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OR: the art of decision
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Operations Research (OR) is the application of advanced analytical methods to help make optimal
or better decisions. This lecture introduces some fundamental methods in OR including game
theory, graph/network, linear programming, integer programming, support vector machine (SVM),
artificial neural network (ANN). The aim is to develop basic ability to mathematically model real
problems and solve them with an appropriate approach.

The lecture will be given in English (Japanese is possible as well).

(B EBEH)

1. Get used to think real issues with mathematical models.

2. Understand the fundamental methods introduced in this lecture and can use them to model and
solve real problems.

(BEHEEAT)

. Introduction

. Game theory: Prisoner's dilemma, Nash equilibrium, Rational pigs

. Graph and a network traffic game

. Pareto efficiency, incentive compatibility, graph/network introduction

. Top Trading Cycle algorithm: an example of graph theory in economics
. Computation, scheduling, graph search and trees

. Linear programming and the duality

. Integer programming, branch-and-bound algorithm, dynamic programming
. Practice in solving mathematical programming: solvers

10. Practice in solving graph problems: shortest path

11. Network analysis

12. Machine learning

13. Support vector machine

14. Artificial neural network

15. Feedback
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(RS EH)

* Undergraduate level of mathematics including calculus and linear algebra
* Experience in programming

(RSFMDFEE-8BR)
class participation (30%) + mini tests (30%) + final report (40%)

: N\
gg:&u including discussion, not just attendance
(BERT)
BERIENTD Also maybe after a lecture.
/
BENLE(FE-EE)F) v

Usually at the beginning of a lecture there is mini test on the last lecture. So please always review
the last lecture carefully before coming.
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Ex1. A horse racing game (about BC 300)

HZ=ZEL in Chinese. See a movie on Youtube.

https://www.youtube.com/watch?v=cLpi-f4j4bM

C @ © | & 235 ) https://www.youtube.com/watch?v=cLpi-f4j4bM

= EYouTube " Search

Quick Chinese Idioms Ep2: Tian Ji's horse race HRHS

531 views * Jul 10,2020 il 17 §lo ) SHARE =i SAVE

Points of this story:

P . ; < also | |

2. This leads to Game Theory (also with fairness concept).




03 Ex2. Fair cake division (about BC ??)

How to cut a cake "fairly", i.e., envy-free?

&) C o © | & 251 https:;//www.youtube.com/watch?v=gaOR82g7Py8

= DYouTube” fair cake cutting

How To Split A Cake Fairly

“ -)| o) 001/556

How To Split A Cake Fairly Using Math
128,453 views * Dec 22,2015 i 13k &1263 P SHARE =i SAVE ...

It is W|dely used mcludmg the UN Conventlon on the Law fthe.
Sea (went into effect since 1994 with 157 signatories).

— The United Nations Convention on the Law of the Sea applies a procedure similar to divide- —
_and-choose for allocating areas in the ocean among countries. A developed state applying for
~apermit to mine minerals from the ocean must prepare two areas of approximately similar

value, let the UN authority choose one of them for reservation to developing states, and get
" the other area for mining:[45]

o "Each application... shall cover a total area... sufficiently large and of sufficient T
— estimated commercial value to allow two mining operations... of equal estimated —
o commercial value... Within 45 days of receiving such data, the Authority shall o
designate which part is to be reserved solely for the conduct of activities by the
Authority through the Enterprise or in association with developing States... The area
designated shall become a reserved area as soon as the plan of work for the non-

reserved area is approved and the contract is signed."[®]
|

https://en.wikipedia.org/wiki/Divide_and_choose
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Ex3. Morse code (about 1840)

How to efficiently transfer message to remote place?

<) C @ © | & https://www.youtube.com/watch?v=iy8BaMs_Jul - O W @ iaz
= @ ouTuhe” morse code
‘ -

: | | 719 0:20/3:28

How Does Morse Code Work?
331,167 views + Aug 5,2019 iflp 35K &1169 P SHARE =y SAVE ...

