Kegdiao 1

Egapuoyeg INpouuixon
[Tpoypauuatiouon

1.1 Ewoyoyn

Y10 xe@dhoto oautéd Oo avahboouue oplouéva yopaxtneloTixd npofAiuata Behtiotonoln-
o7¢ Tou Umopovy va dovielornowfoly ue T Borlea Tou Ypouuxol TpoYEaUUATIOUOY.
Kabéva ané ta npoPifuata mou Oa avantuyBolv anotelel exnpbdowno ulag eupltepng
xatnyoplag eQapUOYGY.

ITew mpoywpricovue 6TV avaTTUEN TWV GUYXEXPLUEVWY UoVTEAWY Oo tapovsLdcouue
) Yevuxy| wopn evoc Tpofifuatoc Ypouuixol npoypaupatiouol (t.y.m.). Xt yevixy ne-
plntwon éva m.y.m. elvat éva tpdBinua ueytotonolinong 1 eEAayLoTOTONOTC ULAC YRAUUULXHC
ouvdptnone e Stavuouatixic uetafAntic x € IR"”, xdtw and éva olvolo mepLoploudy
mou exgpdlovTat and yeauuwxéc eClodoelg 1 aviodoels. Ievixd ypdgetor @ e€¥c

max(min) 3% ¢jz;

L.T. Z?:l ajjri = by, i=1,...,m
Z?;laijl‘j < by, i=mi+1,...,mo
S jagm; > by, i=my+1,...m (1.1)
Tj > 0, ,7':1,...,77,1
€Zj < 0, j:n1+1,...,n2
zj € R, j=na+1,...,n,

6mou 0 < myp <ma < m xaw 0 < nyp < ng < n axépaeg dlaotdoec xa b;, cj,a;5,1 =
1,...,m,5 = 1,...,n doouévec otabepéc. Xwplc PAIPN tne yevixdtntog oty (1.1)
€youue unofécel 6TL oL tegtogLouot €youv Swataybel étoL dote oL mpdTol my REpLopLoUOL
elval e€LOGGELS OL ETOUEVOL Moy — M AVLGAGELS TNS Uop@hc < L oL TeAeutalol m — mo
avienoels e Yoperc >. Erniong ov yetafintéc andgaong éyouv dwataybel étoL dote ol
TEATES N1 TALEYOUV U1 apvNTIXéC TWES, oL ETGUEVES N — Ny WY Oetixée xal ol teheutaleg
n — ng SeV €Y0UV XAVEVA TEQLOPLOUS WC TROC TO TEAGNUO.

Y10 mapandve mpéPhnua n ouvdptnon f(x) = > U ¢jz; ovopdleTaL avILEeuevX]
ouvdptnon. 'Eva Sdvuoua x € IR™ ovoudletar e@uxtij Avon av ixavonotel 6Aoug Toug
neptoplopolc. H equety meptoyny F elvar 1o 6dvoro 6hwv Twv egxtdy hoewv. M

3



1.4 Kegdhoro 1. Egapuoyés I'papuixol Ipoypaupatiounol

eQueth Mom X* elvan BéAtiotn By dptotn av metuyalvel T wéyiotn (avt. eAdytotrn) TwuA
e AVILXELEVXTiC ouvdptnome f(x) vl x € F, yua mpoPfAfjuata tdnou max (avt. min).

H (1.1) elvow n yevixdrepn wopyt| evéc n.y.n.. I'vopilovye duwe dtu ye xotdAinioug
UETAOYNUATLONOUC €VaL TT.Y.T. UTOpEel Vo Ypagel oe SLdpopec LoodUvaues Uop@éc Tou elval
xenowes yio T wobnuatier tou avdhven. Avo tétolec Hop@éc elvan 1 xavovixr uopgn
TOU YENOWOTOLElTAL 6TN UEAETY TV WoTHToY g BEATLOTNC AIoNg XAl 1 ULXAVOVLXY
uop@n mou elvat yerhowun oty avdntudy g Hewplag tng duixdtnTac.

‘Eva m.y.m. elval oe xavovixr) uopgr av 1o xpitfplo BeltioTonolnorng elval max xou
enlong my = mo = m xoL N1 = ny = n, dNhadh dhot oL neploplouol elval LedTNTES XA
Oheg ot uetafSAnTéc amdégouonc elvor Un apvnTIXéC.

‘Eva n.y.m. elvat oe nuixavovia) uoper av 1o xpltrplo ektiotonolnong elval max xou
enlong my1 = 0, ma = m xaw n1 = na = n, dNhadh éloL oL negloglouol elvar aviedTnTES
e wopghc < xol 6Aec ot UETABANTEC andQaoTC ELVAL UN AEYNTLXES.

Puowd xatd N Swadixacio uetacynuATiowoy evég YevixoU Ty.T. 0E Xavovixh %
nuavovxy) Lop@r o aptiudc Twv TepLoptoudy oL Ty UeTaANTdV 3¢ Statnpeeitat o (dlog
6TWS 6T0 apy b TEOBATUA.

Yta endueva Ha yenowwonolodue 1oV Topaxdte cuUBoAloud Yo éva TY.T. GE XAVO-

VX popQr;

7= max c¢'x
ur. Ax = b
x > 0

J

6mou ¢ € R™ elvar didvuoua otihng, ¢ 10 avdotpogo tou ¢, 0 To undevixd didvuoua
otov IR, A nlvaxac diaotdoewy m x n, xat b € R™.

1.2 Tlpoypappatiopds Iapaywyng

Ta mpofhiuata TpoYEAUUATICUOV TapaY®YNS ATOTEAOUY Uld ATd TS XUPLOTERES EQUPUO-
Y€ yeauuxol Tpoyeauuatiopol. Oo eEeTdo0uUE UERXd YopaxTneloTixd tapadelyuata
TAPOXETW.

1.2.1 TIapaywyy IHHohév Ipoldéviwy os Mia Ileplodo

Ocwpolye T0 TEGBANUA TaLAYOYNS ULAS ETALElOC TOU TUEdYEL 1 TEOLGVTO YP1GLUOTOLM-
vtac m xowoug népouc (m.y. mpodtec Uhec, epyaoia, xe@dhato, ypdvoc unyavnudtey
xh.). 'Ola 1o mpolbvta napdyovral xoL twhovviol péoa otny dua teplodo, ywpelc va
dratneeitar andleua yio enduevec neptdédovc. H undbeon auth elvor hoyuwer yia tpoidvta
GuEoTS XATAVIAWOTC OTLC Y. epnueptdeg, Ywul xir.. Ta dedouéva tou npoifuatog
elvon o e€1g:

o c; = %xépdog avd povdda mpoibvtog 7,5 =1,...,n

o b; = dwbéolun tocdnta tépoL ¢,t =1,...,m

7 Z 4 N z z z . 7 .
ajj = ATOLTOVUEYY TOGOTNTA TOPOU 4 avd LoVASA TapaydUEVOL TEOlOVTOS j

d; =ehdyLotn amoLTOUUEYY TOGHTNTA TEOIdVTOS j



1.2. ITpoypappoatiowés IHopoywyric 1.5

Znreltal To oy€dLo TaupaYWYNC TOU UEYLOTOTOLEL TO GUVOAXG %EpdoC.
I ) wovtehonoinon opilovue tig yetaPintéc andpuong wg eghc:

Tj = T0GOTNTA TopAYOUEVOL TpoibvTtog 7, J =1,...,n.

H avtuewevieg ouvdptnorn elvatl To ouvokixd x€pdoc:

fx) = ¢z
j=1

Yndpyouv entone dVo ouddec nepropiouny. H mpdtn avagépetal ot dtabeoiudtnta oy
mopwyv. T xdfe mépo 1 anattolyevn TOGOHTNTA Yt TNV TAPAYWYY TWV TROLOVIWY dev
unopel va unepPatlver tn Swabéowun nocdtnTa b

n

E Q5T 5 sz, ’1:1,77’1
j=1

H dedtepn oudda avagépetal 6TIC AnALTOUUEVES TOGHTNTES:
T > d]‘,j = 1, Lo, N

Téhog yia TOUC TEELOELOUOUSC U OEVNTIXOTNTAS, OAEC Ol UeTufANTéC andQaong, WS To-
cétNnTEC TapaYwYRC, Teénel va elvar uf apyntixéc. BéBawa, agol d; > 0, ou tekeutatol
TepLoglopol ouvendyovtal 6tL 2; > 0, enouéveg oL meploplauol un apvnTixdTnTAC £lval
oty mpayuatxdtnta tAcovaotixol. Ilap’ dha autd Toug Satnpolue 610 UOVTELRD Oe-
douévou 61l mepthaufdvovtal 6Ny xavovixy wopgt. Enouévee to my.m. yedgetal wg
elnc:

max 7 ¢

v Y orogaigry < b, 71.:1 .m (12)
€Zj Z d]7 J=1 y T
rj = 0, j=1,...,n

1.2.2 Tapaywy?, Evéc Ilpotévtog oe IToAhég Tleptédoug

Ac vnofécouue 6tu 1 etatpla Tapdyel éva UGVO TROlGY To ontolo duwg unopel va Statnenet
oe andleua xal va nwhnbel oe yetayevéotepn ypovixy| neplodo. To nedBinua enouévumc
yivetow Suvauxd dnhady) meénet va Peebel  molTixy) Topay®Yig ©C GUVERTNHGY TOL Ypo-
vou. M amhouvotevuévn pwopgn tou npoPfijuatoc elvar 1 e€rc: O ypovixde opllovtog
elvar urixouc N, Snhad?, o npéner va Anglodv N anogdoeic napaywytc, v xdle yo otny
apyh utag ypovixrc neptdou (n.y. efdouddac ¥ uhiva). Koatd v neplodo £, =1,..., N,
n {ftnon mou O neénet va weavorounbel elvar lon ue d; xau To povadialo x66Tog Topa-
yovric elvar oo ue ¢;. Ernlong av ua nocétnta npoidvrog xpatnbel wg andbeua xatd
v neplodo t éwg Ty enduevn meplodo t + 1, 161 T0 x60TOC anobéuatoc elvar (6o ue
hi avéd povéda meoiévtog, Yyt = 1,..., N — 1. Av 010 téhog tng neptddou N undpyet
andbeua mou dev €xel ypnowwonowmbel, To x6otoc Tou avd Lovada elvan (oo ue Ay (autd
T0 Teheutalo x66T0g UTopel var elval Xt apvnTIXG 6TNY TEpINTwoT Tou To Tehixd andbeua
el alio xau unopel va twhnbel). Yrofétouue 6t undpyouy anepléplotes TOGOTNTES TWY



