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NAHPOOOPIEZ TIATO MAGHMA I

Eéetdoelc (TeAkn EE€Taon kaBwg Kal pia
EVOLAEDT))

Epyoaoiec (og cuvvevonon e Tov OL0ACKOVTQ)
Aoylouko mov Ba umopovoa va
XPNOLUOTIOOoW:

Mathematica,

Matlab,

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



YAH MAOGHMATOX

Oewpio CUVOAWY, TIPOTACELS, KAPTESLAVO YIVOLEVO,
OLMEAEIG OYETELG, EVVOLO CLUVAPTNONCG.

Opla CUVOPTOEWV.

2UVOPTNOELG LG VEEAPTNTNG HETAPBANTIG (CUVEXELQ,
TIAPAYWYOL, AKPOTATA, OEWPTUATA LECTC TLUNG).
OAOKANPWTLKOG AOYLOUOG (AOPLOTO OAOKAT) pWHQ,
OPLOMEVO OAOKATIPWHA, YEVIKEUUEVO OAOKATIPWHA).
AkoAouBiec kal oelpEG aplBuwy, duvaooELPEG.
Edbappoyeg otnv Olkovouikn Emiotnun.



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 lhaka 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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Getting Started-Installing R

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

About R
What is R?
Contributors
Screenshots
What's new?

Download, Packages

CRAN

R Project
Foundation
Members & Donors
Mailing Lists

Bug Tracking
Developer Page
Conferences
Search

Documentation
Manuals

“AQs

The R Journal
Wiki

Books
Certification
Other

g

Misc
Bioconductor
Related Projects
User Groups
Links
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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.

o 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.

News:

¢ R version 2.15.1 (Roasted Marshmallows) has been released on 2012-06-22.
he R Journal Vol4/1 is available.
o useR! 2012, took place at Vanderbilt University, Nashville Tennessee, USA, June 12-15, 2012.
o useR! 2013, will take place at the University of Castilla-La Mancha, Albacete, Spain, July 10-12 2013. .



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

Download and Install R

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

CRAN ¢ Download R for Linux

Mirrors e Download R for MacOS X
What's new? ¢ Download R for Windows
Task Views
Search R is part of many Linux distributions, you should check with your Linux package management system in addition to the link above.
About R Source Code for all Platforms
%&E&Ql 'Windows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source code. The sources
Ahe R Jonsal 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!
;°§;;::;S o The latest release (2012-06-22, Roasted Marshmallows): R-2.15.1 .tar.gz, read what's new in the latest version.
% o Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).
Other o Daily snapshots of current patched and development versions are available here. Please read about new features and bug fixes before
Documentation filing corresponding feature requests or bug reports.
% o Source code of older versions of R is available here.
Contributed ¢ Contributed extension packages
Questions About R
o 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

m?’?ncwﬂ If you want to double-check that the package you have downloaded exactly matches the package distributed by R, you can compare the mdSsum of the .exe to the true
Task Vicws. fingerprint. You will need a version of mdSsum for windows: both graphical and command line versions are available.

Search Frequently asked questions

About R

R Homepage o How do I'install R when using Windows Vista?

TheRJ 1 o How do I update packages in my previous version of R?
~esoumat o Should Irun 32-bit or 64-bit R?

Soft:

Rosg::écs 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 * Patches to this release are incorporated in the r-patched snapshot build.

Documentation o 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 o Previous releases

FAQs

Contributed Note to webmasters: A stable link which will redirect to the current Windows binary release is

<CRAN MIRROR>/bin/windows/b: 1 htm

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



18] Setup - R for Windows 2.15.1 ‘ -

Information
Please read the following important information before continuing.

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

| GNU GENERAL PUBLIC LICENSE
Version 2, June 1991

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

51 Franklin St, 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.

oy et B AR A DN AL S A R STl LA AR

»
Preamble 15.' Setup - R for Windows 2.15.1 I ‘ = lﬂ

The licenses for most software are designed to take away your - - -

freedom to share and change it. By contrast, the GNU General Public Select Destination LO(?athﬂ )

License is intended to guarantee your freedom to share and change free Where should R for Windows 2. 15.1 be installed? B
software--to make sure the software is free for all its users. This

General Public License applies to most of the Free Software

| Setup will install R for Windows 2.15. 1 into the following folder.

