TMHMA OIKONOMIKQN EMIZTHMQN
MANEMIZTHMIO NMATPQN
AK. ETOX 2024-2025

MaOnuatikd yio OikovopoAdyoug I-MaBnua 1 Eloaywyn &
Baolkég 'Evvoleg.




NMAHPOO®OPIEZ TIATO MAGHMA |

OdNyog Zmovdwv
https://www.econ.upatras.gr/wp-

content/uploads/sites/94/2024/09/TOE-OAHIO2 -

2MNOYAQN-EAAHNIKOZ -2024-2025 vy4.pdf

otooeA oo MaOnpatatog
nttps://eclass.upatras.gr/courses/ECON1240/

(E

TPAOH ZTHN IZTOZEAIAA)
Juypauuota EYAO=ZOZ

https://service.eudoxus.gr/public/departments/co

urses/1316/2022



https://www.econ.upatras.gr/wp-content/uploads/sites/94/2024/09/ΤΟΕ-ΟΔΗΓΟΣ-ΣΠΟΥΔΩΝ-ΕΛΛΗΝΙΚΟΣ-2024-2025_v4.pdf
https://www.econ.upatras.gr/wp-content/uploads/sites/94/2024/09/ΤΟΕ-ΟΔΗΓΟΣ-ΣΠΟΥΔΩΝ-ΕΛΛΗΝΙΚΟΣ-2024-2025_v4.pdf
https://www.econ.upatras.gr/wp-content/uploads/sites/94/2024/09/ΤΟΕ-ΟΔΗΓΟΣ-ΣΠΟΥΔΩΝ-ΕΛΛΗΝΙΚΟΣ-2024-2025_v4.pdf
https://eclass.upatras.gr/courses/ECON1240/
https://service.eudoxus.gr/public/departments/courses/1316/2022
https://service.eudoxus.gr/public/departments/courses/1316/2022

BA2IKA EI' XEIPIAIA

I. Z. AvdpovAaxng, M. Kaicapn, K. Kouvverag,
I. Mavovoakng, I. A. Nikag, A. lNamadonoviog

MaOnuarTika IAN JAGQUES
yiax Owovouikég Emortnueg
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BA2IKA EI' XEIPIAIA

MANQAHZI AOYKAKHZ

: lpéokAnon ota MaBnpatika
avaiuaon Vel leovoplxmv Kat
OIKONOMIKEY 4 = | Aownuk@v Emotnpcov
AIOIKHTIKEZ A " Towoz
-\ ERICTHMEY R

MAGHMATIKEZ
MEQOAQI
$TA OIKONOMIKA




NMAHPO®OPIEZTIATO MAGHMA I

Eéetdoelg (TeAikn EEETaon kaBwe Kal pLa
EVOLAEDT))

Epyaoieg ( o€ cuVVEVONOT UE TOV OLOACKOVTQ)
Aoylouiko Tou Ba pmmopovoa va
XPNOLLOTIOL|COW:

Mathematica,

Matlab,

R (https://www.r-project.org/)



YAH MAOHMATOX

Oewpla CUVOAWYV, TIPOTACELG, KAPTECLAVO YLVOLEVO,
OLUEAEIG OYETELG, EVVOLO CUVAPTNONG.

Opla CUVOPTNOEWV.

2UVOPTNOELG JLOG AVEEAPTNTNG LETAPANTNG (CUVEXELQ,
Tapaywyol, akpotata, Bewprjpata HEONG TIUNG).
OAOKANPWTLKOG AOYLOHOG (AOPLOTO OAOKATIPW A,
OPLOUEVO OAOKAT)PWHA, VEVIKEUEVO OAOKATIPW Q).
AkoAouBieg kal oelpeG aplBuwyv, OLUVOUOGCELPEG.
Edappoyeg otnv Olkovoulkn ETiotnun.



muggle

SPSS and SAS users are like muggles. They are limited in their
ability to change their environment. They have to rely on
algorithms that have been developed for them. The way they
approach a problem is constrained by how SAS/SPSS
employed programmers thought to approach them. And they
have to pay money to use these constraining algorithms.



wizard

R users are like wizards. They can rely on functions (spells) that
have been developed for them by statistical researchers, but
they can also create their own. They don’t have to pay for the
use of them, and once experienced enough (like Dumbledore),
they are almost unlimited in their ability to change their
environment.



R was created in the 1990s by Ross Ihaka and Robert Gentleman
R was based on S, with code written in C

S largely was used to make good graphs — not an easy thing in
1975. R, like S, is quite good for graphing. For lots of examples,
see http://rgraphgallery.blogspot.com/

or http://www.r-graph-gallery.com

See ggplot2-cheatsheet-2.0.pdf
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L 9. Mumber of R packages available on its main distribution site for the last version



Getting Started-Installing R

To install R on your MAC or PC you first need to go to http://www.r-
project.org/.

PCA 5 vars [ ]

princampix = diain, car = cor) &
®

- ®
Ferlity ““\ ® [ ]
) % \ P
/ N\ av e
About R / \ \ o L
What is R? e B
Contributors MF? K ] Py °.
Screenshots o/ / *

What's new?

