OFE. TAAAOIIOYAOZ, 2008-09 1

EMNETHMONIKOY YITOAOTTEMOZX 1

AIAAEEH 12, 23/11/09
E. TAAAOTIOYAOS

Tpnpa Mny. H/Y kat TTAnpogopikrg
IMav/yo IMatpov

EmiAduon yevikoOV YpapIKOV ouotnIAtov: AptOpunuikeg npdelg kat Metagopég loxuet ot:

Metadopég: Puin ~ n’ + 2n
Opateig: Q) = O(n*?) émou ouvnBag § = 0 1) oAV 1KPES (BA. avaAuon MOAUTIAOKGTHTAG)

= Mmin = % ~ O(%)

Eyyevrg torukotnta = ekt 1 vAornoinon pebodaov rmou adloroiovv v cache

Baowka Sewpnpata (1/2) (enavaAnyn Fpappikng AdyeBpag)

@copnpa 1. Alvetar A € R™". Av tan kvpwa vmounpoa tov A(1 : k,1: k), k=1,...,n evar
avtotpeyiua, 10te UTAPXOoUL KAT® TOLy@UIKO untewo L ue dAa ta diayouvia otoiyeia ioa pe tu
puovada kar ave tptyeviko unipoo U tétoia wote A = LU. Ot napayovieg L, U elvar povadurol
Kat n opilovoa tou A gwat ion pe 0 ylwouevo twv diaywviov otoyelov tou U. 0

Afydpduog. [MéBobog mapayovrtoroinong LU]

ITapayovtomoinon: urnoloyi¢oupe toug tplyevikoug rapayovieg L, U,

Enunpog avtikataotaorn: Avvoupe Lz = b wg mpog z,

IIicw avtikatdotaor: Auvoupe Uzr = 2 &g 1pog .

Yriapyouv ot mapayovieg; Ot ouvOrkeg Urapéng eivat moAu meploplotikég (.. Hev 1oxvouv
yaato A =0,1;1,1]) Tevikd. n armr) napayovronoinorn propei va pnv undpxet yla moAdd
HNTPOA Kal yia akdpa reptocdtepa va £xel apifpnuka npoBAfjpata (r.x. av A = [eps, 1; 1, 1)).
To enopevo Sedpnua epappodetal TTOAU o ouxva

Baowkd Sesoprjpata (2/2) (enmavaAnyn Fpappikng Alyebpag)
Ozopnpa 2. 'Eotw unipoo A € R™*". Tote undpyouv kdte kat dve tptyevikd unpoa L kat
U avtiotoiya kat petadeto unpowo P wote LU = P A onou 1o L givar avtiotpéyipo. 0
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Mapatmpnon: To untpoo P L eivat autd nmou oty MATLAB  anokaleital «puxoAoyikd KATe
TPIYOVIKO» av KAAEOOUHE TV 1u povo pe dUo petaBAntég e§odou.

EmniAuon 1p1yevik®V ouctpatiov

Eoww A kAt tpiyovikd: Cpagoupe:

a;fcx:ﬁi, 1<i<n,

YAormoinon pe BLAS-1 _DOT:

DOT

T .
& = (Bi—ajij6-1)/a5, j=1,..,n.

AvdAuon
e Q=" (14+(2j-2)=n
e Puin=>7,7+2n
o fmin = %2 =5 +0(3)
Ot ajflyopduot emtifuong 1pty@uikov ovotnuatov pe 1 6o ueiog 9ewpovvtar BLAS-2.
Av untapyouv s 6e§1a péAn:

e Q=277 (1+(2j—2)) =sn’

o O i = Z?:lj + 2ns
o i = 5 = 11 O(1)

2ns

omdte yia s > 1 6e€ia pédn n emidvon katataooetat ota BLAS-3.

