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Xpnuaroddétnon

o To napdv eknaideutikd UANIKO €xel avantuxBei oTa MAdicia Tou
eknaideutikoU €pyou Tou didAckovTa.

e To épyo «AvoIKtd Akadnuaikd Maénuara orto Naveniomuio
Narp@v» éxel xpNUATodoTHoE! PSVO TN avadiaudPPwon Tou
eKnaIdeuTIKoU UAIKOU.

e To €pyo uhonoleital oTo NAicio Tou Enixelpnoiakou
Mpoypduuarog «Eknaideuon kai Aia Biou Mdaenon» kai
ouyxpnuarodoreital and v Eupwnaikn ‘Evwon (Eupwnaikd
Koivwvikd Tapeio) kal and eBvikoug ndépoud.

ENIXEIPHIIAKO NPOTPAMMA
-
EKI']AIAEYZH KAI AIA BIOY MASHZH = EXNA
2007-2013
E=] Toovmmora woini
YNOYPIEIO NAIAEIAL & BPHEKEYMATON, NOAITIZMOY & ABAHTIZMOY

EYPQNAIKO KOINONIKO TAMEIO
Eupwnalxq!vw.-l EIAIKH YNHPEZIA AIAXEIPIZHEL

Kowwvixé Tapeio

™me iikriq Evwang
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Ykonog Evémnrag

Alaviopara kail lpapuikoi Yuvdiaouoi
Népueg Alavucpdrwy kal Ecwrepikd MNvoueva
Kavoéveg yia npdteic Mnrpwwv
AvdaoTpo@ol Kal AvTIoTPOPOI
MetaBécelg
Tepaxiopog
Epappoyeég
e [paognuara kal Aiktua
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Meplexdueva

IoauuikdG cuvduacudg kal didvolyua

MOAANANAQCIACHOG UNTPWWYV
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Gilbern Serang

ONATOL M. AR

TPAMMIKH AATEBPA

EQPIA KA EOAPMOTEE
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The idea for this boc

with the realization that at the heart of the
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OpoAoyia NG NEPIOXAG

AlavUopara kal dIavUCUATIKOI XWPEO!

unoxwEol, YPAUUIKA avetaptnoia, Bdceig, didotacn

Mntpwa | unTpwa (eviote nivakec)

AAYEBPIKEG MPAEEIG, «EI0IKOG» MOANANAACIACUOG

lewuetpia

QVTIOTOIXIGEIG OTO "XWPEO', AQVAAUTIKI) YEWMETPIA

AOYICHOG UNTPWWYV
Mpd&Eeig, cuvaptnoelg, dIAPOPIKSS AOYICHOG
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J. L. Dorjer, The Teaching of Linear Algebra in Question, Kluwer, 2000.

1. DIAGNOSES - EPISTEMOLOGICAL ISSUES

ere is a wide consensus to say that both | ing and teaching linear algebra are
difficult. Dorier, Robert, Robinet and Rogalski have pointed out the resi of the
obstacle of formalism, which Hillel and Sierpinska have also experienced in their
studies. Bardy et al. insist on the feeling of many students of being overwhelmed
with new definitions or just words to learn, as if they had to leam a new language.
These difficulties are certainly common to all higher algebra d ins. H , in
most countries, linear algebra is the first contact of students with such a field,
without any prep ion for formali The epi logical analysis of the historical
develop of linear algebra, p d by Dorier, enligh us on the reason for
these difficulties, and gives us some keys to deal with this problem. It suggests that
formalism is inherent to lincar algebra since the theory of vector space is a unifying
and generalizing theory which emerged more from organizational necessities than
Jjust new problems to be solved. On the educational side, three slightly different, yet
complementary, answers are given.
® Dorier et al. show the necessity for students to get involved, along with their
mathematical work, in a reflexive analysis on the objects they manipulate, in
order to understand the unifying and generalyzing aspect of linear algebra
concepts. This is what leads these hers to the pt of “meta’ activities.
* Harel suggests a progressive approact ling to three pedagogical principl
Concepts to be modeled in terms of lincar algebra should first acquire a status of
conceptual entities in the eyes of students (Concreteness Principle). Then,
students should see a need for the building of linear Igeb (N i

