be explained in the first class.

HEER LU SEE/Textbook and References
HFHE - BB, PNER— - JR)IEE, E2ER, 2000, ISBN978-4-7853-1522-1
BEhHEURL

RIS & Preparation and Review

THEELT, WEIOAFIZONT, HRFOZLENICHZE®T Z &,

wEE LT, MEPICEZONHEMEL M Z &,

As a preparation, students are required to look over the textbook for the next class.

As a review, students should solve exercises given in each class.

% Offi/In Addition

1 B OBRER BRI, 4 5RFHOFEZLELTOINAZ b o> THNT 2 2 &2 FHEE LTWET, 1 BOBREIC
B L7 B HER R O B2E, TR - ) 2oV X 1 5~ 3 0 M iR ¥k L OMRERSVAE (TF - 11E
72E) 30~15KFH, B, FEROERE] 2OV TIE3 0~ 4 5K ORER LORERHENAE (TE - &
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
b S AAw i 2 tFr Bl prlg . BTt
BHEHA/ Term 1BEARE—

e H - 5%IF - (5 Day/Period/Place HiTHEA KFEH 1 3R

P22 H/Class Subject
ISR /linear algebra

D B & EE/Object and Summary of Class

MIEREAIIZH G OEEZW D ECTERNTHY . AT HAA, BLRIZEEELRNELD
SEOREREL R TORREZMTTND,

ZOFRTIE, ATHIOME, @ — R R 1THIROEER L2NE 2R, R RitH ) 2 5
(22T D OBIERECTF DRI & 5 5,

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers the basics of linear algebra, such as operations of matrices, systems of linear
equations, determinants of matrices.

Students will acquire relevant skills to perform certain computations.

HEDEE HAZ/Goal of Study
1751, ST 1 R ATHEUCEE T2 EAE S O BRfE, Sl 2 L3 REO BTS2 HiE L 35,
The aim is to understand fundamental concepts in linear algebra, such as matrices, systems of linear

equations, and determinants, and to acquire the ability to compute concrete examples.

ENE - J71E L H#EEE T E/Contents and Progress Schedule of the Class
1. 7¥&ZDEHE 1/ matrices and operations 1

2. 178 &ZDHE 2 [ matrices and operations 2

3. #7521/ linear equations 1

4. 1THIDFEAZEY  elementary operations

5. EAITHI & 5175 [ regular matrices and inverse matrices

6. 3#N7 5FEE 2/ linear equations 2

7. 175X 1 /determinants 1

8. 175\ 2 /determinants 2

9. ML L1THRY linear transformations and determinants

10. #EARNTME, FUE 1/ linear independence and bases 1

11. BYEANIPE, KL 2/ linear independence and bases 2

12. EAMEEFEAR Y L 1/ eigenvalues and eigenvectors

13. %I{t 1/ triangulations of matrices 1

14. %Ik 2/ triangulations of matrices 2

15. J&H & F & ¥/ applications and summary

kR 5/ Evaluation Method

BERPIATOND/NT A NeEETHTETHS.

FIT BRSO NRVEATE, $Eo LaR— MR,
BROWHRRRZ RS Z 2030 5.
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By exams and, when necessary writing assignments and the final exam.

HRER LU EETextbook and References
C BEOBIAEL, A EIEREML , BZEAE, , 9784563003760
BE#EURL

RIS & Preparation and Review
MBI A BT 5 OIS 2 B 2 il WERH 5.

Need to practice solving problems daily.

% OAffi/In Addition
BRETREERFRA L0D, Tna2 T 5.

FEEHERFIIFEHOBERIMELS N TV D72, BUFRIRL, IHELE 2 D).
The classes will use the textbook, if not dependent on it.
(We select some chapters from the textbook and reorder them.)

1AL ORERFIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
VL e D HEMRO BT, T35 - Y 2oV Tk 1 5~ 3 0 B ofF¥ER L O 2E (78 - 88
72E) 30~1 5K, [FE, FEROFERE) (220 TIE3 0~4 5 MO ¥R LORERRNZE (T -1
Fip L) 15~0KEMTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
AT A 2 Ho KXW g - tEWEErseR
B s/ Term 1EBARE—

MEH - FhF - (= Day/Period/Place A MR 1A

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
A

. B & B ORI, A

. WIEERE L 2O

BN L oA (EHAE)

ERRE & 2 ORE GBI OO E)
EEHEDOERR & Z DI

7. PSR

8. Taylor DER

9. NER Y & By, WOTEOTED AR
10. FEBIE D AR

11. ERTDOISH

12. JRFRY

13. Gamma B##5 & Beta Bk

14. fifRDOR S

15. L £ L0

1. Introduction

o Ol b W N M

2. Limits of sequences/functions, and continuous functions

3. Elementary functions and their properties

4. Derivatives and their computations (the chain rule, etc.)

5. Derivatives and their computations (derivatives of inverse functions, etc.)
6. The mean value theorem and its applications

7. Higher order derivatives
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8. Taylor's theorem

9. Indefinite/definite integrals, and the fundamental theorem of calculus
10. Indefinite integrals of elementary functions

11. Applications of definite integrals

12. Improper integrals

13. The Gamma function and the Beta function

14. The arc length of a curve

15. Remarks and summary

iRt/ Evaluation Method
INT A B KON = T (40%) - HIREAER (60%) (&0 EHEd S,
By quizzes and online homework (40%), and the final exam (60%).

AFRlER LU EE Textbook and References

HRE RO RO HIBAR, LIRS, ADRR, RRIFUEE, /NRM, SETEEHIREE, 2007,
978-4-87361-695-7
B#EURL

http://www.math.is.tohoku.ac.jp/

PR ISN (& Preparation and Review

KEHF S (Mathematical Association of America) 3B L7724 T4 Vg AT A [
WeBWorK | 12 & 58 %77,

Assignments by the online homework system "WeBWorK" developed by the Mathematical

Association of America.

% OAffi/In Addition

EREDIBRIOEEITTETHY . BEORRMERH D,

The above schedule of the 15 lectures is subject to change.

1 B ORERBIL. 4 5RO FEEZLELTINEEZ b o THERT 2 Z & 2EHEL LTWET, 1 BiZOERIC
VB L 7 BRI O BT, T3k - 8 ) 1oV TiE 1 5~ 3 OO ER L OB ERRINZE (7Y - 88
72E) 30~1 5K, [FER, FEHROEHE 220 TIE3 0~4 5K OREER LORERESNAE (TE -4
EHpr) 15~0MTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
M A 2 ) BEE s TEEEEA TR
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A MR 1A

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1a] SRR

F2ln] FELOME

Hi3lE] BEEROMRIR

[ 2N EPEEE e P

C G EIBULIESF

Felal 18y rTREM: & AR

EE TA T —OFEHE T A T

F8A] = —DIEEDEH L v & H L DIEHL
FE9lE] 15y DIEH

H10ME] ERESY

1A O NEOFAEH

F12E] YRR OT 7 =y s

FB13IE] JRFERDY

F14l8] F5r DI

1500 F &b & HIRERER

FELUVER TEIIVIENCHI LE Y. SMEARIIMEIS L TELSNET.
1. Limits of sequences

2. Properties of real numbers

3. Limits of functions

4. Continuous functions

5. Inverse functions

6. Differentiability and the derivatives of functions
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7. Taylor’s theorem and Taylor series

8. Cauchy’s mean value theorem and L’Hospital’s rule

9. Applications of derivatives

10. Definite integrals

11. The fundamental theorem of calculus

12. Techniques of integration

13. Improper integrals

14. Applications of integrals

15. Summary and the final examination

Details will be announced at the beginning of the course. Content of lecture will be changed as

necessary.

a7/ Evaluation Method
L=k < /N7 2 NER LOHGBROME R ARG L GHIT 5, 7 L <IFREFLRIB ISR 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

#HPER L %%/ Textbook and References

ZEE NSy, =% BiE , BEEAE, 1992, 9784563002213

BEE L AT T T IO, BB, BERAE , 2015, 978-4-563-00495-8

ZEE WOk BTSSR0 =2 —X 1), FE—=g, AiEENE, 1988, 978-4-000-07771-2

ZEE L BT IERE ORE L 125 Odssy, Jesrfal, Y1 =2 24k, 2001 , 978-4781909967
SAEE WOy - FEEEER &R, fAmiE, AKE, 2006, 4-489-00723-X

BEVE  OFESy, KRS - EAEHE - DOERERD - A ENL , SANKIE AL, 2018, 9784780606447
SEE MRS B3R, 10 IR, AR IR, BRI B, /NR O, SEIRRKIE L, 2007,
9784873616957

ZEE  WHTEGORRE, W%, WEEE, 2006, 978-4-254-11757-8

SEE  FEMOTE YT, PR AR e, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

NIV F& Preparation and Review

TH  RAOFEEZSEIZ, ZRFORE T HEPTICH 28T,

BE  ARIOFERPITE 2 DAL EHE M2 2 ER MM <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

Z Ofth/In Addition

HREBLUSEEIZONT

Nol. BE¥ERZLREHRE, I NAUAAOAELEENTVD,

No2. ¥R HRE, e-Simbafibd, RICFHEMENTE S Z LN EIE
No3. HEHER R ZARLE, HTROEDONEFIEDZAEICHEE SN TV D,
Nod. FEHER 7R H R,

Nob. e-0imiE I Z 720 7203 b OFENT A,

No6. tEHERIRHRIE, HrLV, VI NRADODNEDTZOIZ, kb5,
No7. HEHER R HRE, BFIOMHNAL <, MEDZ,

No8. HEHER R HFIE, EREBONKNE L F o TN TTEER ISR,
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No9. FHOREMITE &b bR BF E,

KR TIEINBDHABELZ EL LTHND. MOBRELEAT 2 MLEITR20.

1AL ORERHIZ, 4 5HOPELZLELTINEEL > THERT L2 EE2FHEL LTWET, 1 BOERIC
WL Je BEHER O ik, TR - B8 IS oW TIL 1 5~ 3 0 MOk L ORI AN 2E (T8 - 1Y
7E) 30~1 5K, [FEB, EHROEHL 2OV TE3 0~4 5RO L O ERRSN2E (78 - 14
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
ENTS A 2 R REE TR TEEEEAITR
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A MR 1A

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1a] SRR

F2ln] FELOME

Hi3lE] BEEROMRIR

[ 2N EPEEE e P

C G EIBULIESF

Felal 18y rTREM: & AR

EE TA T —OFEHE T A T
F8A] = —DIEEDEH L v & H L DIEHL
FE9lE] 15y DIEH

H10ME] ERESY

1A O NEOFAEH

F12E] YRR OT 7 =y s

FB13IE] JRFERDY

F14l8] F5r DI

1500 F &b & HIRERER
ENFIIVLEIS U TEESINET.
1. Limits of sequences

2. Properties of real numbers

3. Limits of functions

4. Continuous functions

5. Inverse functions

6. Differentiability and the derivatives of functions
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7. Taylor’s theorem and Taylor series

8. Cauchy’s mean value theorem and L’Hospital’s rule
9. Applications of derivatives

10. Definite integrals

11. The fundamental theorem of calculus

12. Techniques of integration

13. Improper integrals

14. Applications of integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method
LAR— b < /N7 A NER JOWEREBROFE R G LTl 2, 78 L < I3RZEE 1B IS 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRER LU BEE/ Textbook and References

ARl - NSy, = BE , BEEEE, 1992, 9784563002213

BEE L AT T T IO, BB, BRAE , 2015, 978-4-563-00495-8

SEE WOy BIROEFAM = —2 1), FE—H, FEEsE, 1988, 978-4-000-07771-2

B PRTIERE PoFE Y VAR OMEE sy, NCERE, YA =2 24k, 2001, 978-4781909967

B ORE Yy - SRR & R, AEME, BURIXE, 2006, 4-489-00723-X

EBEWOTES, m RS - EREHERR - IR RN - SRR ESR , AN, 2018, 9784780606447
EE MO B3R, L0 IER, AR R, BRI K, MR, FIRRKEHRRA , 2007,
9784873616957

SEE  WOTEGOIRE, W%, WA, 2006, 978-4-254-11757-8

SEE BT, PR AR Ak, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

%o W W
1 1

RSN & Preparation and Review

TH  WAOTPEZSEIZ, ZREFORY T HEHTICHZET,

HE  ARIOFERPITE 2 DAL EHE M2 2 ER MM E <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% OAth/In Addition

1AL ORERHIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WL 7e BEHER I 0 Hix, TR - B8 1oV TiL 1 5~ 3 0 M0 L O R AN 2E (T8 - 1Y
7E) 30~1 5K, [FEB, EHROEHL 2O TIE3 0~4 5RO L O ERRSN2E (78 - 14
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
ENTS A 2 ErE E P EEERseR
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A MR 1A

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
VBB OMFE 7O 2 P L, AR 723 R EE IO 5,
Understanding of the theories of single variable calculus and acquiring skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1a] SRR

F2ln] FELOME

Hi3lE] BEEROMRIR

[ 2N EPEEE e P

C G EIBULIESF

BoE T A T —OEME T A T
FTA] 2= —DIWEEDOER L v &' H LD IEH
F8IE] 15y DI

F9lE] ARk & i

H10ME] ERESY

1A O NEOFAEH

F12E] YRR OT 7 =y s

FB13IE] JRFERDY

F14l8] F5r DI

E51500] AR & gt
ENFIIVLEIS U TEESINET.
1. Limits of sequences

2. Properties of real numbers

3. Limits of functions

4. Continuous functions

5. Inverse functions

6. Taylor’s theorem and Taylor series
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7. Cauchy’s mean value theorem and L’Hospital’s rule
8. Applications of derivatives

9. Midterm examination and review

10. Definite integrals

11. The fundamental theorem of calculus

12. Techniques of integration

13. Improper integrals

14. Applications of integrals

15. The final examinationn and review

Content of lecture will be changed as necessary.

G )77/ Evaluation Method
AEREORREME L CGHET 2 TETH D, 7 L <IIBEZEFLEHIZHTT 5,
Course grades will be based on the results of examinations. The details will be explained at the

beginning of the course.

HRlER LB % E/Textbook and References

SEE . Ny, =% e, BHEEE, 1992, 9784563002213

S E BT PR I OMEESy, RSTiEE, WA =2 24k, 2001, 978-4781909967
S ORIy ORRE, H)IEE, SIAENN, 2006, 9784-254-11757-8

EHHEURL

RSN FE Preparation and Review

TH  RADOTEEZSEIZ, ZREFORYTLEITICH 28T,

E - ABOERPITE 2 DAV EE M 2 5 ER MR <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

Z Offt/In Addition

1AL ORERHIZ, 4 5HOPELZLELTINEEL > THERT L2 EE2FHEL LTWET, 1 BOERIC
R L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 K iRk L ORERESNVAE (T8 - 15E
728) 30~15WMH, [FEBR, FEEHKOFEH] (220 TIE 3 0~4 5IEH oI LORERMAHE (78 - 18
H7pL) 15~0mH<TT,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
ENTS A 2 W Bt s . BEEeR
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A AMER 1A

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
1. FEEEES

. B LR

LR

TR

R L 2 OFENE
EENEDERR & 2 DI
. TA T —DOEH L ZDIGH]
Fh AR & A

. TERESY

1 0. TR DOFATER
1 1. ¥Rl hnREEL

1 2. JRFEfESy

13. Bmpoism (1)

14. Boosi (2)

1 5. WIAGHR & g

1. Real number and sequences

© 0 N O O bk woN

. Sequences and infinite series

. Continuous functions

. Elementary functions
Derivatives and its calculation

Mean value theorem and its applications

N O O bk WD

. Taylor's theorem and its applications
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8. Midterm exam and explanations

9. Definite integrals

1 0. Fundamental theorem of calculus

1 1. Primitive functions of elementary functions
1 2. Improper integrals

1 3. Applications of integrals (1)

1 4. Applications of integrals (2)

1 5. Final exam and explanations

iRt/ Evaluation Method
LaR— b, Fififalids L OWIFGBROFER ARG L GHET 5, 8L IREFHLEIR ST 2,
Course grades will be based on reports, the midterm test and the final exam. The details will be

explained at the beginning of the course.

HFEL L USEE/Textbook and References

SEE WORRSy, REP EERES, AR %, EEER, 19914F, 978-4-7853-1071-4
ZEE TR T, B, HOCFIHRES, 19804, 978-4-132-62005-5
SEE  TX A MBSO, /INNF HE, LR, 20034, 978-4-320-01751-1
ARl - NMoRESy, = BE, BHEEE, 19924, 9784563002213
BEURL

RIS & Preparation and Review

HRNE LR L) 238 O o DICRERRINFE IR R Th 5, D HiER EITHOWTILH
THPITEERFNTT D,

In order to understand fundamental theorems and calculations covered by this course, it is
significant to have a time for preparation and review. The details will be explained in this

course.

Z Offt/In Addition

1AL ORERHIZ, 4 5HOPELZLELTINEEL > THERT L2 EE2FHEL LTWET, 1 BOERIC
R L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 K iRk L ORERESNVAE (T8 - 15E
728) 30~15WMH, [FEBR, FEEHKOFEH] (220 TIE 3 0~4 5IEH oI LORERMAHE (78 - 18
H7pL) 15~0mH<TT,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
ENTS A 2 BA PR BREENER
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A AMER 1A

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1a] SRR

F2ln] FELOME

Hi3lE] BEEROMRIR

[ 2N EPEEE e P

C G EIBULIESF

Felal 18y rTREM: & AR

EE TA T —OFEHE T A T
F8A] = —DIEEDEH L v & H L DIEHL
FE9lE] 15y DIEH

H10ME] ERESY

1A O NEOFAEH

F12E] YRR OT 7 =y s

FB13IE] JRFERDY

F14l8] F5r DI

1500 F &b & HIRERER
ENFIIVLEIS U TEESINET.
1. Limits of sequences

2. Properties of real numbers

3. Limits of functions

4. Continuous functions

5. Inverse functions

6. Differentiability and the derivatives of functions

170




7. Taylor’s theorem and Taylor series

8. Cauchy’s mean value theorem and L’Hospital’s rule
9. Applications of derivatives

10. Definite integrals

11. The fundamental theorem of calculus

12. Techniques of integration

13. Improper integrals

14. Applications of integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method

Google Classroom TOLAR— b GEE) BLOWHRRBROM R ZHRE L THIT 2, 5L < I3ZEF1EIH
(RS %,

Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

#HPER L %%/ Textbook and References

ZEE NSy, =% BiE , BEEAE, 1992, 9784563002213

BEE L AT T T IO, BB, BERAE , 2015, 978-4-563-00495-8

ZEE WOk BTSSR0 =2 —X 1), FE—=g, AiEENE, 1988, 978-4-000-07771-2
ZEE L PRT IR ORE L 155 Odssy, Jesrfal, Y1 =2 24k, 2001 , 978-4781909967

SEE WOy - FEERER LR, RAEE, BURIXE, 2006, 4-489-00723-X

SEE WOy, mIKES - EAEHE - DOERIERD - BASENL , SFARKIEHRGE, 2018, 9784780606447
SEE MRS B3R, 10 IR, AR IR, BRI B, /NR O, SEIRRKIE L, 2007,
9784873616957

ZEE  WHTEGORRE, W%, WEEE, 2006, 978-4-254-11757-8

SEE  FEMOTE YT, PR AR e, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

NIV F& Preparation and Review

TH  RAOFEEZSEIZ, ZRFORE T HEPTICH 28T,

15 : Google Classroom ™ C 45z & 172 {5 P 2 152 £ AN R <
Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the Google Classroom.

Z Ofth/In Addition

1 B ORERBIX, 4 5RFHOFEZLELTINAZ b o THNT 2 2 & 2FEHEE LTWET, 1 BOBREIC
B LT B HER R O B22E, TR - ) 2oV TiE 1 5~ 3 0 R o ¥k L OMRERSVAE (T - 1HE
72E) 30~15KFH, [FBR, FEROFERE] 2OV TIE3 0~ 4 5K ORER LORERHNAE (TE - &
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
ENTS A 2 SR Foel  prE o BEEuEITE
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A AMER 1A

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WD T FOERTH Y | ~ 7 uiREFORMBETH S, WITED T O ThH 5 18 B
DIITER OFETEIZ DN T, EAMEZ T2 L L ICHEANEZE D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1a] SRR

F2ln] FELOME

Hi3lE] BEEROMRIR

[ 2N EPEEE e P

C G EIBULIESF

Felal 18y rTREM: & AR

EE TA T —OFEHE T A T
F8A] = —DIEEDEH L v & H L DIEHL
F9lE] Ty OIS & HrfRER

H10ME] ERESY

1A O NEOFAEH

F12E] YRR OT 7 =y s

FB13IE] JRFERDY

F14l8] F5r DI

1500 F &b & HIRERER
ENFIIVLEIS U TEESINET.
1. Limits of sequences

2. Properties of real numbers

3. Limits of functions

4. Continuous functions

5. Inverse functions

6. Differentiability and the derivatives of functions
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7. Taylor’s theorem and Taylor series

8. Cauchy’s mean value theorem and L’Hospital’s rule
9. Applications of derivatives

10. Definite integrals

11. The fundamental theorem of calculus

12. Techniques of integration

13. Improper integrals

14. Applications of integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method

HRfER TS L OGR4 40% 92, BEHEHT 2 LAR— F 220% 4/ E L CRHld 5, 71 L < I3R3EE1
B H &S 2,

Course grades will be based on the mid and final exam, 40% each, and reports, 20%.

The details will be explained at the beginning of the course.

#RER L 0B & ETextbook and References

SEE L FHEORES S, PR, A K, HOTHRR , 2006,  978-4-320-01748-1

HRE  BFEROTOOMSTE Y B, R /T, R R®RE, EE @R, HrHR, 2018,
978-4320113381

h#EURL

SN FE Preparation and Review

TH  WAOTPEEZSEIZ, ZREFORY T HEHTICHZET,

HE  ARIOFERPITE 2 DAL EHE M2 2R MM <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% OAthi/In Addition

HREBLOSZEFIZONT

BEE EHOREMITE & LN MR HRE,

ZEE BHEFICMIERBAS PR~ BTV D, FRITMBRIT IO IR A TR bR,

1 B OFERBIX, 4 5RFHOFEZLELTINEZ b o THT 2 2 & 2FHEE LTWET, 1 BZOBREIC
WL 7o BEHERFR O A2k, TR - 08 I2oWVW Tk 1 5~ 3 0 FEfoizEER L OMRERFRANFE (THE - B
72E) 30~15KH, [FER, FEROFERE) 220 TIE3 0~ 4 5K ORER LORERESNAE (TE -4
FHig L) 15~0KRITY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
ENTS A 2 RSk TR - BREEREIER
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A AMER 1A

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1a] SRR

F2ln] FELOME

Hi3lE] BEEROMRIR

[ 2N EPEEE e P

C G EIBULIESF

Felal 18y rTREM: & AR

EE TA T —OFEHE T A T
F8A] = —DIEEDEH L v & H L DIEHL
FE9lE] 15y DIEH

H10ME] ERESY

1A O NEOFAEH

F12E] YRR OT 7 =y s

FB13IE] JRFERDY

F14l8] F5r DI

1500 F &b & HIRERER
ENFIIVLEIS U TEESINET.
1. Limits of sequences

2. Properties of real numbers

3. Limits of functions

4. Continuous functions

5. Inverse functions

6. Differentiability and the derivatives of functions
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7. Taylor’s theorem and Taylor series

8. Cauchy’s mean value theorem and L’Hospital’s rule
9. Applications of derivatives

10. Definite integrals

11. The fundamental theorem of calculus

12. Techniques of integration

13. Improper integrals

14. Applications of integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method
LAR— b B JOMIARGABROFE R A4S U CRHIT 2, 38 L <IIRZESLEIB IR 2,
Course grades will be based on reports and the final exam. The details will be explained at the

beginning of the course.

HRlER LB % E/Textbook and References

ZEE NSy, =% BlE , B3EEE, 1992, 9784563002213

ZEE TR T, DGR, BOIRFRES, 1980, 9784130620055
SEE  WORSy 1R L2258, NIFEACH, AAGEatt, 2015, 9784535806306
EHHEURL

RSN FE Preparation and Review

T KBEOTEZZEIL, ZEEORLT H2EHTICHZET,

7Y AROHEER/ — MR RE LD, REERREIZHBE S5 E 2 5 2ER MR <,
Preparation: Students are required to look over reference books for the next class.

Review: Students are required to read handwritten notes and/or handouts, or solve problems

given in the class.

% Oh/In Addition

Nol. ELODOHFE, RETIBBLZZOEEICENIN TVIANRDIEE TV ET, NEEFLT
L —ELEHEA,

No2. MR LRERE, &OREAMENIMOIBEIFEFE LW E BT bFIISNDEBNTL
X9,

No3. L OHFE, LEH LWEETT, DT nesEETT,

No.1. Elementary textbook. This class will proceed along the framework of this book. But the
contents of this class will be different from this book.

No.2. Standard textbook. This book is for students who want to understand calculus deeply.
No.3. Elementary textbook. This is relatively new book and is good to grasp roughly whole of
the contents of the class.

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z &2 EHEL LTWET, 1 BLoERIC
B L I BHERR O BT, TR - %) 1220 TiE 1 5~ 3 0 o3 L UMMM 2E (T - 15
7E) 30~1 5, [FEB, FEHEKOEHL 2O TIE3 0~4 5 OfER LORERRSNHE (75 - #
BeL) 15~0KMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,

175




and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
ENTS A 2 B OEE A HEEETR
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A AMER 1A

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

AT TN FOIERTH Y | ITRE PO TH 5, MOTES FONATH H1EHBEHBOM
IPEROFEPEIZDONWT, EARRMBEER AR T 5 L & bIZERNZHE 9,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
A

. B & B ORI, A

. WIEERE L 2O

BN L oA (EHAE)

ERRE & 2 ORE GBI OO E)
EEHEDOERR & Z DI

7. PSR

8. Taylor DER

9. NER Y & By, WOTEOTED AR

10. FEBIE D AR

11. ERTDOISH

12. JRFRY

13. Gamma B##5 & Beta Bk

14. fifRDOR S

15. L £ L0

SRt DBMRIE 2 5UC, RO O WR LIS 5.

o Ol b W N M

1. Introduction

2. Limits of sequences/functions, and continuous functions
3. Elementary functions and their properties

4. Derivatives and their computations (the chain rule, etc.)

5. Derivatives and their computations (derivatives of inverse functions, etc.)
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6. The mean value theorem and its applications

7. Higher order derivatives

8. Taylor's theorem

9. Indefinite/definite integrals, and the fundamental theorem of calculus
10. Indefinite integrals of elementary functions

11. Applications of definite integrals

12. Improper integrals

13. The Gamma function and the Beta function

14. The arc length of a curve

15. Remarks and summary

According to the understanding for the lecture of the attending students, the schedule and content of the

lecture mentioned above may be modified.

&M 7/ Evaluation Method
INT A ROV = 7R (40%) - WIAGERER (60%) (20 FHilT 5,
By quizzes and online homework (40%), and the final exam (60%).

HFlER 0B % E Textbook and References

BRE - OSB3, TLNIESE, AR, REFUEE, /NRM, FINXKIE I REE, 2007,
978-4-87361-695-7

BhEURL

http://www.se.is.tohoku.ac.jp/~zeng/index.html

SN FE Preparation and Review

K EHF S (Mathematical Association of America) 3B L7=A v T4 Vg AT A [
WeBWorK | (2 X 5B ZH T, RICET2EMFIIA -V TUZIMT L0, 74 A7 U —%
RITHTETH S,

Assignments by the online homework system "WeBWorK" developed by the Mathematical
Association of America. Students may contact the instructor via emails and office hours will
also be scheduled.

% Offi/In Addition

EREDIBRIOEEITTETHY . BEOARMERH D,

The above schedule of the 15 lectures is subject to change.

1 WAL ORERBIX. 4 5RO FEEZLELTINEE b o THERT 2 2 &2 FHEL LTWET, 1 BiL0ERIC
VB L 7 BB O BT, TRk - 8 ) 122V T 1 5~ 3 OO ER L ORI ZE (7Y - EY
72E) 30~1 5K, [FER, FEHROEHL) (220 TIE3 0~4 5K ORER LORERENAE (TE -4
EHpr) 15~0MTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
AT A 2 W e PR EWENFRSER
B A/ Term 1EBARE—

MEH - FhF - (= Day/Period/Place A OKMEH 1 &I

P22 H/Class Subject
1 GBS Doy R oy o il

Fundamentals of single variable calculus

D HH) & EE/Object and Summary of Class

MO FIIIRT A DOEARTH Y, Frx RBFSHICBIT A TH L, 1 LBEBOMIE, H
INEIZONWT, RSB 2 5 LiHEIEE 5,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers essential concepts and calculus for differentiation

and integration of functions of one variable.

HEDEEHF/Goal of Study
WOTE Y DI 2B 2 PR L, Worommn OFEIEZISHTE D& @) 5,
Understanding of the essential concepts of single variable calculus and developing skills to perform

differentiation, integration, and their applications.

NG - J51E L T E/Contents and Progress Schedule of the Class

1 EHBE O, BRI 2 EE R HEMESI W COERA M L T Z 2B E L%
ERAT O, RENBKOBRZ AR BDHEGRL, BIE - fiET o262 L2 L Lo/ T A
~ G T %,

F01E] B ooRER

%020 PR (1)

#5030 BEEOMR (2)

504ln] B oOETEHE B

F05[m]  WIERHE

FHo6lE] oy ATHENE & B (1)

FH07ME] K
08|
ZH09JE
EANE]
F11lE ORI L ER (2)

g1zl ERy (1) o ERR

H13E 'Ry (2) o ER

%14 EREy (3) RS

1500 FAEERLARRE T L

FROTEAT Y 2—UIALTHY, EITREIERE L CEHEELEE T 2,

The course is planned to give the following lectures to develop the clear understandings about the

TR
=
9
e

= =

important concepts on the differentiation and integration for single variable functions. Short tests will

be provided for the purpose to give the students the occasion to check and correct their own
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understanding of the lecture.

01. Sequences and their limits

02. Limit of function (1)

03. Limit of function (2)

04. Continuity and monotonicity of function
05. Elementary functions

06. Differentiabiliy and derivative (1)

07. Differentiabiliy and derivative (2)

08. Differential culculas

09. Derivate

10. Theorems about derivate (1)

11. Theorems about derivate (2)

12. Definite integral (1): definition

13. Definite integral (2): theorems

14. Definite integral (3): improper integral
15. The final examination and summary

The above schedule is tentative, and may be changed as the lecture is proceeded.

AR 7/ Evaluation Method
BRI L OVINT X M L DG i i, 7% L < I3FEH=SE TRl %,
Course grades will be based on short tests and the final exam. The details will be explained at the first

class of the course.

