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Yuordoelg kal Kavéveg

@ Na cupueréxere oTo pdenua,
@ va eicacrte o1g Bécelg cag ong — : 15,
@ va diaBAleTe TIG CUVICTWEVEG EVOTNTEG KAl TIG JIAPAVEIEG,

@ va npoetoludlecte yia 1 SIGAEEN,

va autoatlo\oyeioTe HECW TWV ACKAGEWV.

H afioAéynon enidoong cag Ba npokuyel ano:
@ v TeNKKN eE€Taon, evw
@ npooperpdral BeTIKA N evepyr) CULUETOXN 0ag oto udénuall
YN didpkela Twv SIaAEEEWV Kal TWV PEOVTIOTNPIWY
O1 epwrriceic otV e&€raon éxouv yia oréxo va avadeixtei o Babudog
Karavonong Twv evolwv Tou uadnuarog. H ermuxng eknAnpowon g

e&éraonc akoAouBei apiacta and 1 cuCTNATIKY) NapakoAouBnon Kai
€evaoxoAnon e To udénua. Aev eival autookonog.
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MNa neplocdtepec NANPOPOPIEG OXETIKA UE TOUG KAavoviououg, deite oTig
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The Undel"gl‘ﬂﬂ“&te Linear Algebra Curriculum: Matrix factorizations and social network

iew from a Client mci li -
Computer Graphics " graph analysis
Rosemary E. Ck PosTen o Brias Rowe  cune s BATA ANALVTICS, = Leave & Camenr
Research and Development
Silicon Graphics Computer Systems
Linear Algebra as the Language of Graphics The $25,000,000,000 Eigenvector:

As computer graphics matured, it became more complicated. It has a symbiotic relationship e 5
with display and computer hardware. For this discussion | will focus on the reaktime 30 1 e Linear Algebra behind Google®

rendering of images. Real-time means the computations necessary to compute a scene at the

rate of 60 frames per second. The 3D implies that the images we capture are of inherently 3- Kure Bryan!
Tanya Leise®
Linear Algebra Use at Boei COMMUNICATIONS &
Implications for Undergraduate Education- "ACM P e ey
David P. Young Tt ¢ Muasing Arviive | Qs 2012 [Vol, 55, Ho. 10) J A Fust Sofves ot u Cliavs of Liveur Systems | Ful Toa

Boeing Computer Services KL SLAKEH HIGHLIGH TS
D ki 56 ingoisadons] Blysics Uno Lincar Algsiicn A Fast Solver for a Class of Linear Systems

About zno emplayees at Boeing are working in computational physics. The areas copre.  Srimes foe o e s s
‘acoustics,

are Gromatry | CEMMARIChons ofim ACIL VoL S5 0, Pages 35107
(CA.DICAM;» There aro saveral types of positions beld by peepu Witk 1ot e TR2T
engineers “in the trenches”, ressarch and d “‘5'“"

personnel who often have technical backgrounds.

Linear Algebra and Machine Learning of Large Informatics ]
Graphs 2012 SIAM Conference on Applied Linear Algebi
y ariment of Computer Saince, Stanford Universty

ensel
Gan, 13,20

Welcome to 2012 SIAM Conference on Applied Linear Algebra Webpage

June 15th-22nd, Valencia, Spain.
Here you fird ] the information ibaut the Confeenze.

Linear Algebra Tools
tor Data Mining

Linezr ag=bra 5 an important area of mathematics and it s =t the heart of many scntific, sngresring, and incustrial
applcations, Research znd development in thear algebra include shecretical stucies, algorithmic designs and implementaticns
on advanced computer architectures, and applications to varfous disciplines. The Slem Conferencas on applied Linear Algebra,
arganized by SI4 avary theez years, are the premier fternatioral conferancas cr zpaied Unaar algabra, which bring ogecher
diverse researchers and practitiorers from academia, research laboratories, and industries all ower the woeld to present and
discuss telr Etest work and rasts n appled Hnear dgebs,




Discover the Mathematical Language of Data in Python

$27 USD
Basics of Linear Algebra for Linear algebra is a pillar of machine learning. You cannot
Machine Learning develop a deep understanding and application of

machine learning without it

Discover the Mathematical
Language of Data in Python

In this new laser-focused Ebook written in the friendly
Machine Learning Mastery style that you're used to, you
will finally cut through the equations, Greek letters, and
confusion, and discover the topics in linear algebra that

you need to know.
Jason Brownlee

Using clear explanations, standard Python libraries, and
step-by-step tutorial lessons, you will discover what linear
algebra s, the importance of linear algebra to machine
learning, vector, and matrix operations, matrix
factorization, principal component analysis, and much

MACHINE o
LEARNING About the Ebook:
MASTERY

Q

PDF format Ebook.

6 parts, covering the main topics.
19 step-by-step tutorials.

211 pages.

92 Python (.py) code files included.

.