< Back H Next > |‘

L = To continue, dick Next. If you would like to select a different folder, dick Browse.

Browse...

At least 1.2 MB of free disk space is required.

< Back H Next > J | Cancel

\ = —



r_lg-J Setup - R for Windows 2.15.1 q ‘ =) l&]

Select Components
Which components should be installed?

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

User installation v
[V Core Files 61.9 MB |
7] 32-bit Files 12.5MB
7] 64-bit Files 14.4MB

- __
i3 Setup - R for Windows 2.15.1 '—

Current selection requires at least 89.8 MB of disk space.

< Back H Next > J‘ g

Startup options
Do you want to customize the startup options?

Please specify yes or no, then dick Next.

Yes (customized startup)
@ No (accept defaults)

< Back

H Next > } I Cancel




i3 Setup - R for Windows 2.15.1 - l =L

Display Mode
Do you prefer the MDI or SDI interface?

Please specify MDI or SDI, then dick Next.

@ MDI (one big window)

SDI (separate windows)

(8 setup - R for Windows 2.15.1 “ P

Help Style :
Which form of help display do you prefer? Il i‘{

Please specify plain text or HTML help, then dick Next.

< Back H Next > } ’ Ca Plain text

Q@ HTML help

< Back H Next > ‘ ’ Cancel




y
8l Setup - Rfor Windows 215.1 =N

Select Additional Tasks
Which additional tasks should be performed?

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

Additional icons:
V| Create a desktop icon
Create a Quick Launch icon
Registry entries:
V| Save version number in registry

v/ | Associate R with .RData files

< Back H Next > H

g = r - ¥
) Setup - Rfor Windows 2151 IR

Installing
Please wait while Setup installs R for Windows 2.15.1 on your computer,

Extracting files...
C:\Program Files\E\R-2. 15. 1\bin\x64'\Rlapack.dll

I Cancel




Installing Packages |

r
CRAN mirror

| Argentina (La Plata ]»
e -y i — o

IR RGui (64-bit) e b N Argentina (Mendoza)

File Edit View Misc [Packages| Windows Help Australia (Canberra)

\E"'E'_@"E' Igll: Load package... | izzgia;ia (Melbourne)

Set CRAN mirror... | Belgium

R R Console a
Select repositories... Brazil (PR)

R version 2.15.1 i lpackagetl is" Braz?l (RJ)
Copyright (C) 203 Update packages... fomputing Braz!l l:SP 1]
ISBN 3-900051-07- Brazil (5P 2)

Platform: x86 64- Install package(s) from local zip files... Canada (BC)

Canada (NS)

R is free software and comes with ABSOLUTELY NO WARRANTY. Canada (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 (Xiamen)

Colombia (Bogota)
Colombia (Cali)

Denmark

Ecuador

France (Lyon 1)

France (Lyon 2)

Germany (Berlin)

Germany (Goettingen)
Greece

Hungary ;

m




Packages

abc
abcdeFBA
abd

abind

abn
AcceptanceSa
| ACCLMA
Ace

acepack
acer
aCGH.Spline
ACNE

acs
Actigraphy
actuar
ActuDistns
ada

adabag
adagio
AdaptFit
AdaptFitOS
adaptivetau
adaptMCMC
adaptTest
aded

aded TkGUI

adegenet
adehabitat
adehabitatHR
adehabitatHS
adehabitatLT
adehabitatMA

IR RGui (64-bit) -

File Edit View Misc Windows Help

ESENSEE

-
R R Console

R version 2.15.1
Copyright (C) 201
ISBN 3-900051-074
Platform: x86 644

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.

Load package... l

Set CRAN mirror... | —— |
=3 68
Select repositories... — l— @
Install package(s)...
'S"
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 specificis
dependent on.