1.6 Kegdhoro 1. Egapuoyés I'papuixol Ipoypappatiopnol

ATAULTOVUEVODY VLo TNV Tapaywy! toépwv ot xdle neplodo, ondte dev undpyel tepLoptoude
oty nocdTNTa Tapaywyhc. Tédoo 1 tapaywyr 660 xa n tdAnen tou ngoidvtog yivovtan
axoplata oty apyn xdle nepuddou. Enione n {htnon xdbe neplédou npénel va ixavomoln-
Oel axpBde, dnhady| Sev emttpénovrar ehheldelc. Téhoc unobétouue 6t otV apy? nc
neptodou 1 undpyet %dn oty anobfixn tocdtnta tpolévtoc lon ue 1.

To mpdfBinua elvar va Peebolv oL tosdtnteg Tapaywyhic oe xdbe nepiodo étol ote
va ehaylotonownel 10 cuvohixd x66ToC TMapAYWYHS xat anofeudtwy 6Ty didexelo Tou
opilovta npoYpaUUATIEUOU.

IMo v avéntudn tou wovtélou my.m. YLo auTh TNy xatnyopla TpoAnudteny oL xa-
TdAANAec ueTaBANTES andgacng elval

T = T006TNTA TapAYWYNS xatd v neplodo £t =1,..., N

xa
I} = péyefoc anobéuatog otnv apyr tne nepuédou t.t=2,..., N + 1.

ITpwv mpoywerioouue TNy avdnTuEy TOU TEOBARUATOS GNUELGVOLUE OTL 1) UETABANTH [N 41
ToELoTAVEL TO TeEAS andleua uetd to téhoc tou opilovta. Ernlone n nocdtnra I; dx-
Aad1 To apywd andbeua elvol Soouévn napdueTpog Tou TeoPBARuaTtog xal Oyl UeTaBAnTY
ATOPACTS.

[N Tov uTohOYLOUS TNG AVTIXELUEVIXTIC GUVARTNONS £YOUUE OTL TO GUVOAXS xHGTOC
anoteleltol and T0 x66TOC TAPAYWYHE XAt To x6010¢ anobeudtwyv. To xbéotog tapaywyrg
xatd v neplodo t elval too e ¢y, T to x6010¢ anoleudtowy, napatnpolue 6Tl 6TNY
neplodo £ 1 mapaywy xat oL TwAKoel YivovTal otny apyt|, ETOUEVKOS XAUTd T SLdpexela
e mepLddou 1 toadTnTa Tou Swatneeitar o andleua elvan o ue Ty TtocdnTa I4q TOL
Oa elvon Sabéoun otny apy” g enduevng meptddou. Muvende, 10 xbotog anobéuatog
mou mpoxUnteL xotd TNy neplodo t elvan too ue hylyy . ToodUvaua unogovue vo Soldue 6TL
t0 andleua I; mou undpyel otV apy’) TS TEELOdou t Slatnelnxe otny arobixn xutd
dtdpxeta TN mponyoluevng teptddou t—1, xaL 10 x66T0¢ ToU TEoéxulE xaTd TN daTheno
Tou elvan (6o ye hy—11;. Me Bdon ta mapandve to cuvokixd xdotog elvar too ue

N N
f(X7 I) = Z CtTt + Z htIH—I-
t=1 t=1

O uévoL tepropLouol mou avagépovtat pntd elvol 6t tpénet va ixavorownletl ) {htnon
oe xdbe neplodo. Acg Solue Tt ylvetar tnv meplodo . Xtnv apyr tng meptddou undpyet
andleuo I; xou mapdyetol i tocdtnta 2. Enouévwg 1 ouvolu| mocdtnta nou elval
drabéoiun yia ndAnon elvan ton ue Iy + x4 And avth wo tosdtnta d;p Oo twinbel xou to
unéhoino O yetageplel we andleua I oty apy g enduevne neptddou. Enouévec
oL TOGHTNTES QUTEC GUVOEOVTAL UETAEY TOUC UE TN GYEoT

It+flft:dt+1t+1,t:1,...,N. (13)

Eilvat onpavtixé va napatnpicovye 6t o e€iodoei (1.3) emttehody dunhé oxond. Ipdta
eCaogaiilouv 61l oL yetafintéc Iy xau z; ouvdéovtal uetadl Toug xaL Sev unopolyv va
ndpouv avlalpeteg Twée. Emnpboleta dunc eCasgparilovy 6t oe xdfe neplodo umdpe-
xet n anopaitntn tosdtnta Yo va weavorowmbel  {itnon. Tpayuatind, av anoiticouue
oL uetaPntéc x4, Iy va elvar Oheg un apyntixég, 16T and TNV nopandve eélowor, apov
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Ii11 > 0, npoxdntel 6t I+ > dy, Snhadh v {fitnom tne tepuddou t unogel va Lxavoroun-
fel €€ ohoxdfipou. Aev yeerdlovtal enouévewg Eeywpelotol teploplouot yia va e€acpailoTel
6t de Oa mpoxidouv ehdelderc.

Tehxd to n.y.m. ypdgetal wg e€rc:

min S0 e+ Yoy bl
U.TT. It + 2 — It+1

Ty

I

dy, t=1,...,N.
. t=1,...,N
0, t=2,...,N+1

(1.4)

(VAR

[Tpénel va mopatnericouvue 6Tl 1 eMAOYY, TOV TopATdVL UETABANTOV andgoaong dev
elvar 0 uévn duvath. Hpayupotixd ané v (1.3) Brérovue 6t Iy = I + x4y = dy.
Enouévecg,

Iy = L+x1—d
I3 = Ig—i-xz—dz:Il+$1+$2—(d1+dg),

dnhad” ou I; umopolv Vo exPEAGTOUY GUVIRTHCEL TOV Tf, X0l Vo Toealerpholy and To
uovtérho. Me tov tpéno autéd Oa elyaue éva my.m. ue N uetafhntéc andgaong avtl
2N movu €youvue tHpa. Amé TNy dAAN Theupd GUKS 1) SLAUOEPWOT TNG AVTILXELUEVIXNS GU-
vapTnone xoL Twv neploptoudy Oa yivétay mokd mo mohlmioxn. I'v autd to Adyo otry
TAELOVOTNTA TWV EPUPUOYAY TEoYpaUUaTIoUoU Tapaywyhic axoloubeltal 1 tpocéyyLon
Vo yenotuonolotvio Eeywpelotéc ueTafntéc yia Tic toaotnteg anoféuatog. O uetafin-
Tég auTég ouyva avagépovtal we Bonbntixéc uetafintés, enewdt, v yerion toug dev elvan
anapalTnTy, X0l UTopoly Vo ex(peacToly cuvapThoel Twv undloitwy. H yeron ¥ éyt Bon-
OnTedy peTaPANTdY Yevixd SteuxohOveEL TNV EXQPAOT TNS AVTIXEWEVIXTC GUVAETNONG XAl
TV TEPLOPLOUAY eVOC T.Y.T., Ot Do mpénel duwe va yivetal akdylota xaloe 1 etoaywyn
Toug auédvel N SLdoTaen Tou TEOBAHUATOC.

To duvauxd tpéfinua TapaywYHC TOU TALOUCLACGAUE 6’ auTY TNV Tapdypago Paoi-
Cetal g opXETEC AMAOUGTEUTIXEC TAPABOYES, O GXOTHC TWV OTOLLY HTAY VO EXPEAGTOUY
ue caghvela xal anhétnTa ol Bacxég Wéeg TNng Yovielonoinong tétolou eldoug eqapuo-
yov. Eilvar oyetind edxolo va tpononownbel autéd 1o apyixd wovtéro yia va Angbolv ur’
6m otouyela 6nwC eplocdTEPA and €va TEoldvTa, TepLoploUEv dlabecudTnTa TEOTWY
VLGV o€ xdbe meplodo, meploplouévn ywentxdtnta anolnxeutixol ydeou xhn.. Tétoleg
EMEXTAOELS AVUPEPOVTAL GTLS AOXNOELS 6TO TENOS TOU XEQUAALOV.

