COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL | Civil Engineering

DEPARTMENT
EDUCATION LEVEL | Undergraduate
COURSE CODE | 1265 [ SEMESTER E

COURSE TITLE | Optimization & Machine Learning

COURSE UNITS HOURS ECTS CREDITS

O€ TTEPITITWAN TTOU 01 OIOQKTIKEG QTTOVEUOVTAI OE OIAKPITA IEQN TOU IABAUATOSTT. X.
AiaAé€eig, Epyaatnpiakég AoKNaeis K.ATT. Av ol SI0QKTIKES aTToVEUOVTal Eviaia yia TO
oUvoAo Tou pabnuarog avaypawrerigeBdouadiaicgwpes d1daokaAiagkaiToauvoAo
TWV OIOAKTIKWYV [Iovadwv / ECTS

[MpoobéoTe oeipég av xpelaarei. H opyavwon didackaliag kai ol
OI0AKTIKES 16000 TTOU X PNOILOTTOIOUVTAI TTEQIYPAPOVTAI AVAAUTIKA OTO 4.

COURSE TYPE: | General Background, ELECTIVE MANDATORY

IevikoU YroBdBpou, Eidikou YréBabpou, Eidikétnrag

PREREQUISITE KNOWLEDGE: | None

COURSE AND EXAMS LANGUAGE: | Greek

COURSE OFFERED TO| Yes. The books are also available in English.
ERASMUS STUDENTS:

COURSE WEBSITE (URL): | https://helios.ntua.gr/course/view.php?id=1649

2. LEARNING OBJECTIVES

Learning Objectives
lepiypapovral Ta pabnaiakd amoreAéouara Tou uabruaTog oI GUYKEKPIUEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES
KaraAAnAou emirédou mou Ba aTTOKTHOOUV OI QOITNTEG UETA TNV ETTITUXT OAOKANPWON Tou uabnuarog.
SupBouAcureite o lMNMapdaptnua A
o [lepiypaqpn rou Emimédou rwv Mabnoiakwyv ArroteAsoudrwy yia kGBe éva kUkAo amoudwy alugwva e lAaioio MMpoodviwy Tou
Eupwrraikou Xwpou Avwrartng Ekmraideuong
o [lepiypagikoi Acikteg Emimédwy 6, 7 & 8 rou EupwrtraikoU MAaioiou lMNpoaoviwv Aid Biou Maénaong kai lNapdprnua B
o [lepiAnmrTikdg Odnyog ouyypapns Mabnoiakwv AtmoTeAeoudrwy




Upon successful completion of the course, the student will be able to:

1. know the basic principles of system optimization specifically for Civil Engineering problems,

2. realize the value of computers in solving difficult problems in the area of applied mathematics, a branch of
which is optimization,

3. understand the behavior of special cases of solving algorithms, especially in methods belonging to the
category of machine learning,

4. structure the formulation of GA and CA problems, and

5. calculate by hand in detail but also through the optimization toolbox of the MATLAB computing package
the solution to LP and IP problems both at the design level in civil engineering projects.

General abilities

AauBavovragummown TiS YEVIKES IKAVOTNTES TTOU TTPETTEI VA EXEIQTTOKTHTEI O TITUXI0UXOG (OTTWS QUTEG avaypapovTal oTO
lMapaptnua AirAwparog kai mapariBeviar akoAoUbwg) o€ moia / ToIeg ammo auTEG ATTOOKOTTE To uaénua;.

Avalnmon, avdAuon kai olvOeon Oedouévwy Kai 2x€01a01U0OS Kail OlaxEipIon Epywv

TANPOYOPIWY, [E TN XPHAON Kai Twv amapaitniwy 2¢faouég oTn S1IapoPETIKOTNTA KAl OTNV TTOAUTTOAITIOIKOTNTA ZEBACUOS
TEXVOAOYIWV 070 PUOIKO TTEPIBAAAOV

[Mpooapuoyn o€ VéES KaraaTaaoelc Anyn Emideién KoIvwVIKAG, ETayyeALATIKACKaINOIKAG UTTEUBUVOTNTAS KAl
amopacswyv euaiobnaiag og Béuara euAou

Aurévoun epyaaia Ouadikn A0KNG1 KPITIKAS Kal QUTOKPITIKNG

epyacia TNpoaywyn NG eAcUBEPNG, ONUIOUPYIKNAS Kal ETAYWYIKNS OKEWNS

Epyaaia o€ d1e6vég epiBaAiov
Epyaaia o€ diemoTtnuoviké mepidAiov
lNapaywyn VEwV EPEUVNTIKWV IOEWV

