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Emokomnon Tne Mapouacioonc

OEua Kol 0TOXOI

OewpnTIKO UTTOBCOPO

2XETIKN Epeuva

AAyopi18uol Turmou Simplex

YAoroinon aAyopiBuwv oe YAwooo Python
YITOAOYIOTIKA UEAETN
2UNTTEPAOUATO/ETTEKTAOEIC




O&ua Kol oTOXOI

B H JIm\wpaTikn) epyooia eEeThlel TOV TPOTO AEITOUPYIOC KATTOIWV
Baolkwv oAyopiOuwv TUMOU Simplex yiax Tnv €mAucn Tou YPOPUIKOU
MTPOPAANATOC K&I TNV GVATITUEN TTPOYPOUNGTWY 0 YAwoox Python yix
TNV UAOTIOINON TWV GAYOPRIBUWY XUTWV.

m [lepiypapn Twv PBNUdTwWY GO T OMOI KImOTEAOUVTAI OI OI&POPEC
TOPOAMAYEC TWV XAYOPIBUWYV TUTTIOU Simplex Kol Twv TTPOPANUGTWY TTOU
UTTOPOUV VO TIPOKUWOUV KOTK Tnv  €mAuon €vOoC  YPOUMIKOU
TPOBANUATOC.

m [lopoucicon Twv TPOTIWV €0PEONC MIGC GEXIKNG EPIKTNG AUONG, KXOWC
KOl TWV TEXVIKWV KAIUGKWONC TTOU PTTOPOUV VO XPNOoINoTToiNBolv KT
TNV €MAUCN TWV TTEOBANUGTWV.

B 2Xe0lon Kol uhomoinon oAyopiBuwyv TOmou Simplex pe Tn YAWooo
MTPOYPOMUGTIONOU Python, Oivovrac E&ugoon oTov avabewpnuévo
aAyop1Buo Simplex. 3



O&ua Kol oTOXOI

m Y\AOTioInOn OUVOPTNOEWV VIG TNV Gvayvwon TEORANUAGTWY TTOU EIVA
ATMTOBNKEUPEVDT O OPXEI MOPPNC MPS KOl OUVOPTNOEWV VYIX TN
ONUIOUPYIX TETOIWV GPXEIWV.

B 2UANOYN GTOTEAEOUATWY KOI UTTOAOYIOTIKN PEAETN TWV XAYOPIOUwWV TToU
AVOTTITUXBNKOV.

m [lapoucioon TWV KITOTEAEOUGTWY PUE YPAKPIKO TPOTTO.

B JUUTTEPAROUOTO KO&I TIPOTROEIC VI EMEKTOON Kol PeATiwon Tou
AOYIOUIKOU TTOU QVOMTUXONKE.



OewpnTIKO UTTOBOBPO

m  Kavoviki | avICOTIKA MOPPR TOU YPOUMIKOU TTPOBAAUGTOC:

min (A max) z = ¢’ x
Ul AXQ@ Db
x>0

orou

B X MVOKXC-0TAAN dI&oTaonG nx1 pe TIC HETAPANTES ammOPAONC.
A: TVOKOC OIXOTXONG MXN PE TOUC OUVTEAEOTEC TWV METKBANTWY OTOUC TTEPIOPICUOUC.

B C. TVOK&G-0TAAN Odikotaonce nx1 PE TOUC OUVTEAEOTEC TwV HETKBANTOV OTNV
QVTIKEIUEVIKA OUVAPTNON.

m b: mvakag-oTAAN d1GoTaong mx1 pe Toug oTaBepolc 6POUC OTOUC TIEPIOPICHOUC.

B M:TO NMANBOC TwV TIEPIOPICHWV.

B N:TO MANBOC TWV PNETABANTOV.

B Z: N TIUN TNG QVTIKEIMEVIKAC OUVEPTNONC.

m TO oUPBoA0 @ dnAwvel K&mola oo TIC oxEoeIC: = N <.




OewpnTIKO UTTORCOPO

m Tumomoinuévn N I00TIKA HOPPI TOU YPAUMIKOU TTPOBAANGTOC:

min z = ¢' x
um.  Ax= Db
x>0

m MeTaTpomnn amd mMEOBANUG YeyIoTOTTOINONC 0€ TTPOBANUO EAXXICTOTTIOINONC:

n n

max E C;X; = —min E —C; X;

i=1 i=1




OewpnTIKO UTTORCOPO

m MetaTpomnn omd KOVOVIK JOPYpn O€ TumotoiNuévn HopPPR ME Xpnon
XOAXP@V HETABANTQWV S, =0:

a;jx; < b; :i>

Jj=1 j=1

Of,:jx]' + S; = bi

'ME
E

IV

E

ﬂ

a’ijx]' — 5 = bi




OewpnTIKO UTTORCOPO

AoduvaTo

[POUMIKO
MpoBANuQ

ATTEPIOPIOTO

E@IKTO

BEATIOTO




OewpnTIKO UTTIORCBPO
KaTnyopiec acAyopiOuwyv

[ BEATIOTN AUON

m AAyOpiIBuol TUmou Simplex
m ANYOPIOUOI EEWTEPIKWV ONUEIWV

B AAYOPIOUOI EOWTEPIKWY ONUEIWV



OewpnTIKO UTTOBOBPO

MeTaTpornn oto AuikO TPOBANU

EAaxioTormoinon < MeyioTomoinon

min ¢'x < max b'w
Meplopioude = <> EAe00epn peTaBANTA
Meplopioudg = DA MeTaBAnTA = O
Meplopiopog < MeTaxBANTA < O
EAe00epn peTafANTA <> Meplopiopde =
MeTapAnTA = O &> Mepiopioude <
MeTafANTA< O <> Mepiopiouoeg =