1.3 IlpoBAdpoata Porg o Alxtua

Or eapuoyéc authc TN XATNYOoplag EYOUV TA TUEAXATEL XOLVE YARAXTNELOTIXA. YRApyEL
éva Tpoldv mou Slavéuetal Tdve ot éva SixTuo eyxatactdoewy. To SixTtuo aroteleltal
and x6uPBoug ot omolol aviieTolyoly 6 apytxolc, evdlduecsouc ¥ tepuatixolc otabuoic
yior TRV xuxhogopla Tou npolévrog, xat and axuéc mou cuVSEoLY Touc xéuPouc uetall
TOUC XaL AVTLoTOLYoUV e duvaTég dadpoués yia T Uetagopd tou poldvtoc. To npoidy
unopel va elvatl xdnoo VA6 ayafd mov petagépetal and T EYXATAGTIGELS TAUPAYOYNC
oToug otafuolc TdAnoNe wEow evog Suxtlou davourc. Mnopel duwe vor elvan xat pia un
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TG
a,

b

Yyfua 1.1: Alxtvo Awvouric

VALY OVTOTNTA, OTWE Y. Yid pAdLOGOVIXT EXTOUTY 1 €val TaxéTo THAETLXOLVW VIS TOU
avoueTadidetal u€ow evic dixthou xepatdy 1/xal Sopupdpwy and to onuelo extounfic oe
éva 1) teplocdTepa onuelar Telic AMdme.

To 3ixtuo avtiotolyel palnuatind oe éva Ypdonua xOUBwy xaL axUGY OTKS AUTH TOU
patveton 610 Eyfua 1.1. Xto ypdgnua ot x6ufor aviietolyolyv 6e eyxataotdoets (m.y.
EpY0OTdoL TapaYnYTc, SlaueTaxouotixols otafuolc, anobixec, onuela ndinone xin)
xaL oL axuéc oe Suodoug aneubeiag petapopds Letall TV avilioTolywy x6uBwy. Ou axuéc
elvol xateVhuVOUEVES %Ol EMLTRENOUY T1) UETAPORE and TOV apyixd Tpog Tov Tehxd x6Ufo
e axunc. I nopdderyua 6to dixtuo tou Lyfuatog 1.1 elvon Suvatéd va yiver aneuleloc
uetagopd mpoldvrog and tov x6ufo 1 atov xéufo 2 ahid by and tov 2 otov 1. Enlong
elval Suvatd va yivel yetagopd and Tov 1 atov 5 alkd oyt dueca. Auti unopel va yivel
ue uta ané tig ovvbeteg Stadpouée 1 — 2 — 5 xaw 1 — 2 — 4 — 5.

Fevixd éva dixtuo uetagopdc oplletal wg éva nenepacuévo alivoro x6uPwy V, tou
ywelc PAEBN tne yevixdtntag unopel va tavtiotel ue to ovvoro {1,..., N} yio xdnoto
N < o0, xau éva 6Uvoho axuadv FE. M axur npoodiopiletal yovoofiuavta and éva
dratetaypévo Levyog (i,7) uve 0,7 € Vii # j. Ernouévoc 1o 6lvoho twv axudyv elval
ECV V.

Ye xdfe axyur, (4,7) aviiotolyel éva x66T0¢ ¢ xaL Ua ywentixdtnta (capacity) vj;.
To ¢;j avTimpoowneel To x6GTOC AV UOVAdAL UETAPEROUEVNS TOGOTNTAS XATH UHXOS TNS
axuhc (2,7) xat o vy T uéyloty nocdTrTa mou unopel va uetagephel xotd urxog e
axunc.

Téhoc oe xdfe x6ufo i avtietolyoliv 1 dwbéowun (etoepyduevn) xar anattoluevn
(eZepybuevn) noabdtnta a; xou b; avtiotorya. H a; cupBolilel pia toodtnta npoiévtog tou
elvat dwabéoiun otov x6ufo i and e&wtepuée tnyéc. H b; ouuPolrilel nosdtnta npoidvtog
mou anatteltat va dwatebel and tov x6uPo i oe eCwtepixolc tpooplouovc. H eloepyduevn
nocoTNTA a; Unopel va ypnotuonowmbel elte yio va xahider uépog 1 6An v analtnomn vl
Vv elepybuevn nocdTTa 6Tov (Lo x6uPo i, elte yio va uetagepbel uéow tou duxtiou
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o€ dhhoug xéuPoug. AvtioTolya, 1 araitoluevr toodtnta b; unopel va xahugbel elte and
G XOUPOUS. X% M HEVT, [T D UTop ?

Tuy6v dwbéoun tocdTnTa Tou Blouv x6uUPou elte and nocdtnTES TOU €YOUV UeTapepbEl

oTov x6ufo i and dhhoug xouBouc.

1.3.1 To npdfAnua dapeTaxouLdg

Ta npofriuata BeAtioTonolnong mouv avaxUTTOLY AVAPELOVTAUL GTOV TEOGILOELOUS TOGO-
THTWY TOU UETAPEROVTAL XATA URXOC TOV axu®dy €tol Kote va PehtioTonoleltal xdnoto
xputhiplo. To mo yevixd npéPBinua mov Ou eEetdoovue elvar to mpdfAnua Stauetaxout-
dhc (capacitated transshipment problem) wou oplletor we e€hc: Na mpoadlopteToldy ol
I

UETAPEPOUEVES TOGOTNTEC TTOU LXAVOTIOLOVY TiC Staféaiuec xal amoLToVUEVES TOGOTNTES
oe x&be x6ufo, dev unepPalvouy TIC YWENTIXOTNTES TOV AXUMY XL ENAYLGTOTOLOUY TO
GUYOALXS *6GTOC UETAPORIS.

I T povtelonolnor, tpofAnudteny pofc ot dixTua OTWS AUTO, 1) TUTLXY| TPOGEYYLOT)
elvar va optlovtat wc UeTaPANTéC andpaonc oL TOGHTNTES TOU UETAPEPOVTAL XATH UTX0C
TOV axXU®Y, Snhady

zjj = noobTNTA MOV YeTapépeTal xotd uhxoc g axuhc (i,7), (4,7) € E,

enouévee 1 didotaoy Tou Slaviouatos oY UETAPANTOV andgouong elvar lon ve n = |F|,
dnhadnh Tov aplbud eV axudy.
FNo x € R" 1 aviuxeweviny 6uvdpetnon, Tou elval T0 GUVOAXG X66TOS UETAQORAC,
exppdletat wg e€hc:
fx)= ) ey

(i.j)€E

Ou neproplopot etvat 3o elddv. Katd npdtov npénet va eaopaiiletar 6Tt 1 uvolun
nocdtnTa mou e€épyetal and xdbe xéufo, elte yio va yetagephel oe dhhoug xéuBoug 1
Yl var teavomotioet T eEnTepixés anatthoel Tou xouPou, 8ev unopel va unepPalver T
GUYOALXY| ELOERY OUEVT TOGOTNTA GTOV XOUPB0, Tou TpotpyeTal and TN Stabéowun e€wtepuxt,
TOGOTNTA XAl TOGOTNTES TTOU UETAPEPOVTAL A6 dhhoug x6uBous. XenollonoldyTac Toug
ToEATdVL 0pLoUols oL TepLtopLouol autol Ypdgoviol we eZhc:

Yo wmpthi< Y mta,

j:(i,j)EE k:(kyi)ER

1) LoodUvoaua

Z Lks — Z l‘iiji—ai,i=1,...,N.

k:(k,i)EE j:(i,j)EE

O neploplopol autol avagépovtal Yevxd we neptoptouol pofic (flow constraints).
H dedtepn xatnyopla neproptouny eCacpahilet 6tu dev mapafidlovial oL ywentxdTn-
TEC TWV AXUGY, dnhady
rij <wvij, (i,7) € E.

Ou nepropropol autol avagépoviol Yevixd we meptoptouol ywentixdtnrac (capacity con-
straints).
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Enouévwe to mpéfinua ypouuxol Teoypauuatiopoy elval GUVOTTLXE TO TUpAXAT®:

min Z(i,j)eE Cij L5
U.T. Zk:(k,i)eE‘Tki72]’:(1‘,]’)6]31‘1'.7‘ > bi*ai, 1 = 1,...,N. (1.5)
i < vig, (i,j) € E
Y10 povtého (1.5) napatnpolue 6t 1 e€dptnon and T napauétpous a;, b, i =1,... N

elval uévo yéow tov Sagopny a; — bj. H nocétnta a; — b; umopel va epunveubel wg 7
xabopr Swabéoun tocdTnTa 610V X6UPBOo 7, dNhadY To undhowno and 1N dwwbéoun Tocs-
NTa Tou anouével 6tav agatpeboly ou e€wtepinéc anantrioel. H nocdtnta aut unopel
va elvan elte Getinr] elte apvned av yetd v agalpeon tapauével 6Tov x6uBo unéloLro
drabéoune nosdétnTag B undhowno analtnone aviiotoya. Enouéves, ywelc BAIBN trne
YevxdtnTag Uunopolue va unobécovue 6Tl o xdbe xéufo i €yovue a; =0 1 b; = 0 A xan
Ta dYo, dnhadr oe xdbe x6uPo undpyel eite dwabéowun mocdTTa 1 e€wTepixr] analtnon
A& Oy xon o 800 TAUTHYEOVI. LUVETGS TO 6UVORO TwV xOUBwV UTopel va StoueploTel
oe Tpla uToGUvoha

Vei={ieV]a>0b=0}, Vy={ieV |a;=0,0; >0}, V,={ieV |a =0 =0}

To otvora Vi, Vy, Vi ovopdloviar olvola tnydyv (source), mpooploudy (destination) xon
drauetaxouldhc (transshipment) avtiotouya.

Mepuxée evdiagépouceg eldxég TEQLTTHOELS TOL YEVLXOU TROBAAUATOS SLAUETAXOULSTC
(1.5) napovotdlovtat TopaxdTw.

