ook AlyeBpa

Aékotn Mépmen Avokedn

Baoihetoc Nédkoc

TuApee MNMANpowopikic kot THAETLKOWWVLOV
Mawvemiothuto ABnvaov
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evB0on e évvolac tne Pdonc.

Y tnv mponyouuevn SLdAen idape tnv évvolal tne Bdone ko TN
bdidotaonc.
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evB0on e évvolac tne Pdonc.

Y tnv mponyouuevn SLdAen idape tnv évvolal tne Bdone ko TN
bdidotaonc.

Optopée: ‘Eotw V' évag Savuopartikdg xopog. Tow Stovioporta
B ={ai,as,...,ar} Npe bt eivon Bdon touv V av

Q span(B) =V
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Optopée: ‘Eotw V' évag Savuopartikdg xopog. Tow Stovioporta
B ={ai,as,...,ar} Npe bt eivon Bdon touv V av

O span(B) =V
Q Ta diaviouato oto B eivor ypopukoe avedptnto.

Eotw V évac Stavuouatikéc xapoc. Téte dAec o Bdoceic Tou V éxouv To
i6to mA1ifoc otoiyeiwv.
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evB0on e évvolac tne Pdonc.

Y tnv mponyouuevn SLdAen idape tnv évvolal tne Bdone ko TN
bdidotaonc.

Optopée: ‘Eotw V' évag Savuopartikdg xopog. Tow Stovioporta
B ={ai,as,...,ar} Npe bt eivon Bdon touv V av

O span(B) =V
Q Ta diaviouato oto B eivor ypopukoe avedptnto.

Eotw V évac Stavuouatikéc xapoc. Téte dAec o Bdoceic Tou V éxouv To
i6to mA1ifoc otoiyeiwv.

Y upPohiCoupe pe dim (V') ko amokohovpe didotoon to TAHBo¢ Twv
otouxelwv oe omoladfmote Bdon tov V.
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dridyvovtac o Bdon tou V.

Y e éval Bavuopatikd xopo o e§fig alyéplBuog pTidyver po Béon touv V.
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dridyvovtac o Bdon tou V.

Y e éval Bavuopatikd xopo o e§fig alyéplBuog pTidyver po Béon touv V.

B=0.
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dridyvovtac o Bdon tou V.

Y e éval Bavuopatikd xopo o e§fig alyéplBuog pTidyver po Béon touv V.
B =0.
‘Ooo vndpyxer u € V' \ span{B} 6éoe B =B U {u}.
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dridyvovtac o Bdon tou V.

Y e éval Bavuopatikd xopo o e§fig alyéplBuog pTidyver po Béon touv V.

B=0.
‘Ooo vndpyxer u € V' \ span{B} 6éoe B =B U {u}.

* O alydpBuog @tidyvel Tnv akolovbict cuvéiwv

0, {u1}, {ur,ua}, ..., {ug,u, ... up}

6mov 1M ypoyukt B1kn Tov i-0oTtob cuvdlou sival évog VTTOXDPOG
didotoong 7.
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dridyvovtac o Bdon tou V.

Y e éval Bavuopatikd xopo o e§fig alyéplBuog pTidyver po Béon touv V.

B=0.
‘Ooo vndpyxer u € V' \ span{B} 6éoe B =B U {u}.

* O alydpBuog @tidyvel Tnv akolovbict cuvéiwv

0, {u1}, {ur,ua}, ..., {ug,u, ... up}

6mov 1M ypoyukt B1kn Tov i-0oTtob cuvdlou sival évog VTTOXDPOG
didotoong 7.

Me &Aow Adyrat, kéBe popd Tov o alydpbuoc Tpocbétel éva Sidvuopa
oto B av&dver Tnv Sudotoiom tou Xwpov Tov otolo Tapdyel katd 1.
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Epunveiot twv eAeBepwv petaAntoov we Pabumv

elevBeploc.

‘Eotw A € K™ kou ag okegptovue tTnv e&iowon Ax = 0 elodyovtog pio
pia Tne edlodosic:
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Epunveiot twv eAeBepwv petaAntoov we Pabumv

elevBeploc.

‘Eotw A € K™ kou ag okegptovue tTnv e&iowon Ax = 0 elodyovtog pio
ploe tng e€lonoeig:
@ Xtnv apxt, dev éxw kapio e&lowon dpo vtdpyouvv n Pobpol
eAevBeploc Yol To TL pTopet va eivo To .
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Epunveiot twv eAeBepwv petaAntoov we Pabumv

elevBeploc.