HPER X %%/ Textbook and References

HRVEISEE oty EITROBFAAFa—2 1) , FE=4, S9EE, 1988, 978-4-000-07771-2
BRVEISEE BTN B3R, TLOIESE « APRSE - REIFUEAE « /IR, SRR, 2007,
978-4-87361-695-7

HREZEE WO (A AT 77 V8%, EREER, 4 24k, 1974,
978-4-781-90108-4

BRI EIZEE B TROTO OGS FAM, K28 - PR afd - (LpNiEAs, 3STHIR, 2013,
978-4-320-11058-8

HREISEE NP BoOoREy, —SEEE, BERAE, 1992, 978-4-563-00221-3

BREIZEE AT v T T  TORE,  H LB, BEEAE, 2015, 978-4-563-00495-8
BREZEL BT WO T 188 OMEEy, RNciakE, A = 24, 2001, 978-4-781-90996-7
BREZEL  WORy - R & RBE, EE, HORE, 2006, 4-489-00723-X

BRI EBEE  WOTEORRE, W), SAEE, 2006, 978-4-254-11757-8

BEURL

RIS & Preparation and Review

A TRSEBECAIIR O HPH T2, +oIcBfi T 57-012iE, HEMECALHED T
EMbo b ANTT, TO—BE LT, KRETIE, DT ANBERINET, M7 ARMNE, 1
SANEH S NIZBIC, B SN DR E AbE T, BOOBEMN AR+ s ERE L, T
THMEICEORMVMATIE, BEONFEOHMRELEDDHT-DIZAZHTTOT, EERREDY
AABALETT,

Although this course provides some specific topics of the fundamental calculus, it is most
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efficient for their satisfactory understandings to make exercises on corresponding problems by
yourself. As a partial help for such exercises, this course will require for you to take short tests
repeatedly. It is important to identify the weak points for your satisfactory understandings,
making use of the comments and the solutions of the problem given in the short tests, so that
you will get the chance to improve your understandings of this course with supplementary

exercises by yourself.

% Of/In Addition

REICHOVWTOFY =T — gy (REFECHMAMZ: EDOFH) 2 HEHRFETITVWEY, 22
B, AVITANTLDREFEMOAEELHY £

The details about the principle and the grades etc. will be explained at the first class of the
course. The lecture may be given online.

1 B ORERBIX, 4 5FMOFELZNELTINEEL > THERT 2 Z LA FEL LTWET, 1 HADERIC
B LI D HERR O B2, T3 - 5 1oV TE 1 5~ 3 O R o3l L ORI 2E (78 - 5E
72E) 30~15KFH, [FBR, FEROERE] 2OV TIE3 0~ 4 5K ORER LORERRINAE (TE - &
FHip L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
ENTS A 2 R REE TR TEEEEAITR
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A OKMEH 1 &I

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1a] SRR

F2ln] FELOME

Hi3lE] BEEROMRIR

[ 2N EPEEE e P

C G EIBULIESF

Felal 18y rTREM: & AR

EE TA T —OFEHE T A T
F8A] = —DIEEDEH L v & H L DIEHL
FE9lE] 15y DIEH

H10ME] ERESY

1A O NEOFAEH

F12E] YRR OT 7 =y s

FB13IE] JRFERDY

F14l8] F5r DI

1500 F &b & HIRERER
ENFIIVLEIS U TEESINET.
1. Limits of sequences

2. Properties of real numbers

3. Limits of functions

4. Continuous functions

5. Inverse functions

6. Differentiability and the derivatives of functions
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7. Taylor’s theorem and Taylor series

8. Cauchy’s mean value theorem and L’Hospital’s rule
9. Applications of derivatives

10. Definite integrals

11. The fundamental theorem of calculus

12. Techniques of integration

13. Improper integrals

14. Applications of integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method
LAR— b < /N7 A NER JOWEREBROFE R G LTl 2, 78 L < I3RZEE 1B IS 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRER LU BEE/ Textbook and References

ARl - NSy, = BE , BEEEE, 1992, 9784563002213

BEE L AT T T IO, BB, BRAE , 2015, 978-4-563-00495-8

SEE WOy BIROEFAM = —2 1), FE—H, FEEsE, 1988, 978-4-000-07771-2

D EETRAE OB 1 OEE Y, JeNriaE, A = A%k, 2001, 978-4781909967
PORESY - SRR & R, AAHME, ERE, 2006, 4-489-00723-X

CIBOIRESY, R - EEHERR - IVERERD - EORGESL , SFINIXE LR, 2018, 9784780606447
D FERESORE Y B3, T IESE, AER IR, BRI K, JNR O, EIIRIE A, 2007,
9784873616957

SEE  WOTEGORRE, W%, WAESE, 2006, 978-4-254-11757-8

SEE BT, PR AR Ak, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

RSN & Preparation and Review

TH  WAOTPEZSEIZ, ZREFORY T HEHTICHZET,

HE  ARIOFERPITE 2 DAL EHE M2 2 ER MM E <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% Of/In Addition

HREBL LUSEEIZONT

Nol. AR ERE, I RN ORAE B EEN TN D,

No2. ¥R HRE, e-Simba T, RICFHEMENTE S Z LN EIE
No3. #HHERNRFRE, B LROLEDOSFICEDFAICHEE SN TV D,
No4. 1FEHER 2R EELE,

No5. e-8amiEIC 27200 7203 b DT HEA,

No6. FEMERRFRE, L, I NZAORNFDTZOIZ, [FEkbE o,
No7. {7 HFRE, BIOMRNE <, BEL 2,

No8. HEHERRBFIE, HREBONRNE & F o> T TTEEEITHEF],
No9. HIOREMITE & bR HRF,

183




1AL ORERFIZ. 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WL Jp BEHER O Hix, TR - B 1oL 1 5~ 3 0 M0 L O R A 218 (T8 - 1Y
728) 30~15WMH, [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAAHE (78 - 18
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
AT A 2 ME F PR EEREEEER
B s/ Term 1EBARE—

MEH - FhF - (= Day/Period/Place A OKMEH 1 &I

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1a] SRR

F2ln] FELOME

Hi3lE] BEEROMRIR

[ 2N EPEEE e P

C G EIBULIESF

Felal 18y rTREM: & AR

EE TA T —OFEHE T A T
F8A] = —DIEEDEH L v & H L DIEHL
FE9lE] 15y DIEH

H10ME] ERESY

1A O NEOFAEH

F12E] YRR OT 7 =y s

FB13IE] JRFERDY

F14l8] F5r DI

1500 F &b & HIRERER
ENFIIVLEIS U TEESINET.
1. Limits of sequences

2. Properties of real numbers

3. Limits of functions

4. Continuous functions

5. Inverse functions

6. Differentiability and the derivatives of functions
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7. Taylor’s theorem and Taylor series

8. Cauchy’s mean value theorem and L’Hospital’s rule
9. Applications of derivatives

10. Definite integrals

11. The fundamental theorem of calculus

12. Techniques of integration

13. Improper integrals

14. Applications of integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

kAt 72/ Evaluation Method
INT AR, R, WIREBROMERZRA L GHIT 5, 7 L <IHES1RBISHRAT 5,
Course grades will be based on short tests, midterm exam, and the final exam. The details will be

explained at the beginning of the course.

HRER LU BEE/ Textbook and References

BEVE - KBRSy, SO, SR, 2019, 978-4-410-15229-0

BEE L AT T T IO, BB, BRAE , 2015, 978-4-563-00495-8

SEE WOy BIROEFAM = —2 1), FE—H, FEEsE, 1988, 978-4-000-07771-2

D EETRAE OB 1 OEE Y, JeNriaE, A = A%k, 2001, 978-4781909967
PORESY - SRR & R, AAHME, ERE, 2006, 4-489-00723-X

CIBOIRESY, R - EEHERR - IVERERD - EORGESL , SFINIXE LR, 2018, 9784780606447
D FERESORE Y B3, T IESE, AER IR, BRI K, JNR O, EIIRIE A, 2007,
9784873616957

SEE  WOTEGORRE, W%, WAESE, 2006, 978-4-254-11757-8

SEE BT, PR AR Ak, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

RSN & Preparation and Review

TH  WAOTPEZSEIZ, ZREFORY T HEHTICHZET,

HE  ARIOFERPITE 2 DAL EHE M2 2 ER MM E <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% Of/In Addition

HREBL LUSEEIZONT

Nol. ¥ FIVIy e HFE,

No2. ¥R HRE, e-Simba T, RICFHEMENTE S Z LN EIE
No3. #HHERNRFRE, B LROLEDOSFICEDFAICHEE SN TV D,
No4. 1FEHER 2R EELE,

No5. e-8amiEIC 27200 7203 b DT HEA,

No6. FEMERRFRE, L, I NZAORNFDTZOIZ, [FEkbE o,
No7. {7 HFRE, BIOMRNE <, BEL 2,

No8. HEHERRBFIE, HREBONRNE & F o> T TTEEEITHEF],
No9. HIOREMITE & bR HRF,
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Nol0. HEHER R BRI E, T NALSORNE L EEN TN D,

1HALORERFIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WBE L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 R 0k L ORRERESVAE (T8 - 15E
728) 30~15WMH., [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAHE (T8 - 18
H7pL) 15~0mH<TT,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.

187




RERE4 - BT/ Credit(s) | fHM4ZHEL -
ENTS A 2 FH BY s EEEeEarsR
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A OKMEH 1 &I

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1a] SRR

F2ln] FELOME

Hi3lE] BEEROMRIR

[ 2N EPEEE e P

C G EIBULIESF

Felal 18y rTREM: & AR

EE TA T —OFEHE T A T
F8A] = —DIEEDEH L v & H L DIEHL
FE9lE] 15y DIEH

H10ME] ERESY

1A O NEOFAEH

F12E] YRR OT 7 =y s

FB13IE] JRFERDY

F14l8] F5r DI

1500 F &b & HIRERER
ENFIIVLEIS U TEESINET.
1. Limits of sequences

2. Properties of real numbers

3. Limits of functions

4. Continuous functions

5. Inverse functions

6. Differentiability and the derivatives of functions
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7. Taylor’s theorem and Taylor series

8. Cauchy’s mean value theorem and L’Hospital’s rule
9. Applications of derivatives

10. Definite integrals

11. The fundamental theorem of calculus

12. Techniques of integration

13. Improper integrals

14. Applications of integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method
LAR— b < /N7 A NER JOWEREBROFE R G LTl 2, 78 L < I3RZEE 1B IS 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRER LU BEE/ Textbook and References

BEE  ERMORES T F 3R, TL0 IER, AR IR, BEIR BE, /R, SEINKIE L, 2007,
9784873616957

BEE L AT T T IO, BB, BERAE , 2015, 978-4-563-00495-8

ZEE WOk BTSSR0 =2 —X 1), FE—=g, AiEENE, 1988, 978-4-000-07771-2
ZEE L PRT IR ORE L 155 Odssy, Jesrfal, Y1 =2 24k, 2001 , 978-4781909967

SEE  WORESy  FEERER L ERH, RAEE, BURIXE, 2006, 4-489-00723-X

SEE WOy, mIKES - EAEHE - DOERIERD - BASENL , SFARKIEHRGE, 2018, 9784780606447
ZEE L NSy, =% BiE , BEEAE, 1992, 9784563002213

SEE  WOTEGOIRE, W%, WA, 2006, 978-4-254-11757-8

SEE BT, PR AR Ak, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

RSN & Preparation and Review

TH  WAOTPEZSEIZ, ZREFORY T HEHTICHZET,

HE  ARIOFERPITE 2 DAL EHE M2 2 ER MM E <,

Preparation: Students are required to look over the textbook for the next class.Review: Students

are required to solve problems given in the class.

% OAth/In Addition

1AL ORERHIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WL 7e BEHER I 0 Hix, TR - B8 1oV TiL 1 5~ 3 0 M0 L O R AN 2E (T8 - 1Y
7E) 30~1 5K, [FEB, EHROEHL 2O TIE3 0~4 5RO L O ERRSN2E (78 - 14
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
ENTS A 2 FEH 15 Arld . ESERRSEAL
BAREH/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A OKMEH 1 &I

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays important roles in the understanding of science, engineering, economics, among
other disciplines. This course covers differentiation and integration of functions of one variable,

with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1a] SRR

F2ln] FELOME

Hi3lE] BEEROMRIR

[ 2N EPEEE e P

C G EIBULIESF

Felal 18y rTREM: & AR

EE TA T —OFEHE T A T
F8A] = —DIEEDEH L v & H L DIEHL
FE9lE] 15y DIEH

H10ME] ERESY

1A O NEOFAEH

F12E] YRR OT 7 =y s

FB13IE] JRFERDY

F14l8] F5r DI

1500 F &b & HIRERER
ENFIIVLEIS U TEESINET.
1. Limits of sequences

2. Properties of real numbers

3. Limits of functions

4. Continuous functions

5. Inverse functions

6. Differentiability and the derivatives of functions
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7. Taylor’s theorem and Taylor series

8. Cauchy’s mean value theorem and L’Hospital’s rule
9. Applications of derivatives

10. Definite integrals

11. The fundamental theorem of calculus

12. Techniques of integration

13. Improper integrals

14. Applications of integrals

15. Summary and the final examination

Contents of lecture will be changed as necessary.

G )77/ Evaluation Method
IR 2 HHRET % 36 L OWIRRBROFE R ARG LG 25, #F L <I3EB1EIH Oz Tt 2,
Course grades will be based on homework and the final exam. The details will be explained at the

beginning of the course.

HRlER LB % E/Textbook and References

BEE . Ny, =% e, BHEEE, 1992, 9784563002213

ZEE CATANRL, I R, BURKRKFRES, 1980, 9784130620055

ZEE  Fr@) U CERS Mok, M B, EHER, 2019, 9784785315818

SEE WSy, )IPE KR, BAGEmtE, 2015, 9784535806306
SAEE IR OXAE W) B, FIEENE, 2006, 9784254117578
R#EURL

NI F& Preparation and Review

TH  WAOFEEZSEIZ, Z3EFORET HEITICHZET,

EE  ARIOFERPITE 2 DAL EHE M2 2 ER MM <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve exercises given in lectures.

% OAth/In Addition

1 B OBERBIX, 4 5FFHOFEZLEL T INEZ b THINT 2 Z &2 FHEE LTWET, 1 B OERIC
MBE LI D HERR O B2, 56 - 5 oW TE 1 5~ 3 O Mol L ORI 2E (78 - 15E
7E) 30~15WM, [FEB, EHROEH 2O TE3 0~4 5ROEES L ORERRSN2E (78 - 18
FHig L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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R A4 - B Credit(s) | #2404 -
PR A 2 L5 B - BRESE
B )/ Term 1EARAHL—

MEH - FhF - (= Day/Period/Place A OKMEH 1 &I

P22 H/Class Subject
1R B O ATES 7

Single variable calculus

D HH) & EE/Object and Summary of Class

WA FIIITFOEARTH Y | HLFROFMICBITOEMETH L, MO TFOHETH L1
BB DWIE R OREPEIC DWW T, EARMBERZ PRS2 & & bICFHR I E# D,

Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers differentiation and integration of functions of one

variable, with applications.

HEDEEHF/Goal of Study
o3IE EREINEDRAR 73BT IEZ O, Fix OFEBO S OEMAE OhTe,
Understanding of the fundamental theorems of single variable calculus and acquiring skills to perform

differentiation and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
F1a] SRR

F2ln] FELOME

Hi3lE] BEEROMRIR

[ 2N EPEEE e P

C G EIBULIESF

Felal 18y rTREM: & AR

EE TA T —OFEHE T A T
F8A] = —DIEEDEH L v & H L DIEHL
FE9lE] 15y DIEH

H10ME] ERESY

1A O NEOFAEH

F12E] YRR OT 7 =y s

FB13IE] JRFERDY

F14l8] F5r DI

1500 F &b & HIRERER
ENFIIVLEIS U TERINET,
1. Limits of sequences

2. Properties of real numbers

3. Limits of functions

4. Continuous functions

5. Inverse functions

6. Differentiability and the derivatives of functions
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7. Taylor’s theorem and Taylor series

8. Cauchy’s mean value theorem and L’Hospital’s rule
9. Applications of derivatives

10. Definite integrals

11. The fundamental theorem of calculus

12. Techniques of integration

13. Improper integrals

14. Applications of integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method
LA b T R NS X OARRIRORER AR A L CRHITT 5, 6L < HEIERLIE ISR 5,
Course grades will be based on reports, short tests, and the final exam. The details will be explained at

the beginning of the course.

HRER LU BEE/ Textbook and References

ZEE NSy, =% BlE , B3EEE, 1992, 9784563002213

BEE L AT T T IO, BB, BRAE , 2015, 978-4-563-00495-8

SEE WOy BIROEFAM = —2 1), FE—H, FEEsE, 1988, 978-4-000-07771-2

D EETRAE OB 1 OEE Y, JeNriaE, A = A%k, 2001, 978-4781909967
PORESY - SRR & R, AAHIME, ERE, 2006, 4-489-00723-X

CIBOIRESY, R - EEHERR - IVERERD - EORGESL , SFINIXE LR, 2018, 9784780606447
D FERESORE Y B3, T IESE, AER IR, BRI K, JNR O, EIIRIE A, 2007,
9784873616957

SEE  WOTEGOIRE, W%, WA, 2006, 978-4-254-11757-8

SEE BT, PR AR Ak, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

RSN & Preparation and Review

TH  WAOTPEZSEIZ, ZREFORY T HEHTICHZET,

HHE  BREOHEME LM< 2 Ik 0 R AR T 5,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve exercises in the textbook and verify their

understandings.

Z Ofth/In Addition

HREBLUSEEIZONT

Nol. BE¥ERZLREHRE, I NAUAAOAELEENTVD,

No2. ¥R HRE, e-Simbafibd, RICFHEMENTE S Z LN EIE
No3. HEHER R ZARLE, HTROEDONEFIEDZAEICHEE SN TV D,
Nod. FEHER 7R H R,

Nob. e-0imiE I Z 720 7203 b OFENT A,

No6. tEHERIRHRIE, HrLV, VI NRADODNEDTZOIZ, kb5,
No7. HEHER R HRE, BFIOMHNAL <, MEDZ,

No8. HEHER R HFIE, EREBONKNE L F o TN TTEER ISR,
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No9. FHOREMITE &b bR BF E,

1HALORERFIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WBE L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 R 0k L ORRERESVAE (T8 - 15E
728) 30~15WMH., [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAHE (T8 - 18
Fi L) 15~0KEMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
fiEHT ¥ B 2 Ho KXW g - tEWEErseR
B s/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMER 1A

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

WAHEDFIRTFOERTH Y, B LFROFMICB T EMETH D, 1EKBIEOWIE LA I
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
A

. ARGy & B0y

. BB DSy

. PR RS R

. TA T —OEMR

6. 22 B DRI

7. FERECER

8. S E HuMfiERE

9. BEfEy L EORE, BIKFEY
10. BRIy DEFI R

11, JRFEEAEY

12. JRFEHEFE T DI

13. 3EFY

14. B DIGH]

15. flild L £ L0

1. Introduction

FETCRT -

ot

2. Partial derivatives and total derivatives
3. The chain rule

4. Higher order partial derivatives

5. Taylor's theorem

6. Extrema of bivariate functions

7. The implicit function theorem
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8. Constrained extrema

9. Double integrals, their computations, and iterated integrals
10. Change of variables

11. Improper double integrals

12. Applications of improper double integrals

13. Triple integrals

14. Applications of multiple integrals

15. Remarks and summary

iRt/ Evaluation Method
INT A B KON = T (40%) - HIREAER (60%) (&0 EHEd S,
By quizzes and online homework (40%), and the final exam (60%).

AFRlER LU EE Textbook and References

HRE RO RO HIBAR, LIRS, ADRR, RRIFUEE, /NRM, SETEEHIREE, 2007,
978-4-87361-695-7
B#EURL

http://www.math.is.tohoku.ac.jp/

PR ISN (& Preparation and Review

KEHF S (Mathematical Association of America) 3B L7724 T4 Vg AT A [
WeBWorK | 12 & 58 %77,

Assignments by the online homework system "WeBWorK" developed by the Mathematical

Association of America.

% OAffi/In Addition

EREDIBRIOEEITTETHY . BEORRMERH D,

The above schedule of the 15 lectures is subject to change.

1 B ORERBIL. 4 5RO FEEZLELTINEEZ b o THERT 2 Z & 2EHEL LTWET, 1 BiZOERIC
VB L 7 BRI O BT, T3k - 8 ) 1oV TiE 1 5~ 3 OO ER L OB ERRINZE (7Y - 88
72E) 30~1 5K, [FER, FEHROEHE 220 TIE3 0~4 5K OREER LORERESNAE (TE -4
EHpr) 15~0MTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
T H B 2 ) BEE s TEEEEA TR
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMER 1A

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
L] 2 2B ORI

FE20m] e REA & RS R

FE3IE] Ay vTRENE & A

Al AR BEOMOE

H5lA] PTEE & T A T —DER

eIl FE o] E

H7IR] PEBEEUERE & o X ffiEilE

H8lnl 77T Y 2 DREFE

o] BRI DIEF

#1008 ARy & FE DIAFZS

CAMERY vxi

F12IR] JAFDOERE Y

H13la] ZHEFEY

#5140 HFESDIEH]

1500 F &b & HIRERER

S TEDFEHIPIENCHI LE Y. SMEARIIMEIS L TELSNET.
1. Limits of functions of two variables

2. Continuous functions and partial derivatives
3. Total differentiability and tangent planes

4. Derivatives of composite functions

5. Differential operators and Taylor’s theorem

6. Determination of extremal values of functions
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7. The implicit function theorem and extremal problems with constraints

8. The methods of Lagrange multipliers

9. Definition of double integrals

10. Iterated integrals and change of the order of integration

11. Change of variables in double integrals

12. Improper double integrals

13. Multiple integrals

14. Applications of multiple integrals

15. Summary and the final examination

Details will be announced at the beginning of the course. Content of lecture will be changed as

necessary.

a7/ Evaluation Method
L=k < /N7 2 NER LOHGBROME R ARG L GHIT 5, 7 L <IFREFLRIB ISR 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

#HPER L %%/ Textbook and References

ZEE NSy, =% BiE , BEEAE, 1992, 9784563002213

BEE L AT T T IO, BB, BERAE , 2015, 978-4-563-00495-8

ZEE WOk BTSSR0 =2 —X 1), FE—=g, AiEENE, 1988, 978-4-000-07771-2

ZEE L BT IERE ORE L 125 Odssy, Jesrfal, Y1 =2 24k, 2001 , 978-4781909967
SHEE WORy - FEEEER &R, fAmE, HKE, 2006, 4-489-00723-X

BEVE  OFESy, KRS - EAEHE - DOERERD - A ENL , SANKIE AL, 2018, 9784780606447
SEE MRS B3R, 10 IR, AR IR, BRI B, /NR O, SEIRRKIE L, 2007,
9784873616957

ZEE  WHTEGORRE, W%, WEEE, 2006, 978-4-254-11757-8

SEE  FEMOTE YT, PR AR e, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

NIV F& Preparation and Review

TH  RAOFEEZSEIZ, ZRFORE T HEPTICH 28T,

BE  ARIOFERPITE 2 DAL EHE M2 2 ER MM <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

Z Ofth/In Addition

HREBLUSEEIZONT

Nol. BE¥ERZLREHRE, I NAUAAOAELEENTVD,

No2. ¥R HRE, e-Simbafibd, RICFHEMENTE S Z LN EIE
No3. HEHER R ZARLE, HTROEDONEFIEDZAEICHEE SN TV D,
No4. fEAER R HFE, 8ISy RS H 5,

Nob. e-0imiE I Z 720 7203 b OFENT A,

No6. tEHERIRHRIE, HrLV, VI NRADODNEDTZOIZ, kb5,
No7. HEHER R HRE, BFIOMHNAL <, MEDZ,

No8. HEHER R HFIE, EREBONKNE L F o TN TTEER ISR,
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No9. FHOREMITE &b bR BF E,

ERITITEL LTNob6Z AN D, thOAFRFEZEAT 2 LB 0.

1AL ORERHIZ, 4 5HOPELZLELTINEEL > THERT L2 EE2FHEL LTWET, 1 BOERIC
WL Je BEHER O ik, TR - B8 IS oW TIL 1 5~ 3 0 MOk L ORI AN 2E (T8 - 1Y
7E) 30~1 5K, [FEB, EHROEHL 2OV TE3 0~4 5RO L O ERRSN2E (78 - 14
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
fiENTS B 2 BA PR BREENER
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMER 1A

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
L] 2 2B ORI

FE20m] e REA & RS R

FE3IE] Ay vTRENE & A

Al AR BEOMOE

H5lA] PTEE & T A T —DER

eIl FE o] E

H7IR] PEBEEUERE & o X ffiEilE

H8lnl 77T Y 2 DREFE

o] BRI DIEF

#1008 ARy & FE DIAFZS

CAMERY vxi

F12IR] JAFDOERE Y

H13la] ZHEFEY

#5140 HFESDIEH]

1500 F &b & HIRERER

ENFIIVLEIS U TEESINET.

1. Limits of functions of two variables

2. Continuous functions and partial derivatives
3. Total differentiability and tangent planes
4. Derivatives of composite functions

5. Differential operators and Taylor’s theorem

6. Determination of extremal values of functions

200




7. The implicit function theorem and extremal problems with constraints
8. The methods of Lagrange multipliers

9. Definition of double integrals

10. Iterated integrals and change of the order of integration

11. Change of variables in double integrals

12. Improper double integrals

13. Multiple integrals

14. Applications of multiple integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method

Google Classroom TH#ET 5 LA— b GRE) B X OWERREROFERZHRE UM 2, 7L IFHRHEE
1ETHIZHT 5,

Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

#HPER L %%/ Textbook and References

ZEE NSy, =% BiE , BEEAE, 1992, 9784563002213

BEE L AT T T IO, BB, BERAE , 2015, 978-4-563-00495-8

ZEE WOk BTSSR0 =2 —X 1), FE—=g, AiEENE, 1988, 978-4-000-07771-2

ZEE L BT IERE ORE L 125 Odssy, Jesrfal, Y1 =2 24k, 2001 , 978-4781909967

SEE WOy - FEERER LR, RAEE, BURIXE, 2006, 4-489-00723-X

SEE WOy, mIKES - EAEHE - DOERIERD - BASENL , SFARKIEHRGE, 2018, 9784780606447
SEE MRS B3R, 10 IR, AR IR, BRI B, /NR O, SEIRRKIE L, 2007,
9784873616957

ZEE  WHTEGORRE, W%, WEEE, 2006, 978-4-254-11757-8

SEE  FEMOTE YT, PR AR e, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

NIV F& Preparation and Review

TH  RAOFEEZSEIZ, ZRFORE T HEPTICH 28T,

15 : Google Classroom ™ C 45z & 172 {5 P 2 152 £ AN R <
Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the Google Classroom.

Z Ofth/In Addition

HREBLUSEEIZONT

Nol. BE¥ERZLREHRE, I NAUAAOAELEENTVD,

No2. ¥R HRE, e-Simbafibd, RICFHEMENTE S Z LN EIE
No3. HEHER R ZARLE, HTROEDONEFIEDZAEICHEE SN TV D,
No4. fEAER R HFE, 8ISy RS H 5,

Nob. e-0imiE I Z 720 7203 b OFENT A,

No6. tEHERIRHRIE, HrLV, VI NRADODNEDTZOIZ, kb5,
No7. HEHER R HRE, BFIOMHNAL <, MEDZ,

No8. HEHER R HFIE, EREBONKNE L F o TN TTEER ISR,
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No9. FHOREMITE &b bR BF E,

1HALORERFIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WBE L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 R 0k L ORRERESVAE (T8 - 15E
728) 30~15WMH., [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAHE (T8 - 18
Fi L) 15~0KEMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
fiENTS B 2 SR Foel  prE o BEEuEITE
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMER 1A

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
L] 2 2B ORI

FE20m] e REA & RS R

FE3IE] Ay vTRENE & A

Al AR BEOMOE

H5lA] PTEE & T A T —DER

eIl FE o] E

H7IR] PEBEEUERE & o X ffiEilE

H8lnl 77T Y 2 DREFE

o] BRI DIEF

#1008 ARy & FE DIAFZS

CAMERY vxi

F12IR] JAFDOERE Y

H13la] ZHEFEY

#5140 HFESDIEH]

1500 F &b & HIRERER

ENFIIVLEIS U TEESINET.

1. Limits of functions of two variables

2. Continuous functions and partial derivatives
3. Total differentiability and tangent planes
4. Derivatives of composite functions

5. Differential operators and Taylor’s theorem

6. Determination of extremal values of functions
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7. The implicit function theorem and extremal problems with constraints
8. The methods of Lagrange multipliers

9. Definition of double integrals

10. Iterated integrals and change of the order of integration

11. Change of variables in double integrals

12. Improper double integrals

13. Multiple integrals

14. Applications of multiple integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method
LAR— b < /N7 A NER JOWEREBROFE R G LTl 2, 78 L < I3RZEE 1B IS 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRER LU BEE/ Textbook and References

ZEE NSy, =% BlE , B3EEE, 1992, 9784563002213

BEE L AT T T IO, BB, BRAE , 2015, 978-4-563-00495-8

SEE WOy BIROEFAM = —2 1), FE—H, FEEsE, 1988, 978-4-000-07771-2

D EETRAE OB 1 OEE Y, JeNriaE, A = A%k, 2001, 978-4781909967
PORESY - SRR & R, AAHME, ERE, 2006, 4-489-00723-X

CIBOIRESY, R - EEHERR - IVERERD - EORGESL , SFINIXE LR, 2018, 9784780606447
D FERESORE Y B3, T IESE, AER IR, BRI K, JNR O, EIIRIE A, 2007,
9784873616957

SEE  WOTEGORRE, W%, WAESE, 2006, 978-4-254-11757-8

HRE - SEOREY L, PR AFE K, HOTHRR , 2003, 978-4-320-01748-1

Bh#EURL

RSN & Preparation and Review

TH  WAOTPEZSEIZ, ZREFORY T HEHTICHZET,

HE  ARIOFERPITE 2 DAL EHE M2 2 ER MM E <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% Ofh/In Addition

HREBL LUSEEIZONT

Nol. AR ERE, I RN ORAE B EEN TN D,

No2. ¥R HRE, e-Simba T, RICFHEMENTE S Z LN EIE
No3. #HHERNRFRE, B LROLEDOSFICEDFAICHEE SN TV D,
No4. HEHERZRFFRE, HEIITMn FREXOHBERH 5,

No5. e-8imiEZ 2720 7208 b OFFNTFEEA,

No6. FEMERRFRE, L, I NZAORNFDTZOIZ, [FEkbE o,
No7. {7 HFRE, BIOMRNE <, BEL 2,

No8. HEHERRBFIE, HREBONRNE & F o> T TTEEEITHEF],
No9. PHIDORERE & LR R E
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1AL ORERFIZ. 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WL Jp BEHER O Hix, TR - B 1oL 1 5~ 3 0 M0 L O R A 218 (T8 - 1Y
728) 30~15WMH, [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAAHE (78 - 18
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
fiENTS B 2 BA PR BREENER
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % MR 25

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
L] 2 2B ORI

FE20m] e REA & RS R

FE3IE] Ay vTRENE & A

Al AR BEOMOE

H5lA] PTEE & T A T —DER

eIl FE o] E

H7IR] PEBEEUERE & o X ffiEilE

H8lnl 77T Y 2 DREFE

o] BRI DIEF

#1008 ARy & FE DIAFZS

CAMERY vxi

F12IR] JAFDOERE Y

H13la] ZHEFEY

#5140 HFESDIEH]

1500 F &b & HIRERER

ENFIIVLEIS U TEESINET.