1.3.2 To npdéPAnua porg eAdyLoTOU %6GTOUG

To npdfAnua polic eAdyiotou xéotouc (min-cost flow problem) opiletar we éva npdFAnua
dtapetaxouldfc 6To onolo Sev UNdEYOUV TEPLOPLOUOL YWENTXOTNTAC GTIS axUES, 1 LoO-
dVvapo xdfe axur, unopel va Seylel onowadhnote yetagepduevy nocdtnta. Enouévec
npoxintel and to npdBinua (1.5) Gétovtag v = co. Xuvontxd to mEbBAnua YedpeTaL
w¢ e€hc.

i 2 (i)eE Cijij
V.T. Zk:(k,,i)eE Ty — Z](?,])EE "E”
xij

bj—a;, i=1,....N. (1.6)
0, (i,j) €E

ARV

1.3.3 To npdPrnua petapopds

To nedfAnua uetagopdc (transportation problem) opiletar wg éva npbBhnua pofic endyL-
0TOU %G6TOUS 610 0nolo Sev LUTdEYOUY SLaUETAXOULGTIXOL XOUBoL EVEH UTdEYEL UL axuY,
and xébe YT, npoc x&0e npooploud. Enouévec 6to npdfinue autd mpEREL Vo UETAQER-
Holv mocdtntec and touc xéufouc-tnyéc oTouc xouUPouc- tpooplouolc. To mpdfinua
npoxUnTeL and 1o TedBAnUa pofic eNdytoTtou xéoTouc (1.6) Bétovtac V; = 0, E = Vi x V.
Me autég Tic unobéoeic to m.y.m. malpvel apxetd anhoUoTER LopPH. LUyXEXPLUEVA, YL
x&0e xo6uBo-tnyn i € Vi éyouue a; > 0,b; = 0. Exnlong to olvoho 1V eloepyduevwy
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axuoy 6Tov x6ufo elvar xevo eved To 6UVOLO TV elepybUEVLY axu®y elvai to oUvolo
Va Twv npooploudy. Enouévec o neplopoude potic yia tov x6ufo i

Z Thi — Z Tij 2 bi — a;

k:(kji)eE j:(i,j)EE

Z zij < ay.

JEVU

anAOTOLELTAL GTOV TURAXATE

‘Ouota mpoxtntel 6L yua xdbe x6uPo-npoogloud j € Vy o neploplouds yedpetal Loody-
: e Y HPO-TPOOPLOUO ] d propLopoc YpaQ

vaua
E T4 > bj.
1€V

Enouévwe to npdfinua ueTapopds avTLoTOLYEL 6TO TUPUXETO T.Y.T.

min - Y ey D osev, CijTij

v Yjev,Tij < a, 1€V (1.7)
Diev. Tig = by, JEVy
Tij > 0, 1€ Ve; ] S Vd

"Eva npéfinua uetagopds ovoudletal tooppornnuévo (balanced) av woylel ) oy, a; =
> jev, bj: dnhadihy 1 ouvohued dabéowun moodtnta otic myéc elvan lon ue T ouvolxd
ATALTOVUEVT T066THTA 6TOUS Teploplopolc. T éva toopponnuévo mpdBinua UeTagopdc
meptuévouue dtaalntixd 6tL yio va ixavorounfoly ou meploplouol, dheg ou dwabéaiueg
noc6TNTES TEENEL Vo heTaepboly and Tic TnYEég xutd TéTolo TpoTo WaTe xdle TEooELEUGS
va Adfet axe3og TNy anattoduevn tocdtnta. Me dhha Adyia ol tepLopiouol 6to npdBinua
(1.7) Ba weavormotolvtal ye odtnra. Autd anodelxvietal e0X0ND 6TO TOPUXAT® AHUUIL.

Adupa 1.1 Ye éva toopponnuévo mpdfAnua uetapopdc éva Sudvuoua x = (xij,1 €
Vs, j € Vi) > 0 elvar epuxtij Adon av xat uévo av

Zflfij = a;, 1€V

JEVL
> wij = by, jE€V
1€V
Anédeln. 'Eotw éva didvuoua x > 0. Elvol mpogavéc 1L av To X eavorotel Toug

neploplouolc Ue oot elvan e@uety) Ador. T va dellouue to avilotpogo, and toug
TepLOpLoUOUS TOu YeVixoU Tpofhfuatog uetagopds (1.7) mpoxintel (afpoilovtag Tig avi-
o6TNTES TV TNYGV) 6TL avaryxala ouvBxn yia va elvat o X eguet Ao elval

E E i < E a;
1€Vs jEVy i€Vs
énoc entone (abpotlovtag Tic aVGOTNTES TWV TPOOPLEUMY)

S mip= by

JEV i€V, JEVU
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I éva woopponnuévo Tedinua ol tagandve cuvifixes xatahiyouy aTnv

Zinj:Zai:ij.

i€Vs jeV, i€V; JjeV,

Enopévwce, av to x xavornotel 6houc toug meploptopolc tou (1.7) xau évay % neploot-
TEPOUC UE aUOTEY, avladTnta, ToTE 1) Topandve cuviixn napafidletar, mou elval dtomo.
Yuvenog 6lol o teptoptouol Bu mpénel va Loy iovy K¢ LoGTNTEC. O

Ané to Aupa 1.1 npoxdntel 1 €€ LoodUvaUn LORPY| TOU T.Y.T. YLo VA LGORPOTNUEVO
TebPBANUA UeTAPORdC

min - >y Doiev, CijTig
U.TT. ZjeVd Tij = a5 1€ Vs
e, Tig = by, JEVy
zij =2 0, 1€Vs, JEVy

(1.8)

H unéleor, 611 éva npdfhnua uetagopdc elval Loopponnuévo unopel va yivel ywelc
BAAPN e yevuxdtnTag, 6nwg npoxintel and v ‘Acxnor 1.5.

1.3.4 To npdPinua wéyLotns povs

To mpdfinua uéyiotne porc (mazimum flow problem) opiletar wec To TPOBANUA UEYLOTO-
moinong TNg ouvoAxric ToadtnTag wou unogel va petagepbel and éva apyxd xé6ufo oe
éva TeAd x6ufo Tou dxtdou, x4Tw ATO TOUS TEPLOPLOUOUS YOENTIXOTNTAS TOY AXUMY.
Aedouévou 61l 1 aplbunon twv x6ufwyv elvar aubaipetn, urtopolue ywelc BAEBN tne ye-
vix6tntog va unofécouue étL ueyiotonololue T pory and tov x6uPo 1 otov xéufo N.
Ou dolue 6TL xar To TEéBANUA aUTO TEOXUTTEL WS EWWT TEpInTwoN Tou TpoPAfuaTtog
StapeTaxouldnc.

Y10 mpéPhnua uéyiotng porc M wovaduxy, mnyt elvar o xéufoc 1 xaL o yovadixdc
npooplou6s o x6ufoc N. Mropolue va to Oewpfioovue wg éva mpdBinua drou undpyel
aneptdplotn Stabéowun nosdtnTa 6oV x6uPo 1 xar undevixéc dabeciudtntec 6Toug LNd-
Aoinoug x6uPouc evé Teénet va ueyloTtonolnbel  tocdTTa TOL XaTahYEL 6TOV xX6uBo N.
Enouévwc Oa unopolcaue vo Tdpouue wg aVIXELUEVLXT GUVERTNOT TN GUYOALXY TOGHTHTA
mou eloépyeTal 6Tov x6uPBo N, Snhady Zi:(i,N)EE TiN XOL VA ATOLTAGOUUE UEYLoTOTONGT,.
H mpooéyyion auty| 6uwe dev elvar cwoty. ' va Sodue ol ndoyet, ac Hewpoovue To
dixtuo tou Xyrfuatog 1.2, énov {ntelton va ueyiotononlel n por) and tov xéuPo 1 6tov
%x6ufo 4 xou oL to6dTNTES UEoa OTLC AYXUAES SNAGVOUY TLC YOENTXOTNTES TOV AXUGY.
Eivat npogavég étu 1 puéyioty pot loobtar pe 10 xon emtuyydvetar Bétovtag

214 = 10,40 = o3 =34 =y

3

v onoodfnote y € [0, 3]. Av duwc BewpfioouUe KC aVTLXELUEVLXY GUVEETNOY TN GUVORLXT,
eLogpy OueVY TocoTNTa 6TtovV x6ufo 4, mou elvar lon ue 14 + T34, AUTH YeyLoTOTOLELTOL

Yot
714 = 10,49 = 123 = X34 = 3,

xoL N u€ylotn T tne elvan lom e 13, mou dev avtiotolyel otny mpayuatixy BEATIOT
T Tou TpofAfuatoc uéylotng porc.
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(3]

T o

kzj__[ET_i -

Yyfua 1.2: Tapdderypo Méyiotne Porc

Bhénouye emouévmg 6TL 1) 6OOTY AVTIXELUEVLXT GUVARTNOT TOU UEYLOTOTOLELTAL ELVOL 1)
xafopn tocdTnTa TOL Uével oTov x6uPo N xau elvar Stabéaiun va Lxavonolfoetl e€wTepLxég

anoLthoelc, dnhadh
2. mN< D, Ny
i:(i,N)EE j:(N,j)EE
Enewd? 6710 npdPinuo diapetaxoudhic €youue ehaylotonolnoy, yLo vo mpoxlfel To
TV TEOBANUA K¢ WL TERITTWON TOU TEONYOUUEVOU UTOROVUUE VO Y PNGLULOTOLGOUUE
TN oyéon

max f(z) = —min f(~z)

xaL vo Bécovue w¢ oLUVAETNOT XOGTOUC AXUGY TNV

-1, avj=N, (i,N)eE
Cij = 1, avi=N, (N,j)€eFE
0, Sxgopetid

‘Ocov agopd toug TeploploUols, TS AVUQERUUE TEONYOUUEVWLS, LToBéTouue OTL
undpyet aneptdplotn Swabéolun TocdTnTa 6TV TNYH, EVEO GTOV TEOOopLoUG deV UNdEYEL
TEQLOPLOUGSC S TPOC TNV ATALTOVUEVY TocdTNTA. Autd TpaxTixd onuaivel 6TL 1 tocdTnTa
TOU UETAQEPETAUL antd TNV TNYT) 6TOV Tpooploud TeptopileTal UOVO and TLC YWeNTIXOTNTES
TOV axudy, 6w anattel to mpolAnua, xou Oyl and cuyxexpuéveg Swabeciudtntec 1
anattioels. Enouévewe ot neploptouol tou npofifuatog Stauetaxoutdnic Loyvouy xat 6To
TapoY TEOBANUA UE

ap =00, a; =0Vi#1, b =0Vj€V.