Clear and Complete Examples.
Desianed for Developers. Nothina Hidden.



Jason @ ML Mastery

To: me
Discover the Mathematical Language of Data in Python Linear algebra for machine learning
$27 USD . P " "
Hi, linear algebra is a pilar of machine learning.
Basics of Linear Algebra for Linear algebra is a pillar of machine learning. You cannot  you develop a deep ind application of machine learning without
Machine Learning develop a deep understanding and application of it
machine learning without it. Cut through the notation and Greek letters with my new book:
i hi i k
Discover the Mat _ematlcal In this new laser-focused Ebook written in the friendly b A Dol L
anguage of Data in Python .
Machine Learning Mastery style that you're used 0, YOU  aye you ever been the descripton of a machine leaming

will finally cut through the equations, Greek letters, and technique?

confusion, and discover the topics in linear algebra that v, v, reading along, things are going well, and then you hit an squation, and you are
you need to know. ‘stopped in your tracks with questions like:

Jason Brownlee

. . oo « .. whatdo the terms mean?
Using clear explanations, standard Python libraries, and .. why are there no operators between terms?
step-by-step tutorial lessons, you will discover what linear @ .. what does this Greek letter mean?
algebra is, the importance of linear algebra to machine Unless you have a basic knowledge of linear algebra, you will not be able to read and
learning, vector, and matrix operations, matrix understand even the most basic equations.

factorization, principal component analysis, and much The biggest mistake that baginners make when rying 1o eam linear algebra is that
MACHINE more. they try o learn the whole fiel, like an undergraduate university student.

There's a faster way that specifically targets what you need for machine learni
LEARNING About the Ebook: it specticall argels whatyou "
There are 5 key areas of the field that you need to focus on, they are:
It covers: »
PDF format EPOOK' ) 1. Learn Linear Algebra Notation

« Only the topics that are most relevant to machine learning. » 6 parts, covering the main topics. 2. Learn Linear Algebra Arithmetic

« Everything s explai nd working 3 v 3. Learn Linear Algebra for Statistics

« There are o proofs, no deep theory, just the practical methods. * 19 step-by-step tutorials. & Loom Mari Favtorzation

» 211 pages. 5. Learn Linear Least Squares

> Click to get the linear algebra you need for machine learnin

1hink this is required reading for praciitioners, I'd love to hear what you think of it

» 92 Python (.py) code files included.
Python (py) 1f I could give one more reason, it would be: because it s fun. Seriously.
Clear and C | for developers to get you up to speed on the

Jason.
Desianed for Developers. Nothina Hidden. near agebra you “’e“ for applled machine leaming.
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Discover the Mathematical Language of Data in Python

$27 USD
Basics of Linear Algebra for Linear algebra s a pillar of machine learning. You cannot
Machine Learning develop a deep understanding and application of

machine learning without it.

Discover the Mathematical
. In this new laser-focused Ebook written in the friendly
Language of Data in Python Machine Learning Mastery style that you're used to, you
will finally cut through the equations, Greek letters, and
confusion, and discover the topics in linear algebra that
you need to know.

T Jason @ ML Mastery

To: me
Linear algebra for machine learning

i, lnear algebra is a pillar of machine learning.

fou cannot develop a deep understanding and application of machine learning withd

Cut through the notation and Greek letters with my new book:

>> Linear Algebra for Machine Learning

Have you ever been frustrated reading the description of a machine learning
technique?

You're reading along, things are going well, and then you hit an equation, and you are
stopped in your tracks with questions like:

Jason Brownlee

Using clear explanations, standard Python libraries, and
step-by-step tutorial lessons, you will discover what linea

o ..whatdo the terms mean?
« .. why are there no operators between terms?
o .. what does this Greek letter mean?

algebra is, the importance of linear algebra to machine
learning, vector, and matrix operations, matrix
factorization, principal component analysis, and much

MACHINE o
LEARNING About the Ebook:

It covers: » PDF format Ebook.
. O i i ing. » 6 parts, covering the main topics.
« Everything is expl rhing "S- » 19 step-by-step tutorials.

« There are no praofs, no deep theory, just ‘ne pracica mothods.
» 211 pages.

2> Click inear algebra you need for .
» 92 Python (.py) code files included.

Ihink this s required reading for practitioners, Id love 1o hear what you think of t.
Clear and C

Unless you have a basic knowledge of linear algebra, you will not be able to read and
understand even the most basic equations.

‘The biggest mistake that beginners make when trying to learn linear algebra is that
they try to learn the whole field, like an undergraduate university student.

There's a faster way that specifically targets what you need for machine learing.

There are 5 key areas of the field that you need to focus on, they are:

Learn Linear Algebra Notation
Learn Linear Algebra Arithmetic
Learn Linear Algebra for Statistics
Learn Matrix Factorization

Lean Linear Least Squares

BRSNS

11 could give one more reason, it would be: because it i fun. Seriously.