‘Eotw A € K™ kou ag okegptovue tTnv e&iowon Ax = 0 elodyovtog pio
pia Tne edlodosic:
@ Xtnv apxt, dev éxw kapio e&lowon dpo vtdpyouvv n Pobpol
eAevBeploc Yol To TL pTopet va eivo To .
o Bdlovrac wa e&lowon, mx v 21 + 222+ ... — 32, =0
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Epunveiot twv eAeBepwv petaAntoov we Pabumv

elevBeploc.

‘Eotw A € K™ kou ag okegptovue tTnv e&iowon Ax = 0 elodyovtog pio
ploe tng e€lonoeig:
@ Xtnv apxt, dev éxw kapio e&lowon dpo vtdpyouvv n Pobpol
eAevBeploc Yol To TL pTopet va eivo To .
o Bdlovrac ma e&lowon, mx v z1 + 222 + ... — 32, = 0 To TAH00¢
TV eAeV0epwV PeTAPANTOV petdveTon Kotd éva,
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Epunveiot twv eAeBepwv petaAntoov we Pabumv

elevBeploc.

‘Eotw A € K™ kou ag okegptovue tTnv e&iowon Ax = 0 elodyovtog pio
ploe tng e€lonoeig:
@ Xtnv apxt, dev éxw kapio e&lowon dpo vtdpyouvv n Pobpol
eAevBeploc Yol To TL pTopet va eivo To .
o Bdlovrac ma e&lowon, mx v z1 + 222 + ... — 32, = 0 To TAH00¢
Twv eAeV0epwv petaANTOV peldveTal KoTd éval, dpot éxw évaly
Ayétepo Bobud ehevbepioc yiol To TL uTopel va sival To .
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Epunveiot twv eAeBepwv petaAntoov we Pabumv

elevBeploc.

‘Eotw A € K™ kou ag okegptovue tTnv e&iowon Ax = 0 elodyovtog pio
ploe tng e€lonoeig:

@ Xtnv apxt, dev éxw kapio e&lowon dpo vtdpyouvv n Pobpol
eAevBeploc Yol To TL pTopet va eivo To .

o Bdlovrac ma e&lowon, mx v z1 + 222 + ... — 32, = 0 To TAH00¢
Twv eAeV0epwv petaANTOV peldveTal KoTd éval, dpot éxw évaly
Ayétepo Bobud ehevbepioc yiol To TL uTopel va sival To .

@ Bdlovtag &M pia e&iowon, mx tqv 027 — 229 + ... + 52, =0
apapd dAAov évay Babud elevbepioc.
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Epunveiot twv eAeBepwv petaAntoov we Pabumv

elevBeploc.

‘Eotw A € K™ kou ag okegptovue tTnv e&iowon Ax = 0 elodyovtog pio
ploe tng e€lonoeig:

@ Xtnv apxt, dev éxw kapio e&lowon dpo vtdpyouvv n Pobpol
eAevBeploc Yol To TL pTopet va eivo To .

o Bdlovrac ma e&lowon, mx v z1 + 222 + ... — 32, = 0 To TAH00¢
Twv eAeV0epwv petaANTOV peldveTal KoTd éval, dpot éxw évaly
Ayétepo Bobud ehevbepioc yiol To TL uTopel va sival To .

@ Bdlovtag &M pia e&iowon, mx tqv 027 — 229 + ... + 52, =0
apapd dAAov évay Babud elevbepioc.

o Kd&Be popd mov Balw pio eiowon (ypoupus tou A) Yok
aveEdpTNTN AT TIC TPOMNYOUUEVES alpoupd évay Bobud eleubepiolg
W¢ TPOC TL WTOopEl vau eivall To .
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Epunveiot twv eAeBepwv petaAntoov we Pabumv

elevBeploc.

‘Eotw A € K™ kou ag okegptovue tTnv e&iowon Ax = 0 elodyovtog pio
ploe tng e€lonoeig:

@ Xtnv apxt, dev éxw kapio e&lowon dpo vtdpyouvv n Pobpol
eAevBeploc Yol To TL pTopet va eivo To .

o Bdlovrac ma e&lowon, mx v z1 + 222 + ... — 32, = 0 To TAH00¢
Twv eAeV0epwv petaANTOV peldveTal KoTd éval, dpot éxw évaly
Ayétepo Bobud ehevbepioc yiol To TL uTopel va sival To .