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.)

FrancisYsidro 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)
QQOTOCO UTTAPYEL KOL O
avTIAOyOgG

(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 Il

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 an individual should not
become the group ranking without considering the
preferences of others.

Individual Sovereignty: each individual should be able to
order the choices in 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 TpoBANpOTA TNG
dhooodiag" (1912), "OL YVWOELS
HLOG YLOL TOV EEWTEPLKO Kocpo KO
OL ETLOTNHOVIKEG peBoodol”

(1914), "O 6pOp0G TIPOG TNV
e\evBepia: Zoota}\topoq,avapxia
KOl CUVOLKAALOMOG" (1918 ),
"MUOTIKIOMOG Kol 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)



>toyol tov Mabnpuatog

MeAETN TNG Oewplag Kol KATAVONON TNG
(Tt.X OLapOpPLIKOG & OAOKANPWTIKOG
AOYLOUOG).

EdbapuoyEg o€ olkovouLKa TIpOBATHOTO KO
OUOYETION TWV HOONUATIKWY UE TNV
olkovolLkt) Bewpla.



Mo Onuatiko Yoo Ly ua

Mta 1] Kall TIEPLOOOTEPEG EELOWOELG OL OTIOIEG TIEPLYPADOUV
L0 OLKOVOLKT Bewpiaot cuVIOTOUV eva LoBNUOTLKO
UTIOOELY|LOL TO OTIOIO QTIOTEAE(TOL OTTO HETABANTES.

Ot LETABANTEG TWV OTIOLWV OL TIEG TIPOKUTITOUV QATIO TLG
£ELCWOELG TLG UTIOOE(YATOG KAAOUVTOL EVOOYEVEL.

Ot petaANTEG TwV oTolwy oL TieS kaBopilovtal ato
TIAPALYOVTEG OTIO TIAPAYOVTEG TIOU OEV AVI)KOUV OTO
UTIOOELY Ot KOAOUVTOL EEWYEVEILC.

Eva t€Tolo uTtddELy U ATTOTEAEITOL OTTO LETAPBANTES
otaBepeg aAAA Kall LETABAANOUEVEG.

[evikad Ba uTIoOPOVCAE VO UIAT)OOUE VIO TPLWV
OLAPOPETIKWY ELOWYV EELCWOELG: TAOUTOTNTES, ZUUTIEPLDOPAG
KoL loopporTriag.



Baoikr) MaOnpoatikn Aoyikn

Ml TTpOTOON TIOU TIEPLEXEL MO | TIEPLOCOTEPEG METABANTEG Kol
UTIOPEL VA YOPOKTNPLOTEL WG aANONG 1] Weuodng.

OTtav A€pe OTL QMO TNV TPOTOOT P OCUVETAYETOL N TPOTOCN g
EVVOOUE OTL €av 1 TpOTOoN p €lval aAnbrg téte KoL n g €ival
aAnOne.

H Aoyikn] mpotaom oxt (p) opiletal va gival oAnOrg otav 1n AoyLkn
npoTooN ival Peudng Kal avtioTpoda.

Edv yla U0 AOYLKEG TIPOTACELG P,g EXOUME OTL p CUVETIAYETAL g TOTE
LOYVEL OTL OxL (p) ouvemayeToL OxL(q).

AVO AOYIKEG TIPOTACELG KOAOUVTOL LOOOUVAUEG €dv aAnBeglouv
TAUTOYXPOVAL.