C

T

X = biw AcBevéc duikd Bewpnua (Chvatal 1983)
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OewpnTIKO UTTORCOPO

2xéon AuikoU Kai MpwTtelovTocg MPOoBAAUGTOC

BEATIOTO

MpwTtelov BEATIOTO \

EOBANUC
POBANK AOUVOTO

ATEPIOPIOTO

AuIkO TPOBANUX

AdUvaTo | AmepiopIoTO

11



>XETIKN EPEUVD

BeATi®oeic aAyopiOuwyv TOTTou Simplex

Tableau pop®Q
AvaOewpnuévn HopPN

NapayovTomoinon B&ong

TEXVIKEC QVAVEWONC XPAIDV UNTPOV

TeXVIKEG TIEPIOTPOPNAG

MPOAUTIKEG DI OIKOTTER

G. Dantzig
G. Dantzig

W. Orchad-Hays

P. Wolfe
H. Markowitz

L. Beale
E. Hellerman

D. Rarick
H. Bartels, H. Golub

H. Forrest, A. Tomlin

K. Reid
J. Harris

D. Goldfarb, K. Reid

H. Forrest, D. Goldfarb
L. Brearly, G. Mitra, P. Williams

1947

1953-54

1954
1971
1971

1972
1969

1972

1976
1973

1977

1992
1975
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>XETIKN EPEUVD

AANYOPIOUOI ECWTEPIKWV ONUEIWV

AAYOPI100C AOYOPIOUIKDV PPAYHDMV
Mé&B0dog TwV KEVTPWY

AQIVIKOG KAIHaKwTOG ANYOpIOUOGg

AAyOp106p0c Tou Karmarkar
Avaktnon BEATIoTNG AGONG

AAYOPIOUOC IXVIAKTNC

AVEQIKTOI AN\YOpIOUOI
AAyopi0u01 EAGTTWONG OUVOHIKOU

OETIK& NUIOPICUEVOG TPOYPARUUOTIONOG

K. Frisch
P. Huard
[. Dikin

N. Karmarkar
Y. Ye, M. Kojima

M. Kojima
S. Mizuno

A. Yoshise
l. Lustig
Y. Ye

Y. Nesterov

A. Nemirowski

1955
1967
1974

1984

1987

1989

1990
1991

1993
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AAYOPI16p0I TUTou Simplex - reviki Mopon

BApa-0: Apxikomoinon (Initialization)
YTTOAOYIOUOC OAWV TWV TIHWV TWV METGPANTOV TTOU EIVOI XMXPKITNTES VIO VO KPXIOEI VO
EKTEAEITOI O OXAYOpPIOUOC.

BApa-1:EAeyxoc BeAtiotéTnNTAC (Test of Optimality)
EAEyXeTOU v TO TPEXOV BaoIkO onueio ammoTeAel TN PEATIOTN AUon. Av €ivail BEATIOTO, TOTE
0 OAYOPIOUOC OTOPOTAEL.

BApa-2: EmAoyA e10epxouevne Kai eEepxopevng HETXBANTAC
Me K&TTOI0 KaVOVQ TTEPIOTPOPNC EMAEYETAI N EI0EPXOMEVN KOI N EEEPXOMEVN PETABANTA.
Av 0ev UTTOPET V& YIVEI N €MIAOYA UTh, TOTE TO TTPOPBANUX EIVOI KTTEPIOPICTO.

BAua-3: MepioTpon (Pivoting)
270 BApG auTO uTToAoYIleTaI N VEX BGON, OI TIMEC TWV BAOIKWV METXBANTWV KABWC KAl Ol
OUIKEC METOPANTEC, OTIWC KOl O QUTKEC XKAGPES PETABANTEC.

H dixdikaoioe eEMavaAGUBGvVETAN oo TO PAUG-1.
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AAyOpIBOI TUTTOU Simplex

Bripa-0: Apxikomoinon (Initialization) MpwTelwv AAYOp10uoc Simplex

() Zekivape pe pia ikt Baoikn diapépion (B,N)
(B) YroAoyioupe TIG MATPEG: Cg, Cy, Agt,Xg = Agtb, W = cg" Ag?, s = ¢ -W'A,.
BApa-1:EAeyxog BeAtiotoTnTag (Test of Optimality)
Ynoloyi{oupe 1o alvoro J ={j:j eN kais;< 0}
Av givai J = O 10T1E €Xe1 Bpebdei n BEATIOTN AUON Kol 0 XAYOPIONOG OTOUOT.
BrApa-2: EmAoyn e10epX0HEVNG Kol eEEpXOMEVNG HETABANTAG.
(o) EmAoyn €10epXOpeVNG HETABANTAG. Me KATTOI0 KOVOVD TTEPIOTPOPNG EMAEYETAI £V OTOIXEIO TOU J, TTOU
avrioToixel otn B€on t Tou cuvodou N Ko IPoadiopilel TNV el0epXOpeVn METABANTA X, AnAadn | = N(t).
(B) EmiAoyn eEepxdpevng HETABANTAG. YroAoyiloupe Tov mx1 mivaka h=(Ag)1a,
omou a, n | oTAAN Tou mivaka A Kai To oivoro |, ={i:1 S i £ m ka1 h;>0}
Av givai |, = @ 10T TO MPOPBANUA EIVAI XITEPIOPIOTO KA O XAYOPIOHOG OTAXHATA.
A1xopeTIKE EMAEYETA SEIKTNG r TTOU AVTIOTOIXEI OTOV EA&XIOTO AGYO:

@By Calih)
hi; hy =7
O d¢ikTng r Tou eA&xIoToUu Adyou, poadiopilel Tn B€on oTo oUvolo B yiax Tnv £€epxOpevn PETABANTA X,.
AnAadn k = B(r).
BAua-3: Nepiotpon (Pivoting).
EvaA&ooeTal 0 poAog Twv PETABANTWV X, Kail X, B€Tovrag N(t) = K kau B(r)=1. Mnyaivoupe oto Br']ua-o_ (B).