P Y

* Doricr et al. show the necessity for students to get involved, along with their
mathematical work. in a reflexive analysis on the objects they manipulate, in
order 10 understand the unifying and generalyzing aspect of linear algebra
concepts. This is what leads these hers to the pt of ‘meta’ activities.
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2. COGNITIVE FLEXIBILITY

Linear algebra is an "explosive compound’ of languages, settings and systems of
waxmam:mmcmgemmmm the algebraic
language of linear equations, n-tuples and matrices, the “abstract’ language of vector
spaces and linear transformations. There are the settings of geometry, of algebra, but
also of graphical representations which allow a metaphoric use,ol'geonm? in h:;ha‘
dimensional spaces. There are the ‘graphical’, the ‘tabular a.nd tbe. s‘ymbohc
registers of the languages of linear algebra. There are also the ‘Cartesian’ and the
‘parametric’ representations of subspaces. Teachers and texts constantly move
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2. COGNITIVE FLEXIBILITY

Linear algebra is an *explosive compound' of languages, settings and systems of
representation. There is the geometric language of lines and planes, the algebraic
language of linear equations, n-tuples and matrices, the ‘abstract” language of vector
spaces and linear transformations. There are the settings of geometry, of algebra, but
also of graphical representations which allow a metaphoric use of geometry in higher
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Leibnitz (1679)

... Aev eiual akdua ikavonoinuévog e v dAyeBoa yiari dev
odnyei onc Boaxurepes UeBddoucC Kal OTIG Mo OUOPPEG
KATAOKEUEG OTn yewueTpia. ... Morelw on éoov apopd om
yewueTpia, xpeldleral akdua uia avaiuon rnou eivai
YEWUETOIKA 1} YOQUUIKY KAl Mou ekppdlel dueoa m 8éon
onwe N dAyeBoa ekppdlel dueoa To UEYeBoG.
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FewueETPIKA epuNveia hIiyadiKwy

Caspar Wessel (1745-1818) *On the Analytic Representation of

Direction’’, 1799
H napouoa npoondBeia avapEperal oTo epwrnUa, Nwe va
avanapaoTricouue TNV kareuBuvon (direction) avaAutikd ...
... AUO euBUypauua TuRuara npooTiBevral av TIC EVWOOUUE
€101 WoTe n deutepn yoauun va apxilel ekei nou TEAEIVE! N
MEWTN KAl JETA OXNUATICOUUE TO €UBUYOAQUUO TUAMA Nou
ouvdEel TNV apxXr) TG NMNPWING YOAUUNG e TO TEAOG TG
Seurepng.

Argand (1806): Essai sur une maniere de representer les quantites
imaginaires dans les constructions geometriques yewpeTpia piyadikwy
kal Npd&ewv Toug,.
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ApiBuoi ce 4 diactdocelg

Ta rerpaddvia 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 (—1,0). 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 (ay, a;) whatever (ay, &) = ay + azy/—1 ... “'Theory
of conjugate functions, or algebraic couples’ (1837)

17142



Alaviouara

Alaviouara wg YeEWUETPIKA avTikeiueva

Inueia oTo «xwpPo»

KareuBuvdueva euBlypaupa Tuipara

Evdexouévwg deixvouv and CUYKEKPIUEVN «apxr» o€ éva Akpo
Alavuouankdg Aoyioudg
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MoANANAECG NAPANNAES UNAPEEIC TWV MPWTAYWVICTWV

Ol MpwraywVvIoTEG Tou MNaixvidioU CUVUNAEXoUV: apIBuUNTIKA
(Siarerayuévn n-ada apiBuwv, Nivakag m X n apiBuwv),
YewueTpIKr (Cnueio oTo Xwpo, NocdtnTa e kKareuluvon Kal
UNKoG), apnpenuevn (oroixeio €1dIkou cuvoAou nou ovoudleral
SIaVUCLIATIKOG XWPEOG, YOAUUIKOG UETAOXNUATIONAG).