& https://ja.wikipedia.org/wiki/E—JL 2 S B 170%
Important points of Morse code | ﬁﬁ@ﬁyf_,b;qlgf% _—
1. Correctness 1O [FE]
2. Efficiency VB ECRE— L RS E S TED
MEERELO>TWS,
PWEBSLMREZIOVWTUIREINTES
Some stories on Morse code: ¢ REOT=E L TEET S,
1. Japanese version X¥ ®%  XF #S
2. Blink to speak SO i —
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https://apkpure.com/eyes-blink-morse-code-type-text/com.shevchuk.eyesmorseblink




#05 Ex4. Deficit reduction by printing with different fonts

https://www.emerginginvestigators.org/articles/a-simple-printing-solution-to-aid-deficit-reduction

@ EMERGING INVESTIGATORS

HOME | ARTICLES | ABOUT | SUBMIT | NEWS AND EVENTS | RESOURCES | SUPPORT JEI

A Simple Printing Solution to Aid Deficit Reduction

Suvir Mirchandani (1) and Peter Pinko (2)

/ (1) Fox Chapel Area Senior High School, Pittsburgh, Pennsylvania, (2) Dorseyville Middle School, Pittsburgh, Pennsylvania

Mar 09, 2014 —
14-years old |
The printing-related expenditure that is budgeted in
2014 for U.S. Federal agencies is $1.8 billion. Even Toied Fudaeal, Sate aret Loost Sevige (Emamions) |]
though printing expenditure has been decreasing in Sk CostTeie Tow E¥ining sd Fepraduction
recent years, it continues to be high and a small - 22;" 25::" 3:9% —
percentage decrease in printing expenditure due to a 2 15% 92 120 148
: ; 4 20% 123 160 197 |
font change could result in substantial monetary 88 25% 154 200 246
: . - : 83 2024% 180 234 288
savings. A sample of five publically available §§ = 5% 216 280 345
2348 40% 246 320 394 —

documents produced by various federal agencies is

Observations

1. Channel purfume No. 5: SEg/Oz

—— 2. HPprinterink: $Eg/0z

3. Different fonts consume different volume of printer ink to print.

Proposal

! Times NewRoman -~ Garamond -~~~
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Ex5. Numbers are essential (Battle of the Atlantic)

© | #Z www.familyheritage.ca/Articles/victory1943.html B 120% w

"Numbers are Essential": Victory in the North Atlantic -

Reconsidered, March-May 1943 .

by Rob Fisher

Introduction

https://en.wikipedia.org/wiki/Battle_of_the_Atlantic -
The Germans conceded defeat in the North Atlantic towards the end of May 1943 after sustaining

heavy U-boat losses in a string of convoy battles since the beginning of the month. Allied forces

destroyed forty U-boats during May after averaging only fourteen per month from January to April —
1943.(D The U-boat men called it "Black May"; others have called it the "Stalingrad at Sea". The

magnitude of the German defeat was all the more surprising because February and March had
witnessed several dramatic victories for the wolf packs against elite British and American escort

groups.

What happened in the North Atlantic between March and May 1943 to cause this dramatic

U-boat (wolfpack)
VS

Allied convoy (merchant ships + escort vessels)

Question on the size of a convoy:

—— 1 small=>faster and difficult to be caught —

large => more warships to fight against attacks

Include 2 future Nobel prize winners and other preeminent staffs

C o s G s R h Section):

"The losses depends largely on the number of escort vessels
. n

present, not the size of the convoy."

E.g., 60 merchant + 12 escort is better than 2x (30 m. + 6 e.).




#07 Modern OR after WWI|I

According to J. Operations Research:

* Computing and information technologies

. E Al encineeri

*“Manufacturing, service sciences, and supply chain management

* Policy modeling and public sector work

* Revenue management

* Simulation

* Stochasti el

* Transportation

Mini R
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