EvaAAaktikn vAoroinon
Eotw A RATO TPIYOVIKOG:

b= Oé;,1§1 + ...+ Oé:,ngn-

B 11 0 0

: : : 0

Bi | =1 ap [&+] app [&+..+ ] n
. . . 0

Bn Qnl Qp2 Qnn

( a1y Ol,nfl ) < &1 > ( B )
Q2.1 Az;n,2:n Ean Boun
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To &; unodoyidetat arto

041151 = 5

A2:n,2:n£2:n ﬁQ:n - a2:n,1£1

YMAonoinon pe BLAS-1 sAXPY:
forj=1:n-1

& = Bj/y;
fori=7+1:n

Bi = Bi — aus&;
end

end

AvdaAuorn opdaApatog ermiAuong IPyOVIKOU GUOTIHATOS
O aAyop16pog ermiduong tplyevikou cuotrpatog Lz = b €xel oav iupnva: g pdieig:
fori=1:n
i—1
§ =521 A
_ Bi=s
&= D
end
Xpnowornotmviag aku dewpaviag ot £, s eivatl o1 UTIOAOY10PEVES PETABANTEG, £XoUue

_ Bi—s
“ = ﬂ( . )

< 1> —s<1>
= (s )\“S )<1>

apa
&iNii
=0i—s
<2>
To s IpoEpXETAL ATIO E0MTEPIKO YIVOHIEVO Y1d TO Oroio yvepidoupe ot

3251)\7;1<i_1>+€2)\i2<i_1>+"'€i—1)\i,i—l<2>

ETTOPEVRG
Bi = ij)\ij(l +0ix;) 2<k; <i
j=1
OTII0U .
U nu
0; .| < —2 < =Y,
i < 1 —kju ™ 1—-nu 7

Enopéveg 1o urtodoy1o0év o 1kavorotel ) ox€on
b= (L+AL)x
orou ta otoixeia tou AL eivat gpaypéva

|AL| < v,|L]
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LYMITEPAYMA H emiAuorn) Tply®VIK®OV OUCTNHATOV HE Tov alyopiOpo Baotopévo oe DOT eivat

riow otaBepr). Mropoupe va dei§oupie 1o 1610 kat yia tov adyopiOpo nou Paociletal oe _AXPY.
LYXZTAXH Na §okipdoete 10 mApAdve OtnV €mMAuoh TPyeVIKOU ocuotrpatog 4 X 4 yia va
KatalddaBete ) Stadikaoia.

H emiAuon tpyovikov cuotnpatov og eviodég oe BLAS API

BLAS-2: _ trsv emiduon Az =10
BLAS-3: _ trsm emiduon AX = B (nepiocdtepa 8e§1a pédn)

__trcon ekTipnon tou deiktn Katdotaong
_trtrs ertidvon AX = Brat ATX = B
_trtri uroAoyiopog A1

ZUvoyn yid Ipy®VviKa ouotipatd

peyaAng onuaciag otig epappoyés: wneides yia LU, LLT, QR, autoteAog (.x. ypappt-
KEG avadpopeg) ouxva g plyOUIKd UNTEOa {OUng.

pébodot emiduong yia 1 6816 pédog Baoioviat oe DOT, SAXPY
kat = n?, Guin = O(n?)
Katnyoptorolouvial g BLAS-2 API kat av 1ioAAd 6e€1a péAn tote BLAS-3
H MATLAB aviyveUet v «Iply®@viKOTnTa»
. aKOpa KAt av eivat «puyxoAoykmnp!!
. elbape oto pabnpua t onpaiver ot MATLAB psychologically lower triangula matrix.
Eibape o011 o1 KAaoikoi aAyopiOpol eriduong miow evotadeig.

EMOPEVAOG TO HEYIOTO €unpog opdApa kabopidetat amd 1o deikin Katdotaong tou
UNTE®OU

.. yia Lz = b, undpxet |[AL| < 7, |L| t¢too wote b = (L + AL)z.

Xprjowo otav egetaloupe v euotdbela eridvong cvompdtev pe LU

Zroxe1ddn pnrpwa (Enavadnyn ano Fpappikn AdyeBpa) Eivatl pnrpwa tng popoeng:

E(u,v;7) =1, — Tuv' |,

orou u, v € R™ n-6aviopata kat 7 Babuwtdg.
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E(u,v;7) = " —

e Ta otoke1mdn pnrpoa sivat epyaleia ya tmyv paypatonoinon facikov mapayovionotr)-
oewv (kuping LU rat QR).

Znpavukeg niepuntooetg (Enavadnyn ano Fpappikn ‘Adyebpa)

k pnbevika
—
M Gauss: F(u,ep;1) =1 —wue] émovu=[ 0,....,0 ,%,...,%".