@ Bdlovtag &M pia e&iowon, mx tqv 027 — 229 + ... + 52, =0
apapd dAAov évay Babud elevbepioc.

o Kd&Be popd mov Balw pio eiowon (ypoupus tou A) Yok
aveEdpTNTN AT TIC TPOMNYOUUEVES alpoupd évay Bobud eleubepiolg
W¢ TPOC TL WTOopEl vau eivall To .

* ‘Apa 0 Pabude (TAHBo¢ Paokdv petaAntdv) tov A umopei va
eppnvevtel ko wg n— (TAfBog twv Pabuwv eAevbepiag) Tov £xw yio vau
oplow to = pe Bdon toug Teploplopovg Ax = 0.
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[Miow otnv évvola Tou PoaBuov.

Eixope opioel tov Babud evédg mivaka A € K™ wg to mAbog twv

Baowkdv petoAnTdv tou (6tov pépoupe Tov TvokaL o€ oLvNYEVT
KALOKWTY popt).
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[Miow otnv évvola Tou PoaBuov.

Eixope opioel tov Babud evédg mivaka A € K™ wg to mAbog twv

Baowkdv petoAnTdv tou (6tov pépoupe Tov TvokaL o€ oLvNYEVT
KALOKWTY popt).

O Ba.Bude tov mivaka tooltal pue to péyioro mABoc ypa upikd
aveédpTNTWV YA ULV TOU.
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[Miow otnv évvola Tou PoaBuov.

Eixope opioel tov Babud evédg mivaka A € K™ wg to mAbog twv
Baowkdv petoAnTdv tou (6tov pépoupe Tov TvokaL o€ oLvNYEVT
KALOKWTY popt).

Oewpnpa

O Ba.Bude tov mivaka tooltal pue to péyioro mABoc ypa upikd
aveédpTNTWV YA ULV TOU.

Oeopnua

| \

O BaBuée tou mivaka toovtal e to (éyioto mATiboc yoa upikd
aveédpTtnTwv oTNAV TOU.

A\
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Oewpnua

| A\

O BaBudc tou mivaka tooltat ue ™) Sidotaon Tou UEYLoTOU UToTiVa KA.
Tou A e un undevikti opiovoa.
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O Ba.Bude tov mivaka tooltal e To péytoto mABoc ypa upikd
aveldpTnTwV YPa LDV Tov.
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O Ba.Bude tov mivaka tooltal e To péytoto mABoc ypa upikd
aveldpTnTwV YPa LDV Tov.

Amédeln: Kaboe pépvoupe tov A oe avnypévn kKAakTh pLopet, oL
ypoupompdiec 8ev addlouv TN SLdoTOOT TOU XWPOV TWV OTOLWV

TLOLPALYOUV OL YPOLUMEG.
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O Ba.Bude tov mivaka tooltal e To péytoto mABoc ypa upikd
aveldpTnTwV YPa LDV Tov.

Amédeln: Kaboe pépvoupe tov A oe avnypévn kKAakTh pLopet, oL
ypoupompdiec 8ev addlouv TN SLdoTOOT TOU XWPOV TWV OTOLWV
Tapdyouv ot ypoupéc. O evartopeivovoeg (un pndevikéc) ypappuéc eivo
SNec ypoppkme aveEdptnreg (yroti;)!
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O BaBudc Tou mivaka tooltat ue to péytoro wA1boc yoa upikd
aveédpTNTWV YA ULV TOU.

Amédeln: Kaboe pépvoupe tov A oe avnypévn kKAakTh pLopet, oL
ypoupompdiec 8ev addlouv TN SLdoTOOT TOU XWPOV TWV OTOLWV
Tapdyouv ot ypoupéc. O evartopeivovoeg (un pndevikéc) ypappuéc eivo
SNec ypoppkme aveEdptnreg (yroti;)!

1 0 00
01 01
0 011
0 00O

Apal M BLEOTOLON TOU XWDPOU TWV YPAUUK®V LooUTo e To TAH00g Twv
EVOLTIOLEIVOVTWV YPOULULOV,
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O BaBudc Tou mivaka tooltat ue to péytoro wA1boc yoa upikd
aveédpTNTWV YA ULV TOU.