1 igned for developers to get you up to speed on the

Jason.

Desianed for Developers. Nothina Hidden.

linear algebra you need for applied machine learning.
It




Why learn Linear Algebra (for Machine Learning)

There are 5 key areas of the field that you need to focus on, they are:
@ Learn Linear Algebra Notation
@ Learn Linear Algebra Arithmetic

@ Learn Matrix Factorization Learn Linear Least Squares
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Why learn Linear Algebra (for Machine Learning)

There are 5 key areas of the field that you need to focus on, they are:
@ Learn Linear Algebra Notation
@ Learn Linear Algebra Arithmetic

@ Learn Matrix Factorization Learn Linear Least Squares

[ If | could give one more reason, it would be: because it is fun. Seriously. ]
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Mepikd ddaveia andé avaptioeig crov Il

High School SAT SAT Paralegal
Student GPA Verbal Math GPA
1 3.25 480 410 3.21
2 1.80 290 270 1.68
3 2.89 420 410 3.58
< 3.81 500 600 392
5 313 500 490 3.00
6 2.81 430 460 282
7 2.20 320 490 1.65
8 214 530 480 2.30
9 2.63 469 440 233
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Using Linear Algebra

for

Intelligent Information Retrieval
M.W. Berry, S.T. Dumais & G.W. O’Brien

Computer Science Department

C

TABLE 3
The 16 x 17 term-document matrir corresponding to the book titles in Table 2.

94-270 December 1994

Terms Documents
Bl [ Bz[B3|B4][Bs5 [ B6 By 9 | B10
algorithms ofoftfo]u1]o ofo] o
application ofof1fo]o]o ofo] o
delay ofofoflo]o]o ofo] o
differential ofofofl1]o]o o]
equations 1| o tfoloof1]olfn
implementation [ 0 | 0 [ 1| o fo o] 1fo]ofo
integral tlojofof|o|ofo]|ofo]o
introduction ofofoflo|1i|1fo]ofo]o
methods ofofoflofjo|ofo|1t|o]o
nonlinear ofofoflofjo|ofo]of1]o
ordinary ofofofojo|ofof1t|o]
oscillation ofofoflo]jo|ofo]ofo] o
parti ofofoflt]o|ofo]ofo] o
problem ofofoflofjo|tf1]ofo]o
systems ofofofofjo|tfof|r|1]o
theory oJlofi1JofJoJofofofo]o

Bi1

~ccoc-cocococo-—ro

k=

ccocr-oco-ococoo~-—ooo

co—~cocococoo~o

Tabel Tiiles
BI [ A Course on Integral Equations
B2 | Attractors for Semigroups and Evoluti
B3 | Automatic Differentiation of Algorith 3
and Applicatio
BA | Geometrical Aspects of P
B5 | Ideals, Varieties, and Algorithms — An Introdu
Computational Algebraic Geometry and Commutative Algebra
B6 [ Introduction to Hamiltonian Dynamical Systems and the
N-Body Problem
B7 | Knapsack Problems: Algorithms and C ompuer lm lementations
B8 \l(1lux|~ of Solving Sgular Systems of Ordi
B
BI0
BIL
BI2 quations
BI3 r Partial Different
BI4  Metliods for Quadrature and Differential Equations
BI5 smlmm of Stochastic Differential Equations
to Semi-Martingales
BI6 | The Boundary Integral Approach to Static and Dynamic
Contact Probléims
BI7 | The Double Mellin-Barnes Type Integrals and Their Applications

1o Convolution Theory

20 DeBpouapiou 2018
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Once upon a time in a country house up on 33 Onestroke road (never foget this, it's important) lived a
girl with freckles and red pigtails whose name was Emma. Emma had one mother, twelve aunts and

one beautiful pink goldfish. One moming that Emma was alone in the house and was feeding the

goldfish suddenly .... ring ring ... the phone rings. Emma stood a little undecisive.

WHAT WOULD YOU LIKE EMMA TO DO?

ANSWER! I |7?ead the sequel on page 55

NOT ANSWER! i® | Read the sequel on page 101

(CEID AdNeEn1 )
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Matrix BCSPWRO08: Power network patterns

Western US power network -- 1624 bus
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Opoloyia NG NEPIOXNG

AlavUopara kal dIavucaTIKoi XWEOl
unoxwpol, YPAUUIKA avetaptnoia, Baoceig, didotacn

MnTpwa N untpwa (eviote nivakeg)
aAYeBPIKEG MPAEEIG, «EIBIKOG» MOAANAACIACHOG

QVTICTOIXICEIC OTO "XWPEO’, AVAAUTIKI) YEWUETPIO \

AOYICHOG UNTPWWV

Mpd&eig, ocuvapmoelg, SIaPoPIKOG AOYICLOG
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Leibnitz (1679)

... Aev eiual akdua ikavoroinuévog e v dAyeBoa yiari dev odnyei
OTIG Boaxurepes UeBAS0UC Kal OTIC Mo OUOPPEC KATACKEUEG OTN
yewuerpia. ... Moreuw o1 doov apopd om yewueToia, xpeldleral
akouUa uia avdaAuon nou eival YEWUETOIKN 1 YOAUUIKI Kal ou ekppdlel
dueoa ) 8éon dnwe n dAyeBoa exkppdlel dueoa 1o UEyeBog.