Mo dVo Aoylkeg Tpotdoels p,q:H Aoylkny mpdtaon p Kot q eival
aAnOng edv koL n p kal N g eivat aAnOn¢. Emiong, H Aoyikn ipdtaon
P 1 g eivat aAnOrig edv TOUAG)LOTOV Lo aTto TIG p Kal q iva aAnOrig.
Ouunbeite v €vBeia amdédel§n oAAd KoL TNV €1 ATOTIOV
aTaywyn



Emyeiprpota

H Aoytkn) eivatl Eva omtd To TTPW T ETILOTNMOVIKA AVTIKEIUEVA UE KUPLO
OKOTIO TNG TNV AVAAUOT] KOl KOTAVOT|OT) TWV CUAAOYLOMWV 1
ETILYELPNMATWVY HOG.
AUTOG 0 OKUAOG Elval TTATEPAS
AUTOC 0 oKUAOC €ival 61kOC cou
Apa, 0UTOG 0 OKUAOG €lval SLKOG OOV TTATEPQ,

TO OTIOLO TIPOEPXETAL OUCLAOTLKA aTtO TO SLdAoyo EuBudnuog tou
MA&TWVOC.

Emiyelprjpato OTiwg To TiLo Ttavw, Ttou eival aAnBodavr aAAd
AavBaouEva, 0 APLOTOTEANG TA ATIOKAAECE codiouaTa.

‘Eva emiyeipnpua ovopddetal €ykupo 1) Aoytkd opBo, av kot uévo av 1o
CUMTIEPACUA TOV €lval aAnBEG o€ kABe epimTwon Tou OAeG oL uTtoBEoELg
Tov eival aAnBeic.



Aopun ETILYELPTIUOTOG

MNopadelypata tpokeipevwY ppaoewv
Me dedopuEvo OTL...
ATIO TNV GTLYJI] TIOU...
Edbooov...
[MopaOELYUATO CUUTIEPACUATIKWY PPACEWV
Ertopévwcg...
> UVETIWC...
Apa...
Katd ocuvemela...



2YMBOAA MAOHMATIKHZ

AOIKHZ
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[potaon eivatl piat SAwon yla To vonTo 1] ToV TIPAYHATIKO
KOGHO. Mia TpOTOOT) MTTOPEL VA E(VaL ATIOKAELOTIKA aANONg
N Pevong.
ouCevén A: n potaon pAqQ eival aAnOng povo otnv
TEPLTITWON TIOV Kak 0L OVO TIPOTACELS Elval aAnBeig.
OLalevén V: n potaon pVq ival Peudng Hovo otnv
TIEPLTITWON TIOV Kall 0L 6VO0 TIPOTACELG Eival WeVDEIG.
ATIOKAELOTIKT) OLdlevén : n mpoToom pVg lvatl aAndng povo
OTLG TIEPLTITWOELG TIOU KoL 0L V0 TIPOTACELS eivat aAnBeign
Wevdelc.

apvnon.



[MTAPAAEIIMA ME INMPOTAZEIX

Ac Bewpriocoupe OU0 TIPOTACELG p: 18<25 KLl
NV q:25<35

oAnBng oAnBng aAnOng aAnOng aAnBng
aAnBng Pevong Peuong aAnBng Pevong
Peudng oAnBng Peudnig aAnOng aAnBng
Yevdng Peudng Peudng Peudng aAnOng

xoceven AAalevén v, Apynon ~, Zuveraymyn = Icoovvopio <



[TPOTAZIAKOZ TYT1OX

Eotw Q ovvoAo kat p(x) pla ppdon mou
TIEPLEXEL TO OUVOAO KOAOUHEVO HETABANTT) KaL T
OTIOLO LETATPETIETAL KABE PpOpA TTOV TO X
avTIKOBLloTATOL UE EVO CUYKEKPLUEVO OTOLYELO
Tou Q). Tote N p(X) KAAELTAL TIPOTACLAKOG TUTIOG
ULO LETOBANTNG e oUuVOoAo avadopd To Q.

Q:{1,2,3,4,5},p(x):x>2
{er:p(x)}:{er:x>2}:{2,3,4}



Oewpia ZUVOAWYV

>UvoAo (set): ZuAloyn cadPpwc KaBoplopEVWY Kal
OLOKEKPLUEVWV METAEY TOUG OVTIKELMEVWV.

S =1{1,2,3,...9}, R = {x\ povnev arpapntov}, T={x:x>11}
>tolyeia (Elements): Ta avTikelpeva o
amtapTiouv Eva GUVOAO.