Ael&ayue 6L o TedPAnua uéyLotng porc uropel va exgpaatel wg eWdixi teplnTwoN TOU
npoPAfuatoc (1.5) ue tic mapandve enhoyéc ouvapthioewy xdotoug, diabfeotudtntog xoL
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anouthoewy. Evallaxtixd unopel va ypagel oe xdnwe anhovotepy LoodUvaun Lop®Y| we
e&ric. Ané tov oploud 1oV a, b tpoxinTtel 6TL 0 teploploudg ot Yo Tov x6ufo 1 yivetat

Z Tkl — Z 1 2 —0Q,

k:(k,1)eE j:(1,5)€E

mou elvar mheovaotixdg xol unopel va mopadnglel, evéd ov undloirol meploplauol potic

yvivovTat
Z Tki — Z i >0,1=2,...,N.
k:(kjg)eE j:(i,5)EE

Enouévwe to n.y.n. unogel LoodUvaua vo exppacTel »g

max Zz’:(i,N)eE TiN — Zj:(N,j)eE INj

VT D gkieE Thi T Xggen®y = 00 1=2....N (1.9)

1.4 IIpofBAiuata Ilgoypapupatiopwod Epyaciog

Ta npofhfiuata authc Tne xaTnyoplac 0oy ohovyTaL UE TOV TEOYPAUUATIOTUS TEOCKOTXOY
xaL wpaplwy ot uia etalpela 1 opyavioud tou anacyohel todlholg epyalduevoug xal €yet
dLapopeTixéc avdyxes o Tpoownxd ot ddopes yYpovixéc neptddouc. Ta napaxdtw Svo
rapadelyuata elval yprowa yia TNy xat’ apyNy xatavénon Tou tpoBAfuaToc.

Q¢ npdTo mopdderyua Bewpolue €va VoGoxouelo Tou Tpénel Vo TPOYRAUUATIGEL TOV
apliud Tou voorieutixol mpoownixol oe eBdouadiala Bdon. Enedy, 1o vocoxouelo xd-
notec Uépec elval oe egpnuepla xat xdnolec dyL, oL avdyxec o€ TPOGOLTLXG elval Yevxd
drapopetixéc xdbe uépa tng efdouddac. And v dAAn mhevpd xdle epyalduevoc 6To vo-
coxouelo €yel cuveyouevo nevinuepo wedpLo, Snhady, epydletal névte ouveydueveg UEpeg
x&0e eBSoudda xat tig dAAeg dVo nalpvel pend. Enedy| 1o vocoxoueto elval guvéyeia avol-
X160, dev unopovv éhot ot epyalbuevol va nalpvouv pend Tig dleg uépeg Onme yivetal m.y.
oe UL eumoplxt| etatpela mou elval xhetotr 1o cuPfatoxiplaxo. Enouévwe xdbe epyalsd-
uevoc avixel oe Uid and entd xatnyopiec wpoplou (Bdediec), avdhoyo ue Tic PépeS TnC
efdouddac mou epydletal (otny xatnyopla 1 avixouv o epyalduevolr and Aeutépa uéypl
Hapaoxevy|, otny xatnyopla 2 autol and Teltn uéyer LdPBato, x.0.x.). Enedf oe xdnoiec
Bdediec oL epyalduevol anacyorovvrar NdBfato B xar Kuplaxr, to efSouadialo xéatog
Tou vosoxoueiou yia xdle epyalbuevo Stagépel avdhoya ue T Bdedia. To mpdBinua Tov
vocoxouetou elval va Peebel néool epyalduevor npénel va ngoohngboly oe xdfe Bdpdia
OOTE APEVOC VAL LXAVOTIOLOUYTAL OL OANALTHOELS O TpoowTxd xdle uépa tne efSouddac xat
ag’ etépou va ehaytotolnomnbel To cuVOALXS %x66T0C TV epYaloUEvVLV.

I éva dettepo mopddelyua, ac Hewprioouue to unoxatdotnua uag tedrelag ToL
Aettoupyel yia o xowé and 8 m.u. g 8 u.u. xdbe epydowun uépa. And nponyolueveg
O0TATLOTLXES avahUOELS ELVOL YVOOTS OTL OL AVAYXEC OE TEOCWTILXS BLAPELOLY aVAAOY UE
Vv Gpa e wépac (my. xatd to dlwpo 8-10 w.u. ypedletar va Aettoupyolv 3 touela,
xatd to dlwpo 10-12 6 tauela x.0.x.). To npoowmxd e tpdneloc epydletan 8 dpec
™ uépa, ahhd oe didpopeg Bdediec. Mo napdderyua xdnotol epyalduevol anacyorolval
ouveybueva 6to didotnua 8 mu.-4 u.u., xdnowol and tic 12 éog Tic 8 Y.u. xal xdmoiot
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Ghhot 8 m.u. pe 12 xou 4 p.u. pe 8 w.u. . Avdhoya Ue To wpdpto To x66T0C Yoo xde
epyalouevo unopel va dtagéget. Avtiotolya ue To nponyoluevo tapddetyua, To tpdBinua
e tpdnelog elvan vo Bpebel nécoL epyalduevol npénel va anaoyoholvtal o€ xdbe Bdpdia
OOTE VO LXAVOTOLOUVTUL OL ATULTHOELS OE TPOGWTLXO GE OAN 11 Sidpxela g UEpag XL
enlong 10 GUVOAXS xHGTOC Vo ENAYLETOTOLELTAL.

It pafnuotod) Slatinweon tou Yevixot npoBhiuatoc opllouue 1o tapaxdtw. 'Eotw
6T mpémel va opyavwBoly ta wpdpla Tou tpocwnixol e Bdor éva opllovia npoypauUa-
TiopoY (eBfSoudda, nuépa, x.h.1.). O opilovtug dwupeital o m neptddouc avdloya Ue Tic
avdyxec oe npocwnixd (ou neplodol dev elvar anapaitnto va €youv 1o Blo ufxoc). Xe
x&0e neplodo i = 1,..., m anoteltol Vo undeyouy ToUAEYLGTOV d; dTOUN TOV ATAGY ONOV-
vTat xotd ) Sidpxeta e mepltodou. Ot epyalduevol 6ToV 0pYAVLGUS XATATEGGOVTIL GE N
xatnyoplec (Bépdlec) avdhoya ue o wedplo epyaciac touc. To xbotoc avé epyalduevo
e xatnyoplag j elvat (oo ue ¢ yior 6 T dudpxeta Tou opilovta TeoYpAUUATIOUOY, YL

N z e ! Z 7 e !
j=1,...,n. Téhoc 1o Sldotnua oto onoto epydlovtal ol epyalduevor xdbe xatnyopiac
xafopiletal and éva mivaxa ouvteleoTdY aij,1 = 1,...,m,j = 1,...,n nou opllovtal wg
elfic
1, av o epyalduevoc otn Pedia i elval dtabéaiuoc xatd tnv neplodo j
ajj =
“ 0, dxgopeTtixd

Y10y oploud tou a;; éyouue unobéoel bTL av évag epyalduevog anaoyoheltol oe xdmola
neplodo i, Téte elvar Swabéoiuog yia 6hn T Sidpxela xat Gyt yia uépoc TN tepltodou. Autd
onualvel 6TL 0 ywpeLouds tou optlovta oe tepltddoug xat o xaboploudc eV dagdpwy xo-
TNyopLdy wpapiou Eyel yivel ue tétolo teémo Hote xdbe Bdpdia va xahinTel éva axépalo
aptBué meptbdov. (Ta napdderyuoa oty neplntwon e tpdneloc nopandve, av o opilo-
vTag mpoypouuatiouol 8 m.u. - 8 u.u. Swupelel oe 6 dlwpa, tdHTE Yo Bdpdia emttpéneTal
va Stopxel and tic 8 mu. €og g 4 u.u., ahhd by and Tic 9 pLu. €wg T 5 w.u. Yot TéTe
Ha xdhunte Yépog ubvo tou dudpou 8 Ty, - 10 y.u.)

Me [(don 1o mapandvw, 1 LOVIEAOTOLNOT, TOU TEOBARUATOC UE YRAUUUIXS TROYRUUUA-
Toud elvar udhhov mpogavic. Optlouue wg uetafBintés andgaorg Tic TOGHTNTES Tj =
apliude epyalouévwy Tou anaeyoholvTal GUUQ®VA UE TO wedeto 7, 7 = 1,...,n. Toéte 7
AVTIXEWEVIXT GUVAETTOT, TOU elval T0 GUVOALXG %66TOC egyaciag xaTd Tn SidpXxeELa TOU
opllovta npoypauuatiouoy elvat ton ue

n

flx) = Z iy

j=1

Ou neploptoyol avtavaxholy Tig EAAYLOTEC ATALTACELS G TEOowTXG Yo xdbe meplodo
Tou opllovta mpoypauuatiouol. And Toug mEOoNYOoUUEVOUS 0pLoUOUC TEOXUTTEL OTL O
aptiude Twv epyalouévewy mou etval Siabéaiuol xatd tn Sudpxela Tng TepLddou ¢ elva loog
ue E?zl a;jrj. Aedouévne g eldytotng analtnong d;, o mepLoploudg Yo Ty Tepldo i
YedpeTat

n

Z a;jrj > d;.