IM Householder: F(u,u;2/u’u)=1— —2-uu’

e Ta ZM Gauss sival (kA1) 1piyovika = ave tpryevioroinon A — U (keg. 5)

ta Stavuopata uy Aéyovrat Stavuopata Gauss. [Ipooédte 0w kabéva (yia bk =1,...n — 1)
Xapaktnpiletal mAnpeg ano ta n — k otoixeia otg Séoeg k + 1 g n.

Ta £M Householder eivat opBoymvia 7 ave tpryevionioinon A — R (keg. 6).

Ta M Householder xapaktnpidoviat mAnpwg amno to diavuopa v (Red. 6).

e ... UITOPOULE VA TO KAVOVIKOTIOI|OOUHE MOTE TO MPMTO 111 UNOEVIKO TOU OTO1XEIO va eivat
1 (red. 6).

[Mwg to emituyxavoupe pe XM Gauss;

e [vopidete v kAaowkn aradopry Gauss wg Sadikaocia adaipeong rnmoAdarmAdolou ng
«Ypappnsg» tou «odnyolr amo Ti§ MAPAKAT® YPAPHES Gote va Pndsviotouv ta ototxeia
KAT® ano v odnyo, .. av eivat n ypapps k, apaipoupe moAdarddola mg ypappng
a6 ug ypappés k+1,....n

e [ToAAamAaoiadoupe 10 UTIO TPLY®VIOTIOINOT PNTP®oU pe kataAAndo XM Gauss aro ta
aplotepd
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100 a1 Qi Qg3 an a2
-p 1 0 Qg1 Qg (g3 = Qg1 — pap1  Qigg — POl Qigz — PAG3
—o 0 1 Q31 Q33 (33 Q31 —0Qp] Q32 — 0Q1 (33 — 0Q3
100 0
—p 1L 0| =I-|p|(100)=1—ue =UT—-uwe)) "' =1+ue
—o 0 1 o

I'a pndevonoinon Stoupe

Epunveia pe cupmninpeopa Schur (1/2)

Q13

T
1

ap | G2 Qg3 1 ‘ 00 a1 Q12 a3
= -1 -1 -1

Qo1 | Qigg (23 0421(0411) 10 0] agy — CY21(0411) Q2 Qg3 — CY21(0411) Q13
-1 -1 -1

Q31 | iz (g3 as (o) 01 0| ago —agi(on1) 'are ass — agi(oqr) tags

Me tov Tapandave tePpayioyo,

-1
_ (655X e%
Ay AT = 1 ,
21417 ( a31a111
S = Agy — Ap A Ay = (
B®unndeite ot

Epunveia pe oupnAnpepa Schur (2/2) ®uunbeite ot

All A12

Qo9 — (21l (X1 (g3 — (91 (V13
—1 -1
Q39 — Qi31Qry Qr1g (g3 — (3101 Q13

)

A _ ( All A12 ) _ ( ] 0 ) 0 i422 _ A21A;11A1%

Agr Ago A21A1_11 I

OUUIAN)P®UA Schur

e 10 lo Prjpa g yvworig niapayovioroinong LU powddet pe v napandve rmapayovio-
noinon (block LU 1) «ouvBetn LU» 1) «katd oppaboug LU» yia tv €181Kr) Iepini®or rmou

9étoupe wg A1 = a1 (Bnd. Babpwtd).

e Mropoupe va 6ei§oupe napopola arotedéopata (katdaAAnda rapaddaypéva) yla kabe

ppa k=1,2,...n—1, g LU.

e Xprjowo yuatl étol kaBe Prpa g LU eppunvevetal kat og pia avavénorn 1ng tadng

pnpoou (n — k) X (n — k (to Ag):

-1
Ak+1:n,k+1:n = Ak+1:n,k+1:n - Ak+1:n,kakk Ak,k+1:n



OFE. TAAAOIIOYAOZ, 2008-09 7

e TIpoogdte 611 propoupe Kat KAvoupe v avavéwmon in-place. Av 9édoupe 6nldadr), Sev
Xpeladetal onpavilkog EMMImAE0V arnobnKeUTIKOG XOPog yia ) dadikaoia.

e Mropoupe va anobnkevooupe ta «dtavuopata Gauss» uq, ..., U, Kat U ot éon tou A
(meproootepa oe endpevn S1dAedn).