Download, Packages

CRAN

R Project
Foundation
Members & Donors

Mailing Lists

Clustering 4 groups

Groups

—L— (1) 80%

Faclor 1 [41%]

™

Bug Tracking

Developer Page
Conferences

Search

Documentation
Manuals

‘AQs
The R Journal
Books
Certification

Getting Started:

=

« R is a free software environment for statistical computing and graphics. It compiles and runs on a wide variety of UNIX platforms, Windows and MacOS. To
download R, please choose your preferred CRAN mirror.

« If you have questions about R like how to download and install the software, or what the license terms are, please read our answers to frequently asked questions before
you send an email.

Misc News:
Bioconductor
Related Projects

User Groups
Links

R version 2.15.1 (Roasted Marshmallows) has been released on 2012-06-22.

The R Journal Vol.4/1 is available.

useR! 2012, took place at Vanderbilt University, Nashville Tennessee, USA, June 12-15, 2012.

useR! 2013, will take place at the University of Castilla-L.a Mancha, Albacete, Spain, July 10-12 2013. .

- s "0



http://www.r-project.org/
http://www.r-project.org/

CRAN
Mirrors
What's new?
Task Views
Search

About R

R Homepage
The R Journal

Software
R Sources
R Binaries
Packages
Other

Documentation
Manuals

FAQs
Contributed

Download and Install R

Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most likely want one of these
Iversions of R:

+ Download R for Linux
+ Download R for MacOS X
+ Download R for Windows

R is part of many Linux distributions, you should check with your Linux package management system in addition to the link above.

Source Code for all Platforms

|Windows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source code. The sources
(have to be compiled before you can use them. If you do not know what this means, you probably do not want to do it!

+ The latest release (2012-06-22, Roasted Marshmallows): R-2.15.1 tar.gz, read what's new in the latest version.

+ Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).

« Daily snapshots of current patched and development versions are available here. Please read about new features and bug fixes before
filing corresponding feature requests or bug reports.

+ Source code of older versions of R is available here.

+ Contributed extension packages

Questions About R

+ If you have questions about R like how to download and install the software, or what the license terms are, please read our answers
to frequently asked questions before you send an email.

Download R 2.15.1 for Windows (47 megabytes, 32/64 bit)

Installation and other instructions
New features in this version

CRAN
?;g;?:qu If you want to double-check that the package you have downloaded exactly matches the package distributed by R, you can compare the md5sum of the .exe to the true
m fingerprint. You will need a version of md5sum for windows: both graphical and command line versions are available
Search Frequently asked questions
About R . o .
R Homepage + How doinstall R when using Windows Vista?
The R Journal « How do I update packages in my previous version of R?
« Should I run 32-bit or 64-bit R?
Software
R Sources Please see the R FAQ for general information about R and the R Windows FAQ for Windows-specific information.
R Binaries )
Packages Other builds
Other « Paiches (o this release are incorporated in the r-paiched snapshot build.
Documentation + A build of the development version (which will eventually become the next major release of R) is available in the r-devel snapshot build.
Manuals + Previous releases
FAQs
Contributed Note to webmasters: A stable link which will redirect to the current Windows binary release is

<CRAN MIRROR>/bin/windows/base/release.htm.

Last change: 2012-06-22, by Duncan Murdoch



lgj Setup - R for Windows 2,15.1 . =

Information
Flease read the following important information before continuing,

When you are ready to continue with Setup, dick Next.

| GMU GEMERAL PUBLIC LICEMSE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.

51 Franklin 5t, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your
freedom to share and change it, By contrast, the GNL General Public
License is intended to guarantee your freedom to share and change free
software--to make sure the software is free for all its users. This
General Public License applies to most of the Free Software

< Back |[ Mext = ]|

o gheyapil o A LET 00 Cisd gl dii LELELE

lgj Setup - R for Windows 2.15.1 l | = | |i:?l

Select Destination Location
Where should R. for Windows 2,15, 1 be installed? R

Setup will install R for Windows 2,15, 1into the following folder,

To continue, didk Mext, If you would like to select a different folder, dick Browse.

Browse...

At least 1.2 MB of free disk space is reguired.

< Back || Mext = || Cancel




r
i5) Setup - R for Windows 2.15.1 —. [ESREER

Select Components
Which components should be installed?

Select the components you want to install; dear the components you do not want to
install. Click Mext when you are ready to continue.,

User installation -
| Core Files 61.9 MB
| 32-bit Files 12.5 MB
| B4-bit Files 14.4 MB
F = | =
DEJ Setup - R for Windows 2.15.1 ' . =] |ﬂh

Startup options
Do you want to customize the startup options? R

Current selection requires at least 89.8 MB of disk space. Please spedfy yes or no, then dick Next,

=< Back || Mext = | | 0 Yes (tustomized startup)

@) Mo (accept defaults)

< Back || Mext = || Cancel




leJ Setup - R for Windows 2.15.1 - l =1

Display Mode
Do you prefer the MDI or SDI interface?

Please specify MDI ar SDI, then dick Mext.

@) MDI (one big window)

SDI (separate windows)

lgj Setup - R for Windows 2.15.1 “ | = |&I
Help style
Which form of help display do you prefer? R

Please spedfy plain text or HTML help, then dick Mext.