Amédeln: Kaboe pépvoupe tov A oe avnypévn kKAakTh pLopet, oL
ypoupompdiec 8ev addlouv TN SLdoTOOT TOU XWPOV TWV OTOLWV
Tapdyouv ot ypoupéc. O evartopeivovoeg (un pndevikéc) ypappuéc eivo
SNec ypoppkme aveEdptnreg (yroti;)!

1 0 00
01 01
0 011
0 00O

Apal M BLEOTOLON TOU XWDPOU TWV YPAUUK®V LooUTo e To TAH00g Twv
EVOLTIOULEIVOVTWV VPOV, TO oToto elval (oo pe to TABoc Twv Baotkdv
HETABANTOV.
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O BaBudc Tou mivaka tooltat ue to péytoro wA1boc yoa upikd
aveédpTNTWV YA ULV TOU.

Amédeln: Kaboe pépvoupe tov A oe avnypévn kKAakTh pLopet, oL
ypoupompdiec 8ev addlouv TN SLdoTOOT TOU XWPOV TWV OTOLWV
Tapdyouv ot ypoupéc. O evartopeivovoeg (un pndevikéc) ypappuéc eivo
SNec ypoppkme aveEdptnreg (yroti;)!

1 0 00
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0 011
0 00O

Apal M BLEOTOLON TOU XWDPOU TWV YPAUUK®V LooUTo e To TAH00g Twv
EVOLTIOULEIVOVTWV VPOV, TO oToto elval (oo pe to TABoc Twv Baotkdv
peTaPANTOV. ANG 1 SLALoTOLOT TOU XOPOU YPOLLUWOV LOOUTAL [E TO
péyioto TAN00C TwV YPOUUULKE aveEAPTNTWV QLPXLKDOV YPOLLUOV!
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O BaBudg evég mivaka A € K™*™ 1ooUtal e to uéytoto mAfboc
ypauptkd aveédpTnTwv oTnAGY Tov.
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O BaBudg evég mivaka A € K™*™ 1ooUtal e to uéytoto mAfboc
ypauptkd aveédpTnTwv oTnAGY Tov.

Mapoatipnon: TTnv avnypévn KAokwt popet), dxL Lévo oL un pndevikég
YPOLULLEG
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O BaBudg evég mivaka A € K™*™ 1ooUtal e to uéytoto mAfboc
ypauptkd aveédpTnTwv oTnAGY Tov.

Mapoatipnon: TTnv avnypévn KAokwt popet), dxL Lévo oL un pndevikég
YPOUUES AN Kol oL OTHAEC e 0dNYd elvor YPoppkdS oveEdpTnTec.

1 0 0 O
01 01
0 011
0 00O
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O BaBudg evég mivaka A € K™*™ 1ooUtal e to uéytoto mAfboc
ypauptkd aveédpTnTwv oTnAGY Tov.

Mapoatipnon: TTnv avnypévn KAokwt popet), dxL Lévo oL un pndevikég
YPOUUES AN Kol oL OTHAEC e 0dNYd elvor YPoppkdS oveEdpTnTec.

1 0 0 O
01 01
0 011
0 00O

Trédelén: ‘Eotw 6T éxw k&molo uroohvoro S C [n] KATOLWV YPOULULIKG
aveEdpTnNTwy oTHAGV Tou A.
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O BaBudg evég mivaka A € K™*™ 1ooUtal e to uéytoto mAfboc
ypauptkd aveédpTnTwv oTnAGY Tov.

Mapoatipnon: TTnv avnypévn KAokwt popet), dxL Lévo oL un pndevikég
YPOUUES AN Kol oL OTHAEC e 0dNYd elvor YPoppkdS oveEdpTnTec.

1 0 0 O
01 01
0 011
0 00O

Trédelén: ‘Eotw 6T éxw k&molo uroohvoro S C [n] KATOLWV YPOULULIKG
aveldptntwyv oTtnA®dv Tou A. Autd onuaivel 6TL o uTtoTivokog
Ag € Km*¥I8l tov A
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O BaBudg evég mivaka A € K™*™ 1ooUtal e to uéytoto mAfboc
ypauptkd aveédpTnTwv oTnAGY Tov.

Mapoatipnon: TTnv avnypévn KAokwt popet), dxL Lévo oL un pndevikég
YPOUUES AN Kol oL OTHAEC e 0dNYd elvor YPoppkdS oveEdpTnTec.