AAyOpIBOI TUTTOU Simplex

Biuia.0: Apxikoaing MpwTelwv AA\YOp16uoC Simplex

Evpeon epiktmg Bacikng

Swapépiong (B,N)

i Aigypoupa Ponc

Y moAoylonog

J={j:j 1 N ros;<0} BRpa-1: 'EAseyXxog BEATIOTOTNTA
= {ij: ; bnNua-1: EAEYXOG BEA nrag
0 NAI MpoéBAnua: BEATIOTO
BéATIOTN AUON: X
OXI
EmAéyovpe deiktn Bhua-2(a): EmAovn 9_2 Q). EmAovn ;
I=N(t) Tov J. EilcepXxouev. MeTaBANT

X: Etcgpydpevn petaAntn

v

Y moAoyiouodg
hi=(As)*a

I. = {i: 1 <i<m ko h;>0}

N MpoBAnua:
= ATTEPIOPICTO
Evpeon eEgpyduevng Bnua-2 : ETtniAovyn
petoPANTNg Xk pe tn Pondeia E&epxouevnc MeTtaBANTn
TOL EAE£YYXOVL glaxicTOL AOYOL

#

®£tovue . .
N(®) = k BRua-3: MNepiorponpn 16
B(r) =1




AAyOpIBOI TUTTOU Simplex

BApa-0: Apxikomoinon (Initialization) AvoBewpnuévoc AAyopiBuog Simplex

(ax) Zekivape amd eQIKTh Baoikn dixpépion (B,N). YmoAoyijoupe Agt
(B) YnoAoyiloupe TIG UATPEG: Cg, Cy, Xg = Agtb, W = cg™ Ag?, s\ = ¢\ -W'A,.
Brua-1:'EAeyxoq BeATioroTnTag (Test of Optimality)
YriohoyiZoupe To alvoro J ={j: j €N Kas;< 0}
Av J = (J 101E €xe1 BpeBei n BEATIOTN AUon. TEAOZ.
Bripa-2: EmAoyn e10epXO6pevng Kol eEEpXOUEVNG HETABANTAC
() EmAoyn €loepXOpevng HETOBANTAG. Me KATIOI0 KOVOVX TIEPIOTPOPNG EMAEYETXI N EICEPXOUEVN
METABANTA X, AnAadA | = N(t).
(B) EmAoyn eEepxbpevng peTaBANTAG. YoAoyifoupe Tov mxd mivaka h=(Ag)1a,
o6mou a, n | oTAAN Tou mivaka A Kai To oivoro |, ={i:1 i < m ka1 h;;>0}
Av |, = & T10TE TO MPOPBANpa eivai amepiopioto. TEAOZ.

AIPOPETIKG EMAEYETAI OEIKTNG I TTOU XVTIOTOIXEI OTOV EAGXIOTO AdYO:
(A4 'b), . (Ag 'b);
——— =min{————: iel,}
hir h-i! *
0 deikTng r, divel Tn B€on TnG eEepXOpEVNG UETABANTAG X,. AnAadn k = B(r).
BrAupa-3: NMepiotpogn (Pivoting)
EVOAGOOETXI 0 pOAOG TWV PETAPANTWV X, KXI X,, O€TovTag N(t) = k ko B(r)=l.

Avavéwon Tipig avriotpopng pitpag Agt: (Ag)new= E1Ag™L Nnyaivoupe oto ripa-0 (B).




AAyOpIBOI TUTTOU Simplex

AvaBeswpnuévoc AAyopiOuoc Simplex

Na Tov utTtoAoyiopod TnG uATPAG At XPNOIUOTTOIEITAI O TUTTOG:

(AB-l)neW = E_l AB_1

OTTOoU
ha
1 0 —— 0
h,
N
0 1 —— 0
h,
-1 :
o 0 0 ! 0
h,
0 0 o 1
h
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AAyOpIBOI TUTTOU Simplex

BRua-0: Apxikomoinon (Initialization) Auik6c A\y6pIBog Simplex
(o) ZeKIVEUE pE pia dUIKG eIKTN Baoikn diapépion (B,N)

(B) YrmoAoyi{oupe TIG MATPEG: Cg, Cy, Agt,Xg = Agth, WT = cgT Ag?, s\ =c\"-W'A,.
BRuo-1:EAeyxog BeAtiototnTog (Test of Optimality)

Av givai xg 20 TOTE £X€1 BpeOEi N BEATIOTN AUON KXI 0 GAYOPIOHOG OTAPATA.
BApo-2: EmAoyn £10EpXOHEVNC KX EEEPXOUEVNC HETABANTAG

(ax) EmiAoyn e€epxopevng HETAPBANTAG. EMAEyeTO BE€0N r TOU CUVOAOU B TTOU QXVTIOTOIXEI OTN

Baoikn peTaBAnTA X, M€ X, <0 TTOU MPOadiopilel TNV eEEpXOUEVN HETARBANTA X,.. AnA. k = B(r).