Plain text

@ HTML help

< Back || Mext = || Cancel




rlgj Setup - R for Windows 2.15.1 - | = | |&I

Select Additional Tasks
Which additional tasks should be performed? R

Select the additional tasks you would like Setup to perform while installing R for
Windows 2.15.1, then dick Next.

Additional icons:
| Create a desktop icon
Create a Quick Launch icon

. . . F ¥ B
Registry entries: ng Setup - R for Windows 2.15.1 . |- I. = | |&J
| Save version number in registry
7| Associate R with .RData files Installing
Please wait while Setup installs R for Windows 2. 15. 1 on your computer,

Extracting files...
C:'Program Files\E\R-2. 15. 1hin‘\x64\Rlapadk. dil

< Back || Mext = || C L

>~

i Cancel




Installing Packages |

-
CRAM mirror

IR RGui (64-bit) i Argentina (Mendoza)
File Edit View Misc [Packages | Windows Help Australia (Canberra)
= Australia (Melbourne)
s T

ESEEEE | Austria

Set CRAM mirror... EEIgium

4 Leoad package...

RRConsole L i
Select repositories... Brazil (PR}

i 5 151 Install package(s)... Brazil (RJ)
R wersion 2.15.1 is" -1
Copyright (C) 201 Update packages... fomputing BFEI!| I:SP 1)
ISEN 3-900051-07- Brazil (5P 2)
Platform: x86 64 Install package(s) from local zip files... Canada (BC)

Canada (MN5)
R iz free software and comes with ABSCLUTELY NC WARRANTY. Canada I:ON]
You are welcome to redistribute it under certain conditions. Canada I:QC 1:]
Canada (QC 2)
Chile
China (Beijing 1)
China (Beijing 2)
China (Beijing 3]
China (Guangzhou)
China (Hefei)
China (¥iamen)
Colombia (Bogota)
Colombia (Cali)
Denmark
Ecuador
France (Lyon 1)
France (Lyon 2)
Germany (Berlin)
Germany (Goettingen)
Greece
Hungary -

m

QK | | Cancel




Packages

R RGui (64-bit)

-

abc

abcdeFBA
abd

abind

abn
Acceptancesar
ACCLMA

Ace

acepack

acer

File Edit View Misc | Packages | Windows Help

ESEISEE

aCGH.5pline
ACME

acs
Actigraphy
actuar
ActuDistns
ada

adabag
adagio
AdaptFit
AdaptFitQs
adaptivetau
adaptMCMC
adaptTest
aded

aded TkGLUI
adegenet
adehabitat
adehabitatHR
adehabitatH5
adehabitatLT
adehabitathA

R R Console

R wverszion 2.15.1
Copyright (C) 20]
ISBN 3-800051-074
Platform: x8& &4+

R iz free software and comes with ABSCLUTELY NO WARRANTY.
You are welcome to redistribute it under certaln conditions.

OK

|| Cancel |

Load package... I

Set CRAN mirror.., I

(oo e |

Select repositories.,..

Install package(s)...
lsrr

Update packages... fomputing

Install package(s) from local zip files..,

Several ways to install:
Run GUI: Packages—>Install Packages
Use the function install.packages
(maybe more efficient)
Install packages from the CRAN site
directly.
##Installing a package can’t automatically
install the packages that the specific is
dependent on.

L



RSTUDIO-FRIENDLIERTO
STUDENTS

https://www.rstudio.com/products/rstudio/do
wnload/

Online R Studio
https://rstudio.cloud/content/yours?sort=name
asc



https://www.rstudio.com/products/rstudio/download/
https://www.rstudio.com/products/rstudio/download/
https://rstudio.cloud/content/yours?sort=name_asc
https://rstudio.cloud/content/yours?sort=name_asc

Why Mathematics in Economics?

Make use of the existing human capital,

Attain scientific respectability,

Help assure security with respects to claims of

truth,

To understand Western economic behavior
(Katzner,2003,Journal of Post Keynesian
Economics 25(4) 561-572.)



Famous mathematicians in

Economics |

Augustin Cournot (Cournot duopoly)

Leon Walras (general competitive
equilibrium. )

Francis Ysidro Edgeworth (Edgeworth Box)
John von Neumann, John Forbes Nash, Jr.
(game theory)



http://en.wikipedia.org/wiki/Antoine_Augustin_Cournot
http://en.wikipedia.org/wiki/Cournot_competition
http://en.wikipedia.org/wiki/L%C3%A9on_Walras
http://en.wikipedia.org/wiki/General_equilibrium
http://en.wikipedia.org/wiki/General_equilibrium
http://en.wikipedia.org/wiki/Edgeworth_Box
http://en.wikipedia.org/wiki/John_von_Neumann
http://en.wikipedia.org/wiki/John_Forbes_Nash,_Jr.