(CEID AidheEn 1 ) 20 ®eBpouapiou 2018 28 /51



FewUETPIKA epuNveia hIYadIKwV

Caspar Wessel (1745-1818) *On the Analytic Representation of Direction’’, 1799

H napouoa npoondBeia avapeEperal oTo epwinUa, nwe va
avanapaoToouue TNV kareuBuvon (direction) avaAutikg ... ... Auo
euBuypauua TUNKPaTa neooTiBevial av TIG EVWOOUUE ETOI WOTE N
Seurepn ypauun va apxi{el ekei nou TeEAEIVE N NPwTN Kal UETA
oxnuaricouye 1o eUBUYPQUKO TUNUA MOU CUVOEE! TNV apxr) TNG
newWING YPAUUNG WE To TEAOG TG deltepng.

Argand (1806): "Essai sur une maniere de representer les quantites imaginaires
dans les constructions geometriques”: yewuetpia uiyadikwv kal npdgewy Toug.

(CEID Aidretn1 ) 20 ®eppouapiou 2018 29 /51



ApiBuoi oe 4 diactdcelg

Ta retpaddvia quaternions Tou Hamilton

In the THEORY OF SINGLE NUMBERS, the symbol \/—1 is absurd, and
denotes an IMPOSSIBLE EXTRACTION, or a merely IMAGINARY
NUMBER: but in the THEORY OF COUPLES, the same symbol \/—1 is
significant, and denotes a POSSIBLE EXTRACTION, or a REAL COUPLE,
namely ... the principal square root of the couple (— 1, O). In the latter
theory, therefore, though not in the former, this sign may be properly
employed; and we may write, if we choose, for any couple (an, az)
whatever (ay, ) = a; + a/—1 ... “'Theory of conjugate functions,
or algebraic couples’ (1837)

Av evdiapépeoTe: BA. Toug OXeTIKOUG cuvOEGHOUG OTo e-class

(CEID Aidretn1 ) 20 ®eppouapiou 2018 30/51



Alaviouara

Alaviopara wg YEWUETPIKA avTKeiueva

Inueia oT1o «xwpon

]

o

@ KareuBuvopeva euBlypauua TuRPaTa

@ Evdexouévwg deixvouv and CUYKEKPIUEVN «apXrp» O €va AKPOo
o

Alavuoparnkdg Aoyioudsg
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Ti eival didvuoua;

Vector is an exciting, arcade-style game featuring
you as the exceptional free runner who won't be
held down by the system. The game opens with a
view into a totalitarian world where freedom and
individually is nothing more than a distant dream.
But the heart of a freerunner is strong, and you
soon break free.

en.wikipedia.org

Vector - Android Apps on Google Play

https://play.google.com/store/apps/details?id=com.nekki.vector&hl=en

(CEID AidreEn 1 ) 20 DeBpouapiou 2018 32 /51



Ti eival didvuoua;

Vector

From Wikipedia, the free encyclopedia

For the default skin on the English Wikipedia, see Wikipedia:Vector.
Vector may refer to:

In d physics [ edit]

® Vector (mathematics and physics)

Tn computer science [ edit]

© A one-dimensional array

® Vector (C++), see Sequence container (C++)#Vector, a type in the C++ Standard Template Library referring to a sequence container
@ Vector clock, an algorithm for generating a partial ordering of events in  distributed system and detecting causality violations
 Attack vector, the particular approach used, or vulnerability exploited, in order to penetrate a computer system's security or propagate malicious software
® Distance-vector routing protocol, a class of routing protocols used in packet-switched networks for computer communications

© Dope vector, a data structure used to store information about an array

© Feature vector, in patter recognition and machine leaming, an n-dimensional vector of numerical features that represent some object
® Initialization vector, used in cryptography

© Interrupt vector, the location in memory of an interrupt handiing routine

® Vector game, refers to any video game that uses a vector graphics display

 Vector monitor, a display device used for early computers

 Vector processor, a computer processor which works on arrays of several numbers at once

© Vector graphics, images defined by geometic primitives as opposed to bitmaps

® Vector space model, an algebraic model for representing text documents - used in information filtering, information retrieval, indexing and relevancy rankings

Inbiology [ edit]

dictionary.