(B) EmiAoyn e10epx0peVNG HETABANTAG. YITOAoyiloupe Tov mx1 mvVaKo

H,= (Ag) Ay
omou =(Ag)%, n r ypapun Tou mvaka =(Ag)?
« Av eivai H,y 20 T0TE TO dUIKO MPOBANUA EivVal ATTEPIOPICTO, EVW TO TTPWTEUOV TPOBANHX
givan aduvaro.
*  AIXPOPETIKG EMAEYETOI TN MN BXOIKNA us;TaB)\nTr'\ X, YIX TNV ormoia:

= min{—2~ h; <0
hrl hr] }
H petaBANTA aUTA €ivai N E10EpXOPEVN Kl Bswpoupe | = N(t).
BAuoa-3: Nepiotpopn (Pivoting)
EVOXA&GOOETOI 0 pOAOG TWV METABANTWV X, KXI X,, O€TOVTaG N(t) = k ka1 B(r)=l.
O aAyopiBpocg ouvexileTal amo 1o BAuc-0 (B).




AAyOpIBOI TUTTOU Simplex

5 BAua-0: Apxixoroing Auikoc AAyopiOpuoc Simplex

Evpeon duikd kTN
Boaocikng drapéprong (B,N)

i AiGypoupa Pong

Y moAoylonog
Cg, Cn, A, Xg = Agtb
wT = cgT Ag?t
SNT = CNT = WTAN

Y

Bnua-1: 'EAeyxog BeATioTOTNTAG

NAI MpoéRANnua: BéATiIoTO
BéATIOTN AUON: X

OXI
Em\éyovpue deiktn Bnua-2(a): EtmiAoyn
k=B(r) pe xx<0 Egepxousevng MeTaBANTH

Xk:E&epyopevn petaPAnNt

.

Y moAoyioodg
H,= (AB)-lr AN

NAL AUTKS TTPpOBANpa: ATTEPIOPICTO
% MpwTeUov TTPORANua: ASUvaTo

(@)
Evpeon etocepyduevng X BRua-2 : ETniAoyn
pe To Adyo Eicepxousevnc MetaBANTH
-si/hn = min{-sj/h;j:h;<0}

#

®£tovue . .
N(t) = k BrRua-3: Mepiorpopn 20
B(r) =1




AAYyOpI1BuoI TUtou Simplex

Kavovee MepioTpopAc

*  Kavéovag Tou Dantzig ) kavovag Tou PEYIOTOU GUVTEAEDTN.
Qg e10epxOpeVN NETOPRANTA X, OPICETOU N PETABANTA TTIOU GVTIOTOIXEI OTNV EAXXIOTN TIMA VIO TNV
MAEOVOOUOTIKN HETAPRANTA S, ONADN §;= min(s; | <0} (Klee & Minty 1972).

« Kavovag Tou Bland i kavovag Tou ehaxioTou OEIKTN.
TO0O yIo KOXTG TNV €MMAOYA TNG €10€PXOUEVNC METKPBANTAG, 600 KA VI TNV €TMAOYA TNG €EEPXOUEVNC
METABANTAC, EMAEYETKI GUTR TTOU €XEI TOV MIKPOTEPO O¢€IKTN (Bland 1977).
v' BonBd&el oTNV amopuyn Tou PpAIVOUEVOU TNC KUKAWONG.

*  Kavovag Tng ZToiBag.
AlITNPEITAI Picx OTOIRO YIG TIC BAOIKEC METABANTES Kol Mick GAAN yIG TIC un Booikée yeTaPBAnTES. H
eMAOYN TNC €10epXOueVNC N e€epxouevne NETAPBANTAC yiveTau pe B&on TN METKXBANTA TTOU BPICKETA
O0TO UPNAOTEPO onueio Tne oToifac. Xpnoiyormoleitan ONAxdN N apxn LIFO.

*  Kavovag tng Oupag.

MoxpOuoIOC PE TOV KAVOVO TNC 2TOIBOC TOU TMEPIYPAPTNKE TO MAvVw, PE TN OIKPOopPG OTI

xpnoiuotoieital n apxn FIFO .




AAYyOpI1BuoI TUtou Simplex

Kavoveg MepioTpoPng

*  MEBodoc TnG AiydTepo MPOGPATNC O®wPNONS
2e KGOE emavaAnWn, EMAEYETAI WG EI0EPXOUEVN PETABANTA X, GUTA N OTTOIX €XEI TO PIKPOTEPO OEIKTN TTOU
€IV HEYOAUTEPOC O TOV OEIKTN TTOU EMAEXTNKE KATG TNV Tponyouuevn enavaAnywn (Gartner 1995).

* Kavovag Tn pEyioTng BeATiwong
EmAEyeTOl we eloepxouevn METABANTA GUTA N OMOIG EM@PEPEl TN MPEYGAUTEPN PEATIWON OTNV TIUN TNG
AVTIKEIMEVIKAC ouvapTnong (Gartner 1995).

* Kavovog Tne YEPIKAC amoTiunong
Ml TNV emAoyn NG €loepxouevne NETABANTAG, O1 uN PAOIKEC METABANTEC OPGOOTIOIOUVTOI OE OUVOAX, TO
oTToiax EEETR(OVTOI OIOOXIKG KOTX TIC EMAVOANWEIC Tou aAyopiBuou (Benichou et al 1977).

* Kavovog Tne mepiocdTEPO AMOTONNG METKBOANG
Qc cloepxOuevn €mAEYETI N WETABANTA TIOU EM@PEPEI TNV TIO GMOTOUN METKPROAN oOTnV TR TNC
QVTIKEIMEVIKA] OUV&PTNONG ov& povada omdoTtaonce, ME P&on Tn YEWMETPIK TOU TPEOPRAANOTOC

(Swietanowski 1998, Vanderbei 2001).