[MTANBIkOC AplBuoc: Avadepetal otov aplBuod twv
OTOLYELWV EVOG CUVOAOU.

MNemepaopevo (finite) kal ametpo (infinite) cuvolo.
Kevo 2Uvoho s§=0

222777 [={x\x evac akepaio¢ aplOuoc}



Oewpia ZUVOAWYV

YroouvoAo (subset): Eav kaBe otolyeio evog
OUVOAOU A glval KOl OTOLYELO EVOG cuVOAOU B.

Ac B
[vriolo YmoouvoAo: Edv to A elval uttoguvoAlo tou B
KoL To B dgv elvatl uTIOOUVOAO TOU A TOTETOA 4c B
KQAELTAL Yyvr|olo UTIOoUVOAO (proper set)
I5A:Edv ACBABcA B
De Morgan (14, =UA,UA4 =4

icel iel



IAIOTHTEZ 2YNOAQN (1)

AVOKAOOTIKN: Ac A

MetaPatikn: 4cBABcC=AcC

AVTIOUPMETPIKY): Ac BABc A= A=8B

To duvooauvoldo evog auvolou X eivat To cUVOAO OV EXEL
WG OTOLYElX TOU OAx Ta UTTOGUVOA X TOU X.
YroAoyiote to duvauoouvoldo tou X={1,2,3}



[MPA=EIZ METAZ=Y ZYNOAQN

Evwon 2uvoAwv: TOUAOYLOTOV O€ eva aTto Ta A, B.
AUB={x:xe Avxe B} ae

Toun ZuvoAwv: Elval To cUVOAO TWV KOLVWYV TOUG
OTOLYELWV

ANB={x:xe Anxe B}
SUUTIANI PW AL
A'={x:x¢ AvxeQ} - n

Alapopd ZUVOAWV:

A-B={x:xe Anx¢B}={x:xe AnxeB'}=ANB’



IAIOTHTEZ 2YNOAQN (2)

MetaBetikn: AUB=BUA,ANB=BNA4

[TpooETALPLOTIKN:

AU(BUC)=(AuB)UC, ANBNC)=(ANB)NC
Emtipeplotikn:

AUBNC)=(AuB)n(4uU(),
ANBUC)=(ANnB)u(AnC()



‘Evwon Toun 2ZUMTTARPWHC

AUB ANB A

' ' A

(a) ®) (v)
AUBUC ANnBNC

O ¢

(a) B)



IAIOTHTEZ TQN NMPA=EQN

AvtipetaBeTIKn: ANB=BnNA
AUB=BUA
MPOCETALPLOTIKNA: AN(BnNnIN=ANB)NT

AuBuUTl)=(AuB)uUT
ETILMEPLOTIKY) TNG TOWI]G ETIE TNG EvwonG Kal avTiotpoda:

ANn(Bul)=(AnB)u(AnT)
AUBNT)=QAUBN(AUD)

TUmow De Morgan: (A U B)¢= A° n B¢
ANB)‘= A° U B¢



Edoappoyn 1

To IKA kaBopiGeL 3 KATNyopieq ATOpWY yLa TNV TIAPOX)
oUVTAENG: ATOUO AVW TWV 65 eTWV (A), ATOUO ME
XOHNAO El00ONpa (B) Ka atopa pe TipoArjpata uyEiag
(I -2OBAPA). ATiO ta apy €L TOU YVWPIGEL OTL

1)300 QavriKouv oTo A cUVOAO
2)200 oTO [
3)700 010 B
4)50 ELVAL AVW TWV 65 UE TIPOBATLOTA VYELOG
5)250 V0L AVW TWV 65 PE YAUNAO ELCOOT A
6)100 E)%OUV XOHNAO ELOOOT A KAl TIPOBAT AT VYELDG
No artod€l&eTE TNV LOYU TWV LOLOTNTWY TWV GUVOAWV.