1. Limits of functions of two variables

2. Continuous functions and partial derivatives
3. Total differentiability and tangent planes
4. Derivatives of composite functions

5. Differential operators and Taylor’s theorem

6. Determination of extremal values of functions
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7. The implicit function theorem and extremal problems with constraints
8. The methods of Lagrange multipliers

9. Definition of double integrals

10. Iterated integrals and change of the order of integration

11. Change of variables in double integrals

12. Improper double integrals

13. Multiple integrals

14. Applications of multiple integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method

Google Classroom TH#ET 5 LA— b GRE) B X OWERREROFERZHRE UM 2, 7L IFHRHEE
1ETHIZHT 5,

Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

#HPER L %%/ Textbook and References

ZEE NSy, =% BiE , BEEAE, 1992, 9784563002213

BEE L AT T T IO, BB, BERAE , 2015, 978-4-563-00495-8

ZEE WOk BTSSR0 =2 —X 1), FE—=g, AiEENE, 1988, 978-4-000-07771-2

ZEE L BT IERE ORE L 125 Odssy, Jesrfal, Y1 =2 24k, 2001 , 978-4781909967

SEE WOy - FEERER LR, RAEE, BURIXE, 2006, 4-489-00723-X

SEE WOy, mIKES - EAEHE - DOERIERD - BASENL , SFARKIEHRGE, 2018, 9784780606447
SEE MRS B3R, 10 IR, AR IR, BRI B, /NR O, SEIRRKIE L, 2007,
9784873616957

ZEE  WHTEGORRE, W%, WEEE, 2006, 978-4-254-11757-8

SEE  FEMOTE YT, PR AR e, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

NIV F& Preparation and Review

TH  RAOFEEZSEIZ, ZRFORE T HEPTICH 28T,

15 : Google Classroom ™ C 45z & 172 {5 P 2 152 £ AN R <
Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the Google Classroom.

Z Ofth/In Addition

HREBLUSEEIZONT

Nol. BE¥ERZLREHRE, I NAUAAOAELEENTVD,

No2. ¥R HRE, e-Simbafibd, RICFHEMENTE S Z LN EIE
No3. HEHER R ZARLE, HTROEDONEFIEDZAEICHEE SN TV D,
No4. fEAER R HFE, 8ISy RS H 5,

Nob. e-0imiE I Z 720 7203 b OFENT A,

No6. tEHERIRHRIE, HrLV, VI NRADODNEDTZOIZ, kb5,
No7. HEHER R HRE, BFIOMHNAL <, MEDZ,

No8. HEHER R HFIE, EREBONKNE L F o TN TTEER ISR,
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No9. FHOREMITE &b bR BF &,

1HALORERFIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WBE L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 R 0k L ORRERESVAE (T8 - 15E
728) 30~15WMH., [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAHE (T8 - 18
Fi L) 15~0KEMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
fiEHT ¥ B 2 AH Ed TR EEEEEEE
PR RS
B A/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % MR 25

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
L] 2 2B ORI

FE20m] e REA & RS R

FE3IE] Ay vTRENE & A

Al AR BEOMOE

H5lA] PTEE & T A T —DER

eIl FE o] E

H7IR] PEBEEUERE & o X ffiEilE

H8lnl 77T Y 2 DREFE

o] BRI DIEF

#1008 ARy & FE DIAFZS

CAMERY vxi

F12IR] JAFDOERE Y

H13la] ZHEFEY

#5140 HFESDIEH]

1500 F &b & HIRERER

ENFIIVLEIS U TEESINET.

1. Limits of functions of two variables

2. Continuous functions and partial derivatives
3. Total differentiability and tangent planes
4. Derivatives of composite functions

5. Differential operators and Taylor’s theorem

6. Determination of extremal values of functions
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7. The implicit function theorem and extremal problems with constraints
8. The methods of Lagrange multipliers

9. Definition of double integrals

10. Iterated integrals and change of the order of integration

11. Change of variables in double integrals

12. Improper double integrals

13. Multiple integrals

14. Applications of multiple integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method
INT A RE (20 %) B ROWERERBROFER (80 %) Z#G L CiHilid 5, #f L I3EZEETITEHIT 2,
Course grades will be based on short tests (20 %) and the final exam (80 %). The details will be

explained in the course.

HRER L U EZE/Textbook and References
HRlE . ARy, = e, BEEER, 19924F, 9784563002213
EHEURL

RIS A& Preparation and Review

TH  READOTEEZSEIZ, ZRFORY T HEFTICH 28T,

BE - ABEIOBEPITE 2 DAV EE B2 B ER MR <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% Of/In Addition

HREBLVZEFIIONT

AR e BB E, VI NAUANAONELEEN TN D,

1AL ORERHIZ, 4 5HOPELZLELTINEEL > THERT L2 EE2FHEL LTWET, 1 BOERIC
R L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 K iRk L ORERESNVAE (T8 - 15E
728) 30~15WMH, [FEBR, FEEHKOFEH] (220 TIE 3 0~4 5IEH oI LORERMAHE (78 - 18
Fi L) 15~0KEMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
fiENTS B 2 Ha AHE FTE - B ERF
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % MR 25

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
WA LT A R TS DAL, Google Classroom Z 445 & T
FAE] 2 B ORR

Ha20m] RS & (R R

HE3IE] sy rTREME & Bl

Al AR BEE OO

BB BT & T A T —DER

F6lal AxEoH]E

HF7IR] FEBSEUERE & o E fiEilE

BB8IEl 77T Y 2 OREFSLE

9lR] R DER

1008 BARFE Y & FE DIAFZR
EANEIRN-vR) ]

F1208] [RFROHERY

H13la] ZHEFEY

Hi14ln] BHERFOIGH]

F1B[E] F Lo & HIFEER

ENFIIVLEIS U TEEINET.

1. Limits of functions of two variables

2. Continuous functions and partial derivatives
3. Total differentiability and tangent planes

4. Derivatives of composite functions

5. Differential operators and Taylor’s theorem
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6. Determination of extremal values of functions

7. The implicit function theorem and extremal problems with constraints
8. The methods of Lagrange multipliers

9. Definition of double integrals

10. Iterated integrals and change of the order of integration

11. Change of variables in double integrals

12. Improper double integrals

13. Multiple integrals

14. Applications of multiple integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

a7/ Evaluation Method
L=k < /N7 2 NER LOHGBROME R ARG L GHIT 5, 7 L <IFREFLRIB ISR 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

#HPER L %%/ Textbook and References

ZEE NSy, =% BiE , BEEAE, 1992, 9784563002213

BEE L AT T T IO, BB, BERAE , 2015, 978-4-563-00495-8

ZEE WOk BTSSR0 =2 —X 1), FE—=g, AiEENE, 1988, 978-4-000-07771-2
Rl BT PO 2R OMAESy, RSCiEmE, A = A4k, 2001, 978-4781910093
SHEE WORy - FEEEER &R, fAmE, HKE, 2006, 4-489-00723-X

SEE WOy, mIKES - EAEHE - DOERIERD - BASENL , SFARKIEHRGE, 2018, 9784780606447
SEE MRS B3R, 10 IR, AR IR, BRI B, /NR O, SEIRRKIE L, 2007,
9784873616957

ZEE  WHTEGORRE, W%, WEEE, 2006, 978-4-254-11757-8

SEE  FEMOTE YT, PR AR e, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

NIV F& Preparation and Review

TH  RAOFEEZSEIZ, ZRFORE T HEPTICH 28T,

BE  ARIOFERPITE 2 DAL EHE M2 2 ER MM <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

Z Ofth/In Addition

HREBLUSEEIZONT

Nol. BE¥ERZLREHRE, I NAUAAOAELEENTVD,

No2. ¥R HRE, e-Simbafibd, RICFHEMENTE S Z LN EIE
No3. HEHER R ZARLE, HTROEDONEFIEDZAEICHEE SN TV D,
No4. fEAER R HFE, 8ISy RS H 5,

Nob. e-0imiE I Z 720 7203 b OFENT A,

No6. tEHERIRHRIE, HrLV, VI NRADODNEDTZOIZ, kb5,
No7. HEHER R HRE, BFIOMHNAL <, MEDZ,

No8. HEHER R HFIE, EREBONKNE L F o TN TTEER ISR,
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No9. FHOREMITE &b bR BF E,

1HALORERFIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WBE L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 R 0k L ORRERESVAE (T8 - 15E
728) 30~15WMH., [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAHE (T8 - 18
Fi L) 15~0KEMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
fiEHT ¥ B 2 W e PR EWENFRSER
B A/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % MR 25

P22 H/Class Subject
2B BAR DI FE oy - S

Fundamentals of multivariable calculus

D HH) & EE/Object and Summary of Class

MO FIIIRT A DOEARTH Y, Frx RBFSHICBIT A TH L, 1 LBEBOMIE, H
EEREREE LT, SEBEIROWONE, BMEIZOWT, EERRE 2 L RIEEL T 5,
Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers essential concepts and calculus for differentiation

and integration of functions of several variables, based on the single variable calculus .

HEDEEHF/Goal of Study
IR DOWE Sy OBHE 0B 2 28R L, oo DR RIEZ IS TE 28N & &) 5,
Understanding of the essential concepts of multivariable calculus and developing skills to perform

differentiation, integration, and their applications.

NG - J51E L T E/Contents and Progress Schedule of the Class

SEBBIOMSIE, FMRCEET 2 BB RS Z OV CORiFZ B L T T 2 B E Lz
¥HATO, BENEOMRZ S ESBPMER L, BIE - fiET 282t 5 2 LA HE LTI/ T R
~ G T %,

HOLE 22K, e, ARER (1)

H02[E 2 KRR, e, AR (2)

#5031l Wiy (1)

F040R] Ry (2)

5050 oy & emsy (1)

gHoelml oy &y (2)

F07m 2 BB O ED E R

5080l (REBIEROISH ¢ BERESUERE

F09l0]  AREREE OIS RS F Oy

F10E]  (RERHAOIGH  MRIRAEOFHn (1)

11 AREBHEOIGH]  REOHE (2)

12 EREOESR

18l RISy

F14ln] B EIDLA

FB15I] IR ERCERER & 2 OfiFR

FRROFEAT P 2—/UIALTH Y, EATRIEFIEAE L THEAET 2,

The course is planned to give the following lectures to develop the clear understandings about the
important concepts on the differentiation and integration for multivariable functions. Short tests will

be provided for the purpose to give the students the occasion to check and correct their own
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understanding of the lecture.

01. Continuity and limits of functions of two variables (1)

02. Continuity and limits of functions of two variables (2)

03. Partial derivative (1)

04. Partial derivative (2)

05. differential and total differential (1)

06. differential and total differential (2)

07. Mean value theorem for functions of two variables

08. Application of partial derivative: Implicit function theorem
09. Application of partial derivative: Differentiation with integral
10. Application of partial derivative: Estimation of limit (1)

11. Application of partial derivative: Estimation of limit (2)

12. Definition of double integrals

13. Iterated integrals

14. Change of variables in multiple integrals

15. The final examination and summary

The above schedule is tentative, and may be changed as the lecture is proceeded.

g7 1/ Evaluation Method
AR L OVINT A M L AR, 7 L <IIwEHz3E R ISR 5,

Course grades will be based on short tests and the final exam. The details will be explained at the first

class of the course.

HREB LU SEETextbook and References

HRESEE WOy ETROBEAMa—2 1), FoE =M, &iEs, 1988, 978-4-000-07771-2
BRVEISEE BTN T B3R, TLHIESE « ALRIR - REIRVEAE - /IR, SFNXE L, 2007,
978-4-87361-695-7

HREISEE WO (VAU RAT74T7 7Y H%) , SFEEEE], A2tk 1974,
978-4-781-90108-4

BRI EZEE B TROTO OGRS FAM, K228 - PR wfd - (LpiEAs, ISTHIR, 2013,
978-4-320-11058-8

BREIZEE - M WMotEy, —5hlE, BEEEE, 1992, 978-4-563-00221-3

HRVEISEE . AT v 7T v TR, BRI, B5EEE, 2015, 978--4-563-00495-8
BHREISEE B WORy 7 VB OWEESy, RSCiai, 1 = A4t 2001, 978-4-781-90996-7
BHRIFIZEE WOk - HAER & RBE, WEME, HORE, 2006, 4-489-00723-X

BRI ESEE  WOTESORRE, W), PIAEE, 2006, 978-4-254-11757-8

BEURL

RIS & Preparation and Review

AR CTRESEMECAIIR O #H T2, +oICB T 57-012iE, HERECALHTED T
EMbo b HAMTT, TO—BE LT, KRETIE, DT ANBERINET, M7 ANE, 1
HARAI S IZBRIZ, Bifi ShAfiEai s Abe T, BODOHEMARHoilszRE L, Tl
TOMEICAORVMATIE, REONEDOHMEL DO DT-OICHERTTOT, EEARIY
BNV T,
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Although this course provides some specific topics of the fundamental calculus, it is most
efficient for their satisfactory understandings to make exercises on corresponding problems by
yourself. As a partial help for such exercises, this course will require for you to take short tests
repeatedly. It is important to identify the weak points for your satisfactory understandings,
making use of the comments and the solutions of the problem given in the short tests, so that
you will get the chance to improve your understandings of this course with supplementary

exercises by yourself.

% OAft/In Addition

REICHOVWTOF Y =T — g (REFECHMAAMZ: EDOFH) 2 MEHRETITVWEY, 2
B, AT N KORERROTREELH Y 7,

The details about the principle and the grades etc. will be explained at the first class of the
course. The lecture may be given online.

1B ORERBIX, 4 5FMOFEEZNELTINEL > TR T 2 Z L 2FEL LTWET, 1 HADERIZ
WE L 22 5 HER O B 2%, T3FE - %) [2o0Tid 1 5~ 3 O Mo ¥d L O ERRSNAE (78 - 13
72E) 30~15KFH, [FBR, FEROFERE] 2OV TIE3 0~ 4 5K ORER LOREREINAE (TE -4
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
fiEHT ¥ B 2 Ho KXW g - tEWEErseR
B s/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % MR 25

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

WAHEDFIRTFOERTH Y, B LFROFMICB T EMETH D, 1EKBIEOWIE LA I
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
A

. ARGy & B0y

. BB DSy

. PR RS R

. TA T —OEMR

6. 22 B DRI

7. FERECER

8. S E HuMfiERE

9. BEfEy L EORE, BIKFEY
10. BRIy DEFI R

11, JRFEEAEY

12. JRFEHEFE T DI

13. 3EFY

14. B DIGH]

15. flild L £ L0

1. Introduction

FETCRT -

ot

2. Partial derivatives and total derivatives
3. The chain rule

4. Higher order partial derivatives

5. Taylor's theorem

6. Extrema of bivariate functions

7. The implicit function theorem
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8. Constrained extrema

9. Double integrals, their computations, and iterated integrals
10. Change of variables

11. Improper double integrals

12. Applications of improper double integrals

13. Triple integrals

14. Applications of multiple integrals

15. Remarks and summary

iRt/ Evaluation Method
INT A B KON = T (40%) - HIREAER (60%) (&0 EHEd S,
By quizzes and online homework (40%), and the final exam (60%).

AFRlER LU EE Textbook and References

HRE RO RO HIBAR, LIRS, ADRR, RRIFUEE, /NRM, SETEEHIREE, 2007,
978-4-87361-695-7
B#EURL

http://www.math.is.tohoku.ac.jp/

PR ISN (& Preparation and Review

KEHF S (Mathematical Association of America) 3B L7724 T4 Vg AT A [
WeBWorK | 12 & 58 %77,

Assignments by the online homework system "WeBWorK" developed by the Mathematical

Association of America.

% OAffi/In Addition

EREDIBRIOEEITTETHY . BEORRMERH D,

The above schedule of the 15 lectures is subject to change.

1 B ORERBIL. 4 5RO FEEZLELTINEEZ b o THERT 2 Z & 2EHEL LTWET, 1 BiZOERIC
VB L 7 BRI O BT, T3k - 8 ) 1oV TiE 1 5~ 3 OO ER L OB ERRINZE (7Y - 88
72E) 30~1 5K, [FER, FEHROEHE 220 TIE3 0~4 5K OREER LORERESNAE (TE -4
EHpr) 15~0MTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
fiEHT ¥ B 2 W e PR EWENFRSER
B A/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % OKMER 1 GEIF

P22 H/Class Subject
2B BAR DI FE oy - S

Fundamentals of multivariable calculus

D HH) & EE/Object and Summary of Class

MO FIIIRT A DOEARTH Y, Frx RBFSHICBIT A TH L, 1 LBEBOMIE, H
EEREREE LT, SEBEIROWONE, BMEIZOWT, EERRE 2 L RIEEL T 5,
Calculus plays an important role in the understanding of science, engineering, economics,
among other disciplines. This course covers essential concepts and calculus for differentiation

and integration of functions of several variables, based on the single variable calculus .

HEDEEHF/Goal of Study
IR DOWE Sy OBHE 0B 2 28R L, oo DR RIEZ IS TE 28N & &) 5,
Understanding of the essential concepts of multivariable calculus and developing skills to perform

differentiation, integration, and their applications.

NG - J51E L T E/Contents and Progress Schedule of the Class

SEBBIOMSIE, FMRCEET 2 BB RS Z OV CORiFZ B L T T 2 B E Lz
¥HATO, BENEOMRZ S ESBPMER L, BIE - fiET 282t 5 2 LA HE LTI/ T R
~ G T %,

HOLE 22K, e, ARER (1)

H02[E 2 KRR, e, AR (2)

#5031l Wiy (1)

F040R] Ry (2)

5050 oy & emsy (1)

gHoelml oy &y (2)

F07m 2 BB O ED E R

5080l (REBIEROISH ¢ BERESUERE

F09l0]  AREREE OIS RS F Oy

F10E]  (RERHAOIGH  MRIRAEOFHn (1)

11 AREBHEOIGH]  REOHE (2)

12 EREOESR

18l RISy

F14ln] B EIDLA

FB15I] IR ERCERER & 2 OfiFR

FRROFEAT P 2—/UIALTH Y, EATRIEFIEAE L THEAET 2,

The course is planned to give the following lectures to develop the clear understandings about the
important concepts on the differentiation and integration for multivariable functions. Short tests will

be provided for the purpose to give the students the occasion to check and correct their own
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understanding of the lecture.

01. Continuity and limits of functions of two variables (1)

02. Continuity and limits of functions of two variables (2)

03. Partial derivative (1)

04. Partial derivative (2)

05. differential and total differential (1)

06. differential and total differential (2)

07. Mean value theorem for functions of two variables

08. Application of partial derivative: Implicit function theorem
09. Application of partial derivative: Differentiation with integral
10. Application of partial derivative: Estimation of limit (1)

11. Application of partial derivative: Estimation of limit (2)

12. Definition of double integrals

13. Iterated integrals

14. Change of variables in multiple integrals

15. The final examination and summary

The above schedule is tentative, and may be changed as the lecture is proceeded.

AR 7/ Evaluation Method
HARE AR L OVINT X M X DG i i, 7% L <I3FEHSE R IR %,
Course grades will be based on short tests and the final exam. The details will be explained at the first

class of the course.

HPER X %%/ Textbook and References

HRVEISEE oty EITROBFAAFa—2 1) , FE=4, S9EE, 1988, 978-4-000-07771-2
BRVEISEE BTN B3R, TLOIESE « APRSE - REIFUEAE « /IR, SRR, 2007,
978-4-87361-695-7

HREZEE WO (A AT 77 V8%, EREER, 4 24k, 1974,
978-4-781-90108-4

BRI EIZEE B TROTO OGS FAM, K28 - PR afd - (LpNiEAs, 3STHIR, 2013,
978-4-320-11058-8

HREISEE NP BoOoREy, —SEEE, BERAE, 1992, 978-4-563-00221-3

BREIZEE AT v T T  TORE,  H LB, BEEAE, 2015, 978-4-563-00495-8
BREZEL BT WO T 188 OMEEy, RNciakE, A = 24, 2001, 978-4-781-90996-7
BREZEL  WORy - R & RBE, EE, HORE, 2006, 4-489-00723-X

BRI EBEE  WOTEORRE, W), SAEE, 2006, 978-4-254-11757-8

BEURL

RIS & Preparation and Review

A TRSEBECAIIR O HPH T2, +oIcBfi T 57-012iE, HEMECALHED T
EMbo b ANTT, TO—BE LT, KRETIE, DT ANBERINET, M7 ARMNE, 1
SANEH S NIZBIC, B SN DR E AbE T, BOOBEMN AR+ s ERE L, T
THMEICEORMVMATIE, BEONFEOHMRELEDDHT-DIZAZHTTOT, EERREDY
AABALETT,
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Although this course provides some specific topics of the fundamental calculus, it is most
efficient for their satisfactory understandings to make exercises on corresponding problems by
yourself. As a partial help for such exercises, this course will require for you to take short tests
repeatedly. It is important to identify the weak points for your satisfactory understandings,
making use of the comments and the solutions of the problem given in the short tests, so that
you will get the chance to improve your understandings of this course with supplementary

exercises by yourself.

% OAft/In Addition

REICHOVWTOF Y =T — g (REFECHMAAMZ: EDOFH) 2 MEHRETITVWEY, 2
B, AT N KORERROTREELH Y 7,

The details about the principle and the grades etc. will be explained at the first class of the
course. The lecture may be given online.

1B ORERBIX, 4 5FMOFEEZNELTINEL > TR T 2 Z L 2FEL LTWET, 1 HADERIZ
WE L 22 5 HER O B 2%, T3FE - %) [2o0Tid 1 5~ 3 O Mo ¥d L O ERRSNAE (78 - 13
72E) 30~15KFH, [FBR, FEROFERE] 2OV TIE3 0~ 4 5K ORER LOREREINAE (TE -4
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
fiENTS B 2 R REE TR TEEEEAITR
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % OKMER 1 GEIF

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
L] 2 2B ORI

FE20m] e REA & RS R

FE3IE] Ay vTRENE & A

Al AR BEOMOE

H5lA] PTEE & T A T —DER

eIl FE o] E

H7IR] PEBEEUERE & o X ffiEilE

H8lnl 77T Y 2 DREFE

o] BRI DIEF

#1008 ARy & FE DIAFZS

CAMERY vxi

F12IR] JAFDOERE Y

H13la] ZHEFEY

#5140 HFESDIEH]

1500 F &b & HIRERER

ENFIIVLEIS U TEESINET.

1. Limits of functions of two variables

2. Continuous functions and partial derivatives
3. Total differentiability and tangent planes
4. Derivatives of composite functions

5. Differential operators and Taylor’s theorem

6. Determination of extremal values of functions
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7. The implicit function theorem and extremal problems with constraints
8. The methods of Lagrange multipliers

9. Definition of double integrals

10. Iterated integrals and change of the order of integration

11. Change of variables in double integrals

12. Improper double integrals

13. Multiple integrals

14. Applications of multiple integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method
LAR— b < /N7 A NER JOWEREBROFE R G LTl 2, 78 L < I3RZEE 1B IS 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRER LU BEE/ Textbook and References

ARl - NSy, = BE , BEEEE, 1992, 9784563002213

BEE L AT T T IO, BB, BRAE , 2015, 978-4-563-00495-8

SEE WOy BIROEFAM = —2 1), FE—H, FEEsE, 1988, 978-4-000-07771-2

D EETRAE OB 1 OEE Y, JeNriaE, A = A%k, 2001, 978-4781909967
PORESY - SRR & R, AAHIME, ERE, 2006, 4-489-00723-X

CIBOIRESY, R - EEHERR - IVERERD - EORGESL , SFINIXE LR, 2018, 9784780606447
D FERESORE Y B3, T IESE, AER IR, BRI K, JNR O, EIIRIE A, 2007,
9784873616957

SEE  WOTEGOIRE, W%, WA, 2006, 978-4-254-11757-8

SEE BT, PR AR Ak, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

RSN & Preparation and Review

TH  WAOTPEZSEIZ, ZREFORY T HEHTICHZET,

HE  ARIOFERPITE 2 DAL EHE M2 2 ER MM E <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% Of/In Addition

HREBL LUSEEIZONT

Nol. AR ERE, I RN ORAE B EEN TN D,

No2. ¥R HRE, e-Simba T, RICFHEMENTE S Z LN EIE
No3. #HHERNRFRE, B LROLEDOSFICEDFAICHEE SN TV D,
No4. HEHERZRFFRE, HEIITMn FREXOHBERH 5,

No5. e-8amiEIC 27200 7203 b DT HEA,

No6. FEMERRFRE, L, I NZAORNFDTZOIZ, [FEkbE o,
No7. {7 HFRE, BIOMRNE <, BEL 2,

No8. HEHERRBFIE, HREBONRNE & F o> T TTEEEITHEF],
No9. HIOREMITE & bR HRF,
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1AL ORERFIZ. 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WL Jp BEHER O Hix, TR - B 1oL 1 5~ 3 0 M0 L O R A 218 (T8 - 1Y
728) 30~15WMH, [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAAHE (78 - 18
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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BERHA BN MY Credit(s) | FH4EE4 -
fiEHT ¥ B 2 ME F PR EEREEEER
B A/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % OKMER 1 GEIF

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
L] 2 2B ORI

FE20m] e REA & RS R

FE3IE] Ay vTRENE & A

Al AR BEOMOE

H5lA] PTEE & T A T —DER

eIl FE o] E

H7IR] PEBEEUERE & o X ffiEilE

H8lnl 77T Y 2 DREFE

o] BRI DIEF

#1008 ARy & FE DIAFZS

CAMERY vxi

F12IR] JAFDOERE Y

H13la] ZHEFEY

#5140 HFESDIEH]

1500 F &b & HIRERER

ENFIIVLEIS U TEESINET.

1. Limits of functions of two variables

2. Continuous functions and partial derivatives
3. Total differentiability and tangent planes
4. Derivatives of composite functions

5. Differential operators and Taylor’s theorem

6. Determination of extremal values of functions
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7. The implicit function theorem and extremal problems with constraints
8. The methods of Lagrange multipliers

9. Definition of double integrals

10. Iterated integrals and change of the order of integration

11. Change of variables in double integrals

12. Improper double integrals

13. Multiple integrals

14. Applications of multiple integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

kAt 72/ Evaluation Method
INT AR, R, WIREBROMERZRA L GHIT 5, 7 L <IHES1RBISHRAT 5,
Course grades will be based on short tests, midterm exam, and the final exam. The details will be

explained at the beginning of the course.

HRER LU BEE/ Textbook and References

BEVE - KBRSy, SO, SR, 2019, 978-4-410-15229-0

BEE L AT T T IO, BB, BRAE , 2015, 978-4-563-00495-8

SEE WOy BIROEFAM = —2 1), FE—H, FEEsE, 1988, 978-4-000-07771-2

D EETRAE OB 1 OEE Y, JeNriaE, A = A%k, 2001, 978-4781909967
PORESY - SRR & R, AAHIME, ERE, 2006, 4-489-00723-X

CIBOIRESY, R - EEHERR - IVERERD - EORGESL , SFINIXE LR, 2018, 9784780606447
D FERESORE Y B3, T IESE, AER IR, BRI K, JNR O, EIIRIE A, 2007,
9784873616957

SEE  WOTEGOIRE, W%, WA, 2006, 978-4-254-11757-8

SEE BT, PR AR Ak, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

RSN & Preparation and Review

TH  WAOTPEZSEIZ, ZREFORY T HEHTICHZET,

HE  ARIOFERPITE 2 DAL E B 2 52 R AN <

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% Of/In Addition

HREBL LUSEEIZONT

Nol. ¥ FIVIy e HFE,

No2. ¥R HRE, e-Simba T, RICFHEMENTE S Z LN EIE
No3. #HHERNRFRE, B LROLEDOSFICEDFAICHEE SN TV D,
No4. HEHERZRFFRE, HEIITMn FREXOHBERH 5,

No5. e-8amiEIC 27200 7203 b DT HEA,

No6. FEMERRFRE, L, I NZAORNFDTZOIZ, [FEkbE o,
No7. {7 HFRE, BIOMRNE <, BEL 2,

No8. HEHERRBFIE, HREBONRNE & F o> T TTEEEITHEF],
No9. HIOREMITE & bR HRF,
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1AL ORERFIZ. 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WL Jp BEHER O Hix, TR - B 1oL 1 5~ 3 0 M0 L O R A 218 (T8 - 1Y
728) 30~15WMH, [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAAHE (78 - 18
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
fiENTS B 2 FH BY s EEEeEarsR
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % OKMER 1 GEIF

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
L] 2 2B ORI

FE20m] e REA & RS R

FE3IE] Ay vTRENE & A

Al AR BEOMOE

H5lA] PTEE & T A T —DER

eIl FE o] E

H7IR] PEBEEUERE & o X ffiEilE

H8lnl 77T Y 2 DREFE

o] BRI DIEF

#1008 ARy & FE DIAFZS

CAMERY vxi

F12IR] JAFDOERE Y

H13la] ZHEFEY

#5140 HFESDIEH]

1500 F &b & HIRERER

ENFIIVLEIS U TEESINET.

1. Limits of functions of two variables

2. Continuous functions and partial derivatives
3. Total differentiability and tangent planes
4. Derivatives of composite functions

5. Differential operators and Taylor’s theorem

6. Determination of extremal values of functions
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7. The implicit function theorem and extremal problems with constraints
8. The methods of Lagrange multipliers

9. Definition of double integrals

10. Iterated integrals and change of the order of integration

11. Change of variables in double integrals

12. Improper double integrals

13. Multiple integrals

14. Applications of multiple integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method
LAR— b < /N7 A NER JOWEREBROFE R G LTl 2, 78 L < I3RZEE 1B IS 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRER LB % ETextbook and References

BEE . Ny, =% e, BHEEE, 1992, 9784563002213

BEE L AT T T IO, BB, BRAE , 2015, 978-4-563-00495-8

ZEE WOk BLLROEFAMa—2 1), FnZE=Mf, SIEE, 1988, 978-4-000-07771-2

ZEE  HT S O T 18 OFEsy, RCERE, A = 2%t , 2001 , 978-4781909967
BEE TRy - HEEG SRR, A mME, HRXE, 2006, 4-489-00723-X
SEE O, SRS - B - DIERIERD - RS , SHIRIE AL, 2018, 9784780606447

BEE  ERMORES T 3R, TLO IER, AR IR, BEIR BL, /R, SEINRIER L, 2007,
9784873616957

SEE  WOTEGORRE, W%, WAESE, 2006, 978-4-254-11757-8

SEE L ORI, A, AFE Tk, SRR, 2003, 978-4-320-01748-1

Bh#EURL

RSN & Preparation and Review

TH  WAOTPEZSEIZ, ZREFORY T HEHTICHZET,

HE  ARIOFERPITE 2 DAL EHE M2 2 ER MM E <,

Preparation: Students are required to look over the textbook for the next class.Review: Students

are required to solve problems given in the class.

% OAth/In Addition

1AL ORERHIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WL 7e BEHER I 0 Hix, TR - B8 1oV TiL 1 5~ 3 0 M0 L O R AN 2E (T8 - 1Y
7E) 30~1 5K, [FEB, EHROEHL 2O TIE3 0~4 5RO L O ERRSN2E (78 - 14
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
fiENTS B 2 RSk TR - BREEREIER
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % OKMER 1 GEIF

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
L] 2 2B ORI

FE20m] e REA & RS R

FE3IE] Ay vTRENE & A

Al AR BEOMOE

H5lA] PTEE & T A T —DER

eIl FE o] E

H7IR] PEBEEUERE & o X ffiEilE

H8lnl 77T Y 2 DREFE

o] BRI DIEF

#1008 ARy & FE DIAFZS

CAMERY vxi

F12IR] JAFDOERE Y

H13la] ZHEFEY

#5140 HFESDIEH]

1500 F &b & HIRERER

ENFIIVLEIS U TEESINET.