AAYyOpI1BuoI TUtou Simplex

Edpeon apXIKAC EPIKTAC AToNC
 MéBodocg Twv 2 p&oewv
 ®donl
MpooTiBevTaun TEXVNTEC METAKPANTEC KO N KVTIKEIMEVIK) OUVGETNON €IVail TO &BPOICUG TWV
METABANTWV UTWV.
EmAUeTOI TO TPOTTOMOINUEVO TTPOBANUK.
Av n eA&xioTtn TiuA €ivail O, méue otn g&on 1. AAIwS To TPOBANUG GdUVATO.
 ®aonli
Xpnoiyotoleital n Aon Tng ¢paong |, we apxikA Adon,.
* MEBodog Tou pey&Aou M
EmAGEl €&va NOVO TPOTIOTIOINUEVO YPOMUIKO TPOPRANUO K&vVOVTOC XpNon €voc mMoAU peyGAou
apPIOoU M, TPOTIOTIOIMVTAC TNV GVTIKEIUEVIKN OUVGETNON.
o Av TO VEO TPOPBANUG €ivail BEATIOTO, TOTE OV N TIUA TWV TEXVNTWV PETXBANTWYV €ivail O, TO apXIKO
MPOPBANUC Eival emmiong BEATIOTO Kol €xel BpeOel piok BEATIOTN AUON.
o Av ortn BEATIOTN AUON UTIGPXOUV TEXVNTEC WETAPBANTEC YE PN WNOEVIKES TIMEG, TOTE TO GPXIKO
MPOPBANUC EIVOI KOUVATO.
o Av TO TpotmomoINUEVO TIPOPBANUG EIVal KTTEPIOPIOTO, TOTE TO GPXIKO TPEOPANUG Ba eival eiTe
XTTEPIOPIOTO, EITE KOUVATO.




AAVOpIOuOoI TUTTOU Simplex

TeXVIKES KAIHAKWONC
e [lepIMTWOEIC TTOU EXOUNE TTOAD JEYRAOUC TTIIVOKEC, NE MEYOAN OTMOKAION QGVAUEOX OTIC
XTTOAUTEC TIMEC TWV XPIBUWY, XUTO UTTOPET VO TIPOKKAEDEI TTPOLBANUATO WC TTPOC TNV
oKPIBEI TwV AJOEWV.
« Texvikn Tng looppdTNONC

e [loAamAaoi&lel T oToIxeio K&OE 0TNANG TOU A KO TOU C JE

1
colmax(j) = max {

| |:£ = l,Z,...,m],j =12, ..,n
ay;

* 2Tn OUVEXEIX TTOMOTAXOIX(EI TX OTOIXEICK KXOE YPOXUUNC TOU A KO TOU C UE

1
rowmax (i) = max {ﬁ:j = 1,2, ...,n},i =1,2,..,m
ay

WOTE VO TIPOKUWOUV TIMEC avaueoa oTo -1 Kol To +1.

* EmAGel To Tpommomoinuévo MPOBANUG YPXUUIKOU TTIPOYPOUUOTIONOU.

o EKTEAWVTOC TIC QvVTIOTPOPEC MPGEEIC UTTOAOYI(ETCI N AUCN TOU GpXIKOU TTPOBAANGTOC.




AAVOpIOuOoI TUTTOU Simplex

TeXVIKES KAIHAKWONC
e [lepIMTWOEIC TTOU EXOUNE TTOAD JEYRAOUC TTIIVOKEC, NE MEYOAN OTMOKAION QGVAUEOX OTIC
XTTOAUTEC TIMEC TWV XPIBUWY, XUTO UTTOPET VO TIPOKKAEDEI TTPOLBANUATO WC TTPOC TNV
oKPIBEI TwV AJOEWV.

« Texvikn Tou NewpeTpikod Méaou
* [MoAamAaoidlel Ta oToIxeio K&Be oTAANC j TOu A K& TOu ¢ e To 1/mc())
colmax(j) = max{|a[j|:£ = 1,2, ...,m},j =1,2,..,n

colmin(j) = min{|c:r”|:i = 1,2, ....m},j =12,..,n

mec(j) = + colmax(j) colmin(j)
* 2Tn ouVvEXEIX TTOAMATAXOIX(EI T OTOIXEIG KKOE YPOXUUNC | TOU A Kol TOu ¢ he 1o 1/mr(i)

rowmax(j) = max{|r:f1-j|:j = 1,2, ...,n},i =12,...,m

rowmin(j) = min{|aij|:j = 1,2, ...,ﬂ},i =12, ....m

mr(i) = JT‘Gwmax(i] rowmin(i)

* EmAGel To Tpommomoinuévo MPOBANUG YPXUUIKOU TTIPOYPOUUOTIONOU.

o EKTEAWVTOC TIC QvVTIOTPOPEC MPGEEIC UTTOAOYI(ETCI N AUCN TOU GpXIKOU TTPOBAANGTOC.




YAoroinon AAyop1Buwv o€ YAwooo Python

Xpnon YAwoooc mpoypauuaTiopol Python - €kdoon 3.6
BiBAloBNKeC Anaconda

Xpnon padnuaTikwv BiBAIodnkwv NumPy

[epIB&ANOV TTPOYPGUUOTIONOU Spyder

AeIToupyiko ouoTnua: Windows 10
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YAoroinon AAyop1Buwv o€ YAwooo Python

AAYOPIOUOI-TEXVIKEC TTOU UAOTIOINONKAV o€ YAwooo Python
m AvoBewpnuévoc alyopiBuoc Simplex
m AuikOc axAyopiOuoc Simplex
m Mé&Bodoc Tou yeydAou M
B TeXVIKEC KAINGKWONC
- KAIUGKwGonN 1000p0TTNONG
- KAIUGKWON YEWUETPIKOU UECOU
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YAoroinon AAyop1Buwv o€ YAwooo Python

AAYOPIOUOI-TEXVIKEC TTOU UAOTTOINONKOYV 0€ YAWooo Python
B JUVOPTNOEIC VIO GVAYVWON OEXEIWV KMOBNKEUUEVWY OE
Hoppn Mps
B JUVOPTNOEIC VI amoBNKeuon MPOBANUGTWY € HOoPpN MpPS