Tpdnol neplypa®ng ot Feapuikn “ANyeppa (HIANOO)

FeWUETPIKOG: ME TN YAWOOA Kal TIG €VVOIEC TOU YVwoToU EukAeidelou xwpou
(2 1 3 JIAOTACEIG): KATEUBUVOUEVO €UBUYPANUO TUALA,
onueio, ypauun, eninedo, YEWUETPIKOG UETACXNUATIOHOG,.

ANYEBPIKOG: ME TN YAWOCOA Kal TIG éVvoleg TNG Bewpiag eEeIBIKeunévnNg
orov R" A C™: nx. n-ddeq, uATPES/uNToWwa, AJIGEIG YPAUUIKOU
OUCTANATOG, XWPEOG YPAUMUWY, XWPEOG CTNAWV.

AQaIPETKOG: HWE TN YAWOOA KAl TIG €VVOIEG TNG YEVIKNG Bewpiag: m.x.
SIAVUCUATIKOG XWPOG, UNOXWPEOG, YOAHUIKO didvolyua,
d1doTaon, TEA€OTNG, NUPAVAG,.
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Mowtaywviotes: Mntpwa N MATpeg
To eivai; Zuctoxia (mn-ada) ctoixeiwv, a;;, and pia akyeBpikry Soun.
(Evag aAyeBpIomg Ba €éleye, yia va eival 600 yevikoi BENouv va eival
ol MaBnuarikoi, &1 Ta oToIXeia MPoEPXoVvTal and évav avTETABETIKO
SakTUNIO ) and éva cwpa. Edw apkel va okérecte npayuarnkoug N
HIyadikoUg apiBuoug, ondre Ta otoixeia avrikouv oto R r oto C.! Ta
oroixeia deikrodorouvral pe 2 deikreg (cuvnBwg unodeikteg) Kal
ypd@ovial Ge Jop®r Mivaka m YPAUUWY, N OTNAWV

Qi Qi2 o Qqp

Qo1 Qo2 -+ O2p
A=

Om1 Qm2 - Omp

'To OUVONO TV MPAYUATKGOV HE TIC MPAEEIC + KAl - KAl TOUG KAVAVEC Mo TiC, SIEMouV
eival pia nepintwon aAyeBpikoU cwuarog. To idio Kal ol hiyadikoi.
20/42



m Aéue om0 A eival éva pnTpwo m YPAPKWY Kal N STNAWY, | éva
MNTPWO PeyEBoUG m X Nn.

m ‘Orav avapepduaote otn BEon evdg oToixeiou otov mivaka (m.x.
pe deikTeg), MPWTA AVAPEPOULE TN YPAWMN KAl UETA TN OTAN. ‘ETOI
yiveral kail n deikroddtnon.

m Ta a;; Aéyovral Ta oToIxeia ) ol CUVICTWOEG TOU UNTEWOU.
B [MoAMEG QOoPEG XpPNTIMOMOIOUE TO CUUBONICHO [a,-J] m,n

m Av 3U0 untpwa €xouv 1o id1o MANBOG YPAUUWY Kali To B0 MARBog
othAWV Ba Ta ovoudlouue cUuPoPPA.
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B AV TO UNTPWO €xel POVo pia ypauun (m = 1) | hia uévo otAn
(n = 1) kaAeital didvuopa ypauun R didvucua OTHAN avTicToIxa.
YNV Nepintwon autr) napaAeinoupe Tov deiktn nou eivar 1.
Yke@reite Ta dIavuouaTa we «€KPUNICUEVOUG» MIVAKEG.

m [lpoooxr LuvnBwg otn cuvéxela Ba Bewpouue 6t Ta ‘diavicuara’
xapaktnpifovral and 2 dIACTACEIG €K TwV onoiwv N wia eivar 1.

B ... Jnopeite eniong va BewpnoeTe Ta UNTPWA WG NapdBeaon
GUPHOPQWY BIAVUCUATWY, M.X. N OTNAWY /| M YOAUM®V.