1 0 0 O
01 01
0 011
0 00O

Trédelén: ‘Eotw 6T éxw k&molo uroohvoro S C [n] KATOLWV YPOULULIKG
aveldptntwyv oTtnA®dv Tou A. Autd onuaivel 6TL o uTtoTivokog
Ag € K™*I5! 1oy A wavototel 6t Agz = 0 éxel povadiks Ao,
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O BabBudc evéc mivaka A € K™*™ 1goUtaL e to péytoto mAniboc
ypauuikd aveédptntwv otnidv Tou.

Mapoatipnon: TTnv avnypévn KAokwt popet), dxL Lévo oL un pndevikég
YPOUUES AN Kol oL OTHAEC e 0dNYd elvor YPoppkdS oveEdpTnTec.

1 0 0 O
01 01
0 011
0 00O

Trédelén: ‘Eotw 6T éxw k&molo uroohvoro S C [n] KATOLWV YPOULULIKG
aveldptntwyv oTtnA®dv Tou A. Autd onuaivel 6TL o uTtoTivokog

Ag € K™*I5! tou A kavototel 6t Agz = 0 éxer povadiks Aoon.Av
k&vape Tic (diec mpdelc Tov Oa ékave M amadolpr Gauss otov Tivaka A

Baoileiog Nékog (di.UoA.gr) Fpotppk ) ‘AryeBpo 7/16



O BabBudc evéc mivaka A € K™*™ 1goUtaL e to péytoto mAniboc
ypauuikd aveédptntwv otnidv Tou.

Mapoatipnon: TTnv avnypévn KAokwt popet), dxL Lévo oL un pndevikég
YPOUUES AN Kol oL OTHAEC e 0dNYd elvor YPoppkdS oveEdpTnTec.

1 0 0 O
01 01
0 011
0 00O

Trédelén: ‘Eotw 6T éxw k&molo uroohvoro S C [n] KATOLWV YPOULULIKG
aveldptntwyv oTtnA®dv Tou A. Autd onuaivel 6TL o uTtoTivokog

Ag € K™*I5! tou A kavototel 6t Agz = 0 éxer povadiks Aoon.Av
k&vape Tic (diec mpdelc Tov Oa ékave M amadolpr Gauss otov Tivaka A
Bo kaTéAT Yo otV (Blat v ypévn kKAokwty Lopen pe auth tou A ue T
Blocpopd 6tL Bow pov édetttary oL othdeg j € S.
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Muo eTtiofjuavon.

KaBdg kdvw amadovp? Gauss oe évav mivoka A yio v Bpebod otnv
avnYREVY KALok®TY open Tou toybouv §0o Tpdypata:
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Muo eTtiofjuavon.
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Muo eTtiofjuavon.

KaBdg kdvw amadovp? Gauss oe évav mivoka A yio v Bpebod otnv
avnYREVY KALok®TY open Tou toybouv §0o Tpdypata:

@ O yopoc Tov mapdyouv oL ypopuéc 8ev aAN& L.

e O xwpog mov apdyouvv oL othAeg oLAAALeL, aA& M BLdoTtaot) Tov
dev al&lel!

@ 'Etol, otnv avnypévn KAOK®TH Lop@n éXw OTL 0 XOpog Tov
TloLp&youv oL oTHAEG KalL 0 X(OPOG OV TaPdYouV oL Ypapéc stvo
ioec pe to TMAH00C Twv Pacikdv peTaANTOV Ko 1 SidoTtaon Tou
XOpov oTnA®v tou A kow 1 SidoTtaon Tou XWPou YPARL®OV Tou A
elvou loec.
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Apa Tpelc LoodOvaEeS BLaTUTIOOELS Yia Tov PaBud evéc

TV OLKOL.

O BaBudc evédc mivakar A € K™*™ iooluton pe
o To péyioto TAMB0C YPAUMIKOC AveEAPTNTWV YPOUUOV Tou A.
o To péyioto mAfBoc ypaupkde aveEdptntwy otnidv Tou A.
o To péyeBoc tne peyaditepne un undevikfc uto-opilovaoc tou A.
@ To mA\1Bo¢ twv Baotkdv petaPAntodv tov A (TAhBog 0dnydv otnv
VN YREVT KALLOKWTY) op@)).
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Apa Tpelc LoodOvaEeS BLaTUTIOOELS Yia Tov PaBud evéc

TV OLKOL.