B JUVOPTNOEIC VIX ONUIOUPYIG Tuxaiwv TmPORANUGTWYV
QAVOAOYQ JE TIC TTXPOXMETPOUC TTOU OIVEI 0 XPAOTNC

28



YAoroinon AAyopiBuwyv oe YAwooo Python

AvaBewpnuévoc aAyopiduoc Simplex
Epapuoyn Twv BnuaTwy TOu GAYOPIOUOU JECW ETRVOXPENOIUOTIOINCIJWY CUVOPTNoEWV Python:
def simpex_revised(problemname, A, b, ¢, m, n, doScaling, type, M):
# Kahoupe Tn nEB0SO Tou peydAou M yia Tov poodiopioud TNS apxIkNC B&ong
(art_vars, A, ¢, n, B, N) = bigM_method(M, A, ¢, m, n)
# Kavoupue KAIHGKwon av XpeIGleTal
if doScaling;:
(A,b,c,colmulti,rowmulti)=scaling(A, b, ¢, m, n, type)
# Apxikotoinon (BAua O)
initialization(True, A, b, ¢, m, n, B, N)
# MeTpnTNC eMXVOANYEWY
iterations = 1
while True:
J =find_J()
if J==[]:
(is_optimal,values)=check_optimal(art_vars,m,n,B, N)
# Av Exoupue KANIJGKwOoN UTTOAOYI{OUME TIG TIMEC TWV X
if doScaling:
for i in range(len(xB)):
xB[i] = xBJi] / colmulti[B[i]-1]
cBJi] = ¢BJi] * colmulti[B[i]-1]
break
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YAoroinon AA\yopiBuwyv oe YAwooo Python

AvaBeswpnuévoc cAyopiduoc Simplex (ouvéxeix)

else:
# EmiAoyn eloepxouevne NETABANTAC
|I=choose_incoming(J)
# YnoAoyiopog cuvoAou I+
Iplus = find_Iplus(A, N, I, b)
if Iplus==[]:
state = "unbounded”
z = None
break
else:
# YnoAoyiopog e€epxopevne NETRPBANTAG
(r, pos) = choose_outcoming(B, Iplus)
# Epapuoyn pivot
pivot(B, N, |, r)
iterations += 1
initialization(False, A, b, ¢c, m, n, B, N)
return (iterations, state, z)
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YAomoinon AAyopiBuwyv o€ YAwooo Python

AvaBeswpnuévoc aAyopiduoc Simplex

Noap&ueTpol

problemname, 10 OvOux TOU TTPORAANGTOC

A, 0 TMVOKA&C OIGOTAONC MXN, TWV OUVTEAEOTWV TWV TIEPIOPICHWV

b, o mvakag dicoTaonc mx1 mou TePIEXEI TOUC OTABEPOUC OPOUC GTOUC TTEPIOPIOUOUG.

C, O TMVAKOC OIGOTAONC NX1 TTOU TTEPIEXEI TOUC OUVTEAEOTES TWV METABANTWV OTNV XVTIKEIMEVIKA OUVGETNON.
m, TO TTANBOC TWV TTEPIOPICUWV.

N, TO0 TANBOC TWV PETOPANTOV.

doScaling, petaBAnNTA AoyikoU TUMou (boolean), n omoia OTav €ivai ion Pe True, K&vEl ToV xAyOpIOuo va
XPNOIUOTIOIET TEXVIKEC KAINXKWONC.

type, o TUmog TNg TEXVIKNG KAIUGKWONC TTOU XPNOIMOTIOIEITAI, VIO TNV TIEQITITWON TTOU TO Oplopa doScaling Exel
TNV TIPA True.

- [ type = 1, xpnGIUOTIOIEITAI N TEXVIKI TNG 100PPOTTNONG,
- [ix type = 2, TOTE XPNOIUOITOIEITAI YEWUETPIKA KAIUGKWON.
M, n MEYGAN TIUA TTOU Ba TTPETTEI VO« XPNOIWOTIOINOET KAXTG TNV epappoyn TNS ueBddouU Tou peyahou M, yia Tnv

elpeon Mg apxIKNC BaoIKNG EPIKTAG AUONC.
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YAomoinon AAyopiBuwyv o€ YAwooo Python
AvaBeswpnuévoc aAyopiduoc Simplex

‘E€odo0I

m iterations, Tou €ivai 0 aPIBUOC TWV EMAVOANYWEWY, NEXPI VO TEPUATIOTE]
0 ciA\yopibuoc.

m state, To omoio kaBopilel Tov TUTIO TOU TTIPORBANUATOC, &V ONAXOA EIVal
BEATIOTO (Ooptimal) N av eivail amepidploTo (unbounded).

B Z, n TIUN TNC QVTIKEIMEVIKNC OUVAPTNONC TTOU QVTIOTOIXEl OTN BEATIOTN
AUON TTOU UTTOAOYIOTNKE KO TOV XAYOPIOUO, €&V TO TTPORANUC EIVQI
BEATIOTO.

