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GB13604 Mathematics for Computer Science
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The course provides an introduction to elementary concepts of mathematics for computer science. Topics
include: formal logic notation, induction, sets and relations, permutations and combinations, counting
principles, discrete probability.
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The goal of this course is to provide the students a wide groundwork of mathematical concepts that are
useful to understand various theories in computer science. In particular, this course focus on teaching
students how to prove different theorems in different mathematical fields, and how these mathematical
fields relate to computer sciences.

F—T— K
WERE, K, 75 7R, Hit, TEAE
BEE

[y

What is a proof? Proof Methods (Proof by Contradiction, Proof by Cases). The well ordering
principle. Propositions, Logic and Quantifiers.

N

Sets and Proofs. Induction. Relations and Functions. State Machines.

w

Number Theory. GCD. Primality. Euler's Theorem. RSA Algorithm.

N

Graphs. Walks and Paths. Directed Graphs and Scheduling. Partial Orders and equivalences.

[6,]

Graphs. Degrees and Isomorphism. Trees. Coloring and Connectivity. Stable Matching.

Sums and Products. Asymptotic. Computational Complexity.

N

Counting. Bijection Rules, Rules for counting set components (cards, dice, etc). Division Rule,
Binomial Theorem. Bookkeeper Principle, Pigeonhole Principle.

Probability. Discrete Probability: Probability and Counting. Probability Spaces. Infinite Probability
Spaces. Conditional Probability. Bayes' Theorem.

Probability. Independence and Causality. Random Variables and Random Walks. Expectation and
Mean Time to Failure.

(o]

©

Advanced topics: Probability Graphs, Google Pagerank Algorithm. Sampling and Confidence. Final
Exam Practice.

]EgM]EM]E%?@%?Eﬁ;d\?@%i@%@%@%@%

BiEs&H
R FE R 77 &

Every week the student has to submit an exercise sheet in English. The final examination covers the entire



course. The student can bring a handwritten A4 reference sheet. The final grade is composed of the
average of the exercise sheets (weight 50%) and the final exam (weight 50%)

FEBAORD HTRUREAICKEIFZIREAE

We expect the student to read the current chapter of the textbook every week, and to submit the exercise
sheet before the next lecture. Video lectures for each chapter are available, with subtitles in English.

B - SEXH - BETERF

This class is based on MIT Open Courseware "Mathematics for Computer Sciences Spring 2015". Materials
for this course can be found on: https://ocw.mit.edu/courses/electrical-engineering-and-computer-
science/6-042j-mathematics-for-computer-science-spring-2015/

1. Eric Lehman, F. Thomson, Albert Meyer,"Mathematics for Computer Science",
https://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-042j-mathematics-for-
computer-science-spring-2015/readings/MIT6_042]S15_textbook.pdf

We will distribute lecture notes covering the main points over MANABA.
AT74 A7 T —F(GERERD)

FIVZw, VTR KK 9:00~11:30
SB1012 (Advanced Research Building B / ¥ &#f%#B) 029-853-6574 http://conclave.cs.tsukuba.ac.jp/
M F¥

ZTOM(ZRBEICOZL I EPRBLOERRE)

This course covers similar topics as "Programming Challenges" (GB21802) from a more theoretical point of
view.
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1. Michael Sipser®, KH - HPER, FEEFOER[FEEFE2R] 1. A— b MY &S5, #2Hhk, 2008.
A7 AT T —F(GEREED)
ERICHBICXA L TERT BT &,
ZOM(RBELDZTLCEPREBLDOEIERE)
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The goal of this course is to learn how to identify the necessary algorithm to solve a given program, and
how to correctly implement it. This course aims at giving a practical view of previously learned algorithms
and programming techniques.
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%1E Course Introduction - What are programming contests? - Introductory
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Data Structures:1D Vector, 2D Vector, Sets, Tree Structures, UFDS

BERS = ER 2P ER - S Y —F -
#3El search Methods: Full Search, Binary Search, Greedy Search

B0y 0 —RKEER, MaxSum, LIS, MaxSum. TSP

B4l Dynamic Programming: Grid Search, MaxSum, LIS, MaxSum, TSP
w50 72 71:0% &, BFS. DFS. 7JL— K7+ —)J)L. TopoSort. Spanning Tree
Graph I:Graph Structure, BFS, DFS, Flood Fill, TopoSort, Spanning Tree
#6m 777 ILRERE. 70—
Graph II:Shortest Paths, Flow
w70 BE M - HeUHEE
Mathematics: Number Theory, Combinatoric Problems
58 AR -AE-B - =/ - RUIY
Geometry: Lines, Angles, Circles, Triangles, Polygons
#om XFHXFFHRE - T7 v MNEERE - Suffix Array

Strings: String Matching, Edit Distance, Suffix Array
w10 Z7AFNII VIR SETHRLELTZILIVILZEREDN S HE
Final Remix: Problems using multiple of the algorithms studies in this course.
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BEANBR 7O IV 70M#F(IV/ICIL, L=, if-then-else’@ &)[C,C++ or Java]



Basic programming concepts (Compiling, loops, if-then-else operators, etc.) [C, C++ or Java]

R AEREAE /5 %
COBZFERAREZERLURV, BBTOV IV /RBORYIC K > T,
This course does not implement a final examination. The evaluation is based on weekly programming
assignments.

FEREOIOUTRUBENCETIZEHE

FENDBSELBETOV IV IRE2HZRETIVENHDET, A REZERT 5. 2 EbBEEEIMZE
RETIDENHD T,

The student must submit at least 2 programming exercises per week. To achieve an "A" grade, the student
must submit at least 4 programming exercises per week.

B - SEXH - BETEREF

1. Steven Halim, Felix Halim,"Competitive Programming", 3rd edition.
2. Steven S. Skiena, Miguel A. Revilla,"Programming Challenges", Springer, 2003
3. MERR. sHABG—. IER, 17O 070V FANFvLY I TV

MANABATL 7 F v —RZ4 RZBEHL X,

We will distribute lecture notes on Manaba.
AT74 A7 T—F(GERERD)

FIVZY, VTR XK 9:00~11:30
SB1012 (Advanced Research Building B / 8 &% #B) 029-853-
6574 23051014 http://conclave.cs.tsukuba.ac.jp/

ZTOM(ZRBEICOZL I EPRBLOERRE)

BRENHEAETITWVWE Y, EAEREEEBE T, FEREPHEBLEOVPOEDIFESSTHA,
Lectures are held in Japanese. Class materials are in English. Reports and communication with the
professor can be in either language.
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1. B. Korte and J. Vygen,"Combinatorial Optimization: Theory and Algorithms, Sixth Edition" (Algorithms
and Combinatorics 21), Springer (2018)
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3. A. Schrijver,"Combinatorial Optimization: Polyhedra and Efficiency" (Algorithms and Combinatorics 24),
Springer (2003)
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