Famous mathematicians in

Economics |

Harold Hotelling

John Forbes Nash (non-zero sum game
equilibrium)
QoTtd00 UTIAPXEL KOL O
avtiAoyog

(Karl Popper discussed the scientific

standing of economics in the 19405

and 1950s. He argued that

mathematical economics

suffered from being tautological or economic
theory itself has been continuously more
abstract and mathematical (Stigler, 1996) ) |
(Gruber and Boland 1986 vs Greenaway, 1990) §



http://en.wikipedia.org/wiki/John_Forbes_Nash,_Jr.
http://en.wikipedia.org/wiki/Karl_Popper

Famous mathematicians in

Economics I

Kenneth Arrow

In what he named the General Impossibility Theorem, he
theorized that it was impossible to formulate a social
preference ordering that satisfies all of the following
conditions:

Nondictatorship: The preferences of anindividual should not
become the group ranking without considering the
preferences of others.

Individual Sovereignty: each individual should be able to
order the choicesin any way and indicate ties

Unanimity: If every individual prefers one choice to another,
then the group ranking should do the same

Freedom From Irrelevant Alternatives: If a choice is removed,
then the others' order should not change

Uniqueness of Group Rank: The method should yield the
same result whenever applied to a set of preferences. The
group ranking should be transitive




Famous mathematicians in Economics

Bertrand Russell

"Principia Mathematica" (2903),
"To Tpo AT pOTA TNG

¢ ocodiag” (1912), "OLyvwoelg
QLG yLOl TOV EEWTEPLKO Kocpo Kol
Ol ETILOTNUOVIKEG ueBodol”

(1914), "O 6pOHOG TIPOG TNV
s)\suespta Zocla)\tcpoq,avapxta
KOl OUVOLKOALOMOG" (1918),
"MuoTiKIopOG Kal Aoyikn” (1918),




Nobel Prizes in Economics!!

1950: Bertrand Rusell (literature)
1972: Kenneth Arrow (economics)
1994: John Forbes Nash (economics)
2003: Clive W. J. Granger (economics)
2005: Robert J. Autmann, Thomas C.
Schelling (economics)



> TtoyoL Touv MaOnuartog

MeAETN TNG Oewplag Kol KATOVOTOT) TNG
(Tt.X OLPOPLKOG & OAOKANPWTIKOG
AOYLOMOG).

Edapuoyeg o€ OLKOVOULKA TIPOBATIOTA KOl
OUCYETLON TWV LOONUATIKWY HE TNV
OLKOVOUIKT) Bewpia.



MoOnpoatiko Yoo ey

Mo 1) KoL TIEPLOCOTEPEG EELOWOELG OL OTIOLEG TIEPLYPAPOUV
Lo OLKOVOHILKN Bewpla cuVIOTOUV Eva LOBNUATIKO
UTIOOELY O TO OTIOLO OTIOTEAELTOL ATTO UETABANTEG.

Ol HETABANTEG TWV OTIOLWV OL TLUEG TIPOKUTITOUV QIO TLG
£ELOWOELG TIG UTIOOE(YATOG KAAOUVTOL EVOOYEVELS.

Ot petaBAnTeg Twv omolwy ot TIpEG kaBopilovtal aro
TP AYOVTEG OTIO TIAPAYOVTEG TIOU OEV OLVI|KOUV OTO
UTIOOELY Ot KOAOUVTOL EEWYEVEILC.

Eva TETOL0 UTIOOELY U ATTIOTEAELTAL ATIO LETABANTEG
otoBepEG AAAA Kall LETABAANOUEVEG.

[evika Ba IO POVCAUE VO UIAT)OOUE YL TPLWV
OLOPOPETIKWYV ELOWV EELCWOELG: TAUTOTNTEG, ZUUTIEPLPOPAG
Kol loopportiac.



Baolkn) MabOnpatikni Aoyikn

Mot TpOTOIOT] TIOU TIEPLEYEL MLA T) TIEPLOCOTEPEG MUETAPBANTEG Kol
UTIOPEL VO XOLPOK TN PLOTEL WG aANON g 1) Yeudrig.

Otav AEPe OTL ATO TNV TPOTOOTN P OCUVETAYETAL N TIpdtaoN (
gEVOOUUE OTL €dv Nn mpotaon p ival aAndng toéte koL n q €ival
aAnOne.

H Aoyikr) mtpotaon oyt (p) opiCetal va givat aAnBng otav n Aoytkn
TpOTOoN Elval PeuoNg Kat avTioTpoda.

Edv yio 800 AOYLKEG TIPOTACELG p,g EXOUME OTL p CUVETIAYETAL g TOTE
LOYVEL OTL OXL (p) ouveTayeTal oxu(q).

AUVO AOYLKEG TIPOTACEL KOAOUVTOL LOOOUVAHEG €av aAnBevouv
TOUTOY)POVA.

[la 6V0 AOYIKEG TIPOTACELS p,g:H Aoylkn mpdtaon p Kol q Eival
aAnO1ic €dv Kal n p kat n g eivat aAnBnc. Emtiong, H Aoytkn pdtaon
P 1M g €ivat aAnOn G edv TOUAGYLOTOV LO QTTO TLG P KoL g €ivat aAnOng.
Ouunbeite v eubeia amodeln aAAd KoL TNV €1 ATOTIOV
aTaywyn



Emyeipripota

H Aoyikr} elvat Eva oo T TIPWTA ETILOTNMOVIKA OVTLKELEV UE KUPLO
OKOTIO TNG TNV avAAUON KOl KATOVONOT TWV CUAAOYLOUWV 1)
ETILYELPNMATWV LAG.
AUTOG 0 OKUAOG Elval TTATEPAG
AUTOC 0 OKUAOC gival d1kOC oou
Apa, UTOG 0 OKUAOG €lval SLKOG COU TIATEPQL,

TO OTIO(0 TIPOEPYETAL OLOLAOTIKA aTtd TO dtdAoyo EuBUdnpog tou
MAdTWVOC.