Mepikeg yevikeg 1610tn1eg tov ZM (EmtavaAnyn amno Fpappikn ‘AdyeBpa)

1. E(u,v;p)E(u,v;7) = E(u,v; p+7 — pro’u):
Bu,vip)Blu,vir) = (1 puo”)(I = ruo”)
= I —(p+1)uv’ + pru(v u)’
2. Eropévag, pt+ 7 =vTu = E(u,v;p)E(u,v;7) = 1.

3. detE(u,v;p) =1 — pv'u:
Enayeyn kat xprion mg 8wintag det(A) = det(L)det(U) = det(U).

4. min,, ,rank(E) =n — 1
Ar v &16tta rank(A + B) < rank(A) + rank(B) kat A =1 — puv', B=uv".

Zroyewdn (tpryevika) pntpoa Gauss (EnavadAnyn amnod Fpappikn AlyeBpa)
Eivatl n niepintoon mou erméyoups, yia karow k oote 1 < k< n —1:

T =1
v = €L
w = [0,..,0, st ... 7] GOTE eJTu:O,jzl k

TupBoAidoupe Li(u) := E(u, ex; 1)

E(u,ek :T) OTOLYELDONG HeTaoyNUATIoUOG Gauss
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Tote:

10 - 0 0
0 1 0 0 0
0 0 1 0
Liw) = O | =M1 | 1 : 0]
0 | —Nk+2| O r -0
0 -+ 0| = | O v o1

I610tnteg (EnavaAnyn amnod pappikn AdyeBpa) H avuotpodr) eivat tetpippévn :

E(u,ep; V) E(u,e; —1) = I = (Ly(u)) ™ = Lp(—u)

Epyaleio yla pndeviopo 6iadoxikav otoixeinv dtavuopatog: (EnmavaAnyn anod Fpappikn AdyeBpa)

‘Eow r = [£1, ..., &, yia 1o omoto & # 0. Tote

Ly(wr = x—ueix
= & —u&

= &, G Crt — Sty s & — Eemal ™

A6 auto gaivetat nwg erudéyoviag 7; = &;/& ya (K +1 < j < n), o petaoxnpatiopdg Ly (u)
pndevidet ta otokeia tou = oug Séoeg k + 1 : n, eved adrjvel ta unddotra avénada.

AvdAuon: Tayumta

e av 9éAape va urodoyicoupe 1o Li(u), 9a avuotoiyovoe o avavéwon 1ng tdgng ...
e ... 0pwg 10 Li(u) dev xperddetal moté arnd povo wou ...
e ... avtifeta, xperaletat ) 6pdorn tou erti Savuopdtev 1) pntpoeyv, . Li(u)y, Li(u)A,
e ... OIOTe eKPeTaAAeudpaote ) dour) ToU:
Li(wy = (I —ue,)y=1y— uy = SAXPY
Lp(w)A = (I —ue))A=A—uA(k,:) = sGER
Kat av eriong, 6neg 10xXUet, Uy = [0, ... 0, M1, -, ] | TOTE
Ot napanave mpagelg ennpeaouv poévov tg ypappés k + 1 : n wv y kat A.

Koot : 2(n — k) yia to Ly (u)y ka1 2(n — k)n yia o Li(u)A
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__AoBéviog x € R™ dote & # 0 n GAUSS urodoyidet tavuopa u € R" ¢ote avy = Li(u)x
we y(2:n) =0.

Aflyépduog.
function u = GAUSS(z)
n = length(z);
u=2x(2:n)/z(1)
end

TGS = n -1
E¢pappoyn g Gauss

AoBévtog C' € R™ " kat petaoyxnpatiopou Gauss Li(u) o akodoubog adyopiBpog avukadiota
tov C pe tov L(u)C.

Aflydpduog.
function © = GAUSS.MUL(C, u)
[n, m] = size(C);
C(2:n,:)=C(2:n,:) —uC(1,:)
end

Tc(l}géJSS‘MUL _ 2(7’& o 1)7“

ngUSSMUL — 2(n — 1)r TPASELS a.K.U.

Emiduon ovotmpatev pe LU (Tvooty VAn!) Ta k£ = 1,...,n — 2: a) Obhynon yua ermdoyn
KatdAAnAng ypapprng, B) vnoloyiloupe 1o katadAndo Siavuopa Gauss ug, y) Epappoloupe
10 Lj, AapBavovia unidyn ) dopr) tou, 6nd. avavéwon 1ng tégng pntpwou (n — k) x (n — k).