O BaBudc evédc mivakar A € K™*™ iooluton pe
o To péyioto TAMB0C YPAUMIKOC AveEAPTNTWV YPOUUOV Tou A.
o To péyioto mAfBoc ypaupkde aveEdptntwy otnidv Tou A.
o To péyeBoc tne peyaditepne un undevikfc uto-opilovaoc tou A.
@ To mA\1Bo¢ twv Baotkdv petaPAntodv tov A (TAhBog 0dnydv otnv
VN YREVT KALLOKWTY) op@)).
* XOPOC YPOUUUWOV: 1 YPoppikt Bk Twv ypopudv tou A x Xdpog
OTNAOV: 1 Ypoppikt BMkn Tov oTtnAdv tov A
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TLWOOELC. OUVE

* BaBudc A = to péyroto TAHB0C YPOURMKAOC veEEPTNTWY YPOUULDV
Tov A =

7 Sdotoion Tov xwpov ypappmv tou A (uéyebog omoradrfinote Pdong
Tov)
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loodUvoyueg SlaTuTOOELG: CUVEXELX

* BaBudc A = to péyroto TAHB0C YPOURMKAOC veEEPTNTWY YPOUULDV
Tov A =

7 Sdotoion Tov xwpov ypappmv tou A (uéyebog omoradrfinote Pdong
Tov)

* BaBudc A = 1o péyioto TAR00C YPAUUMKAC aveEdpTNTWV OTNAGV TOV

A=
7 Sdotoron Tov oTNA@V tou A (péyeBog omoraditote Bdong Tov)
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loodUvoyueg SlaTuTOOELG: CUVEXELX

* BaBudc A = to péyroto TAHB0C YPOURMKAOC veEEPTNTWY YPOUULDV
Tov A =

7 Sdotoion Tov xwpov ypappmv tou A (uéyebog omoradrfinote Pdong
Tov)

* BaBudc A = 1o péyioto TAR00C YPAUUMKAC aveEdpTNTWV OTNAGV TOV
A=
7 Sdotoron Tov oTNA@V tou A (péyeBog omoraditote Bdong Tov)

* Avetionua, o BaBudc tou mivaka ekppdlel Tov ‘Pabud
TloAUTAOKSTNTAC Tou Tiivaka kol To Ttdéoo Pobud TAnpopopioc’ 1
atewkévion T'(z) = Ax Satnpet.
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H Siaotaion tou pundevoxwpov.

‘BEotw mivokoe A € K™*™ ko
Null(A) = {z € K"|Az = 0}, Col(A) = {b € K™|3x : Az = b}.
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dim(Null(A)) + dim(Col(A)) = n 1j tooSvvaua
dim(Null(A)) + rank(A) = n.

* Até8el&n: O undevoydpog Tou A etvor M ypoupiky 07km kdolwv
Sravuoudtwy, 6owv ko oL eAeVBepec petaAntéc Tou A.

Baoileiog Nékog (di.UoA.gr) Fpotppkry ‘AryeBpo 11/16



H Siaotaion tou pundevoxwpov.

‘BEotw mivokoe A € K™*™ ko
Null(A) = {z € K"|Az = 0}, Col(A) = {b € K™|3x : Az = b}.

dim(Null(A)) + dim(Col(A)) = n 1j tooSvvaua
dim(Null(A)) + rank(A) = n.

* Até8el&n: O undevoydpog Tou A etvor M ypoupiky 07km kdolwv
Sravuopdtwy, dowv kol oL eAevBepec petafAntéc Tov A. Apa
dim(Null(A)) = mABo¢ eAebBepwv petaBAnTdv
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dim(Null(A)) + dim(Col(A)) = n 1j tooSvvaua
dim(Null(A)) + rank(A) = n.

* Até8el&n: O undevoydpog Tou A etvor M ypoupiky 07km kdolwv
Sravuopdtwy, dowv kol oL eAevBepec petafAntéc Tov A. Apa
dim(Null(A)) = mABo¢ elebBepwv petaAntdv kou rank(A) wolton pe
to TAH00¢ Twv Baoikdv peTaBANTOV.
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H Siaotaion tou pundevoxwpov.

‘BEotw mivokoe A € K™*™ ko
Null(A) = {z € K"|Az = 0}, Col(A) = {b € K™|3x : Az = b}.

dim(Null(A)) + dim(Col(A)) = n 1j tooSvvaua
dim(Null(A)) + rank(A) = n.