ETtiiyelpripato OTiw G TO TILo TIAVW, IOV ivat aAnBodavr] aAA&
AavBaopEVa, 0 APLOTOTEANG T ATTIOKAAECE codiouaTa.

‘Eva emiyeipnua ovopaletal €ykupo 1) Aoyika opBo, av Kat povo av 1o
OUUTIEPAO A TOU elval aAnBeg oe kABe epimTwon TTou OAEG oL UTIOBETELS
ToUv ivat aAnOeig.



Aoun EMLYELPNUOTOG

MNapadeiypata TPpoKEIMEVWY PPACEWV
Me d€doUEVO OTL...
ATIO TNV OTLyu™N TIOU...
Edooov...
[MopOOELY AT CUUTIEPACUATIKWY GPATEWY
Ertopevwe...
> UVETIWC...
Apa...
Kata ouverela...



2YMBOAA MAOHMATIKHZ

ANOI'IKH2

Yulev ; ' / - Ynrop&akog — To AToKAEI6TIKA
Se0n Maevtn  Apvnon  Zuvemaywyn  looduvapir  KaOOAKOS rososeicene  copporo  Awdceven

ol “Q’ ‘oxv Av...t01¢ Av kot povo av P%UQQ&leQ .y TAOD
U TapyEL VI KEL



[pdtaon eivat piot S1)Awo yLa TO VOTTO 1) TOV TIPAYLATIKO
kKOopo. Mia pOTOOT UTTOPEL VA ElVaL ATIOKAELOTIKA aANONg
N Yevong.
ouCevén A: n ipotaon pAq ivatl aAnbrig poévo otnv
TIEP(TITWON TIOU Kk 0L OVO TIPOTACELS Eival aAnBEel.
O1&Cevén V: n mpdtaon pVq sivat Peudrig uovo otnv
TEPITITWON TIOU Kal oL OVO0 TIPOTACELS Eival \PEVOEIS.
ATIOKAELOTIKT] O1Alevén : nmpoTtaon pVq ival aAnBng povo
OTLG TIEPLTITWOELG TIOU KoL 0L V0 TIPOTACELG Eivat aAnBeign
Wevdelc.

apvnon.



[MTAPAAEII MA ME NPOTAZEIZ

A¢ Bewpnooupe OVO TIPOTACELG p: 18<25 KAl
NV qQ:25<35

aAnOng aAnOng aAnOng aAnOng aAnOng
aAnOng WEVONG Peuong aAnOng WEVONG
PELdNG oAnOnig PEudNG oAnOng oAnOnig
Peudng Peudng Peudng Peudng aAn B

xocevén AAwleuén v, Apwon : , Lovenayoyn = ,Icoovvopio <



[MPOTAZIAKOZ TYTIOX

Eotw Q ouvoAo kat p(x) pia ppaon mou
TIEPLEY EL TO CUVOAO KAAOUEVO METOBAN TN KaL 1
oTtola peTatpemeTal kKaBe popa IOV TO X
avTikoBioTatal UE VO CUYKEKPLUEVO OTOLYELO
Tou Q. TOte N p(X) KAAE(TOL TTPOTACLAKOG TUTIOG
UL LETABANTIG e cUVOAO avadopa To Q (eival
OWOTA YPAUUEVO;).

0={1,2,3,4,5},p(x): x>2

(xeQ:p(X)}={xeQ:x>2}={234|



Oewpla ZUVOAwWV

2UVoAo (set): ZuAAoyn cadwe kaBopLopEVWY Kal

OLOKEKPLUEVWV HETAEVY TOUG OVTIKELMEVWV.
S={1,2,3,..9}, R={x\ poviev arpdfntov}, T={x:x>11}

>tolyela (Elements): Ta avtikeipeva Ttou

amtopTiCouv Eva GUVOAO.

[MANOIkOog AplBuoG: Avadepetal otov aplBuo Twv

OTOLYE(WV EVOG GUVOAOU.

MNemepaopevo (finite) kat amelpo (infinite) cuvoAo.

Kevo 2Uvoho S=¢

222777 [ ={X\X evag akeparoc apOpoc}



Oewpla ZUVOAWV

YrtoouvoAo (subset): Eav kaBe otolyeio evog
OUVOAOU A €lval Kal oToLYELO EVOG cuVvOAoL B.

AcB
[vrolo YrtoouvoAo: Eav 1o A elval utoouvoAo Tou B
Kot To B dev ival uTtooUvoAo Tou A TOTETOA AcB

KQAE(TOL YVI)OLO UTIOCUVOAO (proper set)
ISA:Eqv AcCBABCA

De Morgan | A =UE,UA = | E
i€l i€l



IAIOTHTE2Z 2YNOAQN (1)

AVOKAQOTIKN: Ac A

MetaBatikn: AcBABcC = AcC

AVTIOUPHETPLIKT: AcBABc A= A=B

To duvauoguvoldo evog auvolou X gival To cUVOAO OV ExEl
WG OTOLYElX TOVU OAx TA uTTOOUVOAX TOU X.
YroAoyiote to duvauoouvoldo tou X={1,2,3}



[MPA=EIZ METAZ=Y 2YNOAQN

'EVWOT ZUVOAWV: Tou?\dilcrov o€ eva ato ta A, B.