Jj=1
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Tehxd to n.y.m. ypdgetar we e€ric

. n
min ) % ¢
n
UL DT T
;

d, i=1,...,m (1.10)

IV IV
o
<
I

1.5 Tunupatxd Foopuixés AvTixelhevixés LuVapTHOELS

Yo napadelyuoata T.y.T. mou eldaue Tapandve 1660 1 AVILXELUEVLXY) GUVAETNOT 66O Xl
oL teploplouol tpoéxuday va €youv yeauuxr, Lop@ and tn @Uon XaL TNV TEELYEUQT TOU
avtioTolyou TpoBAfuatoc. YRdpyouy OUmS TEQLTTOOELS TOU ULt 1 TEPLOGOTERES GUVLOTEH-
oec evég mpoPAfuatog Beltiotonolnorne elval TUNUATIXG YRAUULXES GUVARTRGELS, AANd
noe’ 6N autd To mEéPAnUe unopel va exgpactel w¢ T.y.m. UE TN Borlelo xaTIAANALY
uetaoynUATIOUOV. X’ autd to unoxepdiaLo Ho Solue TEQLITMOOELS TUNUATIXE YRAUULXAY
OUVOPTACE®Y TOU ETULTRENOUY UOVTENOTOINOY UE YRAUUUIXE TROYRAUUATLOUS.

Muw ouvéptnon f : R" — IR tng popgric
f(x) =min{dix +e;,i =1,...,k},

6mou d; € R",e; € R,7 = 1,...,k, elvon tunuatixd yeouuwr. Eivau entong xoiky,
6nowe npoxintel evxoha and to Afuua ** oto IMapdptnua. Eredd to ehdytoto evéc
TENERAGUEVOU GUVOAOU LeoUTaL Ue To Peyahitepo aptiud mou elvar wixpdtepoc 1 loog and
6ha Ta oToLyela Tou ouvéhou, Yo doouévo x € IR™ 1 f(x) unopel va ypagtel we Ao
TOU TOEUXdT® T.Y.T. UE LoV UeTaSANTY andgaong TN 2:

f(x) = max
vz < dix+4e, i=1,... k.

Enouévwe éva npdéAnua Bedtiotonolnong tng uopgnc

zpw = max f(x) (1.11)
v, Ax = b
x > 0,

6mou 1 f elvon tunuatxd yeauuwxr xolhn cuvdetnor), unogel Vo ex@pacTel g T.Y.T. UE
n + 1 petafintéc anbgaong (2,x),x € R™:

ZL,p = max z (1.12)
vt. Ax = b
z < dix+4e, i=1,...,k
x > 0.

H woduvaula pyetald twv dYo mpofinudtwy npoxintel and to Afuua 1.2 xar v
[Meétaon 1.1 nopaxdtw.

Adupa 1.2 Eote 6t 1o mpdBAnua (1.12) éyer Bédtioty Aon (x1,2Y). Téte 1oyve
L= f(x1).
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Anbdeldn.  Enedf n Aon (x1,21) o Béhtion elvar equety, woydel 2t < dix! +e;,i =
1,...,k, emtopgévog 28 < f(x'). Ac unoBéoouue 6t 2! < f(x!). Téte n Ao (x!, f(x!))
elva emlong eQueTH xon 1) TYW TG AVTIXELUEVIXAC GUVAPTHOTG elvar ueyahitepn and 21,

enouévoq 1 (xb, 21) dev elvar Béhtiotn, dromo. Yuvende, 21 = f(x1). O

Meétaon 1.1 Av éva and ta npofAfuata (1.11) xar (1.12) éyer féAtiotn Adon téte éyel
xatr To dAdo xat ot BéAtiotec AUoeic tautilovtar aTo Sidvuoua X XaL OTHY AVTIXELUEVIXT)
ouvdpTnol.

Anddely,. ‘Eoto 6t to mpéBhnua (1.11) éyet Péhtioty Mon x¥ e Béhtiotn T
zpw = f(xY). Enedf f(x°) < dix0 +e;,i = 1,...,k 0 (xX°, 2pw) elvar equxetd Mon
Tou mpofMiuatoc (1.12), xau emouévwe zrp > zpw. Ac unofécouvue 6T zrp > zpw,
Snhadh urdpyet Béhtiotn Aon (x1, 21) tou mpoPhfuatoc (1.12) ue zrp = 2t > zpy.
Aré 1o Afppa 1.2 mpoxidntel 6t 2t = f(x'). Erouévec n hon x! elvar equets Ao
yia to mpéBhnua (1.11) xar f(x!) > zpw, mou elvar drono. Yuvendc zp = zpw %ot 1
(x°, zpw) elvon Béhtiotn Mom Tou TpoPhfuatog (1.12).

‘Eotw tdpa 61t 10 mpbPinua (1.12) éyel Béhtiotn hon (xt, 21), ue zpp = 21 Ané
to Afupa 1.2 mpoxdrter 6t 2t = f(x!). H x! elvon equeth Mom oto mpéBinua (1.11)
ENOUEVLC Zpw > f(Xl) = z,p. Ac unoBéoouye 6Tl undpyeL xdmota dANY eQuxTh Aon X
Tou mpoPhfuatog (1.11) pe f(x%) > zrp. Téte 1 Mon (x°, f(x0)) elvon equeth yia to
npéPAnua (1.12), npdyua dtono agol éyovue unobécet tu 1 Béhtioy Ty Tou (1.12) elvon
lon ue zrp. LUVENAC 21,p = ZpWw XOL Y| x! elvon Béhtiotn Mo tou npofhiuatog (1.11). O

o

Evteldc avtiotoiyn elvar 1 neplntworn ehaylotonolnong uldg TURUOTIXd YEOUUIXNAS
xLpThc ouvdptnone ¢(x),x € IR", n onolo unopel va exgpootel wg t0 PEyLoTo EVhC
TENEPAOUEVOU aELOUOY AQOLVIXGY GUVIPTAGEWY

9(x) = max{djx +e;,i =1,...,k}. (1.13)

"Eva npéPinua Behtiotonolnong tne poprc

zpw = min g(x) (1.14)
v, Ax = b
x > 0,

6ToU 1) g elvol TUNUOTIXG YRUUULXT, XUETH GUVAETNRGT, UTOREl VoL EXPEACTEL W T.Y.T. UE
n + 1 petafintéc anbgouong (z,x),x € R™:

Zrp = min z (1.15)
ur. Ax = b
z > dix+e, i=1,....k
x > 0.

Hoapatnerioeis. 1. To mpéfinua ueylotonolinong Ulag xolAng TUNUATIX YpauuL-
xhc ouvdptnone (1.11), énwe xou o cupuetexd tou (1.11) éyouv evdagépouoa epunvela
¢ TpofAfuata Bektiotonolnong Tou yewpdTepoy EVIEYOUEVOL. JuYXEXELUEVA g UTODE-
oouue 6TL o€ €va TeéPBANUa UeyloTonolnong x€pdoug ue uetaAnTéc andguong Tou exped-
Covtau ané o Sdvuoua x € R", v xdfe eguety) andpaon x undpyouv k Sapopetixd
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evdeyodueva mou umopgel va cuuPolv yio xabéva and 1o omola to xépdog elvan (6o ue
dix+e;,i=1,....k. O anogacilowv dev éyel ) duvatdtnTa va tpoadloploet totd and
ta evdeydueva Ba viomowbel. T 1o wovtého autd o TEdBAnua Behtiotonoinone (1.11)
unopel va gpunveubel we peylotonolnen tou uxedtepou duvatol xépdoug and xdbe and-
gaorn. O anogacilwyv dnhady, axohlouvbel eviehde ouvtnentxy) ToAltixy|, utobétovtag 6t
T0 YeLp6TERO duvaTod evdeyduevo Bo ouuBel xal tpoonabel va ueyloTonoWGEL TO XERdOC
%x4te and auth Ty unébeor. Avtiotouya yia 1o TpdPinua (1.14), unopolue vo Bewph-
OOUUE TNY AVILXEWEVIXT) GUVARTNOT KOS TO YELROTERO BuVATS EVBEYOUEVO XOGTOUC TOU O
anogacilwy npoonabel va ehayloTonolroel.

Abyw e mapandve epunveloc ta mpolBiduata (1.11) xou (1.14) avagépovial ot
BBhoypagia Tou YeoUUIXOU TREOYRAUUATION0U »¢ TeoBAiuaTa maximin ol minimax,
avilotolya.