Edappoyn 2

Mo emiyeipnon €xeEL 400 TEAATEG OTO TOUG OToiouG 285
ayopalouv To Tpolov A, 210 ayopdlouv To Tpolov B amd toug
ottoioug 127 ayopdlouv Kal To A. Zntouvtal o) 0 aplOuog Twv
TeAaTWV Tov ayopdlouv pévo 1o A, B) o aplBuog Twv meAatwy
mou ayopalouv povo to B, y) o aplBudg tTwv meAaTwy Tou deV
ayopdlel kaveva amo Tta OUO TPolovVIa, KoL O) Of Tl
ouMTEpaOoUa Ba KOTAANYaUE €qv HE TO (Ol OEQOMEVA OOG

eEAeyav OTL 0 aPLOUOG TWV TTEAATWYV Elval 350 AVTI TOU 400.



Kapteoiavo MNvouevo

To ouvoAo Twv dlateTayuevwy Ceuywv (o, B)

UE a < A, € BKOAEITAL KAPTESLAVO YIVOUEVO
KO(L LOYVEL OTL:

Asz{(a,,B):aeA,,BeB}

Nopadelypa:Na UTIOAOYIOETE TO KAPTESLOVA
VIVOUEVQ AxB,BxA TWV 4={12},8={35]

AxB={(L3),(L5),(23),(25))  4=(121B=(3.51T =08 Txdxs



ATIELKOVLOT) OTO KOPTECLAVO ETITEDO

(Tetaptnuopio I)
€]

(TeTapTnuoéplio |)
(2, 4) (4, 4)

© 1 © o
R e S e
-4 -3 -2 -1 0 2 3 4 X
e} -1 - ® o

(Tetaptnuopio lil)

(Tetaptnuopio V)



2uotnpa MNpaypatikwy AptOuwy

QETIKOI
AKkEpalol
AKEpalol
[MpaypaTikoi Prrol 0
ApiBuoi
Appnrol

Mn GKép’GIOI ApPVNTIKOI
Pnroi Aképaiol




A&iwpata Mediov

AvtipetaBeTikotnTA: X+y=y+x,x)=yx,x,y€R

MpooetaiploTikOTINT: x+(y+2)=(x+y)+2x(yz)=(xy)z,X, 7,2 € R

Emiueptotiky] I81dtnro: X(Z+Y)=pxr+xz,x,y,z€R
Edv x,y mpayuotikol optOpol TOTE UTIAPYEL Z TIPAY A TIKOG WOTE
(Evvoleg avTtiBetou kal dladopds) z=x+y

YTIAPXEL TOUAQYLOTOV EVAG TIPOYUOTIKOG aplOuog dLadopog
TOU pNoevog. Eav x,y mpaypatikol aplBuol pe x dtadpopo tou
UNOEVOG TOTE UTIAPYEL Z TIPOYLATIKOG WOTE (EVVOLEG TINALKOU KOl
avtiotpodou)

l610TNTA TOU KAELOTOU: Edv a, b avrikouv oto R toTE a+b,ab Ba

avrkouv emtione. To R Ba eival KAELOTO w¢ TIpog Vv tpocBeon
KO(L TOV TIOAAOQTIAQGLOGO.



A&Lwpato Alatoéng

Eav x,yeR101eVZERX+Z,y+2
AV x,yeR nex>0Ay>0=xy>0

Eriongedv x,yeR pex>yAy>z=> x> z (petafotkoc)



A&lwpata NMAnpotnTog

‘EoTw S uTTOOUVOAO TWV TIPAYUATIKWY apLlOpwv.