AuB={x:xe AvxeB}
Tour 2uvoAwv: Eival To 6UVoOAO TWV KOLVWV TOUG
OTOLYELWV

ANB={x:xe ArxeB} “
Zupn}\r%pwpa: o
A

A'={x:xg AvxeQ}
Alodopd ZuvoAwv:

A-B={x:xe Arnx¢B}={x:xe AAxeB'}=AnB’



IAIOTHTE2Z 2YNOAQN (2)

Metabetikr): AUB=BUAANB=BNA

[MpoCETALPLOTIKNY:
Au(BuUC)=(AuB)UC,AnN(BNC)=(AnB)NC
Eipeplotikn:

Au(BNC)
An(BuC)

(AUB)N(AuUC),
(AnB)U(ANC)



‘Evwon Toun ZUNTTARpWHG

AUB ANB A

(a) ®) v)

AUBUC AnNnBNC

O
NV >
S/ "

(a) (B)



IAIOTHTEZ TQN NMPA=EQN

AvtipetaOeTikn: AnB=BnNnA
AUB=BUA
MPOCETALPLOTIKY): ANn(BnNDD)=(ANB)NT

AuBuUTIl)=(AuB)uUT
ETilpEPLOTIKY] TNG TOUTG ETIL TNG EvWwonG Kal avTiotpoda:

ANn(Bul)=(AnB)Uu(AnT)
AUBNT) =(AUuB)Nn(AUul)

Tomtolr De Morgan: (A U B)= A€ n B¢
AN B)‘= A° U B¢



Edappoyn 1

To IKA kaBopiCel 3 KaTnyopieg ATOPWVY YLoL TNV TIapoxT)
OUVTOENG: ATOMO AVW TWV 65 ETWV (A), ATOMA JUE
XOHNAO €l00ON A (B) Ko dTopa e npoB}\n LOTO VYELQG
(I -ZOBAPA). Ao ta apyelo Tou yvwpiCeL Ot :

1)300 QaVI)KOUV 6TO A GUVOAO

2)200 otO [

3)700 oTo B

4)50 ElVOL AVW TWV 65 PE TIpoPANpaTa vyeiag

5)250 ElVOL AVW TWV 65 IE XAUNAO ELCOON L

6)100 £xOUV XAUNAO ELGOONHA KO TTPOPBAT paTaL VYELOG
No atooel&eTE TNV LYV TWV LOLOTITWY TWV CUVOAWV.



Edappoyn 2

Mol eTiyelpnon €xEL 400 TEAATEG OTO TOUG OTIOlOUG 285
ayopalouv To Tpoiov A, 210 ayopdlouv To Tpoiov B amd toug
ottoloug 127 ayopalouv kol To A. ZntouvTtal a) 0 aplBuoc Twv
meAaTwV Tou ayopalouv povo to A, B) o aplBuog Twy EAATWY
mou ayopalouv povo to B, y) o aplBuog twv meAatwy Tou Oev
ayopalel Kaveva amo Ta OVO TPOIOVIQ, KoL O) O Tl
ouumepacpa Ba kataAnyaue €av pe to Ol OedopEVA OOAG

EAEYQV OTL 0 OPLOPOG TWV TTEAATWV ElVaL 350 AVTL TOU 400.



Kapteoiavo MNvouevo

To cUvoAo Twv dlateTaypevwy Ceuywv (a,B)

UE a< A, B = BKAAEITOL KAPTESLAVO YIVOUEVO
KO(L LOYUEL OTL:

Asz{(a,ﬁ):aeA,ﬂeB}

MNapadetyuo:No UTIOAOYIOETE TO KAPTETLAVA
YIVOUEVQ AxBBxA TWV A={12},B=(35|

AxB={(1,3),(1,5),(2.3),(2.5)] A={12},B={35,I={7,8} TxAxB



ATIELKOVIOT] GTO KOPTECLOVO ETITIESO

A
(Tetaptnuopio I) Y (TeTaptnuoplo )
(2, 4) (4, 4)
® 4 + ™ ®
S 3T ® °
(2, 2) (4, 2)
® 2 + @ ®
® 1T ® ®
: | ¢ | : ¢ i ¢ >
-4 -3 -2 -1 0 1 2 3 4 X
® -1+ @ ®
(Tetaptnuopio lll) (Tetaptnuopio 1V)




2uotnpa Mpaypoatikwv AplOpwyv

OeTIKOI
AKEpalol
AkEpaiol
[Mpayuartikoi Prrol 0
ApiBuoi
Appnrol

Mn akepaiol ApvnTIKOi
Pnroi Aképaiol




A&lwpota MNediov

AvtipetaBeTikdTnTA: X+Y=y+XXy=yxXyeR

MpooetaipiotikotnTa: X+(Y+2)=(X+Y)+2,X(yz)=(Xy)z,X,y,2€R

ErupepoTikr IS6tnTo:  X(Z+HY) =yX+X2, Xy, 2€R
Edv X,y mpayuatikol aplBpol T0Te UTIAPYEL Z TIPAYMATIKOG WOTE
(evvoleg avTiBetou Kal Oladpopag) z=X+Y