R

cl

Contents [hide]
In mathematics and physics
In computer science
In biology
In business
In entertainment
5.1 Fictional characters and elements
Other uses
See also

® Vector (epidemiology), an organism, often an invertebrate arthropod, that transmits a pathogen from reservoir to host
® Vector (molecular biology), vehicle used to transfer genetic material to a target cell, such as:

® Plasmid vector

 Binary vector, a cloning vector used to generate transgenic plants

® Cioning vector

© Expression vector, a plasmid specifically used for protein expression in the target

@ Shuttle vector, a vector (usually a plasmid) constructed so that it can propagate in two different host species

® Viral vector, a virus modified to deliver foreign gen

material into a cell

® Dispersal vector, an organism that carries and disperses reproductive structures (€.g., seeds, spores, or pollen) of a different species.




MoAANAEC NAPANNAES UNAPEEIC TWV MPWTAYWVICTWY

Ol MPpWTAywVICTEG Tou NaixviSioU CUvUNAExouV: apiBuntikn (diaretayuévn
n-ada apiBuwv, Nivakac m X n apIBUwWV), YEWUETPIKN (Onueio oTo XwWeo,
noooTNTA e KATeuBuvon Kai URKOG), a@nenuévn (oroixeio eidikoy ouvoAou
rnou ovoudleral SIavUCLIATKOG XWPOG, YOAUUIKOG UETAOXNIATIOUOG).

Tpdrol neplypa®ng ot Moaupikn “ANyeppa (HAOD)

FEWUETPIKOG: ME TN YAWOOA Kal TIG EVVOIEG TOU YVwoToU EukAeidelou xwpou (2 A 3
J3IaoTACEIG): KATEUBUVOUEVO €UBUYPAUMO THAUA, CNUEIo, Yoauun,
€ninedo, YEWUETPIKOG UETACXNUATIOHOG,.

ANYEBPIKOG: ME TN YAWOOA KAl TIG évvoleq NG Bewpiag efeidikeupévng otov R™ i C:
n.X. N-adeg, NATPEG/UNTPWA, AUCEIG YPAUMIKOU GUOTAMATOG, XWPEOG
YPAUUWV, XWEOG OTRAWV.

AQAIPETKOG: ME TN YAWOOA KAl TIG EVWOIEG TNG YEVIKAG BEWPIAg: M.X. SIAVUCUATIKOG

XWPOG, UNOXWPOG, YOAHUIKS didvolyua, dIdoTacn, TEAECTNG, MUPNRVAG.
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Mowtaywviotes: Mnrpwa N MATpeg

To eivai; Yuctoxia (mn-ada) otoixeiwv, O, and wia aiyeppikr) doun. (Evag
aAyeBPIOTG Ba éNeye, yia va eival 600 yevikoi BENouvV va eival ol MaBnuarikoi,
o1l Ta oToIxeia Npoépxovial and évav aviietaBenkd dakTUAIo i and éva cwua.
ESw apkei va cképreote npayuarkoug 1 hiyadikoUg apiBuous, ondte Ta oToixeia
avrikouv oto R 1 oto C.! Ta oroixeia deikrodorouvial pe 2 deikreg (GuVRBwG
unodeikreq) Kal YpAgovTal 0 JopPr) MiVAKA m YPAUUWY, N CTAAWY

Oy O - Ohp

Og1 Og2 -+ Ognp
A \ .

Ocm,l O(4m,2 cor Omyn

To 0UVOAO TwV MEAYUATIKAV e TIC MPGEEIC + Kal - KAl TOUG KAvAveG Mou TG, SIEMouy eival dia
nepinTwon aAyeppikoU cwuaTog. To idlo kal ol PIyadIKoi.
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Micw omng pileg: J.J. Sylvester: untpa r| uNTPWo oxI Nivakdag!

(CEID Aidretn 1 )


https://en.wikipedia.org/wiki/James_Joseph_Sylvester

@ Aépe o1 10 A eival éva unNTpwo m YPAUUWVY KAl N OTNAWY, 1 €Va hNTPWOo
peyéBoug m X n.

@ ‘Orav avagepoduacte otn BEon evdg oToixeiou oTtov nivaka (n.x. Je
JeiKTER), MPWTA AVAPEPOUE TN YPAUUN KAl UeETA TN OTAN. ‘ETol yivetal kai n
SeikroddTnon.

@ Ta o ; Aéyovral Ta oToixeia f 0l CUVICTWOEG TOU UNTPWOU.
@ MOMEG POPEG XPNOILOMOIOUKE TO CUMBONGOHS [0 j]m.p-

@ Av dUo unTpwa €xouv To B0 MANBOG YPAUUWY Kal TO id1o MARBoG oTnAwY Ba
Ta ovopudaloupe CUPPOPQA.
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@ AV TO INTPWO éxel OVo pia ypauun (m = 1) A hia pévo omAn (n=1)
kaAeital didvuoua ypauun ry didvucua oThAN aviioToixa. YNV nepintwon
auTtr) napaAeinoupe tov deiktn nou eival 1. Ykegreite ta diaviouara we
«EKPUANICHEVOUG» NIVAKEG,

@ [Mpoooxr LuvnBwg otn Cuvéxela Ba Bewpouue 61 ta ‘diavucuara’
xapakrnpifovtal and 2 dIACTACEIG €K TwV onoiwv N Wia eivai 1.