1. Limits of functions of two variables

2. Continuous functions and partial derivatives
3. Total differentiability and tangent planes
4. Derivatives of composite functions

5. Differential operators and Taylor’s theorem

6. Determination of extremal values of functions
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7. The implicit function theorem and extremal problems with constraints
8. The methods of Lagrange multipliers

9. Definition of double integrals

10. Iterated integrals and change of the order of integration

11. Change of variables in double integrals

12. Improper double integrals

13. Multiple integrals

14. Applications of multiple integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method
LAR— b B JOMIARGABROFE R A4S U CRHIT 2, 38 L <IIRZESLEIB IR 2,
Course grades will be based on reports and the final exam. The details will be explained at the

beginning of the course.

HRlER LB % E/Textbook and References

BEE . Ny, =% e, BHEEE, 1992, 9784563002213
ZEE TR T, DGR, BOIRFRES, 1980, 9784130620055
ZEE TR I, DGR, HROREHRRSS, 1985, 9784130620062
B WORESy, WA, BAGTmL, 2015, 9784535806306
Bh#EURL

SN FE Preparation and Review
TE WEOTEEZSHEIL, ZEEEORY T LENCHAET,
1 ARIOHERD / — FOHRE S5 HCE R 2 12 ER RN R <,

Preparation: Students are required to look over reference books corresponding to the next class.
Review: Students are required to look over handwritten notes and/or handouts, and solve the

problem given in the class.

% Of/In Addition

BREBLIUZEEIZONT

Nol. B LWHRE, REOPHAAIZ OERE L FKELEN, ARITRL D,

No2. FEHEM R HFE, WD 2R HFE LW LB L FAECITRVWERDbND,

No3. R R HFE, No2lIZZ LB S W N— L TWDH0, —&, ZOFERELZMEMNTLLRN
Nod. B LWEFEFE, WD ORERE & HREPME LW FAIZITR VY,

No.1l. Elementary textbook. The class will proceed along the outline of this book. But the
contents will be different.

No.2. Standard textbook. It will be good to read for students to understand calculus deeply.
No.3. Standaard textbook. This is a subsequent book of No.2. In particular, it contains parts of
multivariate calculus.

No.4. Elementary textbook. This book is good to grasp roughly whole of the calculus.

1 B oORERBIX, 4 5RFMOFEEZNELTINEEL > THRT 2 Z L AIFERES LTWET, 1 HAOER
B L I BEHER O B2, 5 - 38 1250 TiE 1 5~ 3 0oL LURERRIZE (T8 - 5E
7mE) 30~1 585, [FEB, FEEEROEE] 220V TIE3 0~4 5O L ORERRNEE (7E -8

(R
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EHpEY) 15~0WMTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,

and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.

232



R A4 - B Credit(s) | #2404 -
Fbry B 2 L5 B - BRESE
B s S/ Term 2B AAH—

MEH - FhF - (= Day/Period/Place % OKMER 1 GEIF

3 H/Class Subject
SEBB DM TED

Multivariable calculus

D HH) & EE/Object and Summary of Class

AT T FOERTH Y | BT FEROFMICBIT 2 EMETH D, 1B OMIE 5 L%
L LT, ZEHBBROME L BMEO RS L BT 2 & L BIZEENEZE D,

Calculus is a foundation of analysis and other scientific areas. Based on single variable
calculus, differentiation and integration for functions of several variables will be explained.

Concrete examples will be provided to help students develop their ability for calculation.

HEDEEHF/Goal of Study
WL EREINED AR T2 B A2 B 2O, Fix OFEBLD b OEMA D) e,
Grasping the meaning of various theorems and acquiring fundamental skills to perform differentiation

and integration.

NG - J51E L T E/Contents and Progress Schedule of the Class
L] 2 2B ORI

FE20m] e REA & RS R

FE3IE] Ay vTRENE & A

Al AR BEOMOE

H5lA] PTEE & T A T —DER

eIl FE o] E

H7IR] PEBEEUERE & o X ffiEilE

H8lnl 77T Y 2 DREFE

o] BRI DIEF

#1008 ARy & FE DIAFZS

CAMERY vxi

F12IR] JAFDOERE Y

H13la] ZHEFEY

#5140 HFESDIEH]

1500 F &b & HIRERER

BRI B S U TEREINET,

1. Limits of functions of two variables

2. Continuous functions and partial derivatives
3. Total differentiability and tangent planes
4. Derivatives of composite functions

5. Differential operators and Taylor’s theorem

6. Determination of extremal values of functions
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7. The implicit function theorem and extremal problems with constraints
8. The methods of Lagrange multipliers

9. Definition of double integrals

10. Iterated integrals and change of the order of integration

11. Change of variables in double integrals

12. Improper double integrals

13. Multiple integrals

14. Applications of multiple integrals

15. Summary and the final examination

Content of lecture will be changed as necessary.

iR Tt/ Evaluation Method
LAR— b < /N7 A NER JOWEREBROFE R G LTl 2, 78 L < I3RZEE 1B IS 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRER LU BEE/ Textbook and References

ZEE NSy, =% BlE , B3EEE, 1992, 9784563002213

BEE L AT T T IO, BB, BRAE , 2015, 978-4-563-00495-8

SEE WOy BIROEFAM = —2 1), FE—H, FEEsE, 1988, 978-4-000-07771-2

D EETRAE OB 1 OEE Y, JeNriaE, A = A%k, 2001, 978-4781909967
PORESY - SRR & R, AAHME, ERE, 2006, 4-489-00723-X

CIBOIRESY, R - EEHERR - IVERERD - EORGESL , SFINIXE LR, 2018, 9784780606447
D FERESORE Y B3, T IESE, AER IR, BRI K, JNR O, EIIRIE A, 2007,
9784873616957

SEE  WOTEGORRE, W%, WAESE, 2006, 978-4-254-11757-8

SEE BT, PR AR Ak, FEHRR , 2008, 978-4-320-01748-1

Bh#EURL

RSN & Preparation and Review

TH  WAOTPEZSEIZ, ZREFORY T HEHTICHZET,

HHE  BREOHEME LM< 2 Ik 0 R AR T 5,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve exercises in the textbook and verify their

understandings.

Z Ofth/In Addition

HREBLUSEEIZONT

Nol. BE¥ERZLREHRE, I NAUAAOAELEENTVD,

No2. ¥R HRE, e-Simbafibd, RICFHEMENTE S Z LN EIE
No3. HEHER R ZARLE, HTROEDONEFIEDZAEICHEE SN TV D,
No4. fEAER R HFE, 8ISy RS H 5,

Nob. e-0imiE I Z 720 7203 b OFENT A,

No6. tEHERIRHRIE, HrLV, VI NRADODNEDTZOIZ, kb5,
No7. HEHER R HRE, BFIOMHNAL <, MEDZ,

No8. HEHER R HFIE, EREBONKNE L F o TN TTEER ISR,

234




No9. FHOREMITE &b bR BF &,

1HALORERFIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WBE L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 R 0k L ORRERESVAE (T8 - 15E
728) 30~15WMH., [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAHE (T8 - 18
Fi L) 15~0KEMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
BRI A 2 NL 168 g - IEReErseet
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A MR 1A

P22 H/Class Subject
FRIEARECT:
Linear Algebra, A

D HH) & EE/Object and Summary of Class

MIERECAIIZ R DEEW] S ETORERARTHY, BTRICEEELRNE O OIEMEL 78>

TW5. BERETFATIE, BBERETFONSTE 2175 L1781, S LICRIE T B AL 5. 1750
AR FEHE X OTH ORI R RBOHHAE 2 HG L, TR0 EROLOKE], @ 1 k5
KOFEfRIELZ TS Flo, N7 MVERNLRY MVERA~OBEGEOME, Znaitilic kv

HARWNZCRBLT 2 HiEE 5.

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices,

the definition and role of the determinant of a matrix, and the method of solving systems of
linear equations. Furthermore, linear mappings between vector spaces and their matrix

representations are treated.

HEDEEHF/Goal of Study

1) X7 MATHIORBUER A EFRIATR D L 12T 5.

2) IHIROER & EDOERE IR L, BARREENTE L5107 5.

3) AL 1 RO E HE IR L, FEGHRNTED L9017 5.

4) BEEHUZONT, (TN L HFRBL, SARRIMEEZ e L, BREOITHIHE 25T 5.

The aim is

(1) to be able to perform arithmetic operations on vectors and matrices,

(2) to understand the definition and role of the determinant of a matrix, and to be able to compute
determinants,

(3) to be able to solve systems of linear equations,

(4) to understand the matrix representations of linear mappings, and to perform manipulations in terms

of matrices.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1Rl B ML, 1S & 1RGER

2l AU, RS by

#3mE R L

Haln]  BEEEROEE, & M UEE M S T2 RO H)E

wslal 175, 1T810FE & W THIDFE

HFelRl  EHFTSI & T 1R R

FlE EHRORE

8El 1751

236



F9lE] ATHIROEARME, 175G H

HF510[E]  HAELTEI & E D THIIEK

11w ATHID R

B12[F FEOLTHIEC

513l BT

BH14lm] BB GROITEIETR

15l F &0

1. Linear dependence/independence of vectors
Vectors with complex entries, basis

Systems of linear equations and row reduction
Rank and basis of systems of linear equations
Matrices and their product, inverse

Invertible matrices and systems of linear equations

. Permutations and their signature

00 N O O kW

. Determinant

9. Properties and computation of determinants
1 0. Determinant of the transpose of a matrix
1 1. Expansions of determinants

1 2. Determinant of products of matrices

1 3. Linear mappings

1 4. Matrix representations of linear mappings

1 5. Summary

iR At 514/ Evaluation Method
INT A BQR0%). F T A AEB(10%), BIAFIR(T0%IT L VT 5, 7 L <IFFEEESLR R ISHT 5,
Students are evaluated on their points from quizzes 20%, online homework 10%, and the final exam

70%. The precise explanation is given in the first class.

HRER L UB % ETextbook and References

BREE  BRARECTERL, NHER— - 1B, EEER, 2000, 978-4-7853-1522-1

ZEE  RFAEOHIEAS SGEThHR) , (DIERE, HORIE, 2000, 978-4-489-02241-8
S PHRECEREA S, KEFL, A =2 A%E, 2000, 478190940X

ZEE  MREGER LS, MRER - SPRZH , BREAE , 2007, 978-4-563-00487-3
SEE  BEEOMEREL, b E - o - BRI - FEE, BEEAE, 2016, 456301205X

ZEE RIEAREONR, NH - ER - 81EF - )1, EHERE, 1988, 978-4785310530
Z&E PR E, PGS, FINELRE , 1991, 9784873611631

ZEE  RIPRECY, e B8, EEER, 1974, 978-4-7853-1301-2

ZEE  BUPRECY, AR, B, 2007, 978-4-903342-01-6

EHHEURL

THHEBEWeb A R - LoVLEREY v /L 1 BEEOERE DRI T A b G8FF : i—T7 A R) O_—
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

IRV F & Preparation and Review
THE  KHEOTPEEZBEICL, ZREOHST2EMCEEZET, #Y  FEOERPIZEZ 6N
BEME - A0 7 A a2 ER RN R <

237




Preparation: Students are required to look over the textbook for the next class. Review:

Students are required to solve problems given in the class and in WeBWorK.

% Oh/In Addition

AR EFLTEADZ L.

HEECSEE Y, EERSPTEHAZBLTAT, BOICEST-LOEBAT S E L.
(758 ]

2. MR L R DB & THEE TE 2 L9 1T o T .
3. filE & RN & fg{ﬁfggif&')é
4. AR T L2000 T, MR, B8, EEREN D> THhn 7.
(2 F O & & 0B E]
5. WRIFIEARERY T, BN DLOY TV, ¥ a L UAEEETZIZ OV T ORHEIT 2.
6. RZIHZEMOBIRBUZ L 2B ETHY, 50T <EPNLTND.
7. Bl < mENTEY, FLAEHBLS LIENPNLTWD. Va L X UAEEZIZ OV T ORI R
A%
[{5Hii 72 EE]
8. ¥t H KD KRFHB IR DHMIBARID N V) X 27 5D F % E DI JELI 2 4%,
[THMRIEHE THEOT 0 & EDsEE]
9. R & & HIZ, BARLARIINA TTEAISH b HY EIFTns.
10. 3EHERL T, P O LREHD B &' T IFAM E TIEIR B 5, FEFEELTRGFE LY.
1 HALORER BT, 4 SRROFELZLEL TONEREZ b TRIT 5 Z L 2L LTOET, 1 HIOES
B LT B HER R O B2 1E, TRERR - BE ) ([CoWTE 1 5~ 3 0 R ol L OMRERSVAE (TF - HE
72E) 30~1 5, [FEB, FEHKOEH 1220 TX3 0~ 4 5 ORER L ORERBIEE (78 -8
FHipl) 15~0mHETY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
RIS A 2 SFEC WEBL AR IR
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A MR 1A

P22 H/Class Subject
FRIEARECT:
Linear Algebra, A

D HH) & EE/Object and Summary of Class

MIERECAIIZ R DEEW] S ETORERARTHY, BTRICEEELRNE O OIEMEL 78>

TW5. BERETFATIE, BBERETFONSTE 2175 L1781, S LICRIE T B AL 5. 1750
AR FEHE X OTH ORI R RBOHHAE 2 HG L, TR0 EROLOKE], @ 1 k5
KOFEfRIELZ TS Flo, N7 MVERNLRY MVERA~OBEGEOME, Znaitilic kv

HARWNZCRBLT 2 HiEE 5.

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices,

the definition and role of the determinant of a matrix, and the method of solving systems of
linear equations. Furthermore, linear mappings between vector spaces and their matrix

representations are treated.

HEDEEHF/Goal of Study

1) X7 MATHIORBUER A EFRIATR D L 12T 5.

2) IHIROER & EDOERE IR L, BARREENTE L5107 5.

3) AL 1 RO E HE IR L, FEGHRNTED L9017 5.

4) BEEHUZONT, (TN L HFRBL, SARRIMEEZ e L, BREOITHIHE 25T 5.

The aim is

(1) to be able to perform arithmetic operations on vectors and matrices,

(2) to understand the definition and role of the determinant of a matrix, and to be able to compute
determinants,

(3) to be able to solve systems of linear equations,

(4) to understand the matrix representations of linear mappings, and to perform manipulations in terms

of matrices.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1Rl B ML, 1S & 1RGER

2l AU, RS by

#3mE R L

Haln]  BEEEROEE, & M UEE M S T2 RO H)E

wslal 175, 1T810FE & W THIDFE

HFelRl  EHFTSI & T 1R R

FlE EHRORE

8El 1751
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F9lE] ATHIROEARME, 175 OFH

HF510[E]  HAELTEI & E D THIIEK

11w ATHID R

B12[F FEOLTHIEC

513l BT

BH14lm] BB GROITEIETR

BE15ME] FE & & AR

1. Linear dependence/independence of vectors

. Vectors with complex entries, basis

Systems of linear equations and row reduction
Rank and basis of systems of linear equations
Matrices and their product, inverse

Invertible matrices and systems of linear equations

. Permutations and their signature

00 N O O kW

. Determinant

9. Properties and computation of determinants
1 0. Determinant of the transpose of a matrix
1 1. Expansions of determinants

1 2. Determinant of products of matrices

1 3. Linear mappings

1 4. Matrix representations of linear mappings

1 5. Summary and final examination

iR At 514/ Evaluation Method

TR (70%), /T A FBIOLAR—F (20%), 4 T4 fEE 10%) TiHlid 5. #EL < IIFEFH1E
IR 5.

Course grades will be based on the final exam (70%), quizzes and reports (20%), and online assignments

(10%). The details will be explained at the beginning of the course.

HPER L %%/ Textbook and References

BRE - MRARECTER, NER— - IS, BEEER, 2000, 978-4-7853-1522-1

SE5E  RFAEOHIEAS SGEThHR) , (DIERE, HORBIE, 2000, 978-4-489-02241-8
S PHRECEREAS, KEFEL, A =2 A%, 2000, 478190940X

SHEE  MPPREGER L1, KB - SFRZHT , BFEAR , 2007, 978-4-563-00487-3
SEE  BEEOMEREL, b b - o - BRI - FEE, BEEAE, 2016, 456301205X

ZEE  BUPRECNM, NH - &R - B - )11, BEER, 1988, 978-4785310530
ZEE PR E, FRGE, FINELREE , 1991, 9784873611631

ZEE  RUPRECY, e—R8, EEER, 1974, 978-4-7853-1301-2

ZEE  HIPRECY, RS BCEER, 2007, 978-4-903342-01-6

#EURL

TFHERWeb A b - LALVERE Y v 2L | BEOEEY IEGEE T A N GEFR : T A R) O—Y
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RIS & Preparation and Review
fEml, BERIEOUENZTE L TB2E. 2, /T AMRLAR— FOMEZ PONEE 21
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€452 L.
Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

% Of/In Addition

HREITLTHADOZ L.

HEESCSEER, BERLETERHEZBLTAT, BRICESTZLOEBATS E XV,
(53 E#]

2. MRS L IRE N R E TR TE D X 01T o TV D,
3. BIEHL BN G ERHEETHD.
4. FEARTEA Z &2 T, RS, B, BEMENH - Thn 3.

[EfEZ2 220 & & D5 EE]
5. WRIFIEAERY T, BN DLOY TV, ¥ a L UAEEETZIZ OV T ORHEIT 2.
6. KEHABMOZIRMIZ L 2BRETHY, 0T <EPNTND.
7. BN <RENTEY, FEERHLH LIFENNTND. ¥ a bZ AEEBIZOWTORHEIT R
AR

(PR s )
8. itk HARDKFHB KT HMERIMDO TV X 2 7 AOF M % EDIIERH 247,

(LA RIERETHEOTNWE EDOBEEH]
9. MR L & bIZ, EARMZARITMA TR H B ED EFTns.
10. 3EERL T, FHE O LREH B BT FEAM E TR B SH, FEEELRGEE L.

1 BN ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z & 2FEHEL LTWET, 1 BiZoERIC
VB L 7 BRI O BT, 36 - 8 ) 122V T 1 5~ 3 OO R L ORI ZE (7Y - 88
728) 30~15WMH, [FEBR, FEEHKOEH] (220 TIE 3 0~4 5IEM o3 LORERMAHE (T8 - 18
FHipl) 15~0mHETY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
RIS A 2 R R PR EEREEARER
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A MR 1A

P22 H/Class Subject
FRIEARECT:
Linear Algebra, A

D HH) & EE/Object and Summary of Class

MIERECAIIZ R DEEW] S ETORERARTHY, BTRICEEELRNE O OIEMEL 78>
TW5. BERETFATIE, BBERETFONSTE 2175 L1781, S LICRIE T B AL 5. 1750
AR FEHE X OTH ORI R RBOHHAE 2 HG L, TR0 EROLOKE], @ 1 k5
KOFEfRIELZ TS Flo, N7 MVERNLRY MVERA~OBEGEOME, Znaitilic kv
HARWNZCRBLT 2 HiEE 5.

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices,

the definition and role of the determinant of a matrix, and the method of solving systems of
linear equations. Furthermore, linear mappings between vector spaces and their matrix

representations are treated.

HEDEEHF/Goal of Study

1) X7 MATHIORBUER A EFRIATR D L 12T 5.

2) IHIROER & EDOERE IR L, BARREENTE L5107 5.

3) AL 1 RO E HE IR L, FEGHRNTED L9017 5.

4) BEEHUZONT, (TN L HFRBL, SARRIMEEZ e L, BREOITHIHE 25T 5.

The aim is

(1) to be able to perform arithmetic operations on vectors and matrices,

(2) to understand the definition and role of the determinant of a matrix, and to be able to compute
determinants,

(3) to be able to solve systems of linear equations,

(4) to understand the matrix representations of linear mappings, and to perform manipulations in terms

of matrices.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
LLFOTETHAD, EEICLSTEERHY 5 5,

AR T ML, 1S E 1IRTGER

2l ALK, RS hr

F3m & Uik

HAln] PR ROAAE, & LEA o 7o BEOHE

wslal 175, 1T8I0fE & W TR E

#FelEl  EHFTAI &N 1R R

A EROR
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F8ml 1751

SOl ATHIRDIARNIME, 175 OFEH
H10E]  #RETTHI & ZDTTHIIE

1R ATH R

F120a] FEOTHII

AR TSR

FH14ln] BUEGROITAIERTR

2 11 = )

1. Linear dependence/independence of vectors
Vectors with complex entries, basis

Systems of linear equations and row reduction
Rank and basis of systems of linear equations
Matrices and their product, inverse

Invertible matrices and systems of linear equations

. Permutations and their signature

0 N O O kW N

. Determinant

9. Properties and computation of determinants
1 0. Determinant of the transpose of a matrix
1 1. Expansions of determinants

1 2. Determinant of products of matrices

1 3. Linear mappings

1 4. Matrix representations of linear mappings

1 5. Summary

iR Tt/ Evaluation Method

EHRRER (T0%), HEEQ0%), 4 T4 ay AT A(WeBWork)(10%) % B 2SI 5. EL <X
FEEERI B ISR 5.

Course grades will be based on exercise (20%), WeBWorK (10%) and the final exam (70%). The details

will be explained at the beginning of the course.

HREB LU SEZETextbook and References

BREE  BRRECHERL, HER— - H1EE, EEER, 2000, 978-4-7853-1522-1

ZEE  KEOMIERE. SGETHR) |, DI, BORE, 2000, 978-4-489-02241-8
SEE  FHREEMEAEL, KBRIL, Y =224k, 2000, 478190940X

SEE  MPPREGER L1, REI - SFRZHT , BFEAR , 2007, 978-4-563-00487-3
SEE  BEOBIGAS, Kb - 1 - BN - FRlE, B5EfE, 2016, 456301205X

ZEE L HIAREONM, N - @A - B0 - )11, EEERS, 1988, 978-4785310530
ZEE SR E, PRGNSR, 1991, 9784873611631

SEE  RERECY, B8, HEER, 1974, 978-4-7853-1301-2

& BERECY, AR, iR, 2007, 978-4-903342-01-6

Bh#EURL

THEBBEWeb A M @ LVLEEE Y ¥ oV 1 BEBUEEE I REE T A b @R fii—7 A b)) O_—Y
http://www .iee.eng.tohoku.ac.jp/system/genrel.html

RIS & Preparation and Review
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fElnl, HREOBRLETAZ TEH LTS A2 L. £z, HERELEL WeBWorK O [ % fif \ CHEE %
WETSZ L.
Students are required to look over the textbook for the next class, and to solve problems given

in exercises and WeBWorK.

Z Ofiti/In Addition

R EILTHADZ &

HEECSEE Y, EERSTEHAZBLTAT, HOIKEST-LOEBAT S E L.
[ 5]

2. MIEMEI TR L RE N R & TR CTE 5L 212> T 5.

3. PlE L MENEEREHEETHD.

4. FEAREB T L2, R, B, HEERH - Thhrh 3.

[HfEz 20 & & DB EE]

5. WRITHEYER) T, AN DNY 0V, g L F U AERERICOW T OREIL R

6. RFPINFELOAIRMIZ L L2HFETHY, o000 <ENLTND.

7. BINZLREINTEY, FEHLS LLEIPN TS, Va vZ AEERIZ OV TORLHEIE R
A%

[EHr 7255 E]

8. k% HARDKFHEBEIZB T DHMEREO DV X 2T LD H A% EDTIEL /243,

[ THNRISHE THEOT W & EDBEE]

9. fERIRZRFII & & B2, EANZRARICMA TLERICH BEY EIFTns.

10. 3EBHERL T, O IREED G &1 /1P AP E TRIA B Hh, MERECSCER S FE L.
1AL ORER AL, 4 5RMOHELZLELETHNEE b o THERT 2 2 &L 2EHEL LCWET, 1 BLOERI
VB L e BEERR O B 4L, TisE - HE ) I2oWTIE 1 5~ 3 0 B O ¥R L O ERRS2E (78 - 5E
7mE) 30~1 5ME#], [FEB, FEHEOERE] 220 TIE3 0~4 5 Moz L O ERRN2E (7E -8
Bpd) 15~0KMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

(@]

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.

244




RERE4 - BT/ Credit(s) | fHM4ZHEL -
BRI A 2 M A FTE  TEEEETR
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A MR 1A

P22 H/Class Subject
FRIEARECT:
Linear Algebra, A

D HH) & EE/Object and Summary of Class

MIERECAIIZ R DEEW] S ETORERARTHY, BTRICEEELRNE O OIEMEL 78>

TW5. BERETFATIE, BBERETFONSTE 2175 L1781, S LICRIE T B AL 5. 1750
AR FEHE X OTH ORI R RBOHHAE 2 HG L, TR0 EROLOKE], @ 1 k5
KOFEfRIELZ TS Flo, N7 MVERNLRY MVERA~OBEGEOME, Znaitilic kv

HARWNZCRBLT 2 HiEE 5.

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices,

the definition and role of the determinant of a matrix, and the method of solving systems of
linear equations. Furthermore, linear mappings between vector spaces and their matrix

representations are treated.

HEDEEHF/Goal of Study

1) X7 MATHIORBUER A EFRIATR D L 12T 5.

2) IHIROER & EDOERE IR L, BARREENTE L5107 5.

3) AL 1 RO E HE IR L, FEGHRNTED L9017 5.

4) BEEHUZONT, (TN L HFRBL, SARRIMEEZ e L, BREOITHIHE 25T 5.

The aim is

(1) to be able to perform arithmetic operations on vectors and matrices,

(2) to understand the definition and role of the determinant of a matrix, and to be able to compute
determinants,

(3) to be able to solve systems of linear equations,

(4) to understand the matrix representations of linear mappings, and to perform manipulations in terms

of matrices.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1Rl B ML, 1S & 1RGER

2l AU, RS by

#3mE R L

Haln]  BEEEROEE, & M UEE M S T2 RO H)E

wslal 175, 1T810FE & W THIDFE

HFelRl  EHFTSI & T 1R R

FlE EHRORE

8El 1751
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F9lE] ATHIROEARME, 175G H

HF510[E]  HAELTEI & E D THIIEK

11w ATHID R

B12[F FEOLTHIEC

513l BT

BH14lm] BB GROITEIETR

15l F &0

1. Linear dependence/independence of vectors
Vectors with complex entries, basis

Systems of linear equations and row reduction
Rank and basis of systems of linear equations
Matrices and their product, inverse

Invertible matrices and systems of linear equations

. Permutations and their signature

00 N O O kW

. Determinant

9. Properties and computation of determinants
1 0. Determinant of the transpose of a matrix
1 1. Expansions of determinants

1 2. Determinant of products of matrices

1 3. Linear mappings

1 4. Matrix representations of linear mappings

1 5. Summary

g7 1/ Evaluation Method
TE R

HFEEL LU SEZE Textbook and References

HBRLE - AEARECEEL, NER— - HJIEE, EEER, 2000, 978-4-7853-1522-1

ZEE L KPAEOHRIERE SGETHR) , (DI, BORE, 2000, 978-4-489-02241-8
SEE  FHREEEEAREL KEFRIL, Y =224k, 2000, 478190940X

SEE  BIPREGEZR LY, VKB - SFRZEH] ) BEAE , 2007, 978-4-563-00487-3
SEE . BEOMEREL, K E - ok - BN - FE, B5EAR, 2016, 456301205X

ZEE  FPERECONM, NHE - &R - fUFF - )11, EEER, 1988, 978-4785310530
Z&E SRS, T HE, NI , 1991, 9784873611631

& RERECY, e B8, EAER, 1974, 978-4-7853-1301-2

ZEE RIERECY, RS, BeEER, 2007, 978-4-903342-01-6

BEURL

THHBEBWeb A M LoVLREY v bV 1 BMOEE Y BT X & GBFF - fii—7 A b)) O=—Y
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RIS & Preparation and Review

fEmEl, BREORLBEN L TEL KDL, £, /IT A MRLUR— FORBEE T.OITEE 21
KT 52 L.

Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.
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% Ofi/In Addition
BEREIILTEADZ L&
HEESSEEL, EERETHEHZBLTAT, ADICAST-LDOEBATSH L L.

(]
2. MR Cﬁﬁiﬁ&ﬁ ENAE TR TE L2122 ->T0S.
3. i & R @E”if%é

4. HAIHA Z k 3T, MR, B, EEEEN Do THhrh 70,

(2 F O & & 0B E]

5. NWRITIEYER) T, SR DL 00T 0. ¥ a2 L AEHEIZ OV COREHEIT 2

6. RZIHEEMOBIRBUZ L 2B ETHY, DT <EPNLTND.

1. Bl < mEaNTEY, FLAEHBLS LIENPNLTWD. ¥ a L X UAEEZIZOW T ORHEIE R
AN

[{5Hi 722 EE]

8. ¥t H KD KRFHF IR DHMIBRID N V) X 27 5D F % E DI JELI 24,

[ LS E TR E E DB EE]

9. IR & & HIZ, EBARZLARIINA TTEAISH B EIFTns.

10. 3EBHERL T, FHEOIRES b BT HHAM E TR B Hh, RERESSTRBFE L.

1 B OBRERBIX, 4 5RFHOFEZLELTINEZ b o THNT 2 2 &2 FHEE LTWET, 1B OBREIC

B LT B HER R O B2 1E, TSR - BE ) [CoWTE 1 5~ 3 O REff iRl LORERSVAE (TF - HE
72E) 30~1 5, [FEB, FEHEROEH 12290 TX3 0~4 5 ORER L ORERFIEE (78 -8
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
BRI A 2 I 155 Piig - BREETseR
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A MR 1A

P22 H/Class Subject
FRIEARECT:
Linear Algebra, A

D HH) & EE/Object and Summary of Class

MIERECAIIZ R DEEW] S ETORERARTHY, BTRICEEELRNE O OIEMEL 78>

TW5. BERETFATIE, BBERETFONSTE 2175 L1781, S LICRIE T B AL 5. 1750
AR FEHE X OTH ORI R RBOHHAE 2 HG L, TR0 EROLOKE], @ 1 k5
KOFEfRIELZ TS Flo, N7 MVERNLRY MVERA~OBEGEOME, Znaitilic kv

HARWNZCRBLT 2 HiEE 5.

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices,

the definition and role of the determinant of a matrix, and the method of solving systems of
linear equations. Furthermore, linear mappings between vector spaces and their matrix

representations are treated.

HEDEEHF/Goal of Study

1) X7 MATHIORBUER A EFRIATR D L 12T 5.

2) IHIROER & EDOERE IR L, BARREENTE L5107 5.

3) AL 1 RO E HE IR L, FEGHRNTED L9017 5.

4) BEEHUZONT, (TN L HFRBL, SARRIMEEZ e L, BREOITHIHE 25T 5.

The aim is

(1) to be able to perform arithmetic operations on vectors and matrices,

(2) to understand the definition and role of the determinant of a matrix, and to be able to compute
determinants,

(3) to be able to solve systems of linear equations,

(4) to understand the matrix representations of linear mappings, and to perform manipulations in terms

of matrices.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1Rl B ML, 1S & 1RGER

2l AU, RS by

#3mE R L

Haln]  BEEEROEE, & M UEE M S T2 RO H)E

wslal 175, 1T810FE & W THIDFE

HFelRl  EHFTSI & T 1R R

FlE EHRORE

8El 1751
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F9lE] ATHIROEARME, 175 OFH

HF510[E]  HAELTEI & E D THIIEK

11w ATHID R

B12[F FEOLTHIEC

513l BT

BH14lm] BB GROITEIETR

BE15ME] FE & & AR

1. Linear dependence/independence of vectors
Vectors with complex entries, basis

Systems of linear equations and row reduction
Rank and basis of systems of linear equations
Matrices and their product, inverse

Invertible matrices and systems of linear equations

. Permutations and their signature

00 N O O kW

. Determinant

9. Properties and computation of determinants
1 0. Determinant of the transpose of a matrix
1 1. Expansions of determinants

1 2. Determinant of products of matrices

1 3. Linear mappings

1 4. Matrix representations of linear mappings

1 5. Summary and test

iR At 514/ Evaluation Method

TEHWd L OVESRER CRHMIE 5. FHMIERIAIZLL T O#Y Th D -
e 10 CFy I 4 AR AT K% FIH)

HERRE 20

HIAREER 70

FEL < IIBEZESIEIR IS 5.