B AV m = N T0 UNTPWO AEYETAl TETPAYWVIKO.

m Ta oroixeia Twv onoiwv N BEon Toug oTN Yeauun eival idia pe
B€0on Toug OTN OTNAN AnoTEAOUV TNV «KUPIA JIaywVIo» TOU
uNTPWOU. Ava@epduacTte eniong Kal oty unodiaywvio,
unepdiaywvio Kal KUpia aviidiaywvio.

m Av 1a oToixeia Tou A opilovral eni evdg alyeBpIKoU XwWOou
(avTiuetaBetikog daktUhiog A owua) K, yodpoupe A € KM*",
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YUMBONICOI

apiBuoi (BaBuwroi) Meld eAnvIkA ypduuara yia BaBuwroug, M.x.
a, 3, &, 1, evdexouévwg e deikreg,
diactdoelg, deikteg neld Aanvikad, n.x. i, j, k,m, n
dlavuouara neld Aamvikd, n.x. x,y, a, b

puNToWa KepaAaia Aamvikd yia untowa nx. A, B, X, Y, P

Kegpahaio Aamvikd — neld AaTmivikd — neld eAANVIKO
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AnAecg npdteig

XpnoiponoloUue 10 CUPBOAICHS NMou avapépape

MpdocBeon CUPUOPPWV JIAVUCHATWY 1 CULUOPPWV UNTRPWWV
Mapdyeral 1o (CUPPoPPOo) SIAVUCUA I INTPWO WE
oroixeia nou npoépxovral and TNV NpdoBeon Twv
AVTIOTOIXWV OTOIXEIWV TWV SIAVUCUATWY | UNTEWWV.

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

MoANarnAacIaocuds e apiBud (BaBuwrtd): Mapdyeral To (CUUUoPPO)
Sl1Avuoua N UNTPWO E OToIXEIa Mou Npoépxovral and
TOV NOAANAACIAouS WE 10 BaBuwTd KABe CToIXEIOU TOU
SlaviouaTog 1 UNTPWOU.

c=1va,C=1YA

Mapampnon: MapdAo nou edw @aiveral &1 kKavoupe TN JIAKPIoN PETAEU UNTPWWV Kal
Slavuoudrwy, 8a apkoUoe va opicoupe TG NPALEIG AuTEG HETAEU UNTPWWV KAl va BEwPNCOUNE
41 1oxUouv (katd peifova Adyo) kal yia Ta diaviouara.
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APAA Toapuikn "AAyeBpa

d<mn<2
Ta évra pag oy EMMNEAOXQPA! EEerdlovrag 1o oxrjua Kal To
neplexdpevo toug !

{—1,0,1.1,10“‘,2,...},{(1 2),(0 0),(1 0),@),(&),(?),...}
to8) 6026 o) )6
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APAA Toapuikn "AAyeBpa
A< mn<2
Ta 6vra pag otn EMIMEAOXQPA!I Me ONOMA

a=(1 2) b=(0 0) c=(1 0) p:(;) e]:((‘)) 92:(?)
ST PR PN i

MNMPOLOXH: ©ewpoupe o1 dUo avTKeieva eival ica av Kal JOvov av €xouv a) To idlo OxAua
kal B) 1a idla oroixeia omng idleg BEceig. AuTO yiati TO BACIKO AAYEBPIKO QVTIKEINEVO €ival
10 MHTPQO, 10 OXrjua Tou onoiou €ival B0 Pe Mivaka UeE M YPAUWEG KAl N OTAAEG. LNV
eninedoxwpa, onuaivel 11 2 ypoapuég kai 111 2 otAeg.

Mapadeiypara
m Ta A L Z, U,Beiva untowa 2 ypauuwy, 2 omiwv. Aéue ot eivai 2 X 2

m Ta g, b, ¢ eival yntpwa 1 YPAUPNG, 2 OTNAGV.
Néue om eivai 1 X 2. Eival dlaviouara-ypaupeég,.

m Tap, ey, ez €ival untpwa 2 ypaupwv, 1 oTAANG.
Aépe om eival 2 X 1. Eival diaviopara-otiAeg.

m ‘Evag apiBudg (BaBuwtdg) pnopei va BewpnBei wg untpwo 1 X 1.
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APAA Toapuikn "AAyeBpa

A<mn<2

a=(1 2) b=(0 0) c=(1 0) p=(;) 61:(3)) 92:((1))
SO O B G RS U R RS O

[MPOXOXH: I1a diavuouara nou éxete PudBel oto «dIavucuaTnko Aoyioud» (BA. DuoIkopaBnuaTika)
dev yivorav didkpion av éva didvucua ATav ypapun i oman. EAQ ©EQPOYNTAI AIAOOPETIKA !