@ ... unopeite eniong va BewpnoeTe Ta UNTPWA WS NAPABecn CUUNOPPWY
dIAVUOUATWY, M.X. N OTAAWY I} M YOAUUWV.

@ Av m = nT0 UNTPWO AEYETAI TETPAYWVIKO.

@ Ta oToixeia Twv onoiwv N BEcn Toug oTN Ypauun €ival idia pe 1 8éon Toug
oTn OTAN anoteAoUV TNV «KUpia dIaywVvIo» Tou UNTPWouU. AvapepduacTe
eniong kai oTnv unodiaywvio, uneediaywvio Kal KUpIa aviidiaywVvio.

@ Av 1a otoixeia Tou A opilovrtal eni evdg alyeBpIKoU XwEou (AVTIUETABETIKOG
daktuhiog A owua) K, ypdpoupe A € K™*",
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YUMBOAICOI

apiBuoi (Babuwrol) Meld eMnvikd ypduuara yia Baduwrolg, nx. o, B, &, ,
evOeXoUéVwG He deikreg.

diaotdoelg, deikteg neld Aanvikd, n.x. i,j,k,m,n
dlavuouara neld Aanvikag, n.x. x,y,a, b

pNTPwa Kepahaia Aamvikd yia pnrpwa n.x. A, B, X, Y, P

Kegpahaio Aamivikd — neld AaTivikd — neld eAAnVIKS
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AnAEG npdtelg

XpnoiuonoioUue 10 CUUBONICHO MOU avapEPAlE
MpdoBeon CUPPOPPWV dIAVUCUATWY 1 CUUMOPPWY UNTeWwV: MNapdyeral 1o
(cUuuop®o) dIdvucua N UNTPWO E CTOIXEIa Mou MPoEpXovTal
and v NpAcBeon TWV AVTICTOIXWV OTOIXEIWV TwV dIavuoudATwV 1
MNTPWWV.

c=a+b,C=A+8B

MoANaANAQCIAoUOG e aplBud (BaBuwrtd): Mapdyertal To (cUPPop@o) didvucua
UNTPWO PE OTOIXEIO Mou NpoépxovTal and Tov NOAANAACIACHO e
10 BaBuUWTS KABE GToIXEiou Tou dIAavUGHATOG 1 MNTPWOU.

c=Vvya,C=VyA

Mapampnon: MapdAo nou edw @aiveral &1 kavoupue TN dIAKEIoN PETAEU uNTPwwV Kai diavuoudrwy, 8a
apkoUoe va opicoupe TG NPAEEIG AUTEG UETAEU PNTPWWV Kal va Bewpricoupe ol IoxUouv (Katd peilova Adyo)
kal yia 1a diavuouara.
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AnAA Toapuikn "AAyeBpa

A<mn<2)
Ta évra pag omyv EMMEAOXQPA!! EEetdlovTag To OXrUa KAl TO MEPIEXOPEVO
Toug !

{—1,0,1.1,104,2,...},{(1 2),(00),(1 0)@)(8)(?)}
to o) 2)-02) 6 0) e 1) G Y)
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AnAA Toapuikn "AAyeBpa

d<mn<2)
Ta évra uag otn EMIMEAOXQPA!I Me ONOMA

8 9 Y6 ot D

MPOIOXH: ©ewpouue o1 dUo avikeiyeva eival ica av kal uévov av €xouv a) To idlo oxAua Kai B) Ta idia
oroixeia org idleg Béoelg. Auto yiat To Bacikd alyeBpikd avrikeipevo eival o MHTPQO, 1o oxrjua Tou
oroiou eival idlo pe nivaka ue m ypauuég Kal n oTHAEG. LNV eninedoxwpa, onuaivel 1 A 2 ypauuég kai 1
1 2 OTMAeG.

MNapadeiyuara
@ Ta Al LZ U,Beiva untpwa 2 ypauuwv, 2 otnA@v. Aéue om eivar 2 X 2

@ Ta a,b, c eival untpwa 1 ypauung, 2 omiwv. Aéue ém eivai 1 x 2. Eival Siaviouara-ypaupeég.

@ Tap,er,e; eival untpwa 2 ypaupwv, 1 oTANG. Aéue om eivai 2 X 1. Eival Siaviouara-GTHAEG.