H napayovtonoinon LU Baocidetat ot Siadoyikr) epappoyn 1@V oTotXeladmv PETaoXHIATIOHN®V
Gauss Ly, Lo, ..., L,,_1. Me Alyn nipoonidBeia gaivetat ot

n—1
L=Li' L =T+ ue].
k=1
To 1610 propet va yivel kat otav epapupdlovpe odriynon! And. va «arneprdégouper ta pnrpoa
evaddayng F;:

L, 1P, 1 ---L1PA=UPA=LU

Awadwkaoia LU (xwpig 06nynon) (Cveotr) UAn!)
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AAyopduog.

function A = GAUSS.ELM(A)
k=1
while A(k, k) #0katk <n—1
t = GAUSS(A(k :n,k)) (*te R *%
Alk+1:nk)=t
Ak :n,k+1:n)=GAUSSMUL(A(k : n,k+1:n),t)
k=k+1
end
end

Koot (€2) Mapayovroroinon LU:

[y

TSS%SS'ELM = (n —k+2(n—k)?)
-1

n3

3

3

[N

~
~

EniAuon: pe ~ 2n?

TMa v eriduon pe 1o 1610 pntpwo aAdd modda Se€ia pédn ektedovpe v LU povo pa @opad.
To oUVOAIKO KOOTOG erTiAuong yia s 6e€ia péAn eivat

%n?’ + O(sn?)

YAorowjoelg LU pe BLAS-3 Kivnpo:
o O =2n*+0(n?

— 2 ~ 3
o P =n" + 1, Hmin ~ 5,
o = £évbedn torukotntag. Iog v avadewkvioupe ;

"Eotw ouppoppog tepayiopdg ou A kat v napayoviov L, U

Ay Ay Agg Ly 0 0 Un U U
Aoy Agg Ags | = Lo Lo 0 0 Uy Uss |, (1)
Asp Asy Asg L3y L3y L3 0 0 Uss

omou Ayy € RE=DAXE-15" A, € RFP xar Agg € ROFD*(=kB) ey¢y 1a L, U eivar tepayiopéva
avtuotoixwg. Tote

LUy LnUss Ly1Usz

LoyUny LnUig + LagUzs  LoiUss + LagUss

L31Uyn L31Uia + L3gUse  L31Uss + L3aUss + LasUss

[Mapadetypa
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¢ 'Eote 61 £¢xoupe 1161 urodoyioet ug npoteg (K — 1) omAeg tou L kat ug (k— 1) npateg
ypappég tou U, dnA. ta Lyy, Loy, L3 xat Uyy, Uy, Uss.

e Ba 6eifoupe nwg propoupe va ouveyiooupe urtodoyidoviag g enopeveg 3 otdeg tou L
kat 3 ypappég tou U, 6nd. ta Lag, L3y vat Uss, Uss.

LUy LiUss L1 Uss
LoyUnn LoyUig + LogUsy LoyUys + LagUss )
LUy LsyUyg + LagUsg Ly Uss + LgaUsg + L33Uss

A0 ToV TEPa)1010 10XU0UV Td TIAPAKAT®

Ay = LUz +
Ay = Lzy1Upp + U22
Ay = LUz + L22
Az = La1Uiz + LUz +

OTTOU £VIOG TTAA1010U £ival 01 TAPAYOVIEG ITOU TIPETIEL VA UTIOAOY10TOUV OTO TTapov Bripd.
LUYKEVIPOVOUHE T1G £C1000e1G yia Aoy, Agy oe pia opada
Loy

Ao Lo
el L i
A Loy Uss + L22
Ass = Ls1Uiz + LaoUss +

U22

MrtopoU e TOPa va UAOIIOI|COUHE T1§ Ppagelg Xpnotporoioviag BLAS-3

1) Ay — (éi) Uis = (iii) Uss | pe SGEMMxkat sGETF2

2) Ags — Loy Uss = Lo Us | ne SGEMMkat SGETRSM
3) unoA. Agg = A33 — L31U13 — L3Uss ne sGEMM
4) LU napayovtomnoinorn tou Ass enavaAnyn wv Bnudtev 1 og 4 (avadpopur))

SCETF2: tunortoinpévn ovopaocia vloroinong g KAaoikig LU napayoviornoinong pnipwou
He pepiky) 0drynon (xopisc BLAS-3) otn B1B8A106nkn LAPACK.