2. X1 yevu| neplntwon 1 BeAtioTonolnoyn Ui TUNUATXG YEOUUUXNAS OVTIXELUEVIXTS
ouvdpTnoNg Sev avdyetal o TEOBANUA Yeauutxol teoyeauuatiopol. Ia napddelryua og
fewprioovue ) ouvdptnon f : IR — R

. z, r<1
f(z) —mln{x,2—x}—{ 90—z z>1
nou elvat tunuatixd ypauuwxr xat xoikn. To npéPinua z; = max{f(z),1/2 <z < 2}
€yel Béhtiotn Adon, x1 = 2 xou 21 = 1. 'Onwg éyouvye det to woodlvauo m.y.m. elvon
max{z : z < 7,z < 2—1,1/2 <z < 2} mov €yeL Ty B Pértiotn Aon. 'Ouwc To
neéPAnua z2 = min{f(x),1/2 < z < 2} 1o onolo éyel Pértiotn Aon z2 = 2,29 = 0,
dev umopel va exppaotel we m.y.m.. Av xat’avahoyia ewphoovue to ny.n. min{z : z <
r,z < 2—1x,1/2 < x < 2}, auté dev elvan toodlvauo tou apywxol, xafde elvar uy
PeaYUEVO EVO TO apywxd €yel BEATIOTY Ao

1.5.1 TIpoBArpata Ilpooéyyiong Ytodywy

Ta npoPfAfuata authc TE UTOEVOTNTOC amoTeholy Ut ey xatnyopla npofinudtwy
minimax, dnAad7 ehayloTonolnong ulag TUNUATXXd Yeauuxhc xueThc ouvdptnone. 'Eotw
6L oe éva mpéPAnua andgaone ue uetaPintéc x € IR xau egueth meployr Yo To X
T0 oUvoho F, undpyouv k mpbcbetor 6tdyoL mou exgppdlovial we YpauuLxéc eELoGOELC.
Yuyxexpuuéva {nteltal va Beebel éva Sidvuoua andgaong x € F tétolo dote

/ . .
X =Bt =1,...,k,

6rov a; ER™, B; e Ryi=1,... k.

Ou nopandve egiodoec aviiatolyoly oe ypauuxolc neptoptoUols xaL Ho uropol-
oav va evowuatnlolyv atoug neplopiopoic tou optlouvy Ty eguty| teptoy) F. O Adyog
mou e€etdlovtat ywpelotd elvat 6T Tor TpofAfuata auTAc TS xatnyoplag elval ouviing
avépueta, dnhady) dev umdpyel Aon x € F nou va ixavomolel Tautdypova xal GAeC TLG
eELOMOEC TV 0TOYWY. X' auth TV TepinTtworn 1o 6lvoho F anotekeltal and Toug ave-
Aaotixolc meploplopol, dnhady autols mou npénel onwadrnote va wxavoromboly, evé
oL 6TOYOL AVTLTPOOWTEVOUY TOUC EAXOTIX0UC TEPLOPLOUOUC, TOU ETMLTRENETAL VAl ToeafLa-
otolv Ue xdmola mowvy mou mpoadiopiletal we €&, Av yua Vv elowon 616y 0L i To
apLotepd pépoc alx umepBalvel TNV TWH-6T6Y0 B, TdTE UTpEYEL ULl TOWVH p; avd LovEda
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unépBaornc. Avtlotouya, av 10 aploTepd Uépog uToAelneTal Tou B, N mowvh avd uovada
éMhewne elvar g;. Emouévmg 1 ouvolud mowy yia tnv andxier, tou atdyou i elvar Lo
ue

ei(x) = piajx — B;)" + qi(ajx — Bi) 7,

T w™ ouyBohilovy o BeTind xon apvnTiné Uépoc Tou w, aviloToly

omou ya w € IR taw

wt = max(w,0), w~ = —min(w,0) = max(—w, 0).

Eivar edxoho va enoknfeufoly ou tautdtnteg
wtw™ >0, wtw™ =0, wh —w™ =w, wt+w” =|w|, Vw € R.

e e z 7 7 e 7 7 !
Me don o nopandve Eva Aoyxd epdTNUa YL TO TOPATAVL TROBAnUa andgacnc elvol
va Beelel to Sudvuoua X Tou xavonoLel TouC AVEAAGTIXOUS TERLOPLOUOUC XL EAAYLOTOTOLEL
TN GLYOALY) TOWVY YL TLS amoxhioelg Twv ehaotixdy teptoptoudy. Opllouue enouévng
T0 TapaXdTw TEOBANUL TEoTéyyLons oTéywy (goal programming problem)

Zgp = min Zi-c:l €i(x) (1.16)
U.T. xeF

Y10 €1 Oa unobéoouue 61 oL avehaoTixol teploplouol tou tpoadlopilouy To GUvolo
F elvaw ypauuixol, evéd ol ouvteheotéc mowhc pi, ¢ > 0,i = 1,..., k. ¥ auty) v mepl-
ntwon to neéBinua (1.16) uropel va exgpaotel wg n.y.1.. To toodlvauo t.y.n. unopel va
avantuylel elte wg eWduen neplntwon tou tpofhiuatoc minimax, ¥ Ue ULa véo toodvvaur,
uovItelonolnor,.

I va Set€ouue 611 10 MEOPBANUA TEOGEYYLONS 0TOYOY anoTeAel eWdixr, TepinTwor,
Tou mpoPAfuatoc minimax, apxel vo anodellouvue 6TL N cLVEETNON TowFC €(X) elvan
TunuaTed Yo xat xupth. Iapatneodue 6Tt téoo 1 (afx — ;)T = max(ajx — 3;,0)
600 xoL 1 (alx — ;)7 = max(—aix + 3;,0) exgpdlovial K< T0 UEYLOTO APPLILXGY
CUVAPTHOEWY ENOUEVOS ELVIL TUNUATIXE YeouuLXES xaL xupTéc. Enedn pi,¢; > 0, 1o (o
Loy UEL YLt TNV €;(X), XL ETOUEVGS XOL YLOL TNV AVTIXELUEVLXY) GUVEETYOT TOU TPOPAAUATOS
(1.16).

H avtuxewwevixr, ouvdptnon Zle €i(x) unopel va ypagtel oty popet (1.13), dnhadh
¢ UEYLOTO EVOC METEPACUEVOU 0pLOUOU OQOLVLXGY GUYARTHOE®Y, X0l ETOUEVKS TO TRo-
Brnua (1.16) va exgpaotel oc m.y.1. e poperic (1.15). 'Ouwc 1 éxgpoaoy auth elvon
apxetd tohimhoxn xalde o aptbudc TV APPLILXOY GUVIRTHCEDY TOU EUTAEXOVTOL GTTY
avTelevy, ouvdptnon elvon (oo pe 2F. Tlupaxdte mapousidlouue éva evalhotixd
UOVTELD YRouULX0U TEOYRAUUATLONOU YLo T0 TROBANUA TEOGEYYLeNS 6TOY WY Tou 0dTYEl
oe anAoUotepa TEoBAAUATA Xal EYEL AUTOTEAEC EVOLAGEROV.

Agol enitpénouye 6ToUC EAXGTIXOUS TEQLOPLOUOUS GTOYWY VO UMV LXAVOTOLOUVTIL

axe3ig, ToUC YEAQOUUE GTT) Lop®n
a;X—ui—FUi:ﬁi,i:i,...,k (1.17)

6mou ot véeg uetafAntéc u;,v; > 0. Ou uy,v; Buullouy tic meplldple petaPintéc mou
XENOLWOTOLOUVTAL VLo T1) UETATEOTY EVOC T.Y.T. OE XOVOVLXT Uop@h, Ue TN dapopd 6T
e3¢ egunnpeToly Slapopetind oxond xal undeyouy dUo nepllidplec uetaPfintéc yio xdbe
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neproptoud. T xdbe x 1 eClowon (1.17) éyel dnewpec MIOELS KOS TEOS Uj, Ui, XAL GUYXE-
XPLUEVA
U; = (agx—ﬂi)+—|—)\i, V; = (agx—ﬁi)_—l—)\i, (1.18)

ywt onowodrimote A; > 0.
Ocwpolue TGRA TO TALAXITOD T.Y.T.

zarLp = min Zle(piui + qiv;) (1.19)
LR AxX —ui v =Fi=1,...k
x € F

ui,v; > 0,0=1,...k

Me Bdor ta napandve, av F # (), t6te to mpéBinua (1.19) elvor ndvta epuetéd. Ent-
ong, eNELdY N AVTLXELUEVLXT oLUVAETNOT elvar un apvnTixy, elval xaL QpayUévo, ETOUEVKC
€yel mévta Béhtiotn Mon. T va del&ovue 6T elvar Loodbvauo ue 1o tedBAnua tpocéyyL-
onc 016wV (1.16), apxel va napatnericovue 6T, eneldy oL cuvteheotéc p;, qi,t = 1,... .k
elvar wh apvnuxol, and tic Moelc e popyric (1.18), n aviixelwevixr, cuvdptnon eloyt-
otonoteltar vy A; = 0. Enouévewe ot Béltiotn Mor tou npofifuatog (1.19) Oa woylet
u; = (afx — Bi) T xawv; = (afx — B;)",i=1,...,k.

1.6 Aoxroeig

‘Aoxnom 1.1 Oewpolue éva mpdBinua mapaywyrhc n npoldviwy oe wa neplodo. To
x€pdog avd povdda tou mpoidvtog j elvar oo ue ¢j,7 = 1,...,n. Ta v nopaywyy
XENOLLOTOLOUVTUL M SLAPORETIXY UMY AVAUATAE X0l OAa To TRoldVTA TEETEL VA TEPAGOUY
amd 6l Tor unyaviuoTa.  Buyxexpluéva xdbe mpoidy j amaitel yedvo a;; o xdfe urn-
xavnua @ avd wovéada mapayduevne nocdtnrag. To unydvnuo i elvon Swabéoiuo yia b;
Yeovixéc uovddeg uéoa otny meplodo mpoypauuatiouot. Na avarntuybel éva m.y.m. vy
TNV eUPEGT) TOU OYEdLOU TUPUYWYHC TOU UEYLOTOTOLEL TO GUVOALXG X€pdoc.