EMOMENQX 10 a kai 10 b eivai AIAOOPETIKA ANTIKEIMENA (@poUta pev, aMdG 6nwg 1a urAa ue ta
MoPTOKANIQ). Aev UNMopoUe KAV VA Ta CUYKPIVOULE.

MPOYOXH: EZEIAIKEYOYME — AUo avTikeiueva nou €xouv 1o idlo oxrjua eival ica av kai pévov av

Ta OToIXEia TOUG OTIG avTioToIxeg BEoeIg eival ioa.
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MpdEeig: AOPOITH

QVTIKEINEVWY iBI0U OXAPATOG
MpocBeToupe Ta otoixeia nou Bpickovral ong avriotoixeg Beoels. To
anoTeAeca exel 1o idlo oxnual

6)=(10)=()+ () G)=(0)=()-()

Yrnohoyicaue Ta p + e kal p — &

28 /42



MpdEeig: AOPOITH

QVTIKEINEVWY iBI0U OXAPATOG
MpocBeToupe Ta otoixeia nou Bpickovral ong avriotoixeg Beoels. To
anoTeAeca exel 1o idlo oxnual

2\ _[1+1\_ [ 1 0\ _ (1—1\_ (1 _[1
2)=\2+0)={2)Tlo)> \2)=12-0)= (2 0
Yrnohoyicaue Ta p + e kal p — &
Na unohoyicoupe 10 A + [

2 2\ (141 240\ _ (1 2 10
o 1)=lo+0 o0+1)=lo o) T lo 1

MPOXOXH Anayopeuetal va aBpoiloupe avrikeiueva diapopeTikoU OxXNUaTog !
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MOAAAMAAZIAIMOY. pe BaBuwTd

MoANanAacidloupe kdBe oroixeio pe 1o BaBuwtd. To anotélecua éxel
10 D10 OXAA.

(3 6=(3-1 3-2)=3-(1 2), (2):(3;):36)
-2
; :
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YUMBOAICHOI KAl avacTpoPn
To BIBAio Tou Strang xpnaoiuonolei TETPAYWVIKEG AYKUAEG YIa va opicel
SiavUouara Kal untpwd. Fpdeel eniong

1

21 A (1,2,3)

3

rou eival 3 X 1 kai diapopetkd and 1o 1 X 3 didvuoua ypauun
N 2 3

Eueic xpnoigonoioUpe napevBeaoels yia va eykAeicouue diaviouara OTNAEG,
SdlavUuouara YPauUEG N uNTpwda. ‘Otav BENoUE va eE0IKOVOUICOUUE XWEO,
XpnoiyonoloUue 1o CUPBOAO TNG AVACTROPNG:

(0 2 3) varm <;>
3

(Me A xwpEIg Ta kOupara). O unepdeiking T onuaivel avacTpo®r| Tou

QVTIKEIUEVOU, DNA. Ol YPAUUEG Yivovial OTHAEG Kal Ol CTHAEG YOAUMEG.
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Kavoveg apiBunTiKAG JE INTRWA:

‘ABpPoIcN MNTPWWY, MOAANAACIACHOG Ue BAaBuwToUg
Mepi 1cémNTag  €idaue Adn 61t A = B eival ica av kal yévov av
B (# ypapuov A) = (# ypauudv B) kal (# oAV A) = (# oAV B)
m Ta oroixeia Toug oTIG avriotoixeg Béaoelg eival ioa.
eniong Av A, B eival unrpwa:
A=BAA#B.
A=A,
A=B&S B=A,
A=BB=C=A=C.
Av A, B, C unrpwa idlou peyésoug:)
m To GUVOAO TWV UNTPWWV iBIoU ueyEBoUG eival KAEIoTO wg Npog +
UNTRPWWV
m A+ (B+ C) = (A+ B) + C (npocetaipioTikr IBI6TTa wG Npog +
HNTPWWV)
m A+ B = B+ A(aviueraBetir) 1816TT1a we npog + HMNTRWwY)
m Av 0 eival 1o undeviko idiou peyéboug e 1o A1éte A+ 0 = A. To
UNSEVIKO UNTPWO €ival JovadIko.
m 10 kdBe unrpwo A undpxel povadikd B térolo wore A + B = 0.
Eidikétepa, B = —A.
m To GUVOAO TWV UNTPWWYV iBIou PeyéBoug eival KAEIoTO wg Npog TNV
npdEn - (Je BaBuwToug)
Av a, 3 BaBuwroi
m1-A=A
m (a+B)-A=aA+ BA
= a(BA) = (aB)A
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FOAUMIKOG CUVOUACHOG

Av P, Q eivai aviikeiueva Tou idlou xwpou Kai a, 5 kdrnolol BaBuwroi
1OTE TO AVTIKEIUEVO

R=a-P+p3-Q

anokaAeital ypapuikog ouvduacudg (v.G ) twv P, Q. Ta «, B eivai ol
OUVTEAEOTEG TOU CuVdUAoUOoU.

Anod edw Kal Népa NAPAAEiNoue TO - yIa ToV MOAANAACIACHO e
BaBuwWTS.

32/42



OAUMIKOG cuvduacouodg Kal Aidvolyua

Opliouoég

‘Eotw n cuNoyr Twv diavuopdrwv U = {ur, U, ..., Us} kai ol (un
pundevikoi) Babuwroi a;, .., . H ékppaon

iUy + Qo + - - -+ Qs

AMOKAAEITal YPAUUIKOG CUVOUAOUOS (TwV €V AOYw s diavuoudTtwy). To
oUvolo Y SAwV TwV JIavUCUATWV U T.M.

U ={u=au1+ o+ - +asuloey €R }

Aéyertal didvolyua (span) Twv dlavucudrwy Tou U.

Mapampnon ©ewpouue 1a dlavucuara SoBEVTa KAl TOUG CUVTEAECTEG
0 NAPAPETOOUG MOU UNopoUv va ndpouv ornoiadAnoTe TP,
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EvilapEpovra epwruara

Aivetal cuvolo ané diavuopara, nx. U = {u, ..., s} (Bewpolpe
navra ot ekkivouv and 1o 0).
m [oid eival To didvolyua tou U;
B AoBévrog evog diavuouaTog v, JnopouUpe va 1o YodWouue WG
YPAUMIKO ouvduacoud Twv diavuoudrwy tou U;
Mapddeiypa 1 Av U = {uy} 10 didvolypa eival dAa 1a onueia g
€uBeiag Mou Nepliexel 1o Uy.

Mapddeiypa 2 Av U = {uy, Up } kai Bev eival OuyypappIKd, To
Siavolyua eival OAo 1o eninedo nou opiletal and TG 2
euBeieg eni Twv onoiwv Keivral Ta diavyuouara.
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MoANANAQCIACUOC UNTPWWV

MnopouUpe va NOANANAACIACOUNE UNTPWA PETAEU Toug povov epdoov
IKaVOMoIoUvTal OPICHUEVOI AnMAOCi KavAveS Mou aQopoUV OTIG JIAoTACEIG
TOUG,.

Q1 npdEeig nou enireAouvTal unopouv va epunveuTouV e dIdpopoud
TPOMOUG.

Mntpwo eni dIdvuoua-oTAN: epunveia ue ypaupikd cuvduaoud To
anotéAecpa eival 1o didvuopa oTAN nou oxnuari¢eral and 10 YPAPMIKO
ouvOUAGCHO TwV BIAVUCUATWV-OTNAWY Mou oxnuati{ovral and TIG OTNAEG
TOU UNTPWOU E CUVTEAEOTEC Ta oToIXeia Tou dekloU diaviouaTrog
(MOAANAQCIAGTEOU).