* Até8el&n: O undevoydpog Tou A etvor M ypoupiky 07km kdolwv
Sravuopdtwy, dowv kol oL eAevBepec petafAntéc Tov A. Apa
dim(Null(A)) = mABo¢ elebBepwv petaAntdv kou rank(A) wolton pe
to TAH00¢ Twv Baocikdv petoAnTdv. ‘Opwg eAevBepec ko Poaroikéc
petoPANTéc pali pog Stvouv dhec tic n petofAntéc.
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Mook AlyeBpa ko Avakpitd MoBnpoctikd.

MpdPANuo: Xtnv ABfva utdpyouv m cOANoyoL ko 1 &vBpwToL Ko
Loy Vel OTL
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Mook AlyeBpa ko Avakpitd MoBnpoctikd.

MpdPANuo: Xtnv ABfva utdpyouv m cOANoyoL ko 1 &vBpwToL Ko
Loy Vel OTL

o KdbBe c0Moyoc éxel epittd TABoc peAdv,

@ KdBe 800 cOMhoyol éxouv to dptio TAHBOC KowdV eADV,

@ Sev umdipyxouv 800 cOANoyoL e akplBag Tt (Sror wéA.
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Mook AlyeBpa ko Avakpitd MoBnpoctikd.

MpdPANuo: Xtnv ABfva utdpyouv m cOANoyoL ko 1 &vBpwToL Ko
Loy Vel OTL

o KdbBe c0Moyoc éxel epittd TABoc peAdv,
@ KdBe 800 cOMhoyol éxouv to dptio TAHBOC KowdV eADV,
@ Sev umdipyxouv 800 cOANoyoL e akplBag Tt (Sror wéA.

Not 8euxBel étL m < n.
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ook AlyeBpoar ko Arakpltd

dridxvoupe évav mivaka A € {0, 1} dote A;; =1 av kow pévo o

1-00Td¢ oUAMNOYOC éxel oav péNog Tov j-0otd dvBpwTo.
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ook AlyeBpoar ko Arakpltd

dridxvoupe évav mivaka A € {0, 1} dote A;; =1 av kow pévo o

1-00Td¢ oUAMNOYOC éxel oav péNog Tov j-0otd dvBpwTo.
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ook AlyeBpoar ko Arakpltd

7.

dridxvoupe évav mivaka A € {0, 1} dote A;; =1 av kow pévo o
1-00Td¢ oUAMNOYOC éxel oav péNog Tov j-0otd dvBpwTo.

O = =

0
0
1

— O = O
= O O =

1
1
0
0 1 0

Mo va 8el&w m < n apket vau 8ei&w btL oL ypoppéc tou A otov
Bavuopatikd Xdpo pe Tpdobeon to @ ko TOAATARCLAOUS TO AoYLkd
KAI stvo ypapupuikde aveédptnrec.
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* Ké&Be cbMoyoc éxel TtepLttd TAN00¢ peddv = kdBe ypoups éxel
meprttd TAH0og 1.
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ook AlyeBpoar ko Arakpltd

7.

dridxvoupe évav mivaka A € {0, 1} dote A;; =1 av kow pévo o
1-00Td¢ oUAMNOYOC éxel oav péNog Tov j-0otd dvBpwTo.

0
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0 0

Mo va 8el&w m < n apket vau 8ei&w btL oL ypoppéc tou A otov
Bavuopatikd Xdpo pe Tpdobeon to @ ko TOAATARCLAOUS TO AoYLkd
KAI givon ypapuuikdg aveédptnteg.

* Ké&Be cbMoyoc éxel TtepLttd TAN00¢ peddv = kdBe ypoups éxel
TepLttéd TAH00C 1.

* Ké&Be 800 c0MNoyoL éxouv &ptio TABog kowdv pLeddv = To
eowTeptkd ywdpevo kébe 8o ypappmv givan 0.
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Ou ypoppéc stval YPOULKQOC oveEdpTnTec.

‘EOT® V1, . .., U OL YPOUMES KO C1, . . ., Cy € {0, 1} doTE

vl + ...cpum = 0.
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Ou ypoppéc stval YPOULKQOC oveEdpTnTec.

