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m ETTiAuon ducdidoTaTtwy TTPORANUATWYV
m H pébodocg simplex

TuTtTikn popPpn
m AkEpaiog [poypauuaTionog



[TpoypappaTiIopoC MNapaywyng
=

Mpoiov 1 | MNMpoidv 2 Mapaywyikn
AuvartoTnTa
Mnx. 1 1 0 4
Mnx. 2 0 2 12
Mnx. 3 3 2 18
Képdog $3,000 $5,000

Epwtnua: Mo 1o Tpoypauua TTapaywyns Twy TTPOoIOVTIWY 1
KAl 2 €701 WOTE va PEYIOTOTTOINOEI TO KEPDOOC TNG ETAIPEIAG;



[TpoypappaTiopoc MNapaywync:
AlaTuTTWON
=

x,: MOVAOEG EOoNadIaiag TTapaywyrng Tou TPoiovTog 1

X,: MOVAdEG eOoNAdIaiag TTapaywyrnS TOU TTPOIOVTOG 2
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[ wvIakEC AUCEIC

Corner-Point Solutions

[ WVIAKEG EPIKTEG

[ WVIOKEG UN EQIKTEC

x =4 , ,

/ Aooeic (FEA R CPF)
 ’ V4

P /<> x2 _ 6 )\UGSIQ

~ E@ikti

| TEpIoxN 3x,+2x, =18

— (Feasible

Il?eqic?n)

®



[eitovikES T wviakeC AUOEIC
(Adjacent Corner-Point Solutions)

x, =4 Edv n eival o apiBuédg Twv

ueTaBAnTwy, Toéte duo CPF
i AUCOEIC €ival YEITOVIKEC
x, =6 (adjacent) e@v €xouv Kolvouc

9 ? n-1 TTEPIOPICHOUC.
~ E@ikti
| Teploxn

(Feasible _
= Region) 3x, +2x, =18
@ | | | @ | Q | |




[fwviakEC E@ikTeEC Auoeic (TEA)

OQzwpnua: Eav 1o TpoRAnua T Exel
BEATIOTN AUON, TOTE TOUAGXIOTOV Wia ['EA ival
BEATIOTN AUON.

1. 21NV BEATIOTN AUGN KATTOIO!

TTEPIOPIOUOI IKAVOTTOIOUVTAlI OAV
I00TNTEC KAl KATTOIOI OaV
avIOOTNTEC.

EmnTpeTTn 2. AeopeuTikoi Treplopiapoi (binding

TTEPIOXN constraints) givail 6ol ol
TTEPIOPITUOI TTAVW OTOUG OTT0IOUG
BpiokeTal N BEATIOTN AUON.

| | |

X1



2.uvONnkn BEATIOTNC TINNG

(Optimality test)
" S

YTro0EToupe OTI TO TTPOPANUA

TOUAQYXIOTOV Jia BEATIOTN Auon.

1 Exel

Eav pia N'EA Oev €XEI YEITOVIKI

[[EA 6TTOU N

QVTIKEIMEVIKI OUVAPTNON VO TTAipVEl KAOAUTEPN
TIMNA, TOTE AUTN N AUonN €ival BEATIOTN Auon,.



H M£Bodo¢ Simplex

" A
m AAYOpIBpog etriAuong TTpoBAnuaTwy [Tl
H péBodocg uttobETel 0TI TO TTPORANUA gival SIATUTTWHEVO OTNV
TUTTIKA TOU pop@n (standard form).

Maximize Z =cx, +c,x,+...+cC,X,
Subject to the constraints
a, x, +a,x,+..+a, x, <b,

a, X, +a,x,+..+a,x, <b,

a . x +ta x,+..+a, x <b
and
x,20,x,20,---,x 20

n



H ueBodocg Simplex
" A

m H pEBODdOG emmikevTpwveTal povo o€ I'wviakeS EQIKTEC Auoeig (TEN).
[a KGO TTPOPANUA hE TOUAAXIOTOV [ia BEATIOTN AUGTH, QvEUPED MIOG
TETOIOG AUONG I000UVAEl JE TNV aveupeon TNG KaAuTtepng INEA.

m H pEBOdOG cekiva atro 1o onpeio (0,...,0) (origin)

BoAikr) AUon d10TI IKAVOTTOIEI TOUG N apvNTIKOUG TTEPIOPICHOUC (non-
negativity constraints) kai dev xpeidletal kapia diadikaoia yia Tnv
aveupeon TnG.