()=o) (=62 ()
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MoANANAQCIACUOC UNTPWWV

MnopouUpe va NOANANAACIACOUNE UNTPWA PETAEU ToUG udvov epdoov
IKAvonoloUVTal OPICUEVOI AMAOI KAVOVEG Mou agopouvV OTIG SIacTACEIG
TOUG,.

O1 npdEeig Nou enreAoUVTal JNoPoUV va epunveutolV e dIAQpopoug
TPOMOUG.

AlGvuoua-ypauun eni uNTPwo : epunveia ye ypauuikéd cuvduacud To
anotéAeca eival 1o dIdvuoua YPaudn nou oxnuarileral and 1o
YPAUMIKO cuvdUAoud TwV JIavUCHATWV-YPAUUWY MoU OXNUAaTiovTal
and TIC YPAUUEGS TOU UNTPWOU E CUVTEAEOTEG TA OTOIXEIQ TOU
aplotepou diavuouarog (MOAANAACIAoTH).

2 2=(1)-( 2)+1-3 4) = (-1 1)‘<; j)
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‘Epyou Tpitwv |

http://www.w8themes.com/wp-content/uploads/2013/09/Matrix-Background-
Wallpaper.png

(BA. ceh 5)
http://www.biblioasi.gr/images//covers/books/9789607309709.jog (BA. CeA 6)
http://books.vres.gr/uploads/books_images/143/142447 jog (BA. ceA 6)
http://www.perizitito.gr/images/P/b 128762 .jog (BA. ceA 6)
http://img.youtube.com/vi/ZK30402wf1c/0.jpg (BA. o€l 6)
http://press.princeton.edu/images/k8961.gif (BA. ceh 7)

http://www.maa.org/publications/maa-reviews/resources-for-teaching-linear-algebra (BA.
o€ 8)

http://www.cs.yale.edu/homes/mmahoney/talks/laml-graphs.pdf (BA. cel 8)

http://images.tandf.co.uk/common/jackets/
amazon/978158488/9781584888321.jog (BA. ceA 8)

https://images.springer.com/sgw/books/medium/9780387944913.jog (BA. o€l 8)
http://ecx.images-amazon.com/images/|/51GERSOmiIL._SY344_BO1,204,203,200_.jog (BA.
o€l 8)
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‘Epyou Tpitwv I

http://ecx.images-amazon.com/images/I/511TVgHAYYL._SY344_BO1,204,203,200_.jog (BA.
o€l 8)

http://cartesianfaith.com/2013/12/09/matrix-factorizations-and-social-network-graph-
analysis/ (BA. oeA
8)

http://epubs.siam.org/doi/pdf/10.1137/050623280 (BA. ceA 8)

http://cacm.acm.org/magazines/2012/10/155538-a-fast-solver-for-a-class-of-linear-
systems/fulltext (BA. ceh
8)

http://www.siam.org/meetings/la12/index.html (BA. ceh 8)

https://www.edx.org/course/linear-algebra-foundations-frontiers-utaustinx-ut-5-02x (BA. ceA
9N

http://ocw.mit.edu/courses/mathematics/18-06-linear-algebra-spring-2010/ (BA. ceA 9)
https://www.coursera.org/course/matrix (BA. oeA 9)

https://www.math.ucdavis.edu/ linear/ (BA. ceA 9)
https://www.youtube.com/user/MVavalis/videos (BA. ceh 10)

https://pbs.twimg.com/profile_images/ 1466379568 /vavalis-150x106_400x400.jpg (BA. ceA
10)
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http://upload.wikimedia.org/wikipedia/commons/c/c3/
Chess_board_opening_staunton.jpg (BA. ceA 11)

http://upload.wikimedia.org/wikipedia/commons/a/ae/
Ajedrez_captura_al_paso_del_peon.png (BA. ceA 11)

http://upload.wikimedia.org/wikipedia/commons/0/02/
Lasker’s_Chess_Magazine_cover.jpg (BA. ceh 11)

http://www.springer.com/gp/book/9780792365396 (BA. ceA 14)
https://www.google.gr/ (BA. ceA 18)
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