Course grades will be based on homework, exercise and the final exam. The weights will be:
Homework 10 (use online drill system)

Exercise 20

Final exam 70

The

HPER L %% E/Textbook and References

BREE  BRRECHERL, HER— - 1B, EEER, 2000, 978-4-7853-1522-1

2EE  RFAEOHIEAS SGEThHR) , (DIERE, HORBIE, 2000, 978-4-489-02241-8
S PHRETEREAS, KEREEL, A =2 A%, 2000, 478190940X

SHEE SR EGER L1, REI - SFRZHT , BPEAR , 2007, 978-4-563-00487-3
SEE  BEEOEREL, b E - (o - BRI - FEE, BEEAE, 2016, 456301205X

ZEE  BUPRECNM, NH - &R - B - )11, BEER, 1988, 978-4785310530
ZEE SR E, PRGNSR, 1991, 9784873611631

ZEE  RURRECY, e —R8, EEER, 1974, 978-4-7853-1301-2
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ZEE  BIEASEE, PRAS, AR, 2007, 978-4-903342-01-6

BhEURL

THHBEBEWeb YA b @ LAVLGRED ¥ /v 1 BECUEE Y DEEET A b (BFF  f—7 A R) D=
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

NIV F& Preparation and Review

fElAl, HRHER X OEEERHC X VM ETZ2 T8 LT 5 2 L @EEEHT google classroom T
HEAM PRI EN D TETH D). £z, BESHREEZPOLIEREZMESTSZ L.

Students are required to look over the textbook with videos for the next class(the videos will be
provided on the google classroom), and to do online-aided homework as well as exercises given

in the class.

% OAffi/In Addition
BRFILTHAOZ L., HEESLSZEEHL, HIERETHEREZEBLTAT, ARICE-TLHO
EHEAT D E L. 7ok, AT ERBAHIUE. (1010 5 M & 38 A T L 720,
(58 E]
2. MRS L RE N R E TR TE D X 0122 TS,
3. BIEHL NG EREEETHD.
4. FEARIEA Z & 2o T, @RS, B8, BEEMERH - Thn 030,
e 2220 & & DB EE]
5. WRIFIEAERY T, BHNDLY TV, ¥ a L F UAEREZIZ OV T ORHEIT 220
6. KFIREEILOBIRBUZ L HHBRETHY, 50T <ErLTND.
7. BINZ<RENTEY, FEERHLE LIENNTND. ¥V a VZ AFEBIZ OV TORHEIT R
Uy,
(a2 55 E]
8. itk HARDKFHB KT HMERIDO TV X 2 7 AOF A% EDIIELH 247,
[THMRIEHE THEOTW & E DB EH]
9. IR ARTE & & bIT, EARNLRARICIA TS b ED B Tns.
10. 3EERL T, FEHOIREBEN BT HNFEAME TEABENHR LD TH 5.
1AL ORERHIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WL 7e BEHER I 0 Hix, TR - B8 1oV TiL 1 5~ 3 0 M0 L O R AN 2E (T8 - 1Y
728) 30~1 5K, [FEB, FEEHKOFEH] (220 TIE 3 0~4 5IEM oI L ORERMAAHE (T8 - 18
H7pL) 15~0mH<TI,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
BRI A 2 (W H PR - PREEESER
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A MR 1A

P22 H/Class Subject
FRIEARECT:
Linear Algebra, A

D HH) & EE/Object and Summary of Class

MIERECAIIZ R DEEW] S ETORERARTHY, BTRICEEELRNE O OIEMEL 78>

TW5. BERETFATIE, BBERETFONSTE 2175 L1781, S LICRIE T B AL 5. 1750
AR FEHE X OTH ORI R RBOHHAE 2 HG L, TR0 EROLOKE], @ 1 k5
KOFEfRIELZ TS Flo, N7 MVERNLRY MVERA~OBEGEOME, Znaitilic kv

HARWNZCRBLT 2 HiEE 5.

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only in mathematics but also in natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices,

the definition and role of the determinant of a matrix, and the method of solving systems of
linear equations. Furthermore, linear mappings between vector spaces and their matrix

representations are treated.

HEDEEHF/Goal of Study

1) X7 MATHIORBUER A EFRIATR D L 12T 5.

2) IHIROER & EDOERE IR L, BARREENTE L5107 5.

3) AL 1 RO E HE IR L, FEGHRNTED L9017 5.

4) BEEHUZONT, (TN L HFRBL, SARRIMEEZ e L, BREOITHIHE 25T 5.

The aim is

(1) to be able to perform arithmetic operations on vectors and matrices,

(2) to understand the definition and role of the determinant of a matrix, and to be able to compute
determinants,

(3) to be able to solve systems of linear equations,

(4) to understand the matrix representations of linear mappings, and to perform manipulations in terms

of matrices.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1Rl B ML, 1S & 1RGER

2l AU, RS by

#3mE R L

Haln]  BEEEROEE, & M UEE M S T2 RO H)E

wslal 175, 1T810FE & W THIDFE

HFelRl  EHFTSI & T 1R R

FlE EHRORE

8El 1751
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F9lE] ATHIROEARME, 175 OFH

HF510[E]  HAELTEI & E D THIIEK

11w ATHID R

B12[F FEOLTHIEC

513l BT

BH14lm] BB GROITEIETR

15l F &0

1. Linear dependence/independence of vectors

. Vectors with complex entries, basis

Systems of linear equations and row reduction
Rank and basis of systems of linear equations
Matrices and their product, inverse

Invertible matrices and systems of linear equations

. Permutations and their signature

00 N O O kW

. Determinant

9. Properties and computation of determinants
1 0. Determinant of the transpose of a matrix
1 1. Expansions of determinants

1 2. Determinant of products of matrices

1 3. Linear mappings

1 4. Matrix representations of linear mappings

1 5. Summary

iR At 514/ Evaluation Method

PEHIASRERG0%), /T A FM20%) TRHIT 2. HIFRIUZ L > TIAREH LT L2 5. FH LR
FEFEIRIB IR 5.

Course grades will be based on the mid-term exam and the final exam (total 80%), and short tests (total

20%). Students may receive "D"=fail depending on attendance. The details will be ex

HPER L %%/ Textbook and References

BRE - MRARECTER, NER— - IS, BEEER, 2000, 978-4-7853-1522-1

SE5E  RFAEOHIEAS SGEThHR) , (DIERE, HORBIE, 2000, 978-4-489-02241-8
S PHRECEREAS, KEFEL, A =2 A%, 2000, 478190940X

SHEE  MPPREGER L1, KB - SFRZHT , BFEAR , 2007, 978-4-563-00487-3
SEE  BEEOMEREL, b b - o - BRI - FEE, BEEAE, 2016, 456301205X

ZEE  BUPRECNM, NH - &R - B - )11, BEER, 1988, 978-4785310530
ZEE PR E, FRGE, FINELREE , 1991, 9784873611631

ZEE  RUPRECY, e—R8, EEER, 1974, 978-4-7853-1301-2

ZEE  HIPRECY, RS BCEER, 2007, 978-4-903342-01-6

#EURL

TFHERWeb A b - LALVERE Y v 2L | BEOEEY IEGEE T A N GEFR : T A R) O—Y
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RIS & Preparation and Review
fEml, BERIEOUENZTE L TB2E. 2, /T AMRLAR— FOMEZ PONEE 21
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€452 L.
Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

% Oh/In Addition
HEREWGE I SRR EEREIILTIAD Z L.
HEESSEEL, EERETCEHZBLTAT, AFICAS2TELOEBAT S E XV,
[ E]
1. FREME T & AN A E THEECTE D L 9 It o TV 5.
2. P L RENEEREEETHD.
3. HARIHHE Z &3 C, RN, plE, HERMENH > THhr g .
Lz 2070 & 2 0B EE]
4, NWERITHERER) T, SIARDN DT, ¥ a b AR OV T ORHEIT R,
5. KEIHBEMOZIKMIZ L HFBHETHY, 00T <EFErLTND.
6. PINZIRINTEY, FLEHLE LIEILNTWD. ¥ a L AEEFIZ OV CORLEIEZR
W,
[Ehr 75 EE]
7. ¥th H RO KRFHBICBT DMIENREDON Y X 2T 2O M EED T IELI 043,
[CLENZRIEHE TRV Z05EE]
8. MBI & & b, EAMRAFICINZ TTEAIEHBEY EiIFTinsd.
9. 3HMERL T, FiEDOVRER OB FAPE TR BS54, FEESCEIRBFEL V.
Be sure to purchase the textbook.
You should read the exercise books and reference books at a bookstore and purchase the one
that suits you.
[Practice bookl]
1. Explanations and answers can be confirmed in a two-page spread for each question.
2. This is an exercise book with many examples and practice problems.
3. It is easy to understand with brief explanations, examples, and exercises for each topic.
[Reference book when you want to learn the basics]
4. The content is standard and the explanation is easy to understand. There is no description of]
the Jordan normal form.
5. This i1s a textbook by the professors of the former liberal arts department of our university,
and is written in an easy-to-understand manner.
6. Many examples are shown and the proof is easy to understand. There is no description of the
Jordan normal form.
[Traditional reference book]
7. A historical masterpiece that directed the curriculum of linear algebra in postwar Japanese
university education.
[Reference book when you want to learn engineering applications]
8. Along with a concise and clear explanation, it covers engineering applications in addition to
basic contents.

9. It is composed of three parts, covers a wide range from the linear transformation of planes to

the introduction to quantum mechanics, and has detailed problem answers and references.
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1AL ORERFIZ. 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WL Jp BEHER O Hix, TR - B 1oL 1 5~ 3 0 M0 L O R A 218 (T8 - 1Y
728) 30~15WMH, [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAAHE (78 - 18
H7pL) 15~0mH<TI,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
RIS A 2 B EN g - BEEETE
BHEHA/ Term 1BEARE—

g H - 5%KF - 22 Day/Period/Place B KER 2GRy
P22 H/Class Subject
RIS
Linear Algebra, A
D HH) & EE/Object and Summary of Class
MIERECHIIZ R D EEH S ETERNTHY , HFFTLbAA, BILRIZEEEFLRNEZLLD
SEOIEMEL 7Y FOREEZT TN D,
ZOFEFR T, ATHIOEE, #— kR FRA, ITHIRNOEERNRNE LW, R E 2 S
(DT D ORI ORI 2 2 5

Linear algebra is an essential tool to handle multi-component quantities, and it helps

developments not only of mathematics but also of natural sciences and social sciences.
This course covers fundamentals in linear algebra, such as operations of matrices, systems of
linear equations, determinants of matrices.

Students will acquire relevant skills to perform certain computations.

HEOEE HAF/Goal of Study
175, N 1 RFFE, ATHIRICRE T 2 AL SO BE, F5|% 18 U5tk E2 BiE L 35,
The aim is to understand fundamental concepts in linear algebra, such as matrices, systems of linear

equations, and determinants, and to acquire the ability to compute concrete examples.

FENE - J715 EHEEE T E/Contents and Progress Schedule of the Class
1. B/ EHAT MVZER] D n 7 MVOBER & NFE
CATENE T BV, AT EATHI DB
2UATHNDATH, B & 545

AR O 1R, 278N 1 IRIFRE

N —RGFER EATHNDIEALET

ITBN Db L N RO

. BUTTORN], B O

- HATEHEARDAFE & 1A

9. BynHEN—RITHEAE BRDITHIE

1 0. niROITHI

1 1. 175000k

1 2. A5G

1 3. 177 L IEAIM:

14. RRFATHNE 7 T ANDERA

15. RIS, 77 T Ey ROITHIRR &

1. Sets and maps, space of row/column vectors, inner product

0 N O O bk WD

2. Operations on vectors and matrices

3. Matrix inverses for two by two matrices, inverse maps
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. Linear transformations in two dimension, linear equations with two unknowns
Systems of linear equations and elementary transformations
Matrix rank and solutions of systems of linear equations

. Three dimensional linear geometry

0 N o u ok

. Volume of parallelepipeds and linear independence

9. Systems of linear equations with three unknowns, 3 by 3 determinant
1 0. Determinant of n by n matrices

1 1. Expansion of determinant

1 2. Calculation of determinant

1 3. Determinant and invertibility

1 4. Cofactor matrix and Cramer's formula

1 5. Application of determinants, Vandermonde formula

iR 5/ Evaluation Method
LAR— R < /T A MER JOWIRABROE RS U CGHET 2, 3L <IHRFEFLEIRIZHIT 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

ZAFRlER LU EE Textbook and References

SEE  HIREONM, N - @A - BRI, EEERS, 1988, 978-4785310530
ZEE  RRBORE, FEPESLE NEEEREE 2011, 978-4753600298
SEE RS, RS, 3R, 1997, 978-4320015548

D

ZEE AR GGETHD . BRG], BAGEm L, 2015, 978-4535787711

SEE  MPREGER LY, MR - SFRZET , BPEAE , 2007, 978-4-563-00487-3
ZEE SR E, FRGE, FINELREE , 1991, 9784873611631
BEURL

RIS & Preparation and Review

TEH KBAOTEEZSHIC, ZEEORAT HEINCHZE T,

TE  ABEIOBEPICE 2 DAL EE B2 B ER MR <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% Of/In Addition

1 WAL ORERBIX. 4 5RO FEEZLELTINEE b o THERT 2 2 &2 FHEL LTWET, 1 BiL0ERIC
WL 22 5 HER I O B 2%, T3F8 - B 1220 Tid 1 5~ 3 O Mo 3¥ds L O ER RSNV AE (78 - 1E
72E) 30~1 5K, IR, EHROFEH] [T TIE3 0~4 5 KOS L O ERRSNAE (78 - 1E
Biel) 15~0KMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
BRI A 2 TN R TR - BREERRER
BHEHA/ Term 1BEARE—

g H - 5%KF - 22 Day/Period/Place B KER 2GRy
P22 H/Class Subject
RIS
Linear Algebra, A
D HH) & EE/Object and Summary of Class
MIERECHIIZ R D EEH S ETERNTHY , HFFTLbAA, BILRIZEEEFLRNEZLLD
SEOIEMEL 7Y FOREEZT TN D,
ZOFEFR T, ATHIOEE, #— kR FRA, ITHIRNOEERNRNE LW, R E 2 S
(DT D ORI ORI 2 2 5

Linear algebra is an essential tool to handle multi-component quantities, and it helps

developments not only of mathematics but also of natural sciences and social sciences.
This course covers fundamentals in linear algebra, such as operations of matrices, systems of
linear equations, determinants of matrices.

Students will acquire relevant skills to perform certain computations.

HEOEE HAF/Goal of Study
175, N 1 RFFE, ATHIRICRE T 2 AL SO BE, F5|% 18 U5tk E2 BiE L 35,
The aim is to understand fundamental concepts in linear algebra, such as matrices, systems of linear

equations, and determinants, and to acquire the ability to compute concrete examples.

FENE - J715 EHEEE T E/Contents and Progress Schedule of the Class
1. B/ EHAT MVZER] D n 7 MVOBER & NFE
CATENE T BV, AT EATHI DB
2UATHNDATH, B & 545

RO 1 REHR, 270 1 RO5EE

N IR LA THN DAL
ITHNORES & N R DR

. BUTTORN], B O

- HATEHEARDAFE & 1A

9. 3ymET—RFFERE 3IRDITHIIEK

1 0. nikRDITHII

1 1. ZEEE A T8I0

1 2. 175IAE (5

1 3. 1750 E BRI

14. RKFATHNE 7T ANDEA

15. AR, 77 T ey ROITHIRGR E

1. Sets and maps, space of row/column vectors, inner product

0 N O O bk WD

2. Operations on vectors and matrices

3. Matrix inverses for two by two matrices, inverse maps
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. Linear transformations in two dimension, linear equations with two unknowns
Systems of linear equations and elementary transformations
Matrix rank and solutions of systems of linear equations

. Three dimensional linear geometry

0 N o u ok

. Volume of parallelepipeds and linear independence

9. Systems of linear equations with three unknowns, 3 by 3 determinant
1 0. Determinant of n by n matrices

1 1. Multilinear property of determinant and its application

1 2. Determinant and higher dimensional volume

1 3. Determinant and invertibility

1 4. Cofactor matrix and Cramer's formula

1 5. Application of determinants, Vandermonde formula

iR 5/ Evaluation Method
LAR— R < /T A MER JOWIRABROE RS U CGHET 2, 3L <IHRFEFLEIRIZHIT 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HREB LU SEZETextbook and References

BRE - MPEAREONM, N - @R - SUEE - )11, EEER, 19884, 978-4785310530
BRE RSO RS, FEPE L NEEEREE 20114F, 978-4753600298
BRLE - BEPARECY, ERXRE, BHER, 19744, 978-4-7853-1301-2
HRE - MRAEL, ERRE, HOTHIRR, 19974, 978-4320015548

RN BUPRECY, AR, B, 20074, 978-4-903342-01-6

BRLE AR (GGTHR) . BRJINEE], BAGEmtL, 20154, 978-4535787711
HRlE . BEEOMIEREL, FE - ek - B - R, BEEEE, 20164F, 456301205X
BB MPAREGER L, RER - SR, BREAR, 20074F, 978-4-563-00487-3
R - SRS, TG, FINXEARRE, 19914F, 9784873611631
Bh#EURL

NIV F& Preparation and Review

TH  RAOFEEZSEIZ, ZRFORE T HEPTICH 28T,

BE  ARIOFERPITE 2 DAL EHE M2 2 ER MM <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

Z Ofth/In Addition

HREBLUSEEIZONT

No.1, RFHBE ORI XD IEMAIBFRETH Y, 000 0FT <EMLTN D,

No.2. BFgHRFZEHTHHROHRETH Y . R RER & BBEICRHFORD D,

No.3. ¥tk HARDKZHE BT HDMEREO D Y X 27 ADF 0% ED IR 4 %,

No.4 3DFEHEN, BHFELRTLY TERLREZWFERTIITo2 b0,

No.5 IR L & i, EARNZANRITMA T LFERRHBIY EFTns,

No.6. 3EHERL T, FHE D 1 IREED O &) F A £ TR < BB, MERESSTRBFEL VY,
No.7 NEITHERE TH D, ¥ a VZ U HEERIZHOWTOREA 2 <, FITET FAZERICHONWT
ENTND,
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No.8 —[E/DFERNEN —HICE L E-TEY, THERZ LT, BHEMNE B TdH D,
Nd9W%§<ﬁﬁéhT%@\i FEA S S LS EN TV D, L T@ﬁﬂi(ht LY
IV NEHEFLZ DN T 35 O 1 2304 5)

No.10 WANEE CRLlR N REB U SIHRTH 5,

1 B OBRERBIX, 4 5RFHOFEZLELTINEZ b o THNT 2 2 &2 FHEE LTWET, 1B OBREIC
B LT B HER R O B2 E, TSR - E ) 2oV TiE 1 5~ 3 0 Ml o ¥k LOMRERSVAE (T - HE
7E) 30~1 5, [FEB, FEEROFEHL] (2O TIE3 0~4 5 Koz ERl LORERMNAE (T - &
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
BRI A 2 FA TN FTE  EEESTRE
BHEHA/ Term 1BEARE—

- GIf « 2= Day/Period/Place A KRR 2 5

% E / Class Subject

Linear Algebra, A

D HH) & EE/Object and Summary of Class

MIERECHIIZ R D EEH S ETERNTHY , HFFTLbAA, BILRIZEEEFLRNEZLLD
DEOEMEL 2D EOFEEREZITTWD,

ZOFRTIE, ATHIOME, @ — R R 1THIROEEN L2NE 2R, R RitH ) 2 5
(2D ORI DI % 7.5,

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices, systems of
linear equations, determinants of matrices.

Students will acquire relevant skills to perform certain computations.

HEOEE HAF/Goal of Study
1780, 8N 1 IRGER, T8I B2 BAES OBiE, 2f4 il LI- 3 EEOBESA iR S 35,
The aim is to understand fundamental concepts in linear algebra, such as matrices, systems of linear

equations, and determinants, and to acquire the ability to compute concrete examples.

FENE - J715 EHEEE T E/Contents and Progress Schedule of the Class
LLFOWNEZFITR D, HEEE « HRREAIZ Lo Tl O WRSIIERIZZE N H D AIReEn d D £79,
HEA LT PVEER] L n o7 VO L NEE
ATHNE AT Bov, ATH AT DT
 QRATHNDIATH, G L 544
RO 1 RA, 25087 1 IRTREA
BN IR R LA TN D HAZE
- ATHNORERL & ST S RE iR
- BIRTTORA, EHRK OV
- SEATOMHIRDAFE & 1AM
< F L L RS
« 3L — R L BIR DT TAIE
» nIROITHIE
- ZEMIEIEE AWTATHIRORE
ATHIAE AFE, 175208 ERIPE
* RERFATHNE 7 T ANDAR
- ATHIEDICH,
- F L & HEREER
The following topics will be mainly covered.
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- Sets and maps, space of row/column vectors, inner product

- Operations on vectors and matrices

- Matrix inverses for two by two matrices, inverse maps

- Linear transformations in two dimension, linear equations with two unknowns
- Systems of linear equations and elementary transformations

- Matrix rank and solutions of systems of linear equations

- Three dimensional linear geometry

- Volume of parallelepipeds and linear independence

- Summary and mid-exam

- Systems of linear equations with three unknowns, 3 by 3 determinant

- Determinant of n by n matrices

- Multilinear property of determinant and its application

- Determinant and higher dimensional volume, , Determinant and invertibility
- Cofactor matrix and Cramer's formula

- Application of determinants

- Summary and exam

iR Tt/ Evaluation Method
fEHElD/NT 2 M KOERER - WIAGABROR R AH G L CGHiid 2, 7 L <IEBEZEFR1EIR IR 5,
Course grades will be based on short tests, the mid-exam and the final exam. The details will be

explained at the beginning of the course.

HRER L UBEE/Textbook and References

BELE B ) — X KGR SRR SO, BrHAR, 2019, 978-4410154621
SEE FRIRE GGETHR) , BRG], BAGEmt, 2015, 978-4535787711

SEE  HIREONM, N - @A - B - )11, EEERS, 1988, 978-4785310530
EHHEURL

RSNV FE Preparation and Review
FTEITEICRD EEAD, HERNKRETT,
TE T A MK EIOHRTITE 2 DT EE I 2 2 R RN <,

Review: Students are required to solve problems given in the class, including short tests.

Z Ofih/In Addition
BREBLUSZEEIZONT

(No. 1 ORZHBRZFIZIHEL TWETH, BRBIZENTHLIAREZ 2 TIEEEY 5 DI TiEd
DEFA, Fo. BRFIZITEFEDNTOWRWFHZE O ALY £7, HRITWETTEHE LA
KReBEZLLTZIN, )
No.1. % CIIAE LB B MECHEH « FE LW AN E> TnET, FF v — FoEEES
FEHINTWET,
No.2. #EAREUCEET 2B NENZARICELNTWET, BRNH 5 NIISEEHL L THE
DHEATHEDL L ONRZLNARTT,
No.3. fHRICE L EF->TNDHARTT,
1HAMATORER BT, 4 5HOREEZLELTINEEZ Lo THERT A Z E2EHREL LTnET, 1 BTOER
ML 72 5 HER 0 HZ2ld,  TaEss - ¥ 10OV TR 1 5~ 3 0 I 0¥t L OERRIA 2E (7Y - HE
2E) 30~15MM, ER, EHEOER] 2OV TIE3 0~4 5 HHORER L ORERKAEE (78 - #H

(R
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EHpEY) 15~0WMTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,

and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.

262



RERE4 - BT/ Credit(s) | fHM4ZHEL -
BRI A 2 EE e TR EWEE R
BHEHA/ Term 1BEARE—

g H - 5%KF - 22 Day/Period/Place BTHA KHEH 2 FERs

P22 H/Class Subject
I

D B & EE/Object and Summary of Class

MIERECHIIZ Ry D EEW S ETERNTHY , HHixbbAA, BITRIZEEELRNELLD
SEOREREL R TORREZMTTND,

ZOFEFR T, ATHIOFEE, #S— Wk FRA, ITHIRNOEERNZRNE LI, RO REE )2 S
(2T D ORI T ORI A 7 5,

HEOEE HA%/Goal of Study
1750, BN 1 RFEE, AT8IUCBE T2 HAE S OERfE, 26418 LI- 5t A0 E S+ HIZL 55,

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
¥ Z OFFH TldClassroom 2 H U Ciliss B S iRIE A RE L ET, 7 7 A3 — RiX 5jmj42l T,
Classroom|Z7 7 AL, 77 Aa— K& AL TIZE,

AR LELE

ey ROVZER & NEE

ATHNOFE., 20175

- WIS IRRERL TTHIDEALT, Mk

« 3WILDE], 3RDATHIF

- nIROITHI

- ATHIR DI

g7 1/ Evaluation Method
LR— |k « /T A MER LOWHRGRBROMERARE L GHEiT 5, 78 L <IIREF1RBISHRAT 5,

HRLER L U535 E/Textbook and References

SEE  BEARS, Vet B8, SEIHIR, 1997/4/25, 9784320015548
FHEURL

http://staff. miyakyo-u.ac.jp/~k-taka2/linalg.html

RIS & Preparation and Review
Lo LEEZLT, bbbt ZAFEMT5Z L.

Z Offt/In Addition

R R—=V Tl Fr—/— b EEHBEHEZABLETOT, FIHLTIZI0.

1 B OBERBIX, 4 5RO FEZLEL T INEEZ b > THINT 2 Z &2 FHEE LTWET, 1 B OERIC
VL e D HERRO B2, T3EE - 8 2oV Tk 1 5~ 3 0 B3R KX O 2E (78 - 88
7E) 30~1 5K, [FEB, EHROEH 2O TE3 0~4 5 R ORES L ORERRSNAE (78 -4
FHipg L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,

and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and
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Ireview outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
RIS A 2 Ha AHE FTE - B ERF
BHEHA/ Term 1BEARE—

g H - 5%KF - 22 Day/Period/Place B KER 2GRy
P22 H/Class Subject
RIS
Linear Algebra, A
D HH) & EE/Object and Summary of Class
MIERECHIIZ R D EEH S ETERNTHY , HFFTLbAA, BILRIZEEEFLRNEZLLD
SEOIEMEL 7Y FOREEZT TN D,
ZOFEFR T, ATHIOEE, #— kR FRA, ITHIRNOEERNRNE LW, R E 2 S
(DT D ORI ORI 2 2 5

Linear algebra is an essential tool to handle multi-component quantities, and it helps

developments not only of mathematics but also of natural sciences and social sciences.
This course covers fundamentals in linear algebra, such as operations of matrices, systems of
linear equations, determinants of matrices.

Students will acquire relevant skills to perform certain computations.

HEOEE HAF/Goal of Study
175, N 1 RFFE, ATHIRICRE T 2 AL SO BE, F5|% 18 U5tk E2 BiE L 35,
The aim is to understand fundamental concepts in linear algebra, such as matrices, systems of linear

equations, and determinants, and to acquire the ability to compute concrete examples.

FENE - J715 EHEEE T E/Contents and Progress Schedule of the Class
KA TA AZHEETHT H5A12IE, Google Classroom ZFIH 32 FETY.
- BA LB MVZER] L n iGN R VOEE & NFE

CATENERT MV, ATHIEATHI DR

2UATHNDATH, B & 545

SO 1 IRZEHL, 2508 1 IR 5RE

N — IR FFER EATH D FEALE T

ITBN Db L N RO

. BURTTDRN], B O

. HTEHRD AR & 1A

. SN KRR L 3R DA THIIE

1 0. nikOITHIE

1 1. ZESEEE HOTATHIROR A

1 2. 17508 (RH

1 3. 175 L IEAIME

14. RIRFATHNE 7 T ANVDE

15. RIS, 77 T Ey ROITHIRR &

1. Sets and maps, space of row/column vectors, inner product

0 N O U bk W N =

©

2. Operations on vectors and matrices
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. Matrix inverses for two by two matrices, inverse maps

. Linear transformations in two dimension, linear equations with two unknowns
Systems of linear equations and elementary transformations

Matrix rank and solutions of systems of linear equations

. Three dimensional linear geometry

0 N O O bk W

. Volume of parallelepipeds and linear independence

9. Systems of linear equations with three unknowns, 3 by 3 determinant
1 0. Determinant of n by n matrices

1 1. Multilinear property of determinant and its application

1 2. Determinant and higher dimensional volume

1 3. Determinant and invertibility

1 4. Cofactor matrix and Cramer's formula

1 5. Application of determinants, Vandermonde formula

iRt/ Evaluation Method
LAR— b - /N7 A RER KOWIHGBROR R 2 E UG-l 2, 3 L < IIRZEFLRI BT 2,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

AFRlER LU EE Textbook and References

BB - BEAREONM, N - &R - GUEF - )11, EEER, 1988, 978-4785310530

Z&E  BRREORNE, FEPE L NEEERE 2011, 978-4753600298

ZEE  RERECY, e B8, EAER, 1974, 978-4-7853-1301-2

T RS, e BS, ISTHIR, 1997, 978-4320015548

RS, AR, B, 2007, 978-4-903342-01-6

EE RS QETHD , BA)INER], AAGTmL, 2015, 9784535787711
T BEOMICAREL, A - Ve - BRR - REEE, BREEE, 2016, 456301205X
= BEAEGER L, KBS - SFRZET , BFEER , 2007, 978-4-563-00487-3
o AR, P, AR ERGE 1991, 9784873611631

#URL

RSN & Preparation and Review

TH  WADOFEEZSEIZ, ZRFORE T HEFTICH 287,

8 . FREOFERPICE 2 BV E M & R R RSN <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% Ofth/In Addition

FREBLUOSEBEIZONT

No.1, KFHFEHOBIERIEIZ L D EMBRETH Y, 5000 <ELNLTND,

No.2. BfHRKFH T FEHOBERETH Y . BB & EIZRARH 5,

No.3. it H RO KFHBE BT HMERBDO N Y X 2 7 5D I A% EDIZERI 4%,

No.4 3DEZEN, BHFLR T TERTR LY FEMTIIT>72H D,

No.5 IR L & bl EARMZANFEITMZ CLFERHBIRY EFTnsd,

No.6. 3 &R T, FE D 1 IREH D BT I)IFAPE TIRIA BB, BRERE SR BFEL W,
No.7 NEITEHER TH D, ¥ a /L A AEHEFIZHOWNTOREMN /2 <, FIZFESTZ FMVZERIZOWT
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FENTWND,

No.8 —[EI/DEENEN—EICE L EF-THY, THEEZ LT, HEMELEE Th D,
NdQW%%<ﬁﬁéth@\i FE B S LENPNTWD, LFEmiTo#EpE (22 Lya
IV AREIETEAZ DU TUTHE 238 DA 2 23 6 )

1 B OBRERBIX, 4 5RFHOFEZLELTINEZ b o THNT 2 2 &2 FHEE LTWET, 1B OBREIC
B LT B HER R O B2 E, TSR - E ) 2oV TiE 1 5~ 3 0 Ml o ¥k LOMRERSVAE (T - HE
72E) 30~15KFH, [FBR, FEROFERE] 2OV TIE3 0~ 4 5K ORRER LORERHNAE (TE -4
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,

and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
RIS A 2 NL 168 g - IEReErseet
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A OKMEH 1 &I

P22 H/Class Subject
FRIEARECT:
Linear Algebra, A

D HH) & EE/Object and Summary of Class

MIERECAIIZ R DEEW] S ETORERARTHY, BTRICEEELRNE O OIEMEL 78>

TW5. BERETFATIE, BBERETFONSTE 2175 L1781, S LICRIE T B AL 5. 1750
AR FEHE X OTH ORI R RBOHHAE 2 HG L, TR0 EROLOKE], @ 1 k5
KOFEfRIELZ TS Flo, N7 MVERNLRY MVERA~OBEGEOME, Znaitilic kv

HARWNZCRBLT 2 HiEE 5.