Oa AEPE OTLTO S €lval Avw GPaYUEVO EAQV:

UTIAPYEL ONAQOT] TIPOYLOTIKOG 0pLOOG E0TW

TETOLOC WOTE a€R:x<a,VxeS,a=supS

AvtioTtolya opileTal TO KATW PPAYHA WG
beR:x>2b,VxeS,b=1nf §

To utoouvoAo S Ba gival dpaypEVO €AV LUTIAPYEL

Avw Kol KATw Ppdayua. Aivetal To GUVOAO

A={1,1.1,1.01,...,0.9,0.99,0.999} Eivaidpayuevo; Mola

T supremum-infimum. Eivat KA€LoTO;



A&lwpata NMAnpotnTog

K&Be un kevo ocvvoAo mpaypaTikwy aplOpwy S to
OTIOLO ElVAL PPAYUEVO EK TWV AVW EYEL SUPremum.
YTiapy el ONA0OT) TIPAYHATIKOG aplOuog E0Tw o
TETOLOC WOTE A€ R:x<a,Vxe§,a=supSalld..
AvtioTtolya opiletal To KATW Ppdaypa (infimum).

Ta supremum, infimum eivat povadikoi aptduol
E(POTOV UTTAPYOUV.



2 XECELG OTA MOONUATIKA

Edv Bewprjooupe dV0 utocuvoAa A,B toTe k0 Be
UTTIOGUVOAO TOU KOPTECLAVOU YIVOUEVOU TwV A,B
KOAg(Tal oygon HETOEV auTwV (CUMP. xRy )
AVOKAQOTIKY] XRx,Vxe 4
MetaBatikn xRy, yRz = xRzVxe A,y e B,ze I
AVTIOUMETPLKT) xRy, JRx => x =y
SUMMETPLKT  XRy,= yRx

AGUUUETPLKT xRy,= y Kx
MNapadelypoTa 0TA OLKOVOUILKA TETOLWVY OXECEWV;;



AmtoAvtn Tiun

Edv X TIpayaTIKOG aplOUOG N aTtOAUT TLUN
opifetal W  |x| = fiigo

l610TNTES 1.|—x| =|x|

2.|xv| =|x||»|

3,y‘zﬂ
Y|yl

4.x+y|£|x|+|y|

da.|x, + x, —|—...+xn|£|xl|+|x2|—|—...+|xn|

4b.|x, + x5 + ...+ x, | = |x | —|x, | —...—|x,|

4c. x—y| S|x|—|—|y|
4d.|x —y| = |x|—|y|



2U0TNO TIPOY LOTIKWYV apLlOpwv

I.Eav x € R 101¢

X+(+00)=t00, X+( —00)=— 00, X — (+00)=—00, x — (—00) = +00, % boo) % o) 0
2.Eav x>0 101¢

X(+00)=+00, X( —00)=— 0

3.Eav x<0 t01¢

X(+00)=—00,X(—00)=—0

4. (o0 J(Foo)=(+00)(+00)=( ~00)( — 00)=(+20)

(= 00)(too)=(+a0)( ~00)=( - o)



ENNOIA AOPOIZMATOX

TO QVATITUYHQ x +x, +3; +..+%, OAPKETEG POPEG ELVAL TILO

gVuYpNOTO va ypadel wg e&ng Zx
IdL0TNTEG:

ZCX =CX, T CX, +CX; t....TCX, —CZX CGT(XOSP(I
1 1

Zc:c+c+c+....+c:nc,c otabepa

Z(xi iyi) :in izyi
1 1 1

" n n n n n Zx
Mote pe = foi(ZxJinwafZ%’Z%i |
1 1 1 . ! l




Nopadetypa

O ATK koataokevaleTal TTAPVOVTOG EVA
KaAAdOL n ayaBwv opifovtag yia kaBe ayabo:

q' = {ap10udc novadav tov oyodod i}

p. = {zyp tov ayadod i Tov ypovo 0}

p. = {ryrp tov ayabov i tov ypovo t}

Apa o ATK ,uttopei va oploTei wg
2.pq
ATK ==L x100

> g’
i=1



AutAo ABpolopa

To OLTtAG dBpotopa yia pia petaAnT cupBoAiletal
WG T2y KAl avaTTUCOoETAL WG EENG:

m n m
szij = Z(xil +xi2 +"’+xin)
i=l

i=1 j=1

(avaAUOT) ELGPOWV-EKPOWV)

IAIOTHTEZ: 13> %, => > x,

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

2'sziyj = y‘xiyzyj
i1 =1

i=1 j=1

3'Zmlzn:(xi +¥;) :Zn:ixij +anzm:yij

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




[TAPATONTIKO-TPIF'QQNO PASCAL

To mopayovTiko opileTal WG ENG:
I,n=0
n!=
{1-2-3,117&0

ALwWVUULKO avaTtuyuo:ia kaBe x,y

SO ek [T n!
(x+7) :,Z:(k]x y’(k)_k!m—k)!