32



YAormoinon AAyopiBuwv o€ YAwooo Python

AuIkOC akyopi0poc Simplex

Epapuoyq TwV BUGTWY TOU AYOPIOUOU HEOW EMOVOXPNOIUOTIOIRNCIMWY CUVAPTACEWY Python:

def dual_simplex(problemname, A, b, ¢, m, n):
B=np.array([5, 6, 7, 8])
N=np.array([1, 2, 3, 4])
linear_problem.show_problem(problemname, A, b, ¢, B, N)
# Apxikoroinon (BAua O)
initialization(True, A, b, ¢, m, n, B, N)
iterations = 1
while True:
# BAua 1 (EAeyxoc BeATIOTOTNTOQ)
(is_optimal, r, values) = check_optimal_dual(m, n, B, N)
if is_optimal == True:
show_opt_values(is_optimal, values, B, N, n, cB, xB)
break
# Buo 2a
k = B[r]
(t,I) = find_incoming_dual(A, B, r, N)
# MNeploTpodn
pivot(B, N, t, r)
iterations += 1
initialization(True, A, b, ¢, m, n, B, N)
show_iteration(iterations)
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YAomoinon AAyopiBuwyv o€ YAwooo Python

ErravoxpnoiuoTToINCINES GUVAPTAOEIC

initialization, yia TNV apx1KOTTOINON TWV TMTOXPGKUETPWY TOU TTPOBAANATOC
KOI TNV EKTEAEON TWV TTPGEEWV KOTA TNV EKKIVNON TNC EKTEAEONC KAOE
emavaAnync.

bigM_method, uhomoinon Tne ueBodou Tou pey&Aou M Kol Thv eUpeon
MIC GPXIKNG BAOIKNC EPIKTAC AUONG.

scaling, uhoTtoinon TWV TEXVIKWV KAINGKWONG, GVAAOYX JE TNV TIUA TNG
MXPXPETPOU doScaling Kol TNS TRPAPETPOU type.

check_optimal, EAeyxoc TNC BEATIOTOTNTAC TNC TPEXOUOKC AUoNC. Av n
ouV&ETNON GUTN EMOTPEWEI TNV TIPN True, TOTE G’UTO CNUAIVEL OTI N
TPEXOUOO AUoN €ivai BEATIOTN K& O XAYOPIOUOC OTOUOTE.

find_Iplus, yia Tnv e0peon Tou ouvOoAou |, TTou XPNOIUOTIOIET O
avaBewpnuévoc aAyopiBuoc Simplex. Av givail kevo, TOTE TO TTPOBANUO
EIVOI XTTEPIOPIOTO.

34



YAomoinon AAyopiBuwyv o€ YAwooo Python

ErmavoxpnoiuoTTOINCINES GUVAPTAOEIC (CUVEXEIX)

choose_incoming, yix TNV €0peon TNG €10€pXOUEVNG METABANTAC OTO
oUvoAo B Twv Baoikwv JETOBANTOV.

choose_outcoming, yiax Tnv e0peon TNG e€epPXOMEVNC METAPBANTAC OO
TO 0UVOAO B Twv Baoikwv JETRBANTOV.

pivot, yIx TNV EPOPUOYA TNC TTEPICTPOPNC PE BAON TNV EICEPXOUEVN KOl
TNV e€epxopevn YETABANTA TTOU EMAEXTNKE GO TIC TTPONYOUUEVEC
OUVOPTNOEIC.

read_file, cuv&pTtnon yia TNV av&yvwon evog YPOUMIKOU TTPoBAAuGTOC,
TO OTTIOI0 BPIOCKETOI KTMTOBNKEUPEVO OE GPXEIO GE MPS LOPPA.
store_problem, cuv&pTnon yia TNV armoBnkeuon evog YPXUUIKOU
TTPOPBANUATOC OE XPXEIO O YOPPN MPS.

generate_random_problem, cuv&pTnon yic TN ONUIOUPYIG TUXKIWV
YPOUMIKWV TTPOBANUGTWY, GVEAOYX UE TIC TOPOUETPOUC TTOU TNC
OIVOVTXI. 35



YTTOAOVYIOTIKN PEAETN
Mopp MpSs YIa TNV XTTOOAKEUON YPOUUIKWV TTPOBANUATWV

NAME PROBLEM3
ROWS
N OBJ
L. CONSTRI1
I, CONSTRZ
L. CONSTR3
COLUMNS
X1 OBJ 1. CONSTR1
X1 CONSTRZ 1. CONSTR3
X2 OBJ 1. CONSTR1
X2 CONSTRZ 1. CONSTR3
X3 OBJ 4. CONSTR1
X3 CONSTRZ 1. CONSTR3
RHS
RHS1 CONSTRI1 9. CONSTRZ
RHS1 CONSTR3 4.

ENDATA
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YTTOAOVYIOTIKN PEAETN
AnUIoupyix TUXKIWV YPXUMIKWV TTIPOBANUATWV
m Aixoréoelc mpoBAnuéTwv: 50x50, 100x100, 150x150, ..., 1000x1000
B 10 J10pOoPETIKG MPOPBAANGTH VI TNV KXOE KATNYOPIX
B [0 K&OE KaTnyopIiok TPORANUATWY UTTOAOYIOTNKE O HEOCOC XPOVOC
EKTEAEONC KO TO HECO TTANOOC EMAVOANWEWV.

m Or1 ouvteAeoTEC TwV TTIPOBANUGTWY ETIAEXTNKOV PUE TUXXKIO TPOTIO K|
KUMGVONKOV OTO TTIO KXTW OPIXK:

Eranetn nyp MeénoeTn Tip
LOVTEAEGTIG TivaKa A -100 1000
LovTEAEGTIG TivaKa b 10 10000