YTIAPYEL TOUAGYLOTOV EVAG TIPAYHOATIKOG aplOuog 61adopog
TOU NoevoG. Edv X,y tpayuatikol aplOuol pe x d1adopo tou
HUNOEVOG TOTE UTIAPYEL Z TIPAYIATIKOG WOTE (EVVOLEG TIMAIKOU Kl
avtiotpodovu)

610N T TOU KAELOTOV: EQv 0, b avrikouv oto R t0TE a+b,ab Ba

avrkouv emione. To R Ba eival KAeLoTO WG TIpog TNV tpocBeon

KOl TOV TIOAAQTTIAQGLOCO.



ASlwpoto Aldtagng

Eav X,yeR10t1eVzeRX+2,y+12
Av X,yeR uex>0Ay>0=xy>0

Ertiongedv X,yeR pex>yAy>7=> X> 7 (uetoPorikoc)



A&lwpoata NMAnpoTNTOg

EOTW S UTTOOUVOAO TWV TIPAYUATIKWY apLOuwWV.

Oa AEPE OTLTO S €lval Avw GPaYLEVO EQV:

UTTOPY EL ONACOT] TIPAYUOTLKOG aplOUoG E0Tw o

TETOLOC WOTe acR:x<a,vxeS,a=supS

Avtiotolya opiCeTal TO KATW GPAYUO WG
beR:x>b,vxeS,b=InfS

To uttoouvoAo S Oa eival ppaypeEVO EQV UTIAPYEL

AvVW KoL KATW G payua. AVETAL TO CUVOAO

A={1,1.1,1.01,...,0.9,0.99,0.999} Elvaippaypevo; MNMoia

T supremum-infimum. Elvat kAeloto; To cuvoio A=[0,1];



A&lwpoata NMAnpoTNTOg

K&Be un kevo ouvolo mpaypatikwy apltBuwyv S to
OTIOLO €ival GPAYHEVO EK TWV AVW EXEL SUPremum.
YTidpy el ONAadT TTPAYHATIKOG aplOUOGg E0TW o
TETOLOC WOTE A€ R1X<a,VXeS,a=supSaAld..
Avtiotolya opiCetal 1o KATW ppayua (infimum).

Ta supremum, infimum eivau povodikol aprduol
E(QPOTOV UTTAPYOUV.



2 XEOCELG OTA LOONUATIKA

Eav Bewprjooupe dVo urtocUuvoAa A,B tote kaBe
UTIOOUVOAO TOU KOPTECLAVOU YLVOUEVOU TwV A,B
KaAeltal oyeon Hetaéy autwyv (CUPP. xRy )
AVOoKAQOTIKT] XRX,Vxe A
MetaBatikny XRY,YRz = xRzvxe A,yeB,zeF
AVTIOUMMETPLKN XRy, yRX=> x=y
JUMMETPLKT  XRYy,= YRX

AGUUUETPLKT] XRy,= y KX
MapadelypaTo 0T OLKOVOULKG TETOLWYV OXECEWV;;



ATtoAuTn Tipn

Edv X TTpayaTIKOG aplOuog n ammOAuTn TN
opiCeTat wg |x|={*52,

1610TNTEC 1.]—x| =|x|
2.|xy| =|x[]y|

| _ I
SA‘ v

4. x+y|<|x|+]|y]

4a.|x, + X, + ..o+ X | S|+ )|+ X
4b.|X; + X, + .o+ X | = [ X | — [ X | — .. =%, |
4c.|x — y| < x| +]y]
4d.|x — y| = |x|—|y|



>UO0TN MO TIPOYLOTLKWYV apLOpwv

L.Eav x e R t01¢

X+(+00)=+00, X+( —00)= — 0, X — (+00)=— 00, X — (~00) = +00, %+oo) = %_ )~ 0
2.Edy x>0 101¢

X(+o0)=+a0, X(—00)= -0

3.Eav x<0 101¢

X(+00)=— 00, X( = 00)=— 0

4.(+oo)+(+o0)=(+e0)(+o0)=( - 00)( - c0)=(+o0)

(=00)(+00)=(+00)( - 0)=(~ o)



ENNOIA AOPOIZMATOX

TO QVATITUYHO X+ %, +X ...+ X, APKETEG POPEG ELVAL TILO

g0YPNOTO vVa ypadel wg €ENG 2%
loLoTNTEG:
Zcx = X, +CX, +CX, +....+ CX_ —CZX ¢ otafepo

Zc:c+c+c+....+c:nc,c otafepa

Zn:(xi iyi):Zn:Xi izn:yi

Mote e =11 2 =005 D %y, = Y x




Nopadelypa

O ATK kataokeualeTol TIAPVOVTAG EVO
KaAdOL n ayaBwv opilovtag yia kabe ayabo:
' ={api6udc povadwv Tov ayadov i}
p! ={riun Tov ayado? i tov ypoévo 0}
p; ={z1u1 Tov oryadod i Tov ypdvo t}
Apa o ATK ,uttopel vo OpLOTEL WG
> pig