@ 'Evag apiBudg (BaBuwtdg) unopei va BewpnBei wg untpwo 1 x 1.
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AnAA Toapuikn "AAyeBpa

A<mn<2

1 1 0
g:('l 2) b:(O O) c:('l 0) p:(z) e1:(0) 92:(]>
1 2 1 0 1 0 0 0 1 1 1 2
A=(o 8) =6 ) =0 8) =6 ) v (o 1) o= )
MPOYOXH: I1a diaviouara nou €xete udbel oTo «DIavuouaTnko Aoyioud» (BA. DucikouaBnuatikd) dev yivérav

didkpion av éva didvucua Arav ypapun fy omin. EAQ OEQPOYNTAI AIAOOPETIKA !

EMOMENQX 1o a kai 1o b eival AIAOOPETIKA ANTIKEIMENA (ppouUrta pev, ald 6nwg 1a JnAa Je 1a
MoPTOKANIQ). Aev JNopoUE KAV VA Ta CUYKPIVOULE.

MPOYXOXH: EZEIAIKEYOYME — AUo avTiKeieva nou éxouv To idlo oxrua eival ica av kal uévov av
Ta CTOIXEIa TOUG OTIG AVTIOTOIXEG BETEIG eival ioa.
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Mpdteic: A©GPOIXH

QVTIKEINEVWY iBIOU OXAPATOG

MpocBeToupe Ta oToixeia nou pickovral oTig avtictoixeg Beoelg. To
anoteAecua exel 1o idlo oxruall

(6)=(Ga)= () () ()=G-2)=()-()

Yriohoyicape ta p+ e kai p — ey
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Mpdteig: AGPOIXH

QVTIKEINEVWY iBIOU OXAPATOG

MpocBeToupe Ta oToixeia nou pickovral oTig avtictoixeg Beoelg. To
anoteAecua exel 1o idlo oxruall

2\ _(1+1\ _[1 1 o\ _(1-1\_ (1) _ [
2)=\240)=\2) o) (2)=(2-0)= |2 0
Yriohoyicape ta p+ e kai p — ey
Na unoloyicoupe 10 A+ I

2 2\ (141 240\ (1 2 10
o 1)=\o+to o+1)=lo o)Tlo 1

MPOXOXH Anayopeuetal va aBpoiloupe avrikeiueva SIapopeTkoU oxnuarog !

1 1 0 1

(CEID AidreEn 1 ) 20 DeBpouapiou 2018

43 /51



NOAANATIAALIALIMOYL pe BaBuwtd

MoAanAacialoupue k&Be otoixeio pe To BaBuwrd. To anotéAeoua éxel 1o idlo
oxnua.
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YUUBONIGOI KOl avaoTpo®n

To BiBAio Tou Strang xpnaoiuonolel TETPAYWVIKEG AYKUAEG yia va opicel diavUouara Kal

untTewa. Mpdeel eniong
1
2| 4(1,2,3)
3

rnou eivail 3 X 1 kai dlagopetkd and 1o 1 X 3 didvuoua ypauun
23
Epeic xpnoigonoloUue napevBeTelS yia va eykKAeicoupe diavuouara OTNAEG,

Slavuouara YPauueEG N uNtpwa. ‘Otav BéNoupe va eE0IKOVOUICOUUE XWEO,
XpnaoiponoloUle To CUPBOAO TNG AVACTOOPNG:

(12 3)T yia 1o <;>
3

(ue 1 xwpEig Ta kSupara). O urnepdeiking T onuaivel avacToodr| Tou AvTKEUEVou, SnA.
Ol YOAUUEGS YivovTal OTNAEG KAl O OTANES YPAUMEG.
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Kavoveg apiBunTiKAG JE INTPWA:

"ABpoIcN MNTPWWY, MOAANAACIACHOG Ke BAaBuwToUg

Mepi 1Ic6TNTag  €idaue NdN 61t A = B eival ica av kal ydvov av

@ (# YPauuWV A) = (F# ypauuwv B) kal (# oAV A) = (# oAV B)
@ Ta oroixeia Toug OTIG AvTioToIXEG BECEIG eival ioa.

eniong Av A, B eival untpwa:
A=BAA#B.
A=A,
A=B&B=A,
A=BB=C=A=C.
Av A, B, C untpwa idlou pey€toug:)
@ To oUVOAO TWV UNTPWWV iDIoU HeYyEBoUG eival KAEIOTO WG MPOG + UNTRWWV
@ A+ (B4 C) = (A+ B)+ C (Mpooetaipionikn IBIOTTA G MPOG + MNTPWDWV)
@ A+ B= B+ A (avnueraBerTikr) ID1I0TTa WG NPOG + UNTEWWV)
@ Av 0 eival 1o undeviko idlou ueyéBoug e 10 A 1éte A+ 0 = A. To UndevIKS uNTPwo
eival povadiké.