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices,

the definition and role of the determinant of a matrix, and the method of solving systems of
linear equations. Furthermore, linear mappings between vector spaces and their matrix

representations are treated.

HEDEEHF/Goal of Study

1) X7 MATHIORBUER A EFRIATR D L 12T 5.

2) IHIROER & EDOERE IR L, BARREENTE L5107 5.

3) AL 1 RO E HE IR L, FEGHRNTED L9017 5.

4) BEEHUZONT, (TN L HFRBL, SARRIMEEZ e L, BREOITHIHE 25T 5.

The aim is

(1) to be able to perform arithmetic operations on vectors and matrices,

(2) to understand the definition and role of the determinant of a matrix, and to be able to compute
determinants,

(3) to be able to solve systems of linear equations,

(4) to understand the matrix representations of linear mappings, and to perform manipulations in terms

of matrices.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1Rl B ML, 1S & 1RGER

2l AU, RS by

#3mE R L

Haln]  BEEEROEE, & M UEE M S T2 RO H)E

wslal 175, 1T810FE & W THIDFE

HFelRl  EHFTSI & T 1R R

FlE EHRORE

8El 1751
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F9lE] ATHIROEARME, 175 OFH

HF510[E]  HAELTEI & E D THIIEK

11w ATHID R

B12[F FEOLTHIEC

513l BT

BH14lm] BB GROITEIETR

15l F &0

1. Linear dependence/independence of vectors
Vectors with complex entries, basis

Systems of linear equations and row reduction
Rank and basis of systems of linear equations
Matrices and their product, inverse

Invertible matrices and systems of linear equations

. Permutations and their signature

00 N O O kW

. Determinant

9. Properties and computation of determinants
1 0. Determinant of the transpose of a matrix
1 1. Expansions of determinants

1 2. Determinant of products of matrices

1 3. Linear mappings

1 4. Matrix representations of linear mappings

1 5. Summary

iR At 514/ Evaluation Method
INT A BQR0%). F T A AEB(10%), BIAFIR(T0%IT L VT 5, 7 L <IFFEEESLR R ISHT 5,
Students are evaluated on their points from quizzes 20%, online homework 10%, and the final exam

70%. The precise explanation is given in the first class.

HRER L UB % ETextbook and References

BREE  BRRECTERL, NHR— - 1B, EEER, 2000, 978-4-7853-1522-1

ZEE  RFAEOHIEAS SGEThHR) , 1DIERE, HORIE, 2000, 978-4-489-02241-8
S PHRECEREA S, KEFEL, A =2 A%, 2000, 478190940X

ZEE  MPREGER LS, KB - SPRZH , BREAE , 2007, 978-4-563-00487-3
SEE  BEEOMEREL, b E - o - BRI - FEE, BEEAE, 2016, 456301205X

ZEE RIEAREONR, NH - ER - 81EF - )1, EHERE, 1988, 978-4785310530
Z&E PR E, PGS, FINELRE , 1991, 9784873611631

ZEE  RURRECY, e—R8, EEER, 1974, 978-4-7853-1301-2

ZEE  BUPRECY, AR, B, 2007, 978-4-903342-01-6

EHHEURL

THHEBEWeb A R - LoVLEREY v /L 1 BEEOERE DRI T A b G8FF : i—T7 A R) O_—
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

IRV F & Preparation and Review
THE  KHEOTPEEZBEICL, ZREOHST2EMCEEZET, #Y  FEOERPIZEZ 6N
BEME - A0 7 A a2 ER RN R <
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Preparation: Students are required to look over the textbook for the next class. Review:

Students are required to solve problems given in the class and in WeBWorK.

% Oh/In Addition

AR EFLTEADZ L.

HEECSEE Y, EERSPTEHAZBLTAT, BOICEST-LOEBAT S E L.
(758 ]

2. MR L R DB & THEE TE 2 L9 1T o T .
3. filE & RN & fg{ﬁfggif&')é
4. AR T L2000 T, MR, B8, EEREN D> THhn 7.
(2 F O & & 0B E]
5. WRIFIEARERY T, BN DLOY TV, ¥ a L UAEEETZIZ OV T ORHEIT 2.
6. RZIHZEMOBIRBUZ L 2B ETHY, 50T <EPNLTND.
7. Bl < mENTEY, FLAEHBLS LIENPNLTWD. Va L X UAEEZIZ OV T ORI R
A%
[{5Hii 72 EE]
8. ¥t H KD KRFHB IR DHMIBARID N V) X 27 5D F % E DI JELI 2 4%,
[THMRIEHE THEOT 0 & EDsEE]
9. R & & HIZ, BARLARIINA TTEAISH b HY EIFTns.
10. 3EHERL T, P O LREHD B &' T IFAM E TIEIR B 5, FEFEELTRGFE LY.
1 HALORER BT, 4 SRROFELZLEL TONEREZ b TRIT 5 Z L 2L LTOET, 1 HIOES
B LT B HER R O B2 1E, TRERR - BE ) ([CoWTE 1 5~ 3 0 R ol L OMRERSVAE (TF - HE
72E) 30~1 5, [FEB, FEHKOEH 1220 TX3 0~ 4 5 ORER L ORERBIEE (78 -8
FHipl) 15~0mHETY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
BRI A 2 SFEC WEBL AR IR
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A OKMEH 1 &I

P22 H/Class Subject
FRIEARECT:
Linear Algebra, A

D HH) & EE/Object and Summary of Class

MIERECAIIZ R DEEW] S ETORERARTHY, BTRICEEELRNE O OIEMEL 78>

TW5. BERETFATIE, BBERETFONSTE 2175 L1781, S LICRIE T B AL 5. 1750
AR FEHE X OTH ORI R RBOHHAE 2 HG L, TR0 EROLOKE], @ 1 k5
KOFEfRIELZ TS Flo, N7 MVERNLRY MVERA~OBEGEOME, Znaitilic kv

HARWNZCRBLT 2 HiEE 5.

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices,

the definition and role of the determinant of a matrix, and the method of solving systems of
linear equations. Furthermore, linear mappings between vector spaces and their matrix

representations are treated.

HEDEEHF/Goal of Study

1) X7 MATHIORBUER A EFRIATR D L 12T 5.

2) IHIROER & EDOERE IR L, BARREENTE L5107 5.

3) AL 1 RO E HE IR L, FEGHRNTED L9017 5.

4) BEEHUZONT, (TN L HFRBL, SARRIMEEZ e L, BREOITHIHE 25T 5.

The aim is

(1) to be able to perform arithmetic operations on vectors and matrices,

(2) to understand the definition and role of the determinant of a matrix, and to be able to compute
determinants,

(3) to be able to solve systems of linear equations,

(4) to understand the matrix representations of linear mappings, and to perform manipulations in terms

of matrices.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1Rl B ML, 1S & 1RGER

2l AU, RS by

#3mE R L

Haln]  BEEEROEE, & M UEE M S T2 RO H)E

wslal 175, 1T810FE & W THIDFE

HFelRl  EHFTSI & T 1R R

FlE EHRORE

8El 1751
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F9lE] ATHIROEARME, 175 OFH

HF510[E]  HAELTEI & E D THIIEK

11w ATHID R

B12[F FEOLTHIEC

513l BT

BH14lm] BB GROITEIETR

BE15ME] FE & & AR

1. Linear dependence/independence of vectors

. Vectors with complex entries, basis

Systems of linear equations and row reduction
Rank and basis of systems of linear equations
Matrices and their product, inverse

Invertible matrices and systems of linear equations

. Permutations and their signature

00 N O O kW

. Determinant

9. Properties and computation of determinants
1 0. Determinant of the transpose of a matrix
1 1. Expansions of determinants

1 2. Determinant of products of matrices

1 3. Linear mappings

1 4. Matrix representations of linear mappings

1 5. Summary and final examination

iR At 514/ Evaluation Method

TR (70%), /T A FBIOLAR—F (20%), 4 T4 fEE 10%) TiHlid 5. #EL < IIFEFH1E
IR 5.

Course grades will be based on the final exam (70%), quizzes and reports (20%), and online assignments

(10%). The details will be explained at the beginning of the course.

HPER L %%/ Textbook and References

BRE - MRARECTER, NER— - IS, BEEER, 2000, 978-4-7853-1522-1

SE5E  RFAEOHIEAS SGEThHR) , (DIERE, HORBIE, 2000, 978-4-489-02241-8
S PHRECEREAS, KEFEL, A =2 A%, 2000, 478190940X

SHEE  MPPREGER L1, KB - SFRZHT , BFEAR , 2007, 978-4-563-00487-3
SEE  BEEOMEREL, b b - o - BRI - FEE, BEEAE, 2016, 456301205X

ZEE  BUPRECNM, NH - &R - B - )11, BEER, 1988, 978-4785310530
ZEE PR E, FRGE, FINELREE , 1991, 9784873611631

ZEE  RUPRECY, e—R8, EEER, 1974, 978-4-7853-1301-2

ZEE  HIPRECY, RS BCEER, 2007, 978-4-903342-01-6

#EURL

TFHERWeb A b - LALVERE Y v 2L | BEOEEY IEGEE T A N GEFR : T A R) O—Y
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RIS & Preparation and Review
fEml, BERIEOUENZTE L TB2E. 2, /T AMRLAR— FOMEZ PONEE 21
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€452 L.
Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

% Of/In Addition

HREITLTHADOZ L.

HEESCSEER, BERLETERHEZBLTAT, BRICESTZLOEBATS E XV,
(53 E#]

2. MRS L IRE N R E TR TE D X 01T o TV D,
3. BIEHL BN G ERHEETHD.
4. FEARTEA Z &2 T, RS, B, BEMENH - Thn 3.

[EfEZ2 220 & & D5 EE]
5. WRIFIEAERY T, BN DLOY TV, ¥ a L UAEEETZIZ OV T ORHEIT 2.
6. KEHABMOZIRMIZ L 2BRETHY, 0T <EPNTND.
7. BN <RENTEY, FEERHLH LIFENNTND. ¥ a bZ AEEBIZOWTORHEIT R
AR

(PR s )
8. itk HARDKFHB KT HMERIMDO TV X 2 7 AOF M % EDIIERH 247,

(LA RIERETHEOTNWE EDOBEEH]
9. MR L & bIZ, EARMZARITMA TR H B ED EFTns.
10. 3EERL T, FHE O LREH B BT FEAM E TR B SH, FEEELRGEE L.

1 BN ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z & 2FEHEL LTWET, 1 BiZoERIC
VB L 7 BRI O BT, 36 - 8 ) 122V T 1 5~ 3 OO R L ORI ZE (7Y - 88
728) 30~15WMH, [FEBR, FEEHKOEH] (220 TIE 3 0~4 5IEM o3 LORERMAHE (T8 - 18
FHipl) 15~0mHETY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
BRI A 2 R R PR EEREEARER
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A OKMEH 1 &I

P22 H/Class Subject
FRIEARECT:
Linear Algebra, A

D HH) & EE/Object and Summary of Class

MIERECAIIZ R DEEW] S ETORERARTHY, BTRICEEELRNE O OIEMEL 78>
TW5. BERETFATIE, BBERETFONSTE 2175 L1781, S LICRIE T B AL 5. 1750
AR FEHE X OTH ORI R RBOHHAE 2 HG L, TR0 EROLOKE], @ 1 k5
KOFEfRIELZ TS Flo, N7 MVERNLRY MVERA~OBEGEOME, Znaitilic kv
HARWNZCRBLT 2 HiEE 5.

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices,

the definition and role of the determinant of a matrix, and the method of solving systems of
linear equations. Furthermore, linear mappings between vector spaces and their matrix

representations are treated.

HEDEEHF/Goal of Study

1) X7 MATHIORBUER A EFRIATR D L 12T 5.

2) IHIROER & EDOERE IR L, BARREENTE L5107 5.

3) AL 1 RO E HE IR L, FEGHRNTED L9017 5.

4) BEEHUZONT, (TN L HFRBL, SARRIMEEZ e L, BREOITHIHE 25T 5.

The aim is

(1) to be able to perform arithmetic operations on vectors and matrices,

(2) to understand the definition and role of the determinant of a matrix, and to be able to compute
determinants,

(3) to be able to solve systems of linear equations,

(4) to understand the matrix representations of linear mappings, and to perform manipulations in terms

of matrices.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
LLFOTETHAD, EEICLSTEERHY 5 5,

AR T ML, 1S E 1IRTGER

2l ALK, RS hr

F3m & Uik

HAln] PR ROAAE, & LEA o 7o BEOHE

wslal 175, 1T8I0fE & W TR E

#FelEl  EHFTAI &N 1R R

A EROR
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F8ml 1751

SOl ATHIRDIARNIME, 175 OFEH
H10E]  #RETTHI & ZDTTHIIE

1R ATH R

F120a] FEOTHII

AR TSR

FH14ln] BUEGROITAIERTR

2 11 = )

1. Linear dependence/independence of vectors
Vectors with complex entries, basis

Systems of linear equations and row reduction
Rank and basis of systems of linear equations
Matrices and their product, inverse

Invertible matrices and systems of linear equations

. Permutations and their signature

0 N O O kW N

. Determinant

9. Properties and computation of determinants
1 0. Determinant of the transpose of a matrix
1 1. Expansions of determinants

1 2. Determinant of products of matrices

1 3. Linear mappings

1 4. Matrix representations of linear mappings

1 5. Summary

iR Tt/ Evaluation Method

EHRRER (T0%), HEEQ0%), 4 T4 ay AT A(WeBWork)(10%) % B 2SI 5. EL <X
FEEERI B ISR 5.

Course grades will be based on exercise (20%), WeBWorK (10%) and the final exam (70%). The details

will be explained at the beginning of the course.

HREB LU SEZETextbook and References

BREE  BRRECHERL, HER— - H1EE, EEERS, 2000, 978-4-7853-1522-1

ZEE  KEOMIERE. SGETHR) |, IDIERE, BORE, 2000, 978-4-489-02241-8
SEE  FHREEMEAEL, KEFRIL, Y =224k, 2000, 478190940X

SEE  MPPREGER L1, KB - SFRZHT , BFEAR , 2007, 978-4-563-00487-3
SEE  BEOBIGAS, Kb - A - TR - FRlE, B5EfE, 2016, 456301205X

ZEE L HIAREONM, N - @A - B0 - )11, EEERS, 1988, 978-4785310530
ZEE SR E, PRGNSR, 1991, 9784873611631

SEE  RERECY, B8, HEER, 1974, 978-4-7853-1301-2

ZEE  BERECY, AR, e, 2007, 978-4-903342-01-6

Bh#EURL

THEBBEWeb A M @ LVLEEE Y ¥ oV 1 BEBUEEE I REE T A b @R fii—7 A b)) O_—Y
http://www .iee.eng.tohoku.ac.jp/system/genrel.html

RIS & Preparation and Review
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fElnl, HREOBRLETAZ TEH LTS A2 L. £z, HERELEL WeBWorK O [ % fif \ CHEE %
WETSZ L.
Students are required to look over the textbook for the next class, and to solve problems given

in exercises and WeBWorK.

Z Ofiti/In Addition

R EILTHADZ &

HEECSEE Y, EERSTEHAZBLTAT, HOIKEST-LOEBAT S E L.
[ 5]

2. MIEMEI TR L RE N R & TR CTE 5L 212> T 5.

3. PlE L MENEEREHEETHD.

4. FEAREB T L2, R, B, HEERH - Thhrh 3.

[HfEz 20 & & DB EE]

5. WRITHEYER) T, AN DNY 0V, g L F U AERERICOW T OREIL R

6. RFPINFELOAIRMIZ L L2HFETHY, o000 <ENLTND.

7. BINZLREINTEY, FEHLS LLEIPN TS, Va vZ AEERIZ OV TORLHEIE R
A%

[EHr 7255 E]

8. k% HARDKFHEBEIZB T DHMEREO DV X 2T LD H A% EDTIEL /243,

[ THNRISHE THEOT W & EDBEE]

9. fERIRZRFII & & B2, EANZRARICMA TLERICH BEY EIFTns.

10. 3EBHERL T, O IREED G &1 /1P AP E TRIA B Hh, MERECSCER S FE L.
1AL ORER AL, 4 5RMOHELZLELETHNEE b o THERT 2 2 &L 2EHEL LCWET, 1 BLOERI
VB L e BEERR O B 4L, TisE - HE ) I2oWTIE 1 5~ 3 0 B O ¥R L O ERRS2E (78 - 5E
7mE) 30~1 5ME#], [FEB, FEHEOERE] 220 TIE3 0~4 5 Moz L O ERRN2E (7E -8
Bpd) 15~0KMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

(@]

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
RIS A 2 Al 1B BTE  mEEEEHE -
EL ST
BHEHA/ Term 1BEARE—

MEH - FhF - (= Day/Period/Place A OKMEH 1 &I

P22 H/Class Subject
FRIEARECT:
Linear Algebra, A

D HH) & EE/Object and Summary of Class

MIERECAIIZ R DEEW] S ETORERARTHY, BTRICEEELRNE O OIEMEL 78>

TW5. BERETFATIE, BBERETFONSTE 2175 L1781, S LICRIE T B AL 5. 1750
AR FEHE X OTH ORI R RBOHHAE 2 HG L, TR0 EROLOKE], @ 1 k5
KOFEfRIELZ TS Flo, N7 MVERNLRY MVERA~OBEGEOME, Znaitilic kv

HARWNZCRBLT 2 HiEE 5.

Linear algebra is an essential tool to handle multi-component quantities, and it helps
developments not only of mathematics but also of natural sciences and social sciences.

This course covers fundamentals in linear algebra, such as operations of matrices,

the definition and role of the determinant of a matrix, and the method of solving systems of
linear equations. Furthermore, linear mappings between vector spaces and their matrix

representations are treated.

HEDEEHF/Goal of Study

1) X7 MATHIORBUER A EFRIATR D L 12T 5.

2) IHIROER & EDOERE IR L, BARREENTE L5107 5.

3) AL 1 RO E HE IR L, FEGHRNTED L9017 5.

4) BEEHUZONT, (TN L HFRBL, SARRIMEEZ e L, BREOITHIHE 25T 5.

The aim is

(1) to be able to perform arithmetic operations on vectors and matrices,

(2) to understand the definition and role of the determinant of a matrix, and to be able to compute
determinants,

(3) to be able to solve systems of linear equations,

(4) to understand the matrix representations of linear mappings, and to perform manipulations in terms

of matrices.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
1Rl B ML, 1S & 1RGER

2l AU, RS by

#3mE R L

Haln]  BEEEROEE, & M UEE M S T2 RO H)E

wslal 175, 1T810FE & W THIDFE

HFelRl  EHFTSI & T 1R R

FlE EHRORE

8El 1751
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F9lE] ATHIROEARME, 175G H

HF510[E]  HAELTEI & E D THIIEK

11w ATHID R

B12[F FEOLTHIEC

513l BT

BH14lm] BB GROITEIETR

15l F &0

1. Linear dependence/independence of vectors
Vectors with complex entries, basis

Systems of linear equations and row reduction
Rank and basis of systems of linear equations
Matrices and their product, inverse

Invertible matrices and systems of linear equations

. Permutations and their signature

00 N O O kW

. Determinant

9. Properties and computation of determinants
1 0. Determinant of the transpose of a matrix
1 1. Expansions of determinants

1 2. Determinant of products of matrices

1 3. Linear mappings

1 4. Matrix representations of linear mappings

1 5. Summary

iR At 514/ Evaluation Method

HIAGER 70%, 15 10%, TOfML 20% TiHlid 5. HFERRICE > TUIREHE LT L2203 5. FELL
IRZEFELRIR T 2.

Course grades will be based on final exam 70%, homework 10%, others 20%. Students may receive

"D"=fail depending on attendance. The details will be explained at the beginning of the

HPER L %%/ Textbook and References

BRE - MEARECTER, NER— - IS, BEEER, 2000, 978-4-7853-1522-1

SE5E  RFAEOHIEAS SGEThHR) , IDIERE, HORBIE, 2000, 978-4-489-02241-8
S PHRETEREAS, KEREEL, A =2 A%, 2000, 478190940X

SHEE  MPPREGER L1, REI - SFRZHT , BFEAR , 2007, 978-4-563-00487-3
SEE  BEEOEREL, b E - (o - BRI - FEE, BEEAE, 2016, 456301205X

ZEE  BUPRECNM, NH - &R - B - )11, BEER, 1988, 978-4785310530
ZEE PR E, FRGE, FINELREE , 1991, 9784873611631

ZEE  RUPRECY, e—R8, EEER, 1974, 978-4-7853-1301-2

ZEE  HIPRECY, RS BCEER, 2007, 978-4-903342-01-6

#EURL

TFHERWeb A b - LALVERE Y v 2L | BEOEEY IEGEE T A N GEFR : T A R) O—Y
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RIS & Preparation and Review
fEml, BERIEOUENZTE L TB2E. 2, /T AMRLAR— FOMEZ PONEE 21
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€452 L.
Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

% Of/In Addition

HREITLTHADOZ L.

HEESCSEER, BERLETERHEZBLTAT, BRICESTZLOEBATS E XV,
(53 E#]

2. MRS L IRE N R E TR TE D X 01T o TV D,
3. BIEHL BN G ERHEETHD.
4. FEARTEA Z &2 T, RS, B, BEMENH - Thn 3.

[EfEZ2 220 & & D5 EE]
5. WRIFIEAERY T, BN DLOY TV, ¥ a L UAEEETZIZ OV T ORHEIT 2.
6. KEHABMOZIRMIZ L 2BRETHY, 0T <EPNTND.
7. BN <RENTEY, FEERHLH LIFENNTND. ¥ a bZ AEEBIZOWTORHEIT R
AR

(PR s )
8. itk HARDKFHB KT HMERIMDO TV X 2 7 AOF M % EDIIERH 247,

(LA RIERETHEOTNWE EDOBEEH]
9. MR L & bIZ, EARMZARITMA TR H B ED EFTns.
10. 3EERL T, FHE O LREH B BT FEAM E TR B SH, FEEELRGEE L.

1 BN ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z & 2FEHEL LTWET, 1 BiZoERIC
VB L 7 BRI O BT, 36 - 8 ) 122V T 1 5~ 3 OO R L ORI ZE (7Y - 88
728) 30~15WMH, [FEBR, FEEHKOEH] (220 TIE 3 0~4 5IEM o3 LORERMAHE (T8 - 18
FHipl) 15~0mHETY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.

279




RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 Bk 15 iR . LERFgER
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMER 1A

P22 H/Class Subject
FRIEARECT:
Linear Algebra, B

D HH) & EE/Object and Summary of Class

ITHIOEFE E BEAXT by, Ak, =AbdFs £, HEPERI N TN LT hIL2ZEHE
IZOWTEAEZ 75 612, MEREOISHGZ 7 5.

Eigenvalues and eigenvectors of matrices are introduced. Using these concepts, students will
learn diagonalization and triangularization of matrices. Furthermore, vector spaces with inner
product will be treated. Finally, applications of linear algebra to various specialized topics

will be mentioned.

FAEDFE HAF/Goal of Study

1) 1THIDEAE, EAXT MvaRD, T THIOR A LOERRTED L 91T 5.

2) NEEDES, BEAROESABEL, FEREASEANY MR EEZROLIENTE L LTS,

3) MIREIR ED X ITEHEN L0 E B L, EEEEUL L THRETE 5 L0127 5.

The aim is

(1) to be able to compute eigenvalues and eigenvectors of matrices, and diagonalize real symmetric
matrices,

(2) to understand inner products, orthogonality, and to be able to find orthogonal bases

(3) to learn about applications of linear algebra and perform computations to solve explicit problems.

NG - J51E L T E/Contents and Progress Schedule of the Class
Hlml 77 A—DAK

g2l BB L1781

#3E [EAEE EAX7 ML

Halal ATHIOMELE KAk

oA T8I0 =Mk

welnl ¥ a VK L OFEER

FTE NEEE 7 PLDORS

F8lnl  IEHEASR, EAATH

ol L3y MR M TS

F10E FE2ik, =% V175l

11 WA~ DG

12l 77 7 M & B TS

T1ZAUTRe TN O HREAA~DIGHO) 2L TH X
H138lE]  BEE R

FE14lm] BUAYE, 2BRREHMAE

T2EPEFHEATAITIES Th LW
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15mE E &

1. Cramer's rule

Geometric meaning of determinants
Eigenvalues and eigenvectors

Similarity of matrices and diagonalization
Triangularization of matrices

Jordan canonical form

. Inner product and length of vectors

00 N O O kW

. Orthonormal systems and orthogonal matrices

9. Hermitian inner products and real symmetric matrices

1 0. Quadratic forms and unitary matrices

1 1. Applications to differential equations

1 2. Graph theory and adjacency matrices, or applications to differential equations, part II
1 3. Linear programming problems

1 4. Simplex method and two-phase simplex method (optional)

1 5. Summary

g7 1/ Evaluation Method
EEERER, T AN, LAR— R CEMilT A, HERIIC L > TIREK L T5 2 L3 5. 3E L II3EE
FEIZRAT 5.

Course grades will be based on reports, short tests and the final exam. Students may receive "D"=fail

depending on attendance. The details will be explained at the beginning of the course.

AFRlER LU EE/Textbook and References

BRE - MARECTER, NER— - IS, BEEER, 2000, 978-4-7853-1522-1

ZEE  KEOMIERE. SGETHR) |, IDIERE, BORE, 2000, 978-4-489-02241-8
SEE  FHREEMEAEL KBRIL, Y =2 x4, 2000, 478190940X

SHEE  SPPREGER L1, MREI - SFRZHT , BFEAR , 2007, 978-4-563-00487-3
SEE  BEOBIGAS, Kb - A - TR - FRlE, B5EfE, 2016, 456301205X

SEE  KPEREONM, N - &R - fUFF - )11, EEER, 1988, 978-4785310530
ZEE PR E, FRGE, FINKELREE , 1991, 9784873611631

SEE RERECY, B8, HEER, 1974, 978-4-7853-1301-2

& BERECY, AR, iR, 2007, 978-4-903342-01-6

Bh#EURL

THEBBEWeb A M @ LVLEEEY ¥ oV 1 BEBUEEEREE T A b @R fii—7 A b) O_—Y
http://www .iee.eng.tohoku.ac.jp/system/genrel.html

RIS & Preparation and Review

fEl, HREOMYETZTE LTS5 8. £, I T A RMRLLFR— FOFEEZ F OIS 216
K452 L.

Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

Z# O/In Addition
AR EIIVLTIADZ &
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HEESCREEL, HERETCEHEZBLTAT, ADICAES2TbOEBAT L L L.
[EE
2. MR & FRE DR & TR TE A L 91> TV 4.
3. flE LN EEREEETHD.
4. FEARHEB T L2 T, R, B, EERERH > Thr 3.

[z F N & oz EE]
5. NARIIMEHER T, SN DND TV, U a V& URERIC OV TORRHEHIE AW
6. AFIHBEMOBIRIEIZ L D2BHEFTHY, T <FEhLTn5D.
7. FINZLRENTEY, FEEHLE LIEINTND. Va L UAEHEZIZOWCOREIT R
A%

(=725 E]
8. % HARDKRFHEBE BT HMIERBDOH ) F 27 LOFH M %EEDTIELR 243

[ LRI E TERZW & EosBE]

9. fERIRARFII & & HIZ, EANBRARITMA CTLFERICH BEIY EFTns.
mS%%&T W D VIR B & TP A E CTIRIA B 54, MEFELCHRBEE L.
1AL ORERBIX, 4 5HMOHELZLBELTINEEZ Lo THEKT 22 L 21EREL LTV ET, 1 BALOBRIC
B L I BHERR O B2, 56 - 8 1220 TE 1 5~ 3 0oL LURERRIZE (T - 5E
2E) 30~15MM, ER, EHEOER] 2OV TIE3 0~4 5HHORER L ORRERKAEE (78 - #H
Blel) 15~0KMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

N

u

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 m ®XE e e
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMER 1A

P22 H/Class Subject
FRIEARECT:
Linear Algebra, B

D HH) & EE/Object and Summary of Class

ITHIOEFE E BEAXT by, Ak, =AbdFs £, HEPERI N TN LT hIL2ZEHE
IZOWTEAEZ 75 612, MEREOISHGZ 7 5.

Eigenvalues and eigenvectors of matrices are introduced. Using these concepts, students will
learn diagonalization and triangularization of matrices. Furthermore, vector spaces with inner
product will be treated. Finally, applications of linear algebra to various specialized topics

will be mentioned.

FAEDFE HAF/Goal of Study

1) 1THIDEAE, EAXT MvaRD, T THIOR A LOERRTED L 91T 5.

2) NEEDES, BEAROESABEL, FEREASEANY MR EEZROLIENTE L LTS,

3) MIREIR ED X ITEHEN L0 E B L, EEEEUL L THRETE 5 L0127 5.

The aim is

(1) to be able to compute eigenvalues and eigenvectors of matrices, and diagonalize real symmetric
matrices,

(2) to understand inner products, orthogonality, and to be able to find orthogonal bases

(3) to learn about applications of linear algebra and perform computations to solve explicit problems.

NG - J51E L T E/Contents and Progress Schedule of the Class
Hlml 77 A—DAK

g2l BB L1781

#3E [EAEE EAX7 ML
Halal ATHIOMELE KAk

oA T8I0 =Mk

welnl ¥ a VK L OFEER

FTE NEEE 7 PLDORS

F8lnl  IEHEASR, EAATH

ol L3y MR M TS
F10E FE2ik, =% V175l
11 WA~ DG

12l 77 7 M & B TS
1388 BEEHEE

H14la]  HARYE, 2BEREHANE
15 &0

1. Cramer's rule
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Geometric meaning of determinants
Eigenvalues and eigenvectors

Similarity of matrices and diagonalization
Triangularization of matrices

Jordan canonical form

. Inner product and length of vectors

0 N O U bk W oN

. Orthonormal systems and orthogonal matrices

9. Hermitian inner products and real symmetric matrices

1 0. Quadratic forms and unitary matrices

1 1. Applications to differential equations

1 2. Graph theory and adjacency matrices, or applications to differential equations, part II
1 3. Linear programming problems

1 4. Simplex method and two-phase simplex method (optional)

15. Summary

iRt 71/ Evaluation Method

TR, /T AN, LAR— N CRHIET 2. R L > TUIREHETHZ EnH D, FELI3FEEF
[ EZERI T .

Course grades will be based on reports, short tests and the final exam. Students may receive "D"=fail

depending on attendance. The details will be explained at the beginning of the course.