H napandve vAoroinorn pe odrynon xpnowporoteitat oto nipoypappa SCGETRF tng LAPACK
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[Tapayovtomnoinon pe BLAS-3 kat ouprAripopa Schur Eidape (.. avdAuon nmoAumlokotn-
1ag g AVIOTPOPS UNTPMOOU) OTL av £€X0UHRE CUPHOPPO Tepaxiopo tou A kat tev apayoviev
L, U, pe terpayevika l1ayovia UIrmopnIpoad ©OoTE va UTTAPXEL TO Al_ll, T0TE

(An Alz):(l 0)((]11 U12> o
Agy Ago Loy 1 0 Uy |’
6mou Ay € RF*¥F gat Agy € RIFIX(n=k),

‘Exoupe:

Un = An

U = Ap

Ly = AnAj

Up = Ap— AnAj A

Kkat ovopdcape 10 Usy ocuprminpepa Schur tou A oto A.

KAaowrn LU - Zuvlewn LU

e Ovopdloupe LU 1 «wdaowkry LU» adyopiBpoug rou eruotpépouv L, U 6nwg ta ouvnOi-
Joupe (kat® tpyeviko L 1) PL, ave tpiyeoviko U).

e Ovopdaloupe block LU 1 «ouvBew LU» 1) «LU xkata oppaboug» toug adyopibpoug mou
erotpépouv rapayovieg L, U mou poévov og ouvOeta pnipwa priopouv va Sewpnbouv
KAT® KAl AV TPIYOVIKA aviiototyd.

e Ilpoooyr): Ta BLAS-3 pmopouv va xpnotpornotnfouv kat otig SU0 IePUTIOOoES.

e Tevikd, B1BA1001Kkeg O0rtwg 1) LAPACK ypnowporniolovv khaowkr) LU vdorounpévn pe BLAS-
3.

H block LU eivat xprjotun yla oplopéveg 161k€G G0EG PNTPOMV.

Epappoyny: ‘'Otav 1o A miepiéxet «armdé» unopntpoo Le ToAAEG ePpAPHOYEG, UIOPOUHE va @é-
poupe 10 A o HOpP1) TETO1A HOTE MG OUVOETO PNTPKO, T0 A1; va givat oAU armdo, I.X. TaUTOTIKO
(1 Srayavio, tpidraywvio, kAm). Na doupe 1 yivetat otav givatl TaUToTKO :

A= I Alg o I 0 I A12
Az Agy Ay 1 0 Ay — AsiAsp
Ta va Avooupe 10 Ar = b ypagoupe © = [r1,79]" wat b = [by,be]” omdte petd and v
Iapayovionoinon pe oppaboug

(o 1) 0o a ) (5)=(32)
Ao 1 0 Az — AnAis T2 by
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Y

~ =
ordte av Aucoupe e tov KAaokod tporo ((L( Uz ) = b) éxoupe va urodoyicoupe

vy = bh =by — Aarth
Kat

(Azz — A21A12) = y2, = y1 — A2y

Mropeite va 10 epappOOETe KAl va OUYKPIVETE PE TOV KAAOOIKO TPOTTO £IMAUONG.
[Mapatnpnoeig

e To cuprmAnpopa Schur uroldoyiletal eUkoAa AOY® NG TEIPIPHEVNS HOPPNG Tou Aqq.

e AroAoubmvtag rmapopola TAKTIIKY), PHITOPOUHE VA ATAOITIO)COUHE TOUG UTTOAOY100UG OTaV
10 Aqp eivat tng popoeng pl, 1 daywvio 1] akdOpa Kat Pntp@o ToU OItoiou 1) eridluon £xet
YPAPHIKI TOAUTTAOKOTNTA, TT.X. O181aywvio 1] Tp1dlayovio!

O napanave 1ponog enifuong 6ev givat 100dUvauog ue v kiaoowkny tapayovronoinon LU .
e ... €TUITAEOV, TIPETIEL TA aAvTioTolXa ocupmAnpopata Schur va sivat avuotpeyipa.

e TYZTAZH: Aokipdote tny idia pébodo otav 1o Aq; eivatl Sraymvio 1 5161aydvio 1) IPIyOVIKO