‘EOT® V1, . .., U OL YPOUMES KO C1, . . ., Cy € {0, 1} doTE
civ1 + ...cmum = 0.

Apket vau 8eilw btL ¢y =co = ... = ¢, = 0.
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Ou ypoppéc stval YPOULKQOC oveEdpTnTec.

‘EOT® V1, . .., U OL YPOUMES KO C1, . . ., Cy € {0, 1} doTE
vl + ...cpum = 0.
Apket vau 8eilw btL ¢y =co = ... = ¢, = 0.

vy +...cpUm =0=
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Ou ypoppéc stval YPOULKQOC oveEdpTnTec.

‘EOT® V1, . .., U OL YPOUMES KO C1, . . ., Cy € {0, 1} doTE
vl + ...cpum = 0.
Apket vau 8eilw btL ¢y =co = ... = ¢, = 0.

11+ .. U = 0= (V1,101 + ... CrUp) =0
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Ou ypoppéc stval YPOULKQOC oveEdpTnTec.

‘EOT® V1, . .., U OL YPOUMES KO C1, . . ., Cy € {0, 1} doTE
vl + ...cpum = 0.
Apket vau 8eilw btL ¢y =co = ... = ¢, = 0.

1+ .. Uy = 0= (v, c1v1 + ... CpUp) = 0=

a1 (v, v1) + ... + (v, vm) =0
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1+ .. Uy = 0= (v, c1v1 + ... CpUp) = 0=
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Ou ypoppéc stval YPOULKQOC oveEdpTnTec.

‘EOT® V1, . .., U OL YPOUMES KO C1, . . ., Cy € {0, 1} doTE
civ1 + ...cmum = 0.

Apket vau 8eilw btL ¢y =co = ... = ¢, = 0.

1+ .. Uy = 0= (v, c1v1 + ... CpUp) = 0=

(v, v1) + ...+ (v, vm) =0=>c1-14+...4+¢p,-0=0= ¢ =0,

émov xpnowonotioope 4t (vy,v1) = 1 (kdBe ypopur £xet Teptttd
mAf00o¢ 1)
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Ou ypoppéc stval YPOULKQOC oveEdpTnTec.

‘EOT® V1, . .., U OL YPOUMES KO C1, . . ., Cy € {0, 1} doTE
civ1 + ...cmum = 0.

Apket vau 8eilw btL ¢y =co = ... = ¢, = 0.

1+ .. Uy = 0= (v, c1v1 + ... CpUp) = 0=

(v, v1) + ...+ (v, vm) =0=>c1-14+...4+¢p,-0=0= ¢ =0,

émov xpnowonotioope 4t (vy,v1) = 1 (kdBe ypopur £xet Teptttd
mAiBo¢ 1) kaw (vi,v;) = 0 (k&Be d%o ypapuég éxovv dptio TANBOg
kowav 1).
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Ou ypoppéc stval YPOULKQOC oveEdpTnTec.

‘EOT® V1, . .., U OL YPOUMES KO C1, . . ., Cy € {0, 1} doTE
civ1 + ...cmum = 0.

Apket vau 8eilw btL ¢y =co = ... = ¢, = 0.

1+ .. Uy = 0= (v, c1v1 + ... CpUp) = 0=

(v, v1) + ...+ (v, vm) =0=>c1-14+...4+¢p,-0=0= ¢ =0,

émov xpnowonotioope 4t (vy,v1) = 1 (kdBe ypopur £xet Teptttd
mAiBo¢ 1) kaw (vi,v;) = 0 (k&Be d%o ypapuég éxovv dptio TANBOg
kowav 1). ‘Opota ¢ = ... = ¢, = 0. ‘Apat oL YPOopPEG EIVOLL YPOUMLKAG
aveldptnrec! Téloc!
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T pudBopue ko TL TTPETEL VO EEPOVLLE.

@ Tov opiopd tou BaBuou Tivokor.

@ ‘Ot .ooUton pe To LéyLloto TAHBOG YPOUMKOG AVEEAPTNTWV

YPOUUUMDV KOl LE TO MEYLOTO TAN00C YPOUULKDOC aveEdpTnTwv
OTNAGV TOV THVOKOL.

‘Ot M Sudotoom Tou pundevoywpou tov A € K™*" \goltau e
n — rank(A) ko pe to TANB0¢ Twv eAeVBepwv peTaBANToV.
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H Yuvéxeia oto emdpevo emeloddio!
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