Tiva daBacw

MoOnuatika Twyv Emiotnuwy Olkovouliag
kot Aloltknong (KepaAaio 1°-2°)-Jacques
KedaAalo mpwto Zemamnadea-lavvikou kal
AOUKOAKT).

> NUELWOELG ATIO TO
https://eclass.upatras.gr/courses/[ECON1240
[index.php
https://www.youtube.com/watch?v=a200W
3hliow



https://eclass.upatras.gr/courses/ECON1240/index.php
https://eclass.upatras.gr/courses/ECON1240/index.php
https://www.youtube.com/watch?v=a20OW3hl1ow
https://www.youtube.com/watch?v=a20OW3hl1ow

A2KHZEIZ TIPO2Z AY2ZH |

‘Eval cUvoAo A €xeL 10 otolyeia. Eva Ao
OUVOAO B €x€L 7 KoL N TOT) TOUG 4. Moo
oTolyela Tou A O€v gilval oTolyeia Tou B;

Na mapaoctaBei dla teplypadr)g To GUVOAO
A={2,4,6,8,10,12}

Bpeite ta sup,inf tou A={0.3,0.33,0.333,...}
Aei&te Ot Eva A=B toTE KO T

CUMTIAN PWHOTIKA TOUG cUVoAa Ba gival loa.
Eav A={a, B}, B={2,3} ka1 K={d,k,12} va BpelTe
TO OUVOAO 4x(BNK)



A2KHZEIZ TTIPO2Z AYZH I

OL TIPOTIUNOELG 100 KATAVOAWTWYV YLO TA TtpoLlovTa A, B Kal
[ €xouv we eéne:
40 TIPOTIMOUV TO A, 22 TO B kol 25 To I, 8 KATOAVAAWTEG TaL A
kKot B, 13 ta Akat I 10 ta B ko " kat 5 T A, B ko I Znteitat:
O aplOuoGC TWV KATAVAAWTWY TIOU TIPOTLUOUV Ta A Kol B
KoL OV TIPOTLOUV TOo I
O aplOuoGC TWV KATAVAAWTWY TIOU TIPOTLUA HoVo To B.
O aplOuOC TWV KATAVAAWTWY TIOU TIPOTLUA ovo To I
O aplOuoGC TWV KATAVAAWTWY TIO TIPOTIMUV TOA T} TO B 1)
To .
O aplOuOC TWV KATAVAAWTWYV TIOU OEV TIPOTEI(VOUV
Kaveva aro Ta A, B kat I




A2KHZEIZ TIPO2 AYZH Il

To KAPTESLOVO YIVOLLEVO TWV OLOCTNUATWV
X=[1,2] ka1 Y=[1,3] eivat To cUVOAO;

No moapaotrioete ypadikd To oUVOAX A={1, 4,0}
Kol ©={2.5, 1/3}.

Edv To KOPTESLOVO YIVOUEVO QU0 GUVOAWV
EXEL TIEVTE OTOLYELX TIOCO OTOLYELQ EXEL TO
K&Be ocUvoAo;

Aivetoal noyeon R={(1,2),(2,3),(1,3),(3,4),(1,4)}.
Eivol petoBatikn;

OYAANAAIO ME AZKHZEIZ!!



Emikowvwvia pe Aldaokovta

E-mail:Kounetas@upatras.gr
Qpeg Npadeiov
Tpitn:11.00-13.00
TeTAPTN: 09.00-10.00

(H katomy emikovwviog ueow e-mail ue tov
OLOAOTKOVTX)