HFER L OBEE/Textbook and References
HRVE BB, NER— - JiJIEE, SEERE, 2000, 978-4-7853-1522-1
SEE . RKEEOBRIERE WGTHD , DR, BURXE, 2000, 978-4-489-02241-8

SEE  FHREERICAEL, KEFEIL, YA = 2%, 2000, 478190940X

Z5E  BIPREGER LY, /IVMKERL - SFRZEH] , BREEE , 2007, 978-4-563-00487-3
ZEE  BEOMEREL, K E - ok - BN - AE, BEEAE, 2016, 456301205X

ZEE RIEAREONR, NH - EOR - 8IEF - )1, EAERE, 1988, 978-4785310530
Z&E A, T HE, NI , 1991, 9784873611631

ZEE  BIERECY, e —R8, EdER, 1974, 978-4-7853-1301-2

ZEE  BUPRECY, AR, B, 2007, 978-4-903342-01-6

BEURL

THFHBBEWeb A RN LoVLEREY v 2L 1 BEEOEE Y /IR T X & GBFF : fi—7 A b)) O~—
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RSN FE Preparation and Review

fEml, BRIEORUENZ TE L T<52 &, Fz, /T AMRLA— FOBEZ H.OIEY 2
K452 L.

Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

% Of/In Addition

BREFLTHAOZ &.

HEESCSEEL, BERLETERHEZBLTAT, BRICESTLOEBATS E X,
[ E]

2. FERIARR & B B E TR TE D L 912> TV %,
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3. BB L BN G ERHEETHD.
4. FEARTEA Z &2 T, R, B, BEERMENH - Thah o3,

(2 F oW & & 0B E]
5. WRIFIEAERY T, BN DLOY TV, ¥ a L AR IZ OV T ORHEIE 2.
6. KEAABMOZIRMIZ L 2BRETHY, 0T <EPNTND.
7. Bl < mENTEY, FEAEHBLS LIENNLTWD. Va L X UAEEZIZOW T ORI R
AN

(AR )
8. ik HARDKFHBICBIT HMERIDO TV ¥ 2 7 2OF M % EDIZELH 24,

(LR RIENE THOTNWE EDBEEH]
9. IR ZARF & & bIT, EARRLAFICIA TS I B Tns.
10. 3EHERL T, i OLREHD B ' T TIFAM E TR B H, FBEFEELIRGFE LY.
1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z & 2FHEL LTWET, 1 BiZOERIC
VB L 7 BB O BT, 36 - 8 ) 12OV T 1 5~ 3 O o ER L ORI ZE (7Y - 88
72E) 30~15W, [FEB, FEHKOEH 1220 TX3 0~4 5 ORIER L ORERMIEE (78 -8
FHipl) 15~0mFHETY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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EEREA HAKCredit(s) | #4254
MIAREF B 2 Wefe FIPE, M R, i T
g« LR

BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMER 1A

P22 H/Class Subject
FIERECTB
Linear Algebra, B

D HH) & EE/Object and Summary of Class

ITHIOEFE E BEAXT by, Ak, =AbdFs £, HEPERI N TN LT hIL2ZEHE
IZOWTEAEZ 75 612, MEREOISHGZ 7 5.

Eigenvalues and eigenvectors of matrices are introduced. Using these concepts, students will
learn diagonalization and triangularization of matrices. Furthermore, vector spaces with inner
product will be treated. Finally, applications of linear algebra to various specialized topics

will be mentioned.

FAEDFE HAF/Goal of Study

1) 1THIDEAE, EAXT MvaRD, T THIOR A LOERRTED L 91T 5.

2) NEEDES, BEAROESABEL, FEREASEANY MR EEZROLIENTE L LTS,

3) MIREIR ED X ITEHEN L0 E B L, EEEEUL L THRETE 5 L0127 5.

The aim is

(1) to be able to compute eigenvalues and eigenvectors of matrices, and diagonalize real symmetric
matrices,

(2) to understand inner products, orthogonality, and to be able to find orthogonal bases

(3) to learn about applications of linear algebra and perform computations to solve explicit problems.

NG - J51E L T E/Contents and Progress Schedule of the Class
Hlml 77 A—DAK

g2l BB L1781

#3E [EAEE EAX7 ML
Halal ATHIOMELE KAk

oA T8I0 =Mk

welnl ¥ a VK L OFEER

FTE NEEE 7 PLDORS

F8lnl  IEHEASR, EAATH

ol L3y MR M TS
F10E FE2ik, =% V175l
11 WA~ DG

12 W HREXA~DIGHO
1388 BEEHEE

F14ln] AL

15 &0

1. Cramer's rule
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Geometric meaning of determinants
Eigenvalues and eigenvectors

Similarity of matrices and diagonalization
Triangularization of matrices

Jordan canonical form

. Inner product and length of vectors

0 N O U bk W oN

. Orthonormal systems and orthogonal matrices

9. Hermitian inner products and real symmetric matrices
1 0. Quadratic forms and unitary matrices

1 1. Applications to differential equations

1 2. Applications to differential equations, part II

1 3. Linear programming problems

1 4. Simplex method

1 5. Summary

iRt 71/ Evaluation Method

TR, /T AN, LAR— N CRHIET 2. R L > TUIREHETHZ EnH D, FELI3FEEF
[ EZERI T .

Course grades will be based on reports, short tests and the final exam. Students may receive "D"=fail

depending on attendance. The details will be explained at the beginning of the course.

HRER LU EE/Textbook and References

BRLE - BYRARECEER, NER— - )28, SEER, 2000, 978-4-7853-1522-1
ZEE L RKFAEOHIERE SGETHR , 1DIIEEE, B, 2000, 978-4-489-02241-8
S5 PHRECEREAS, KEFEL, A =2 A%E, 2000, 478190940X

Z5E  BIPREGER LY, /IVMKERL - SFRZEH] , BREEE , 2007, 978-4-563-00487-3
ZEE  BEOMEREL, K E - ok - BN - AE, BEEAE, 2016, 456301205X

ZEE RIEAREONR, NH - EOR - 8IEF - )1, EAERE, 1988, 978-4785310530
Z&E A, T HE, NI , 1991, 9784873611631

ZEE  BIERECY, e —R8, EdER, 1974, 978-4-7853-1301-2

ZEE  BUPRECY, AR, B, 2007, 978-4-903342-01-6

BEURL

THFHBBEWeb A RN LoVLEREY v 2L 1 BEEOEE Y /IR T X & GBFF : fi—7 A b)) O~—
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RSN FE Preparation and Review

fEml, BRIEORUENZ TE L T<52 &, Fz, /T AMRLA— FOBEZ H.OIEY 2
K452 L.

Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

Z Ofth/In Addition

AR EILTHEAD Z & FEZOBMPMITET, I~14HITHD (F1~6, SEHITRBAIFAICT) .
HEESCSEEIL, BERECEHZBLTAT, ARICATbOEEEATDHE LW, LIS
EER.

(=]
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2. MRS L RE N R E TR TE 2 X 0 ITo TS,
3. PIEHL NG EREEETHD.
4. FEARTERA Z &2 T, @R, B, BEEMERH - Thn o3,
L2220 & & D5 EE]
5. WRIFIEAERY T, BN DOY TV, ¥V a L IOV T ORHEIT 220
6. KEHABMOZIRMIZ L 2BRETHY, T <EPNTND.
7. FINZ<RENTEY, FEERHGLH LIEFENNTND. ¥V a VZ AFEBIZ OV TORHEIT R
AR
(PR )
8. th H RO KFHB KT HMERIDO TV X 2 7 LOF A% EDIIERH 247,
(TG E THEOTZW & E DB EH]
9. MR L & bIZ, EARMZARITMA TR BEY EFTns.
10. 3EHERL T, FHEOLREH B BT FEAM E TR B SH, FEEELRGEE LY.
1AL ORERHIZ, 4 5HOPELZLELTINEEL > THERT L2 EE2FHEL LTWET, 1 BOERIC
VB L 2 BB O BT, 36 - 8 ) 122V T 1 5~ 3 O o EE L ORI ZE (7 - 88
728) 30~1 5K, [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEH oI L ORERMAAHE (78 - 18
H7pL) 15~0mHTT,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 SR EEY ATE  EAGE(ENTHT
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMER 1A

P22 H/Class Subject
FRIEARECT:
Linear Algebra, B

D HH) & EE/Object and Summary of Class

ITHIOEFE E BEAXT by, Ak, =AbdFs £, HEPERI N TN LT hIL2ZEHE
IZOWTEAEZ 75 612, MEREOISHGZ 7 5.

Eigenvalues and eigenvectors of matrices are introduced. Using these concepts, students will
learn diagonalization and triangularization of matrices. Furthermore, vector spaces with inner
product will be treated. Finally, applications of linear algebra to various specialized topics

will be mentioned.

FAEDFE HAF/Goal of Study

1) 1THIDEAE, EAXT MvaRD, T THIOR A LOERRTED L 91T 5.

2) NEEDES, BEAROESABEL, FEREASEANY MR EEZROLIENTE L LTS,

3) MIREIR ED X ITEHEN L0 E B L, EEEEUL L THRETE 5 L0127 5.

The aim is

(1) to be able to compute eigenvalues and eigenvectors of matrices, and diagonalize real symmetric
matrices,

(2) to understand inner products, orthogonality, and to be able to find orthogonal bases

(3) to learn about applications of linear algebra and perform computations to solve explicit problems.

NG - J51E L T E/Contents and Progress Schedule of the Class
Hlml 77 A—DAK

g2l BB L1781

#3E [EAEE EAX7 ML
Halal ATHIOMELE KAk

oA T8I0 =Mk

welnl ¥ a VK L OFEER

FTE NEEE 7 PLDORS

F8lnl  IEHEASR, EAATH

ol L3y MR M TS
F10E FE2ik, =% V175l
11 WA~ DG

12l 77 7 M & B TS
1388 BEEHEE

H14la]  HARYE, 2BEREHANE
15 &0

1. Cramer's rule
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Geometric meaning of determinants
Eigenvalues and eigenvectors

Similarity of matrices and diagonalization
Triangularization of matrices

Jordan canonical form

. Inner product and length of vectors

0 N O U bk W

. Orthonormal systems and orthogonal matrices

9. Hermitian inner products and real symmetric matrices
1 0. Quadratic forms and unitary matrices

1 1. Applications to differential equations

1 2. Graph theory and adjacency matrices

1 3. Linear programming problems

1 4. Simplex method and two-phase simplex method

1 5. Summary

iRt 71/ Evaluation Method

TR, /T AN, LAR— N CRHIET 2. R L > TUIREHETHZ EnH D, FELI3FEEF
[ EZERI T .

Course grades will be based on reports, short tests and the final exam. Students may receive "D"=fail

depending on attendance. The details will be explained at the beginning of the course.

HRER LU EE/Textbook and References

BRLE - BYRARECEER, NER— - )28, SEER, 2000, 978-4-7853-1522-1
ZEE  RKPAEOHIERE SGETHR) , DI, B0, 2000, 978-4-489-02241-8
S PHRECEREAS, KEFEL, A =2 A%k, 2000, 478190940X

Z5E  BIPREGER LY, /IVMKERL - SFRZEH] , BPEEE , 2007, 978-4-563-00487-3
ZEE  BEOMEREL, K E - ok - BN - AE, BEEAE, 2016, 456301205X

ZEE RIEAREONR, NH - EOR - 8IEF - )1, EAERE, 1988, 978-4785310530
Z&E A, T HE, NI , 1991, 9784873611631

ZEE  BIPRECY, B8, EdER, 1974, 978-4-7853-1301-2

ZEE  BUPRECY, AR, B, 2007, 978-4-903342-01-6

BEURL

THFHBBEWeb A RN LoVLEREY v 2L 1 BEEOEE Y /IR T X & GBFF : fi—7 A b)) O~—
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RSN FE Preparation and Review

fEml, BRIEORUENZ TE L T<52 &, Fz, /T AMRLA— FOBEZ H.OIEY 2
K452 L.

Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

% Of/In Addition
[7EF]
2. PRI & B R E TR TE 5 L 91> TV 4.
3. L MENEERHEETHD.
4. FEARHEB T L2, RG], B, HEERH > Thr LT 0.
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[EfE2 2OV e X 0oREE]
5. WRITIEYER) T, SR DL D 0T, ¥ a W& AEHEIIZ DN COREHEIT 220,
6. RFZINHRIMOBIRBUZ L H2HBBETHY, 00T <EIPLTND.
T PIRZRENTEY, FEAEWHLE LIEINTND. ¥ a LF UAEERIC OV T ORI
AN
[{5HtH 722 EE]
8. #th HARDOKFHBICBIT HMERIEDO IV ¥ 27 AOF R % EDIELH /243,
[LHAUS T E TRV E 2 DB EE]
9. ERIAIRAREI & & b1, HARZLARICIA TIPS H S I BIFTns.
10. 3EPAERL T, FHEOLREH B BT HFEAM £ TIEIL BB, BEEFEELTERGRE L.
1 B OBRERBIX, 4 5RFHOFEZLELTINEZ b o THT 2 2 & 2FHEE LTWET, 1 BOBREIC
B LT B HER R O B22E, TR - E ) 2oV TE 1 5~ 3 0 R iR ¥k L OMRERSVAE (T - 1HE
72E) 30~15KFH, [FBR, FEROFERE] 2OV TIE3 0~ 4 5K ORER LORERHRINAE (TE - &
FHigd) 15~0KERTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 HE % PR LEER
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMER 1A

P22 H/Class Subject
FRIEARECT:
Linear Algebra, B

D HH) & EE/Object and Summary of Class

ITHIOEFE E BEAXT by, Ak, =AbdFs £, HEPERI N TN LT hIL2ZEHE
IZOWTEAEZ 75 612, MEREOISHGZ 7 5.

Eigenvalues and eigenvectors of matrices are introduced. Using these concepts, students will
learn diagonalization and triangularization of matrices. Furthermore, vector spaces with inner
product will be treated. Finally, applications of linear algebra to various specialized topics

will be mentioned.

FAEDFE HAF/Goal of Study

1) 1THIDEAE, EAXT MvaRD, T THIOR A LOERRTED L 91T 5.

2) NEEDES, BEAROESABEL, FEREASEANY MR EEZROLIENTE L LTS,

3) MIREIR ED X ITEHEN L0 E B L, EEEEUL L THRETE 5 L0127 5.

The aim is

(1) to be able to compute eigenvalues and eigenvectors of matrices, and diagonalize real symmetric
matrices,

(2) to understand inner products, orthogonality, and to be able to find orthogonal bases

(3) to learn about applications of linear algebra and perform computations to solve explicit problems.

NG - J51E L T E/Contents and Progress Schedule of the Class
Hlml 77 A—DAK

g2l BB L1781

#3E [EAEE EAX7 ML
Halal ATHIOMELE KAk

oA T8I0 =Mk

welnl ¥ a VK L OFEER

FTE NEEE 7 PLDORS

F8lnl  IEHEASR, EAATH

ol L3y MR M TS
F10E FE2ik, =% V175l
11 WA~ DG

12l 77 7 M & B TS
1388 BEEHEE

H14la]  HARYE, 2BEREHANE
15 &0

1. Cramer's rule
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Geometric meaning of determinants
Eigenvalues and eigenvectors

Similarity of matrices and diagonalization
Triangularization of matrices

Jordan canonical form

. Inner product and length of vectors

0 N O U bk W oN

. Orthonormal systems and orthogonal matrices

9. Hermitian inner products and real symmetric matrices
1 0. Quadratic forms and unitary matrices

1 1. Applications to differential equations

1 2. Graph theory and adjacency matrices

1 3. Linear programming problems

1 4. Simplex method and two-phase simplex method

1 5. Summary

iRt 71/ Evaluation Method

TR, /T AN, LAR— N CRHIET 2. R L > TUIREHETHZ EnH D, FELI3FEEF
[ EZERI T .

Course grades will be based on reports, short tests and the final exam. Students may receive "D"=fail

depending on attendance. The details will be explained at the beginning of the course.

HFER L OBEE/Textbook and References
HRVE BB, NER— - JiJIEE, SEERE, 2000, 978-4-7853-1522-1
SEE . RKEEOBRIERE WGTHD , DR, BURXE, 2000, 978-4-489-02241-8

SEE  FHREERICAEL, KEFEIL, YA = 2%, 2000, 478190940X

Z5E  BIPREGER LY, /IVMKERL - SFRZEH] , BREEE , 2007, 978-4-563-00487-3
ZEE  BEOMEREL, K E - ok - BN - AE, BEEAE, 2016, 456301205X

ZEE RIEAREONR, NH - EOR - 8IEF - )1, EAERE, 1988, 978-4785310530
Z&E A, T HE, NI , 1991, 9784873611631

ZEE  BIERECY, e —R8, EdER, 1974, 978-4-7853-1301-2

ZEE  BUPRECY, AR, B, 2007, 978-4-903342-01-6

BEURL

THFHBBEWeb A RN LoVLEREY v 2L 1 BEEOEE Y /IR T X & GBFF : fi—7 A b)) O~—
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RSN FE Preparation and Review

fEml, BRIEORUENZ TE L T<52 &, Fz, /T AMRLA— FOBEZ H.OIEY 2
K452 L.

Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

% Of/In Addition

AR EITEAZ < HELET 5.

HEESCSEEL, BERLETERHEZBLTAT, BRICESTLOEBATS E X,
[ E]

2. FERIARR & B B E TR TE D L 912> TV %,
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3. BIEHL BN EERHEETHD.
4. FEARTEA Z &2 T, R, B, BEERMENH - Thah o3,

(2 F oW & & 0B E]
5. WRIFIEAERY T, BN DLOY TV, ¥ a L AR IZ OV T ORHEIE 2.
6. KEAABMOZIRMIZ L 2BRETHY, 0T <EPNTND.
7. Bl < mENTEY, FEAEHBLS LIENNLTWD. Va L X UAEEZIZOW T ORI R
AN

(AR )
8. ik HARDKFHBICBIT HMERIDO TV ¥ 2 7 2OF M % EDIZELH 24,

(LR RIENE THOTNWE EDBEEH]
9. IR ZARF & & bIT, EARRLAFICIA TS I B Tns.
10. 3EHERL T, i OLREHD B ' T TIFAM E TR B H, FBEFEELIRGFE LY.
1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z & 2FHEL LTWET, 1 BiZOERIC
VB L 7 BB O BT, 36 - 8 ) 12OV T 1 5~ 3 O o ER L ORI ZE (7Y - 88
72E) 30~15W, [FEB, FEHKOEH 1220 TX3 0~4 5 ORIER L ORERMIEE (78 -8
FHipl) 15~0mFHETY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.

294




RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 Hh foz A I lREEr e
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place %I KMER 1A

P22 H/Class Subject
FRIEARECT:
Linear Algebra, B

D HH) & EE/Object and Summary of Class

ITHIOEFE E BEAXT by, Ak, =AbdFs £, HEPERI N TN LT hIL2ZEHE
IZOWTEAEZ 75 612, MEREOISHGZ 7 5.

Eigenvalues and eigenvectors of matrices are introduced. Using these concepts, students will
learn diagonalization and triangularization of matrices. Furthermore, vector spaces with inner
product will be treated. Finally, applications of linear algebra to various specialized topics

will be mentioned.

FAEDFE HAF/Goal of Study

1) 1THIDEAE, EAXT MvaRD, T THIOR A LOERRTED L 91T 5.

2) NEEDES, BEAROESABEL, FEREASEANY MR EEZROLIENTE L LTS,

3) MIREIR ED X ITEHEN L0 E B L, EEEEUL L THRETE 5 L0127 5.

The aim is

(1) to be able to compute eigenvalues and eigenvectors of matrices, and diagonalize real symmetric
matrices,

(2) to understand inner products, orthogonality, and to be able to find orthogonal bases

(3) to learn about applications of linear algebra and perform computations to solve explicit problems.

NG - J51E L T E/Contents and Progress Schedule of the Class
Hlml 77 A—DAK

g2l BB L1781

#3E [EAEE EAX7 ML
Halal ATHIOMELE KAk

oA T8I0 =Mk

welnl ¥ a VK L OFEER

FTE NEEE 7 PLDORS

F8lnl  IEHEASR, EAATH

ol L3y MR M TS
F10E FE2ik, =% V175l
11 WA~ DG

12l 77 7 M & B TS
1388 BEEHEE

H14la]  HARYE, 2BEREHANE
15 &0

1. Cramer's rule
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Geometric meaning of determinants
Eigenvalues and eigenvectors

Similarity of matrices and diagonalization
Triangularization of matrices

Jordan canonical form

. Inner product and length of vectors

0 N O U bk W oN

. Orthonormal systems and orthogonal matrices

9. Hermitian inner products and real symmetric matrices

1 0. Quadratic forms and unitary matrices

1 1. Applications to differential equations

1 2. Graph theory and adjacency matrices, or applications to differential equations, part II
1 3. Linear programming problems

1 4. Simplex method and two-phase simplex method (optional)

15. Summary

iRt 71/ Evaluation Method

TR, /T AN, LAR— N CRHIET 2. R L > TUIREHETHZ EnH D, FELI3FEEF
[ EZERI T .

Course grades will be based on reports, short tests and the final exam. Students may receive "D"=fail

depending on attendance. The details will be explained at the beginning of the course.

R ER L U% B E Textbook and References

HRE BB, NER— - IS, S59ERS, 2000, 978-4-7853-1522-1
ZEE L RKFAEOHIERE SGETHR , 1DIIEEE, B, 2000, 978-4-489-02241-8
S5 PHRECEREAS, KEFEL, A =2 A%E, 2000, 478190940X

Z5E  BIPREGER LY, /IVMKERL - SFRZEH] , BREEE , 2007, 978-4-563-00487-3
ZEE  BEOMEREL, K E - ok - BN - AE, BEEAE, 2016, 456301205X

ZEE RIEAREONR, NH - EOR - 8IEF - )1, EAERE, 1988, 978-4785310530
Z&E A, T HE, NI , 1991, 9784873611631

ZEE  BIERECY, e —R8, EdER, 1974, 978-4-7853-1301-2

ZEE  BUPRECY, AR, B, 2007, 978-4-903342-01-6

BEURL

THFHBBEWeb A RN LoVLEREY v 2L 1 BEEOEE Y /IR T X & GBFF : fi—7 A b)) O~—
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RSN FE Preparation and Review

fElnl, HREOMYETZ TE LTS5 Z 8. £72, /M T A MRV A— FOFREZ LIS 21/
K452 L.

Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

% Oh/In Addition

[Important comments for all the students taking the present class]
BIEREFAZBIEL QD Z L ZRifRET 5.

It is assumed that you have taken Linear Algebra A.

[Other additional comments for exercise books and reference books]
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HEESSEEL, FERECHEHABLTAT, BHRIKE2TZbOEBAT D L L.
Students should read some exercise books as well as reference books at a bookstore and
purchase the ones that suit you.
[7#3E : Some examples of exercise books in linear algebra]
1. RPAOHRIAE (BETHR) TR R E
M REFE (R & A S B & THER TE 5 K 9 Ik o TV 5.
2. FHREERIEAER KBEEIL YA = 24t
BlE L EN S ERHEETHD.
3. BUBAREGES L E /MRIE - SFRZEY] B
BEATEA Z &2 T, Redl, I, EERER D> ThNrh o7,
[ 2 F N2 & & D&% E - Examples of reference books for learning some basics of linear
algebral]
4. BEEORICARE AT E - Foi - BFIR - FREE £S5
WNEITIEHER) T, SN0 TV, ¥ a L F AEEERIZ OV T ORI R
5. BRIEAEART NH -« EAR - BIFF - )1 EHEHE
KRZEFBEBOBIRIHZ L L5HBRETHY, 40T <ELNTNS.
6. AEHERIEARE P HBE R IR E R
BINZ L RENTEY, LRGBS LIENNLTND. ¥ a VX UEERIZ OV TOREEIT 2.
[{5Hr 725 EE]
7. BRIRECT: el — R B
etk H RO KFHEIZBIT DIBENREON Y X2 T ADTm%EEDIELN 4.
(LN ZRIEHE TEOR WL E 05 EE]
8. BMIEARET: THHA BorERE
fEERBPEZei & & HIT, EARMRNFICINZ TLFERICH I BFTns.
9. MR E (HGETH) RAIINER B AR wtt
SEHERL T, Fi D 1VRE ) O & T I P AME CTRA BB, MEFECSCHRBEE L.
1 B OBERBIL. 4 5RO FEEZLELTINEEZ > THIRT 2 Z & 2FEHEL LTWET, 1 B oES
VB L 72 DEHERE o B2k, Tk - BE ) 1oV Tid 1 5~ 3 O Rl o3 L OB st s (78 - 18
) 30~1 585, [FB, FEEKOEE] 220 T3 0~4 5 MofER L ORERRNEE (7E -8
B r) 15~08H<TT,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

(@]

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 B EN g - BEEETE
BAREH/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 25y

P22 H/Class Subject
FRIEARECT:
Linear Algebra, B

D HH) & EE/Object and Summary of Class

PIERECFAICE &t &, X7 MAVZEMORE, Koo, BEAME, N, 178 0RERERZR &2,
FEWERN 7251 ) % T D OMIERECFE D WIS & 7.5,

This course is a continuation of Linear Algebra, A. It covers the general notion of vector spaces
and related notions such as basis, dimension, inner products, eigenvalues, and normal forms of

matrices. Students will learn computational techniques along the way.

HEDEEHF/Goal of Study

B hOVZER [EAE. PIRE. TTAI R BICBT S

HABEEOPR, F5l% 18 LT s RE0OEGE B L T 5,

This course is aimed at understanding fundamental concepts such as vector spaces, eigenvalues, inner

products and normal forms of matrices, and learning methods for calculation via concrete examples.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
. XU N VZER

2. 1¥MNTE 1 IRIER
3. HEERIT

4. BEEBOG L
5. WoTEH
6
7
8

—

. RO
C IEBEA L v a LY DA%
. [EAEE L EANS L
9. FMEREAEATHIOR AL
10. xAfeoisH
1 1. 2URHEFROIENER
1 2. FEAPMTHIOMEAfE
13. =/L3I— MFE
1 4. TEBUTAIE T DEFER
1 5. Va)i& AEREEORN
1. Vector spaces
. Linear dependence and linear independence

. Basis and dimension

. Rank theorem

2
3
4. Image and kernel of a linear map
)
6

. Change of basis
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7. Orthonormalization and Schwartz inequality

8. Eigenvalues and eigenvectors

9. Characteristic polynomials and matrix diagonalization
1 0. Application of matrix diagonalization

1 1. Canonical form of quadratic curves

1 2. Eigenvalues of real symmetric matrices

1 3. Hermitian inner product and its property

1 4. Normal matrices and their canonical form

1 5. Jordan canonical form

pikERHI 5/ Evaluation Method
LAR— b« /N7 A MER JOHPRRBROR R 2 G UG-l %, #F L < I3EEFH1RI B ICHIT 2,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRlER L UBEE/Textbook and References

ZEE RIEAREONR, NH - ER - 8IEF - )1, EAERE, 1988, 978-4785310530
S5 RRER OIS, FEPE M, NHEEEE, 2011, 978-4753600298
SEE L BYRREL, B8, TR, 1997, 978-4320015548

3

SEE FRIREC GGETHR) , BRG], BAGSEmt, 2015, 978-4535787711

ZEE  MPREGER LS, RER - SFRZH , BREAE , 2007, 978-4-563-00487-3
Z&E PR, T HE, NI , 1991, 9784873611631
Bh#EURL

NI F& Preparation and Review

TH  WAOFEEZSEIZ, Z3EFORET HEITICHZET,

EE  ARIOFERPITE 2 DAL EHE M2 2 ER MM <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

% OAth/In Addition

1 B OBERBIX, 4 5FFHOFEZLEL T INEZ b THINT 2 Z &2 FHEE LTWET, 1 B OERIC
MBE LI D HERR O B2, 56 - 5 oW TE 1 5~ 3 O Mol L ORI 2E (78 - 15E
7E) 30~15WM, [FEB, EHROEH 2O TE3 0~4 5ROEES L ORERRSN2E (78 - 18
FHig L) 15~0KHTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 TN R TR - BREERRER
BAREH/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 25y

P22 H/Class Subject
FRIEARECT:
Linear Algebra, B

D HH) & EE/Object and Summary of Class

PIERECFAICE &t &, X7 MAVZEMORE, Koo, BEAME, N, 178 0RERERZR &2,
FEWERN 7251 ) % T D OMIERECFE D WIS & 7.5,

This course is a continuation of Linear Algebra, A. It covers the general notion of vector spaces
and related notions such as basis, dimension, inner products, eigenvalues, and normal forms of

matrices. Students will learn computational techniques along the way.

HEDEEHF/Goal of Study

B hOVZER [EAE. PIRE. TTAI R BICBT S

HABEEOPR, F5l% 18 LT s RE0OEGE B L T 5,

This course is aimed at understanding fundamental concepts such as vector spaces, eigenvalues, inner

products and normal forms of matrices, and learning methods for calculation via concrete examples.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
. XU N VZER

2. 1¥MNTE 1 IRIER
3. HEERIT

4. BEEBOG L
5. WoTEH
6
7
8

—

. RO
C IEBEA L v a LY DA%
. [EAEE L EANS L
9. FMEREAEATHIOR AL
10. xAfeoisH
1 1. 2URHEFROIENER
1 2. FEAPMTHIOMEAfE
13. =/L3I— MFE
1 4. TEBUTAIE T DEFER
1 5. Va)i& AEREEORN
1. Vector spaces
. Linear dependence and linear independence

. Basis and dimension

. Rank theorem

2
3
4. Image and kernel of a linear map
)
6

. Change of basis
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7. Orthonormalization and Schwartz inequality

8. Eigenvalues and eigenvectors

9. Characteristic polynomials and matrix diagonalization
1 0. Application of matrix diagonalization

1 1. Canonical form of quadratic curves

1 2. Eigenvalues of real symmetric matrices

1 3. Hermitian inner product and its property

1 4. Normal matrices and their canonical form

1 5. Jordan canonical form

pikERHI 5/ Evaluation Method
LAR— b« /N7 A MER JOHPRRBROR R 2 G UG-l %, #F L < I3EEFH1RI B ICHIT 2,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRER LB % ETextbook and References

R BUBARBON, A - @R - B - )11, B, 19884F, 978-4785310530
RN BRSO, FEFE L, NHEERE 20114F, 978-4753600298
B PR, BB, EHERS, 19744, 978-4-7853-1301-2

BRE MRS, B, HSTHIRR, 19974, 978-4320015548

BEE  SIPARECE, RS, BeEERE, 20074, 978-4-903342-01-6

R RS SGETHD . BYIRES], AAGEwRL, 20154, 9784535787711
R BEEOBIEAE, AL - ok - B - FERE, BEEEE, 20164F, 456301205X
BRHE  BUPAEGEF L TE, IMRIE - SPRZZH, BEEAE, 20074, 978-4-563-00487-3
BRlE SR, FH, FNXE R, 19914, 9784873611631
B#URL

RIS & Preparation and Review

TH  RAOTEEZS B, ZREFORYT LEFTICHZET,

TE  ABEIOHBRPITE 2 DAV E 2 B ER RN R <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

Z Ofih/In Addition

HRERL LUSBEEIZONT

No.1, RFEAFELBOAIZMIZ XD IMAIBRETH Y, 2000 <EnLTN 5D,

No.2. BAGHRKFE T OHFIETH Y . BIRN 2R 5R & BEICRHERH 5.