LOVTEAEGTIG TIVOKA C -300 900




YTTOAOVYIOTIKN JEAETN

Anuioupyia Tuxaiwv MPEOBANUETWY
minA = -100.0 ; maxA = 1000.0; minb = 10.0 # TINEC TWV TTOXPOAPETPWV
maxb = 10000.0; minc = -300.0; maxc = 900.0
iterations = 10 # Ap1Buoc MPoBANUGTWV
file = open("results.txt", "w")
for k in range(50,1001, 50): # Anuioupyiax TwV MPEOPANUETWY
sum_iterations = 0; sum_time =0.0
for i in range(iterations):
(problemname, A, b, ¢, m, n)=generate_random_problem(k,k,minA, maxA, minb, maxb, minc,
maxc,1)
timel = time.time()
(niter, state, z) = Simplex_method.simpex_revised(problemname, A, b, ¢, m, n, True,1, 10**6)
time2 = time.time()
time_diff = time2-timel
sum_iterations += niter
sum_time += time_diff
avg_iterations = sum_iterations/iterations
avg_time = sum_time/iterations
file.write(str(m)+"\t"+str(m)+"\t"+str(avg_iterations)+"\t"+str(avg_time)+"\n")
file.close() 38




YTTOAOVYIOTIKN MEAETN

YTOTIOTIK&X V& KXTNYOPIC TTIPOPBANUATOC
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YTTOAOVYIOTIKN MEAETN
>TOTIOTIKX V& KXTNYOPIC TTPOBANUATOC
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YTTOAOVIOTIKN PEAETN

Anuioupyia TUXXiwV TPOPRANUETWV OIXPOPETIKWV TTUKVOTATWV
minA =-100; maxA = 1000; minb = 10
maxb = 10000; minc = -300; maxc = 900
m=100; n=100; iterations = 20
file = open("results_dens.txt", "w")
for k in range(10,101,10):
sum_iterations = 0; sum_time = 0.0
for i in range(iterations):
(problemname,A,b,c,m,n)=generate_random_problem(m,n,minA,maxA,minb,maxb,minc, maxc,k/100)
timel = time.time()
(niter, state, z)=Simplex_method.simpex_revised(problemname, A, b, ¢, m, n, False, 2, 10**6)
time2 = time.time()
time_diff = time2-timel
sum_iterations += niter
sum_time += time_diff
avg_iterations = sum_iterations/iterations
avg_time = sum_time/iterations
file.write(str(m)+"\t"+str(m)+"\t"+str(avg_iterations)+"\t"+str(avg_time)+"\n")
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YTTOAOVYIOTIKN MEAETN

2TOTIOTIK& av& Karnyopio TukvoTnToC Yia mpoBARuoTa 100x100
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YTTOAOVYIOTIKN MEAETN

2TOTIOTIK& V& KOXTNYopia MUKVOTNTAC VI TpoBARpaTa 100x100
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YUUTTEPXOUOTO

m H Python amnoteAel MOAU 10XUPO EPYGAEIO TTOU UTTIOPEI VO XPNOIJOTIOINBEl yIok TNV
QVATTUEN TIPOYPONUATWY Kol PIBAIOONK®WV  yIx Tnv  €mMAUCN  YPXUMIKWV
MTEOBANUGTWY K&I TNV UAoTToinon cAyopiBuwy TUmou Simplex.

m H Python mpoop€pel ToAEC EToIpeS BiIBAIOBAKER, OI OTTOIEC UTTOPOUV V& BonBRoouv
OTNV QVAMTUEN TPEOYPONUGTWY TIOU popouUv oAyopiBuouc TUmou Simplex Kol
EMIMAEOV, EMTPETIEI TN ONUIOUPYIC EMTAVOXPNOIUOTIOINCIUWY CUVKPTNOEWV.

B O apiBudc Twv eNMaVOANWEWY TOU XPEIX(OVTOI VIX TNV EMAUCN €VOC YPOUMIKOU
MTPOPAANKTOC, AUEGRVETOI 000 PEYGAWVEI N OIXOTAON TOU TTPORANUATOC.

m Ooco auéavetar n didoTaon €vOC YPOUMIKOU TTPOPBAANKTOC, TOOO QUEXVETOI KOI O
ATMTXITOUPEVOC XPOVOC TTOU GIMAKITEITAI VI TNV EMAUOCAN TOU KOl PGAIOTR, N adénon
QUTA €xel MEYOAUTEPN Eemopaon o€ oxeon ME Tnv «Ul&énon Tou CpPIOUOU
EMAVOANYEWV.

B Ooco au&aveTal N TUKVOTNTO €VOC TTIPOPBANUGTOC, ONAKON 000 UEIWVETOI TO TTOOOOTO
TWV PNOEVIKWV TIOU UTIPXOUV OTOV TIHVOKO TWV OUVTEAEOTWV TOU TPORBAAMKTOC,
TOOO CMAITEITOI PMEYXAUTEPOC XPOVOC VI TnVv €mAucn Tou MPEOBAAUATOC QuUTOU
(TTEPI00OTEPO XPOVvOoPOpeC MP&EEIR). ”




ErtekT&oeIC

m Y\oroinon e€mmA&ov oAyopiBuwv TUMou Simplex ye Tn Bonbeix Tnc
YAWOOOC TIPOYPOUUGTIONOU Python.

m EkTeTOUEVN OUYKPION TWV JIXPOPETIKWV OAYOPIOuWY PETOED TOUC, WC
TTPOC TOV GPIOUO TWV EMAVOAAWEWV KOl TOV XPOVO TTOU OTTXITEITAI, VIO
TNV emAuon MPEOBANUATWY OIGPOPWY OIKOTROEWV.

B AvamTuén ypagikou mePIB&ANOVTOC VI TNV dNUIOUPYIG KOl TNV EMIAUCN
VPOUMIKWV TIPOBANUGTWY PE PINKO TPOTIO TPOC TOV TEAIKO XPNOTN
(Texvoloyiag Django).

m EkTevéoTrepn UumMoOAOVYIOTIK MEAETN VI TIEPIOOOTEPEC KOTNYOpPIEC
TPOBANUATWV.

45




EpwTtnoeic

EuxapioT® yia TNV Tpocoxn ooc!
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