@ Ta kdBe untpwo A undpxel povadikd B 1étoio wote A+ B = 0. Eidikdtepa, B = —A.
@ To cUVOAO TWV UNTPWWV Dlou PeyEBoug eival KAEIoTO wg MNpog TNV NPdEn - (ue
BaBuwrolg)

Av 0., B BaBpwrof
@ 1-A=A

@ (a+B)-A=0A+PA

® a(BA) = (aB)A
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FOAUMIKOG CUVOUAGHOG

Av P, Q eival avrikeipeva Tou idlou xwpou kai o, B kanolol BaBuwroi tére 1o
QVTIKEIUEVO

R=o-P+B-Q

anokaAeiTal ypauuikdg cuvduacuds (v.q ) Twv P, Q. Ta o, B eivai ol
OUVTEAECTEG TOU CUVOUAGCHOU.
And edw Kal N€pa NAPAAEINOUKE TO - YIa TOV MOANANAACIACHO e BABUWTO.
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rOAUMIKOG cuvOuacouog Kal AiGdvolyua

Oplioudédg

"EoTw N cuMoyr Twv dlavuopdrwy U = {uj, W, ..., Us} Kal oI (LN UNSEVIKON)
BaBuwroi Oy, .., 0s. H €ékppaon

Ol Uy + Olop + - - - + OlgUs

QAMOKAAEITAl YOAUMIKOG CUVOUACUOG (TwV eV AOYw s dIavucudatwy). To cUvoro Y
OAWV TwV JIAVUCUATWV U T.M.

U:={u=o0oqu + 0+ -+ asusjay €R }

Aéyertal didvolyua (span) Twv diavuoudrwy Tou U.

MNapartpenon ©ewpouue 1a diaviouata oBEVTIA Kal TOUG CUVTIEAEOTEG O
MNAPANETPOUG MoU Propolyv va ndpouv ornoladnnoTe Tin.
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EvilapEpovra epwtmuara

Aivetal cuvohlo and diavuouara, nx. U= {u1 yooff us} (Bewpouue navra o
ekkivouv and o 0).
@ [oib eivai to didvolyua tou U;
@ AoBévrog evég dilaviouarog v, NopoUle va 10 YPAWOUUE WG YOAMMIKO
ouvduacuo Twv diavucudtwy Tou U;
Mapddelypa 1 Av U = {u; } 10 didvolyua eival dAa 1a onueia g eubeiag rnou
nepPIEXE! TO Uy.

MNopddeiyua 2 Av U = { uy, UQ} Kal dev eival cuyypauuIKA, 1o didvolyua eival
6Mo 1o eninedo nou opiletal and TG 2 euBeieg eni Twv onoiwv
keivral Ta diaviouara.
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MoAanAaciacuog uNTewwv: Mnrpwo eni didvuoua

MnopouUpe va NoAANAACIACOUNE UNTPWA PETAEU Toug Jdvov epdoov
IKavonoloUVTal OPICUEVOI ANAOI KAVOVEG Mou agopouyv oTiG SIacTACEIS TOUG.
O1 npdEeig nou enirehouvral unopouv va epunveutoly Pe didpopoug TodMnoud.

MnTtpwo eni JIAvuoua-OTHAN: epunveia ue ypauuiko cuvduaoud To anotéecua
eival 1o didvuopua omAn Nou oxnuari{etal and 10 YPAUUIKS cuvduacoud Twv
SIavUCHATWV-CTNAWY Nou oxnuarfovral and TG OTHAEG TOU UNTPWOU e
OUVTEAEOTEC Ta oToIxeia Tou detioU diavUouarog (MOAANAACIACTEOU).

=006 20
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MoAanAaciacuog uNTewwv: Mnrpwo eni didvuoua

MnopouUpe va NOAANAACIACOUE UNTPWA PETAEU Toug udvov epdoov
IKavonoloUvTal OpICUEVOI AnAOI KAVOVEG MoU agopouyV oTIC dIacTACEIG TOUG.
O1 npdEeig nou enireAouvral UnoPoUV va epUNVEUTOUV e MOANOUG
dlapopeTikoUg Tpdnouc (eival ocnuavtikd va efoikeiwBeite ue dAoug!)
ExkivoUpe ue évav and autoug, Nou Bacileral OtV vvola Tou YOAUUIKOU
cuvduacuou.

AlGvuoua-ypauun eni uNTewo : epunveia ye ypauuikd cuvduaocud To
anotéhecua eival 1o dIdvuoua Ypauuri nou oxnuari¢etal and 1o YOAPIKO
ouvOUAGHO TwV JIAVUCHATWV-YOAUU®Y Mou oxnuam{ovTal and TiG YOAUUES ToU
MNTPWOU E CUVTENECTEG TA CTOIXEIQ TOU apicTeEPoU diavUcuaTog
(MoA\aMAQCIaoTR).

(2 2)=(=1)-(1 2)+1-(8 4)=(-1 1)(; j)
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J. Hillel.

Modes of description and the problem of representation in linear algebra.

In J.L. Dorier, editor, The Teaching of Linear Algebra in Question, pages 191--207. Kluwer
Academic Pub., 2000.
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