No.3. ##% H RO KFZHBICB T 2HEREDO D) 27 LOF M EEDIER243,

No.4 3DEFN, BMHFELRTEIY TERTR AW FHNTIITo72H D,

No.5 IR & & Hi2, EAMZARIIINZA TLFERSHBEY EiFTna,

No.6. 3EHER T, FiE D 1 IREH D B T)FAPTE CTIRIA BB, BEME SR BFEL W,
No.7 NEITEHER TH D, ¥ a/LZ MEERICOWNWTORRHEHN <. EICET FLZEIZHOWT
N TN D,

No.8 —[AIDMHRBNAEN—FHICE L E-TEY, THERZ LT, HEMNELEETH D,
No.9 flHZ i SNTEY, FLFEHLE LIEPNTWD, TFEHMITOHARE (275 LY =
JVE REHEFLAZ O TR Y E O e 03 4 3E)
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No. 10 WA E TR AU S TH 5,

1HALORERFIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WBE L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 R 0k L ORRERESVAE (T8 - 15E
728) 30~15WMH., [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAHE (T8 - 18
Fi L) 15~0KEMTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 FA TN FTE  EEESTRE
BAREH/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 25y

P22 H/Class Subject
FRIEARECT:
Linear Algebra, B

D HH) & EE/Object and Summary of Class

PIERECFAICE &t &, X7 MAVZEMORE, Koo, BEAME, N, 178 0RERERZR &2,
FEWERN 7251 ) % T D OMIERECFE D WIS & 7.5,

This course is a continuation of Linear Algebra, A. It covers the general notion of vector spaces
and related notions such as basis, dimension, inner products, eigenvalues, and normal forms of

matrices. Students will learn computational techniques along the way.

HEDEEHF/Goal of Study

B hOVZER [EAE. PIRE. TTAI R BICBT S

HABEEOPR, F5l% 18 LT s RE0OEGE B L T 5,

This course is aimed at understanding fundamental concepts such as vector spaces, eigenvalues, inner

products and normal forms of matrices, and learning methods for calculation via concrete examples.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class
LT ONEZ FITH] D, HEE - HPREAIT L > T O WERIREICZEE A D ATREMER B D £,
- R NVZE]
< 1TYIRNE & 1 IRIER
- R LRI
- BIEEGOG L 1%
- onER
- FER DR
- IEHEA L E Cauchy--SchwarzdDAE
- F & & FIEEER
- [EAE & BT B
- KRR L ATHI DXL
- AL
« 2R HIHROFENENY
 FAPHTHIDIEAE
- /LI — hNFE
< IERUTAI & 2 DIFHE
< F L LW
The following topics will be mainly covered.
- Vector spaces
- Linear dependence and linear independence

- Basis and dimension
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- Image and kernel of a linear map

- Rank theorem

- Change of basis

- Orthonormalization and the Cauchy--Schwarz inequality
- Summary and mid-exam

- Eigenvalues and eigenvectors

- Characteristic polynomials and matrix diagonalization
- Application of matrix diagonalization

- Canonical form of quadratic curves

- Eigenvalues of real symmetric matrices

- Hermitian inner product and its property

- Normal matrices and their canonical form

- Summary and final exam

iRt/ Evaluation Method
el DT 2 M L OERER - WIAGBROFE R4S L CGHET 2, #F L <IERZESLEIB IR 5,
Course grades will be based on short tests, the mid-exam and the final exam. The details will be

explained at the beginning of the course.

AFRlER LU EE Textbook and References

BB - B ) — X K SRS, SO, SRR, 2019, 978-4410154621
ZEE AR EGETHD . BRG], BAGEmtL, 2015, 978-4535787711

ZEE RIEAREONR, NH - ER - 8IEF - )1, EAERE, 1988, 978-4785310530
BhEURL

RIS & Preparation and Review
TENIFFIRDFEF AN, HEEBKEFETT,
HE T A RRKE OB E 2 b B & 5 RN <

Review: Students are required to solve problems given in the class, including short tests.

% OAth/In Addition
FREB LUOBEEIZONT

(No. 1 OARZZRFIHEL TWETH ZRFICENTHLINAELZETIEEF®Y H O DT Tixd
DEHEA, T, BEREFCTHEOCTOWRWHEELZY S TREMELH Y £, ERIGER TRM LA
KEBZEZLIIZIN, )
No.l. #ZETIIARRE L SR BEH MBI - 32 LWBARHE > T ET, HF ¥ — FROEEEHED
FHEHTWET,
No.2. BRI BT 2 BBIZRNERZARNCENNTOET, RN H D5 NFSEE L L THE
DEATHHEDLBDONRLNARTT,
No.3. fliRIZE L > TVDHARTY,

1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z &2 EHEL LTWET, 1 BLoERIC
B L 7 BB O BT, T3k - 8 ) 12OV T 1 5~ 3 O o EE L ORI ZE (7Y - 88
72E) 30~1 5, [FEB, FEHKOEH 1220 TX3 0~4 5 ORIER L ORERMIEE (78 -8
EHpr) 15~0WMTY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30

hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
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and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 EE e TR EWEE R
BAREH/ Term 2B RAAH—

g H - 5%KF - 22 Day/Period/Place %R KBEH 2 GEEF

P22 H/Class Subject
TSI

D B & EE/Object and Summary of Class
MIEAECFAICE Ei s, N7 MVZEROKLE, oo, EAE, NE. THI0EE e &2, 3
W72 3R 2 BT > OMIENREFE OIS & 5,

HEDEE HZ/Goal of Study
By MVZER], EAE, PR, TTHIOREMEKIZ BT 2 A S O BiE,  F5 28 L7 3HRIED 52 HiE
ET5,

FEENR - J51k & HEEFE/Contents and Progress Schedule of the Class
R ERIE, 1 AT
- TZER] & o E R
- [EEE - BEAE~7 M et
- PIRE, IERIEASERES, EATH
- FRIFMTHI DXL
- TV — FAFEE =L I — MTF
- BRI THI

R 1/ Evaluation Method
LiR— |k « /T A MERB LOWIRGREBROFERARE U GHEIT 5, 78 L <IHZES1RBIZHRAT 5,

HFlER 0B %E Textbook and References

ZEE RS, el B8, SEHR, 1997/4/25, 978-4320015548
Bh#EURL

http://staff. miyakyo-u.ac.jp/~k-taka2/linalg.html

RSN #E Preparation and Review
Lo EEEEZ LT, bhbnt ZATERTAZ L.

% Offi/In Addition

1 B ORERBIX, 4 5RFHOFEZLELTINEZ b o> THNT 2 2 &2 FHEE LTWET, 1 B OBREIC
MR L 7o BEHERFR O A2k, THiER - 08 I2OW Tk 1 5~ 3 0 FEfofzEER L OMRERFRANFE (TH - 5
L) 30~1 5K, [9ER, FEEROFE (2O TIE 3 0~ 4 5RO R L ORERRSAE (TH - H
FHigd) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 Ha AHE FTE - B ERF
BAREH/ Term 2B RAAH—

e H - 5%IF - (5 Day/Period/Place %W OKMER 2GRy
P22 H/Class Subject
TSI AW e
Linear Algebra, B

D HH) & EE/Object and Summary of Class

PIERECFAICE &t &, X7 MAVZEMORE, Koo, BEAME, N, 178 0RERERZR &2,
FEWERN 7251 ) % T D OMIERECFE D WIS & 7.5,

This course is a continuation of Linear Algebra, A. It covers the general notion of vector spaces
and related notions such as basis, dimension, inner products, eigenvalues, and normal forms of

matrices. Students will learn computational techniques along the way.

HEDEEHF/Goal of Study

B VR EAME, NEE, 1T OEYEIC BT 2 BABE GO BYE, F4 8 LG RIEOBESE BIE
S R

This course is aimed at understanding fundamental concepts such as vector spaces, eigenvalues, inner

products and normal forms of matrices, and learning methods for calculation via concrete examples.

FEENR - J51k & HEETE/Contents and Progress Schedule of the Class

WA LT A AR FEIT DAL, Google Classroom 2445 & T
1. ~7 ~LVZER]

2. 1UMNLE 1RIEE

3. HEEIIT

4. WEEZOB LR

5. YouE

6. FEEOZH

7. IEREARALE v 2 Y O

8. [EAEEEA~7 by

9. KL EITHIOX AL

10. sk

1 1. 2WHIFROIEER

1 2. FERIFTHIOEATE

13. =/LI— N

1 4. EBUTHIE 2 DFHER

15. Va7 AEHERORRIT

1. Vector spaces

. Linear dependence and linear independence
. Basis and dimension

. Image and kernel of a linear map

() SNV V)

. Rank theorem
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6. Change of basis

7. Orthonormalization and Schwartz inequality

8. Eigenvalues and eigenvectors

9. Characteristic polynomials and matrix diagonalization
1 0. Application of matrix diagonalization

1 1. Canonical form of quadratic curves

1 2. Eigenvalues of real symmetric matrices

1 3. Hermitian inner product and its property

1 4. Normal matrices and their canonical form

1 5. Jordan canonical form

iR Tt/ Evaluation Method
LAR— b < /N7 A NER JOWEREBROFE R G LTl 2, 78 L < I3RZEE 1B IS 5,
Course grades will be based on reports, short tests and the final exam. The details will be explained at

the beginning of the course.

HRER LB % ETextbook and References

R - BUPARECNM, N - @R - BUEF - )1, BEERS, 1988, 978-4785310530
ZEE AR ORNE,  FEE M NHEEZERRE, 2011, 978-4753600298
ZEE IPRECE, e —RE, EAER, 1974, 978-4-7853-1301-2

SEE YRS, RS, HATHIAR, 1997, 9784320015548

ZEE RIERECY, RS, BeEERE, 2007, 978-4-903342-01-6

ZEE RS EGETHD . BRG], BAGEm L, 2015, 978-4535787711
SEE  BEOWEAEL, Kb - o8k - BN - fE, BSEAE, 2016, 456301205X
S5E  BIPREGEZR LY, /IMKEL - SFRZEH] ) BPEEE , 2007, 978-4-563-00487-3
ZEE SR E, FRGE, FINELREE , 1991, 9784873611631
EHHEURL

RSNV FE Preparation and Review

TH  RAOTEEZSZIZ, ZREFORYUTLEHTICHZET,

E - ABOERPITE 2 DAV EE M 2 5 ER MR <,

Preparation: Students are required to look over the textbook for the next class.

Review: Students are required to solve problems given in the class.

%+ Oh/In Addition

HREBLUSEZEIZONT

No.1, RFEIAFELBOAIZMIZ XD IEMAIBRETH Y, 2000 <ENLTN D,

No.2. FFgHKFE THEHOBRETH O . RN 2R5R & FBEICRFERH 5,

No.3. ¥tk HARDKZFHE BT DMEREO DV 2T 2D 0 % ED RN 4%,

No.4 3DOFEHEN, BHHFERTLY TERLREZYFERTIToT2H 0,

No.5 R & & iz, EARNZAFICMA TLENSHALERY EiFTna,

No.6. 3EER T, Firi D 1 IREHN O & T)FAPTE CIRA BB, FERECSGRBFEL W,
No.7 NEITEHER ThH D, ¥ a/LF MEERICOWTORHEHN <. EICERT FLZEBIZHOWT
ENTWD,

No.8 —[FI/OMBNEN—TEICE L E-TEY, THEEZ LT, HEMELEE T D,
No.9 b <IN TEY, FLEALG LIE LN TS, LEBATOHRE (LY a
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I AREIETEAZ DN T 2 3 O 2 23 L BE)

1HALORERFIZ, 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WBE L7 B HER I O B2IE, TS - ) ICoW X 1 5~ 3 0 R 0k L ORRERESVAE (T8 - 15E
728) 30~15WMH., [FEB, FEEHKOFEH (220 TIE 3 0~4 5IEM oI LORERMAHE (T8 - 18
H7pL) 15~0mH<TT,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 Bl EE AT - TR
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 2 5

P22 H/Class Subject
FRIEARECT:
Linear Algebra, B

D HH) & EE/Object and Summary of Class

ITHIOEFE E BEAXT by, Ak, =AbdFs £, HEPERI N TN LT hIL2ZEHE
IZOWTEAEZ 75 612, MEREOISHGZ 7 5.

Eigenvalues and eigenvectors of matrices are introduced. Using these concepts, students will
learn diagonalization and triangularization of matrices. Furthermore, vector spaces with inner
product will be treated. Finally, applications of linear algebra to various specialized topics will

be mentioned.

FAEDFE HAF/Goal of Study

1) 1THIDEAE, EAXT MvaRD, T THIOR A LOERRTED L 91T 5.

2) NEEDES, BEAROESABEL, FEREASEANY MR EEZROLIENTE L LTS,

3) MIREIR ED X ITEHEN L0 E B L, EEEEUL L THRETE 5 L0127 5.

The aim is

(1) to be able to compute eigenvalues and eigenvectors of matrices, and diagonalize real symmetric
matrices,

(2) to understand inner products, orthogonality, and to be able to find orthogonal bases

(3) to learn about applications of linear algebra and perform computations to solve explicit problems.

NG - J51E L T E/Contents and Progress Schedule of the Class
Hlml 77 A—DAK

g2l BB L1781

#3E [EAEE EAX7 ML
Halal ATHIOMELE KAk

oA T8I0 =Mk

welnl ¥ a VK L OFEER

FTE NEEE 7 PLDORS

F8lnl  IEHEASR, EAATH

ol L3y MR M TS
F10E FE2ik, =% V175l
11 WA~ DG

12 W HREXA~DIGHO
1388 BEEHEE

F14ln] AL

15 &0

1. Cramer's rule
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Geometric meaning of determinants
Eigenvalues and eigenvectors

Similarity of matrices and diagonalization
Triangularization of matrices

Jordan canonical form

. Inner product and length of vectors

0 N O U bk W

. Orthonormal systems and orthogonal matrices

9. Hermitian inner products and real symmetric matrices
1 0. Quadratic forms and unitary matrices

1 1. Applications to differential equations

1 2. Applications to differential equations, part II

1 3. Linear programming problems

1 4. Simplex method

1 5. Summary

iRt 71/ Evaluation Method
EWIEER (70%), /N7 A b andlor LAR— b (30%) Caliid%. 2L < ISR B ICHT 5.
Final exam (70%); short tests and/or reports (30%). The details will be explained at the beginning of the

course.

HREL LU SEETextbook and References

RV - BEARECTE, NER— - JH)IEE , EEERR , 2000 , 978-4-7853-1522-1
ZEE  KPEORIERE SGETHR) , DI, #ORBIE , 2000 , 978-4-489-02241-8
SEE | PHRECEREAS, KEFEIL , A =2 A%, 2000, 478190940X

SEE  BIPREGER LY, /KB - SFRZEE] ) BSEAE, 2007, 978-4-563-00487-3
SEE  BEOMBALL, FE - A% - B - FREE , BEEEE , 2016 , 456301205X
ZEE  FPEREONM, NHE - &R - fUFF - )11, EHER , 1988 |, 978-4785310530
Z&E RS, FHE , FINREEARRE 1991, 9784873611631

Z&E  BERECY, eX—R8 , EEER , 1974, 978-4-7853-1301-2

ZEE  RIERECY, AL, BEER , 2007 , 978-4-903342-01-6

BEURL

PR ISN (& Preparation and Review

fEml, HREOMYETZTE LTS5 L. £, I TARNRLFR— FOFEE F OIS E 26
K452 &

Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

Z# O{/In Addition

BREILTEADOZ L.

EEESSEE L, BERETEHZBLTAT, HOIZASTHELOEBAT DL L L.
FRESEBI2~10F AL HEBIC LV ®E SNBSS EE, UTICHAZRT.

2. HEFE. MEEICHREMENRAHE CHRETEL LT TV 5.

3. HEE. PIELMENGERHEETHD.

4, FEE. FERTE ZLIHT T, MR, BIE, EEMER S S Thn) 7.

5. B HE N OSEE, NRIMELEN T, SBHRDNY LTV, UV a v UREIZ OV T OREIT
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QAR
6. FBEENOBEE, KREIPEETOBRBIZL2BBEETHY, DT <ELNLTNDS.
7. BEEEOSEE. fINSZREINTEY, R LS LIENTWS., Vg /L ¥ EEER

WZDOWT DOFEEIE /2.
8. i sEE, B HAAKRKDOKRFZHBICB T HMIEREDOH VU X 2T LD JFH % EDT-EERR
VS

9. LFRUSHE TEDEEE. MRS L & bz, EARMZAFITMZ TLFRSH b
D EFTn5s.

10. TH¥RISHETEDEEE. HEEE. 3HMT, FEo1RE#R) b &1/ A E T
IR IS4, FEMRELSER B FE L.

FRETE A BRI L D HESEEIYRER TR T 2.

1 B ORER BRI, 4 5RFHOFEZLELTINEZ b o THT 2 2 & 2FHEE LTWET, 1 BOBREIC
WE L 22 5 HER O B 2%, T3S - %) 1220 Tid 1 5~ 3 O Mo L O ERRSNAE (78 - 13
72E) 30~15KH, [FE, FEHROFEHE) 220 TIE3 0~4 5K ORER LOREREINAE (TE -4
FHig L) 15~0KRTY,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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RERE4 - BT/ Credit(s) | fHM4ZHEL -
MR EEB 2 g K AT o SRR
BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 2 5

P22 H/Class Subject
FRIEARECT:
Linear Algebra, B

D HH) & EE/Object and Summary of Class

ITHIOEFE E BEAXT by, Ak, =AbdFs £, HEPERI N TN LT hIL2ZEHE
IZOWTEAEZ 75 612, MEREOISHGZ 7 5.

Eigenvalues and eigenvectors of matrices are introduced. Using these concepts, students will
learn diagonalization and triangularization of matrices. Furthermore, vector spaces with inner
product will be treated. Finally, applications of linear algebra to various specialized topics

will be mentioned.

FAEDFE HAF/Goal of Study

1) 1THIDEAE, EAXT MvaRD, T THIOR A LOERRTED L 91T 5.

2) NEEDES, BEAROESABEL, FEREASEANY MR EEZROLIENTE L LTS,

3) MIREIR ED X ITEHEN L0 E B L, EEEEUL L THRETE 5 L0127 5.

The aim is

(1) to be able to compute eigenvalues and eigenvectors of matrices, and diagonalize real symmetric
matrices,

(2) to understand inner products, orthogonality, and to be able to find orthogonal bases

(3) to learn about applications of linear algebra and perform computations to solve explicit problems.

NG - J51E L T E/Contents and Progress Schedule of the Class
Hlml 77 A—DAK

g2l BB L1781

#3E [EAEE EAX7 ML

Halal ATHIOMELE KAk

oA T8I0 =Mk

welnl ¥ a VK L OFEER

FTE NEEE 7 PLDORS

F8lnl  IEHEASR, EAATH

ol L3y MR M TS

F10E FE2ik, =% V175l

11 WA~ DG

BB12ME 7T 7 Miam & B THIFS KO FREAA~DIGHO
1388 BEEHEE

H14la]  HARYE, 2BEREHANE

15 &0

1. Cramer's rule
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Geometric meaning of determinants
Eigenvalues and eigenvectors

Similarity of matrices and diagonalization
Triangularization of matrices

Jordan canonical form

. Inner product and length of vectors

0 N O U bk W oN

. Orthonormal systems and orthogonal matrices

9. Hermitian inner products and real symmetric matrices

1 0. Quadratic forms and unitary matrices

1 1. Applications to differential equations

1 2. Graph theory and adjacency matrices, or applications to differential equations, part II
1 3. Linear programming problems

1 4. Simplex method and two-phase simplex method

15. Summary

iRt 71/ Evaluation Method

TR, /T AN, LAR— N CRHIET 2. R L > TUIREHETHZ EnH D, FELI3FEEF
[ EZERI T .

Course grades will be based on reports, short tests and the final exam. Students may receive "D"=fail

depending on attendance. The details will be explained at the beginning of the course.

HFER L OBEE/Textbook and References
HRVE BB, NER— - JiJIEE, SEERE, 2000, 978-4-7853-1522-1
SEE . RKEEOBRIERE WGTHD , DR, BURXE, 2000, 978-4-489-02241-8

SEE  FHREERICAEL, KEFEIL, YA = 2%, 2000, 478190940X

Z5E  BIPREGER LY, /IVMKERL - SFRZEH] , BREEE , 2007, 978-4-563-00487-3
ZEE  BEOMEREL, K E - ok - BN - AE, BEEAE, 2016, 456301205X

ZEE RIEAREONR, NH - EOR - 8IEF - )1, EAERE, 1988, 978-4785310530
Z&E A, T HE, NI , 1991, 9784873611631

ZEE  BIERECY, e —R8, EdER, 1974, 978-4-7853-1301-2

ZEE  BUPRECY, AR, B, 2007, 978-4-903342-01-6

BEURL

THFHBBEWeb A RN LoVLEREY v 2L 1 BEEOEE Y /IR T X & GBFF : fi—7 A b)) O~—
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RSN FE Preparation and Review

fEml, BRIEORUENZ TE L T<52 &, Fz, /T AMRLA— FOBEZ H.OIEY 2
K452 L.

Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of short tests and reports.

% Of/In Addition

BREFLTHAOZ &.

HEESCSEEL, BERLETERHEZBLTAT, BRICESTLOEBATS E X,
[ E]

2. FERIARR & B B E TR TE D L 912> TV %,
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3. BB L BN G ERHEETHD.
4. FEARTEA Z &2 T, R, B, BEERMENH - Thah o3,

(2 F oW & & 0B E]
5. WRIFIEAERY T, BN DLOY TV, ¥ a L AR IZ OV T ORHEIE 2.
6. KEAABMOZIRMIZ L 2BRETHY, 0T <EPNTND.
7. Bl < mENTEY, FEAEHBLS LIENNLTWD. Va L X UAEEZIZOW T ORI R
AN

(AR )
8. ik HARDKFHBICBIT HMERIDO TV ¥ 2 7 2OF M % EDIZELH 24,

(LR RIENE THOTNWE EDBEEH]
9. IR ZARF & & bIT, EARRLAFICIA TS I B Tns.
10. 3EHERL T, i OLREHD B ' T TIFAM E TR B H, FBEFEELIRGFE LY.
1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z & 2FHEL LTWET, 1 BiZOERIC
VB L 7 BB O BT, 36 - 8 ) 12OV T 1 5~ 3 O o ER L ORI ZE (7Y - 88
72E) 30~15W, [FEB, FEHKOEH 1220 TX3 0~4 5 ORIER L ORERMIEE (78 -8
FHipl) 15~0mFHETY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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REREA HAKCredit(s) | #4254
MIAREF B 2 I RS,k gE A
o e LERRseR

BHEHA/ Term 2B RAAH—

MEH - FhF - (= Day/Period/Place % KMER 2 5

P22 H/Class Subject
FRIEARECT:
Linear Algebra, B

D HH) & EE/Object and Summary of Class

ITHIOEFE E BEAXT by, Ak, =AbdFs £, HEPERI N TN LT hIL2ZEHE
IZOWTEAEZ 75 612, MEREOISHGZ 7 5.

Eigenvalues and eigenvectors of matrices are introduced. Using these concepts, students will
learn diagonalization and triangularization of matrices. Furthermore, vector spaces with inner
product will be treated. Finally, applications of linear algebra to various specialized topics

will be mentioned.

FAEDFE HAF/Goal of Study

1) 1THIDEAE, EAXT MvaRD, T THIOR A LOERRTED L 91T 5.

2) NEEDES, BEAROESABEL, FEREASEANY MR EEZROLIENTE L LTS,

3) MIREIR ED X ITEHEN L0 E B L, EEEEUL L THRETE 5 L0127 5.

The aim is

(1) to be able to compute eigenvalues and eigenvectors of matrices, and diagonalize real symmetric
matrices,

(2) to understand inner products, orthogonality, and to be able to find orthogonal bases

(3) to learn about applications of linear algebra and perform computations to solve explicit problems.

NG - J51E L T E/Contents and Progress Schedule of the Class
Hlml 77 A—DAK

g2l BB L1781

#3E [EAEE EAX7 ML
Halal ATHIOMELE KAk

oA T8I0 =Mk

welnl ¥ a VK L OFEER

FTE NEEE 7 PLDORS

F8lnl  IEHEASR, EAATH

ol L3y MR M TS
F10E FE2ik, =% V175l
11 WA~ DG

12l 77 7 M & B TS
1388 BEEHEE

H14la]  HARYE, 2BEREHANE
15 &0

1. Cramer's rule
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Geometric meaning of determinants
Eigenvalues and eigenvectors

Similarity of matrices and diagonalization
Triangularization of matrices

Jordan canonical form

. Inner product and length of vectors

0 N O U bk W

. Orthonormal systems and orthogonal matrices

9. Hermitian inner products and real symmetric matrices

1 0. Quadratic forms and unitary matrices

1 1. Applications to differential equations

1 2. Graph theory and adjacency matrices, or applications to differential equations, part II
1 3. Linear programming problems

1 4. Simplex method and two-phase simplex method (optional)

15. Summary

iRt 71/ Evaluation Method

TEWIEER, LAR— N TR 5. HERDUC > TIAREHK T2 2030 5. 3L < IIRZESE1EI B ITH
T 5.

Course grades will be based on reports and the final exam. Students may receive "D"=fail depending on

attendance. The details will be explained at the beginning of the course.

HFER L OBEE/Textbook and References
HRVE BB, NER— - RIS, ZEEERE, 2000, 978-4-7853-1522-1
HEE . RKEEOBRIERE WG , DR, BORXE, 2000, 978-4-489-02241-8

SEE  FHREERICAEL, KEFEIL, YA = 2%, 2000, 478190940X

Z5E  BIPREGER LY, /IVMKERL - SFRZEH] , BPEEE , 2007, 978-4-563-00487-3
ZEE  BEOMEREL, K E - ok - BN - AE, BEEAE, 2016, 456301205X

ZEE RIEAREONR, NH - EOR - 8IEF - )1, EAERE, 1988, 978-4785310530
Z&E A, T HE, NI , 1991, 9784873611631

ZEE  BIPRECY, B8, EdER, 1974, 978-4-7853-1301-2

ZEE  BUPRECY, AR, B, 2007, 978-4-903342-01-6

BEURL

THFHBBEWeb A RN LoVLEREY v 2L 1 BEEOEE Y /IR T X & GBFF : fi—7 A b)) O~—
http://www.iee.eng.tohoku.ac.jp/system/genrel.html

RSN FE Preparation and Review

fEml, BRIEORUENZ TE L T<52 &, Fz, /T AMRLA— FOBEZ H.OIEY 2
K452 L.

Students are required to look over the textbook for the next class, and to solve problems given

in the class in terms of reports.

% Of/In Addition

BREFLTHAOZ &.

HEESCSEEL, BERLETERHEZBLTAT, BRICESTLOEBATS E X,
[ E]

2. FERIARR & B B E TR TE D L 912> TV %,
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3. BB L BN G ERHEETHD.
4. FEARTEA Z &2 T, R, B, BEERMENH - Thah o3,

(2 F oW & & 0B E]
5. WRIFIEAERY T, BN DLOY TV, ¥ a L AR IZ OV T ORHEIE 2.
6. KEAABMOZIRMIZ L 2BRETHY, 0T <EPNTND.
7. Bl < mENTEY, FEAEHBLS LIENNLTWD. Va L X UAEEZIZOW T ORI R
AN

(AR )
8. ik HARDKFHBICBIT HMERIDO TV ¥ 2 7 2OF M % EDIZELH 24,

(LR RIENE THOTNWE EDBEEH]
9. IR ZARF & & bIT, EARRLAFICIA TS I B Tns.
10. 3EHERL T, i OLREHD B ' T TIFAM E TR B H, FBEFEELIRGFE LY.
1 AL ORERBIL. 4 5REHOFEEZLELTINEE b o THERT 2 Z & 2FHEL LTWET, 1 BiZOERIC
VB L 7 BB O BT, 36 - 8 ) 12OV T 1 5~ 3 O o ER L ORI ZE (7Y - 88
72E) 30~15W, [FEB, FEHKOEH 1220 TX3 0~4 5 ORIER L ORERMIEE (78 -8
FHipl) 15~0mFHETY,
One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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REREA HAKCredit(s) | #4254
FIEAET B 2 Marcin SCHROEDER /)& =
FERBARET - AR

BAREH/ Term 3EARAK—

MEH - FhF - (= Day/Period/Place A 2R 25

P22 H/Class Subject
Linear Algebra B

D B & EE/Object and Summary of Class

Linear Algebra is a continuation of the study initiated in Linear Algebra A. It is expected that
students completed Linear Algebra A or an equivalent course. Linear Algebra B is an extension
of the earlier study in several directions going beyond the earlier restrictions of the field of
numbers (e.g. inclusion of finite fields), restrictions to the finite-dimensional vector spaces, etc.
The material from Linear Algebra A will be reviewed, but with increased depth of
understanding. New material not included in Linear Algebra A includes basics of group theory,

linear representations of groups, symmetry.

FAEDFE HAF/Goal of Study

Upon successful completion of the course, students will have a solid knowledge of basic methods of linear
algebra necessary for other courses not only in mathematics (calculus, differential equations, geometry,
probability and statistics) but also in physical sciences (quantum mechanics, crtallography, symmetry
and its breaking) as well as in a wide range of applications to problems whose solution requires

mathematics. The course puts emphass on preparation for further individual studies.

ENE - J71E L H#EEE T E/Contents and Progress Schedule of the Class

Week 1 Algebraic structures: From groups to fields and to vector spaces.

Week 2 The multiple fields of numbers and their roles in mathematics..

Week 3 Vector Spaces: finite dimensions vs. infinite dimensions

Week 4 Matrices and linear mappings

Week 5 Linear operators infinite and infinite-dimensional spaces.

Week 6 Structures of linear operators on a vector space..

Week 7 More about groups - linear representations of groups

Week 8 Finite fields

Week 9 Groups and symmetry

Week 10 From bilinear and quadratic forms to scalar products, norms, and determinants
Week 11 Basics of functional analysis

Week 12 Eigenvalues and eigenspaces finite- and infinite-dimensional vector spaces
Week 13 Hilbert spaces

Week 14 Spectral theory

Week 15 Examination

g1/ Evaluation Method
50% of the grade is from the credit for the weekly homework assignments
50% of the grade is from the score on the final examination

Students have to earn at least 50% of credit in homework assignments to be admitted to the final exam.
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HFlER 0% E/ Textbook and References
textbook : Linear Algebra 3rd.ed, Serge Lang , Springer, 1987, 0-387-96412-6
Bh#EURL

RIS A& Preparation and Review
Students will have multiple homework assignments and assigned material prepared by the

instructor for individual study.

% OAffi/In Addition

The textbook listed above will be used mainly for the purpose of the review of the material from
Linear Algebra A. Multiple topics going beyond Lang's textbook (e.g. group theory) will be
studied from the materials prepared by the instructor.

1HALORERFIZ. 4 5HOPELZLELTINEEL > THERT 52 EE2FHEL LTWET, 1 BOERIC
WBE L7 B HER I O B2IE, TR - ) ICoW X 1 5~ 3 0 K 0k L ORRERESVAE (T8 - 15E
728) 30~1 5K, [FEB, FEEHKOFEH] (220 TIE 3 0~4 5IEM O3 L ORERMAHE (T8 - 18
H7pL) 15~0mH<TT,

One-credit courses require 45 hours of study. In lecture and exercise-based classes, one credit consists of 15-30
hours of class time and 30-15 hours of preparation and review outside of class. In laboratory, practical training,
and practical skill classes, one credit consists of 30-45 hours of class time and 15-0 hours of preparation and

review outside of class.
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