* Search, analysis and synthesis of data and information, using the necessary technologies
*  Autonomous Work

* Adaptation to new situations

*  Generation of new research ideas

*  Project planning and management

* Promotion of free, creative and inductive thinking

3. COURSE DESCRIPTION

Basic concepts of systems analysis. Linear programming, linear programming with multiple constraints,
special linear programming problems. Integral planning transport problem, transit, networks, engineering
problems. Introduction to dynamic and non-linear programming, metaheuristic methods, machine learning.
Optimization Algorithms in MATLAB.

i. Introduction to Operations Research

ii. Linear Programming Problem

ii. SIMPLEX method

iv. Dual Problem

v.Transportation Problem

vi. Assignment Problem. Integer programming
vi. Introduction to Machine Learning

viii. Introduction to Non-Linear Programming

iX. Introduction to Multicriteria Programming
X.MATLAB Optimization Toolbox

Xi. Laboratory Course

Xi. Metaheuristic Algorithm (MA) Programming
Xii. Problem solving using MA




4. TEACHING METHODS — STUDENT ASSESSMENT

TEACHING METHODS: | Face to face teaching.
lNpéowrtroue mpéowrro, EEamooTdoews
EKTTAIOEUOT K.ATT.

TEACHING MEDIA: | Use of Information & Communication Technologies:

XprionT.I1.E.omAibackahia,omv | « Teaching: projector connected to a PC, theory and on-
Epyaotnpiakny Exmaideuon, atnv Emkovwvia site execution of examples

€ TOUG QOITNTE .. . .
HETOUSQOITITES Laboratory Training: students do the exercises on site

in a computer lab

* in Communication with students: through the School's

helios website and email.

ACTIVITY IMPORTANCE
COURSE ARRANGEMENT:
lepiypdgpovral avaAuTikd o 161106 Kai uéBodol
S16aoKaAiag.

AiaAééeis, 2epvapia, Epyaotnpiakn Aoknon, Aoknon | Lectures 33
lMediou, MeAétn & avdiuon  BiBAioypagiag, -
®povrioripio, [lpaktiky (Tomobémnon), KAvikn Laboratory exercises 6
Acgknon, KaMitexviké Epyacrripio, Aadpaotiki | Individual homework exercises 15
o10aokalia, EKTQIOEUTIKES ETTIOKEWEIS, EKTTOVnON Proiect 26
ueAétng (project), Zuyypagn epyaciag / pyaciwv, |
KaAAirexvikri dnuroupyia, K.AT. Independent study 26
Avaypdeovral ol Wpeg UEAETNG TOU QoITNTH Yia KGO
uabnaoiakh 6pactnpIdTNTa Kabws Kai Ol WPES KN
KaBodnyouuevng UEAETNS WOTE O OUVOAIKOS @OPTOS
epyaaiag o€ emimedo €aunvou va avrioTolXEl oTa
standards rou ECTS

OVERALL: 117

STUDENT ASSESSMENT: | Evaluation language: Greek/English
Iepiypagn mg Siadikaoiag agioAdynang Evaluation Method:

M , , . Project: 100%

wooa  AéloAdynong,  MéBodor  aéloAdynong, s . . o
Aapopgwniky i Suumepaouankr,  Aokiuaoia Laboratory and individual homework exercises: 20% extra
lMoAAamAng  Emdoyng, Epwrioes  Zovroung
Amavrinong, Epwrioeic Avamruéng Aokiuiwv, EtriAuon
lMpoBAnudarwyv, [pamm Epyaocia, ‘Exk6eon /
Avagopd, lpogopikn Eééraon, Anuéoia
lNMapouadiaon,  Epyaotnpiaky  Epyacia,  KAivikn
Eé¢raon AoBevoug, KaAditexvikny Epunveia, AAAn /
AMeg

Avagépovral pnrd mpoadIopIouéva KpITHPIA
aéioAbynang kai eav kai ou &ivar mpooBdoiua arod
TOUS QOITNTES.

5. TEXTBOOKS - BIBLIOGRAPHY

-Suggested Bibliography :

1. Karlavtis, M., Lagaros, N. (2010) Operations Research and Optimization for Engineers, Symmetria Publications, Athens.

2. Notes from the course website.

-Related scientific journals:

1. Operational Research - An International Journal (ORIJ), Springer Publishing, https://www.springer.com/journal/12351

2. European Journal of Operational Research, Elsevier, https://www.journals.elsevier.com/european-journal-of-operational-
research