‘Aoxnom 1.2 Oewpolue éva mpbBinua mapaywmyrhc n npoldviwy oe o neplodo. To
x€pdog avd uyovdda tou mpoidvtog j elvar oo ue ¢j,7 = 1,...,n. Ta v nopaywyy
xenowwonotolvtor m Swagopetixd unyaviuata. Kdbe ngoidv npénel va napayfel oe éva
(omolodfmote) and o unyavAUaTo. MUYXEXPLUEVA Ui TOGHTNTA TOU TEoloVTOg § TOU Ta-
edryetal oTo unydvnua i anaitel ypdvo enelepyaotiac loo ye a;; avd povéda. H mapaywyy
ultag TocoTNTC TEolovTog umopel va yivel Tunuatixd oe Stagopetid unyaviuata. To
unydvnua i elvae daféoiuo yia by ypovixés uovadeg Uéoa aTny tepiodo TpoYpAUUATIOUOY.
No avantuybel éva m.y.m. yia v elpeon tou oyedlou Tapay®YRS TOU UEYLOTOROLEL TO
ouvoluxd x€pdog.

‘Aoxnorn 1.3 To mopaxdtw medBinua Siayelptone xepalatlou (capital budgeting prob-
I
lem) elvol avTLIEOGWTEUTIXG ULAC EUPUTEETC XATNYOPLUC TEOPBANUATWY BelTioToToloNC
¢ I l
enevOUoE®Y Tou anoTeloVy Uépog NG yenuatoowxovoulxrc avdiuong. Yrolétouue 6t
uta etonplo €yel T Suvatétnta va enevdloel oe n Slabéoiua exevduTind mpoypduuaTa.
Kébe mpdypapyua elvor uta autotedfic oviétnta nou anattel déouevon T' ypovxdv me-
etddwv. H etaiplo unopel va enevdioel oe onolodrnote xAdoua tou xdfe mpoypduuatoc
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emBupel (my. av avahdPelr 30% tou mpdtou mpoypduuatos, Ha €yel unoypéwon vo xa-
Tafdiiel To 30% twv anattoluevey yenuatodothoewy Yo tic enduevec T neptbdouc oL
Oa etompdtter 10 30% AV TV eLopodY and autd To TEdYpaUU UEcH 6TO (Lo YpoViXd
didotnua). Kdbe npdypauua j xatd t Sidpxeia tng meptb6dou i dnuioupyel Ui yenuo-
ToppoY, lon ue al (Betixh av 1 etatpeta ELOTPATTEL AT TO TEOYPUUU XAl AEYNTIXA AV TO
yenuatodotel), ¢ = 1,...,T,j = 1,...,n. X1o téhog tou opilovta T' xébe npbypauua
j omogépel wa ek anédoon lon pe ¢; (auth Oa unopoloe va mepthouBdver xat Ty
nopovoa alla evdeybuevoy UehhovTixdy 663wy and T Aettovpyla TOU TEOYEAUUATOS
xaL Uetd to téhog tou opllovta enévduorc).

Extéc and tnv enévduon ota ddgopa enevduTtixd mpoyeduuata, 1 etatpla €yel T
duvatétnta va Savelletal and 1 va arotautetel oty Tpdneld OTOLOSATOTE YENUATIXG
1066 yuo uta teplodo. To emttdoxio Savetouol xa xatabéoewy elval oo ue r avd teplodo.
(Auté onuaivel 6tL av éva to6é y anotauteubel oty apyi| ulag teptbdou, TéTE oTNY apy
e enéUevng TepLddou 1 etapela o elonpdiel T066 (oo pe y(1 + 1), xau avilotorya v
davetoud). Téhoc yua xdbe neplodo i = 1,...,T n etatpla mpofrénetor va €yel €é00du
5; an6 eCwYeVele TNYEC, Ta onola Umopel VO YENOLUOTOLAGEL YL TN YENUATOdOTNOT TWY
ENEVOLTIXAY TpoYpauUdTOV 1/xaL yia anotaulevon Ty (B neglodo.

No avantuyfel éva my.n. vy T yeylotonolnoyn tou TeAxol x€pdouc tng etatplog
(to Tehxd xépdoc mpoépyetal and TNy anddoon TOV TEOYEAUUATWY XL aRd TO T0G6 TOU
Beloxetal anotaueupévo otny tpdnela oto téhog tou opilovta).

‘Aoxnom 1.4 Oewpolue éva dixtuo ue ovvoro xé6ufov N xoat aivoro axudv E. To
dixtuo yenowonoweitar yia Ty tautdypovr uetagopd K SiagopeTixdv mpoléviwy. To
mpoldyv k €yel Bdpog dy avd povdda, k = 1,...,n. Xe xdbe x6ufo 1 undpyel Srabéaiun
TOGOTNTA Gj, UOVAdWY xau eCwTepxéc anouthoels Yo b, povadec and xdbe npoidv k.
H ouvoluh) Suvauudtnta xdbe axurc (i,7) € E elvaw v;; uovédeg Bdpous. To xbéotog
avd uovada npoiévtog k mou uetagépeton xatd Unxog g axunc (7,7) elva (6o Ue ¢jjp.
Na povtehonownlet éva nedfAnua dtapetaxouldhic yia TRV ehayloTonolnen Tou 6UVOAXoU
%x66T0UC UETAPOEAS, avTioTolyo autoy tng evotnrog 1.3.1.

Aoxnor 1.5 Na deiylel 611 xdle un woogponnuévo npdBhnua ueta@opds UTOEEL UE Xa-
TEAANAO UETACYNUATLOUS Vo UETATRATEL GE £V LGOBUVAUO LoORROTNUEVO TROBANU UETA-
(popdc.

Aoxnom 1.6 e éva npbfinua napaywyhc T’ neptdédwy dnwe neplypdetal 6Ty EVOTNTA
1.2.2 unoBétouue 6TL undpyet éva embuunté eninedo nagaywyhc oc xdbe neplodo (oo ue
\ \ \
10 Yéoo bpo e {htnone xatd Tt Sdpxeta Tou opilovta (autd onuaiver mpoxTixd Gt
yuar Abéyouc owxovoulag 1 etapla Oa Hleke va e€ouahiver tn Siadixaoio tapdyovtag tny
Sl moobTnTa 08 %dbe meplodo). Amoxhicelc and auth ) otabept TocdTNTA TAPAYLYTC
ouvendyovtal emttAéov x6otoc. Na oulntnbel nde unopel autd to véo otolyelo va ou-
uneptinpbel 6to yoviého my.m. mou €yel 131 avantuylel. No opiotolv doec emniéoy
napduetpol elval anapaltnTec.

‘Aoxnom 1.7 Oecwpolue uia anhononuéVY Lop@Tr EVOS ATd T TLO YULUXTNELOTIXA TROo-
BMjuata mapaywyric oe meplBdihov afeBardtntac, mou avagépetar ot BiSAtoypagia g
npdBAnua tou epnueptdondAn (newsvendor problem). Ipbxeitar yia npbBinua napay -
Y1¢ Vo TpoldvTog xat Uag teptédou. To povadiaio xdéotog napaywyric elval (oo ue ¢ xal
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1 wovadialo T tdAnerne ton ue . H {htnon D elvan tuyato yetafintd nou axohoulel
daxpLth xotavour| ue menepacuévo medlo ey xat ouvdpetnor mbavotntag

H nocétnta napayeyhc ¢ xafopileton mpwy yivel yvwoth n {ftnon. Av mpoxider D < k,
t61e N tocbTNTa Tou Oa whnlel elval lon ue D, evd 1 addfetn tocdtnta dev €yel alia
yia v etonpela. Av npoxter D > x, tdte oL nwhfioeig elvan loeg ue o evd n {itnoer mov
dev weavornoteiton Sev emLPEpeL TpoPaviC £60da, aAAd 0UTE EMTAEOV TOLVEC.

() No exgpaotel To avapevouevo x€pdoc wc oLVAPTNOY NS ToedTTAC TapaYWYAC =
xa vo detyfel 6t elvan Tunuatixd ypouuwxr xolhn cuvdpetnen tou .

(B) No povtehormownbel éva .y yio Ty €lpeoT, TS TOOOTNTAC TOPAYOYNAC TOU UEYL-
oTomolel T0 avauevouevo xabapd xépdoc.

‘Aoxnom 1.8 Oewpolue 10 Tapaxdtw TeéfAnua Bektiotonolnong

min > el
v.t. Ax=Db

6mou unofétouye ¢; > 0,1 =1,...,n. No exgpootel wg T.y.7.

‘Aoxnom 1.9 No nepiypagel nidg adddlel n poviehonoinon evég npolAfuatos npocéyyL-
ong otéywv 6Tay xdrowol ehaoctixol tepoplopol elvar e wopwhic aix < f; f alx > ;.

‘Acxnon 1.10 T to neéPinua g evotntag 1.5.1 va Seiyfel étL, av to olotnua Ty
EALOTLXGY XAl AVEAAOTLXGY TECLOPLOUOY EYEL EQLXTEC AIoELS, TOTE Xdbe e@uxty| Mo elval
Béhtiotn yia to mpdBinua (1.19).

‘Aoxnom 1.11 Oewpolue 10 cUoTUA YRUUULXGDY EELOMOEWY
Ax=b

mou otn Yevixn mepintworn unopel va unyv €yet xould Adon. Na ypagel wg n.y.m. To
TedPAnuUa eAayLoTORONGNC

1. tne vépuac ||Ax — bl|;

2. e vopuag ||Ax — bl|s.