ATK == x100

n

> pig
i=1




AltA0 ABpolopua

To OuAG aBpolopa yia pa petaBANT cupPoAileTal
WG XTH KAl AVATTTUOOETAL WG EEN|G:

m n m
szij = Z(Xil + X, ...t Xin)
i=1

i=1 j=1

(avaAUOT ELOPOWV-EKPOWV)

AIOTHTES: 133 'x, =33 x,

=1 j=1 j=1 i=1

Z'sziyj :yxiyyj
i—1 i1

i=1 j=1

S'Zmlzn:(xi +Y;) ZanZleu +anZml Yij

i=1 j=1 i=1 j=1 i=1 j=1



[MAPAT'ONTIKO-TPIFQNO PASCAL

To mapayovTiko opileTal we ENG:
1,n=0
ni=
{LZBmio

AlwWVUULKO avartTuypo:ia kaBe x,y

oo Mok ok [ D n!
(x+) :kz(;(ij 4 ’(kj: KI(n—K)!




Tuva dwafacw

MaOnuoatika twv Emiotnuwyv Olkovopuliag Kot
Aloiknong (Kepaiaio 1°-2°)-Jacques

KedaAalo tpwto Zemamnadea-Noavvikou Kal
AOUKAKT).

Kedaraia 1-3 amo PiBAio KaAALou
https://repository.kallipos.gr/handle/a1419/11487

2 NUELWOELG ATIO TO
https://eclass.upatras.gr/courses/ECON1240/index.

php
https://www.youtube.com/watch?v=a200W3hliow



https://repository.kallipos.gr/handle/11419/11487
https://eclass.upatras.gr/courses/ECON1240/index.php
https://eclass.upatras.gr/courses/ECON1240/index.php
https://www.youtube.com/watch?v=a20OW3hl1ow

A2KHZEIZ TTIPOZ AY2H |

'Eval ouvoAo A €xeL 10 otolyeia. Eva aAo
OUVOAO B €xeL 7 ka1 Tour) Toug 4. [Nooa
oToLyElo TOU A Ogv €lval oTolyela Tou B;

Na mapaotabei ol teplypadng To GUVOAO
A={2,4,6,8,10,12}

Bpeite Ta sup,inf tou A={0.3,0.33,0.333, ...}
Aei&te 0TI éva A=B toTE KL T

CUMTIAN pWHOTIKA TOUuG ocuvoAa Ba eivat Loa.
Eav A={a, B}, B={2,3} kaw K={®,k,12} va Bpelte
TO OUVOAO Ax(BNK)



A2KHZEIZ TIPOZ AY2H II

OL TIPOTIPNOELG 100 KATAVOAWTWYV YL Ta TipoLlovTa A, B Kal
[ €xouv wg &ng:
40 TIPOTIHOUV TO A, 22 To B Ka 25 o I. 8 KATAVOAAWTES TaL A
kot B, 13 T A ko M 20 tae B ko I ka5 ta A, B ko I'. Znteitau:
O aplOUOG TWV KATAVOAWTWY TIOU TIPOTLOUV Ta A Kal B
KoL OV TIPOTLUOLV TO T
O aplOUOG TWV KATAVOAWTWYV TIOU TIPOTLUA POvo To B.
O aplOUOG TWV KATAVOAWTWY TIOU TIPOTLUA [OVO TO T
O aplOUOC TWV KATAVOAWTWY TIO TIPOTIMUV TOAN TO B 1)
To .
O aplOuOC TWV KATAVOAWTWY TIOU OEV TIPOTEIVOUV
Kaveva aro ta A, B kat I




A2KHZEIZ TTPO2Z AYZH Il

TO KAPTEGLAVO YIVOUEVO TWV OLOCTNUATWYV
X=[1,2] ka1 Y=[1,3] €lval T0 GUVOAO;

No mopaotroete ypadilkd ta cUVoAa A={1, 4,0}
Kol ©={2.5, 1/3}.

Edv To KapTEGLAVO YIVOLEVO OUO GUVOAWY
EXEL TIEVTE OTOLYELQ TIOOQ OTOLYELO EXEL TO
K&Be oVvoAo;

Aivetoun oxéon R={(1,2),(2,3),(1,3),(3,4), (1,4)}
Elval petaBatikn;



A2KHZEIZ TTIPO2Z AYZH IV

2TO OUVOAO TWV TIPAYUATIKWYVY aplBuwv
opilletal n oLueANG oxeon aRB «a, 3 :af<o».
No oeléete OTL ™M O)YEOM Elval LOvOo
OUMMETPLKT).

Na AuBein e€lowon 1.12X=1.999

Na AVoete Tnv e€locwon 51 =3%

OYAANAAIO ME AZKHZEIZ !



Ermikowvwvia pe Atdaockovia

E-mail:Kounetas@upatras.gr
‘Qpec Npadeiou
Tp(Tn:11.00-13.00

(H katomty emikovwvioag ueow e-mail pe tov
OLOAOKOVTA)
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