m H péBodOC cival Evag eTavaAnTTIKOS aAyopiBuog. Tlaer atrd yia N'EA

o€ Mia yerrovikn (adjacent) TTou BEATILVEI TNV AVTIKEIMEVIKA) OUVAPTNON.
2.€ KABe BriMa eAEyXEl povo YeIToVIKES TEA.
H 1Topeia Tng neBOdou gival Kata YAKOG TWV CUVOPWV TNG EPIKTNG
(ETTITPETTTNC) TTEPIOXNC.
m [1a OAEC TIC OKUEG (edges) TTou TTEpPVOUV aTTO TNV TPEXWYV [EA, eAEyXEl
TO pUBUO KaAUTEPEUONC TNC AVTIKEIMEVIKAC ouvapTtnong (2).

Edv dev uTTApXEl OKU JE BETIKO pUBPO KAAUTEPEUONG, TOTE O AAYOPIOUOC
oTauaTa



H uEBodocg Simplex

(initialize/find CPF

E@ikti
| Teploxn
(Feasible
Region)
9 | | | @ ?




Setting Up the Simplex Method

Original form

Maximize Z =3x,+5x, | [Maximize Z =3x, +5x,
subject to subject to
X, <4 X + X, =4
2x, <12 2x, +X, =12
3x, +2x, <18 3x, +2x, +x;, =18
and x, >0,x, >0 and X >0,7=1...5

Augmented form

Augmented solution: solution for the original variables and the

slack variables




Baoikég Auoeic (Basic Solutions)

" A

m Baoikn Auon: augmented corner-point solution

m [0160TnNTEC Baoikng Auong
KaBe petaBAnTh utTtopei va gival €ite Baoikr €ite un Baoikn
O apIBuoC Twv Baoikwy PETABANTWY I00UTAI UE TOV APIBPO TWV
TTEPIOPIOUWV.
Mn Baoikég petaBAnTEC €xouv TNV Tiun O.
O1 TINEC TWV BACIKWY PETABANTWY gival N AUON TOU CUCTANATOC
eCIOWOEWV ME OAOUG TOUG TTEPIOPIoUOUC (functional constraints)

m Baoikny Emitperrtr) Auon (BEA): augmented Corner Point

Feasible solution

Baoikr) AuUon TTou IKAVOTTOIEi TOUG N apvNTIKOUG TTEPIOPICHOUG



[Tapdadeiypa Baoiknc Auong

X + X3 =4
2x, + X, =12
3x, +2x, +x, =18

ApIBUOC Baoikwy PeTaBANTWV=
ApIBUOC un Baoikwy PETARBANTWV=

MnoevioTe TIC N BACIKEC METABANTEG:

BaolkEC yeTaBANTEC:



["eiIToviKEC Baaoikec AUOEIC

(Adjacent Basic Solutions)
" JE
m AvUo BEA gival YEITOVIKEC €AV £XOUV KOIVEC OAEC EKTOC ATTO
Ui un BaoikEC PETABANTEC.

Me auTtd ouveTTAyeTal OTI OAEC EKTOC ATTO Hia BACIKEC METABANTEC
gival ETTIONC KOIVEC (EVOEXOUEVWG €XOUV DIQPOPETIKEC TIMEC).

m [lapdadeiyua:
FEA: (0, 0) > (0, 6)
BEA: (0, 0, 4, 12, 18) > (0, 6, 4, 0, 6)



BoAikn Alatuttwaon kai Apxikp Mopgr 1ng
uEBOOOU Simplex
" JE

Maximize Z

subject to
Objective—| Z —3x, —3x, =0
X, + X, =4
2x, + X, =12
3x, +2x, +x; =18

and x, =20,i=1,...5

ApXIKA o1 HETABANTEG x, KAl x, Eival Jn PACIKEG,
dnAaodn:



O AAyOpIOBuoc TNC uebodou Simplex

Initialize

A 4

Is Optimal?

No

[ Find incoming basic variable

y

Find exiting basic variable

\ 4

Find new CPF solution

\ 4

Start from the origin

Are there any negative
coefficients in the
objective equation?

Non-basic variable with
most negative coefficient

Basic variable with smallest
ratio

Gauss elimination



[TpwTo Brjua
" J

Z —3x, —5x, =0
X, + X, =4  Ox, = nobound on x,
2x, +Xx, =12 X, <6
3x, +2x, +x;, =18 x,<9

1. Optimality test -2
2. Determine which nonbasic variable will become basic:

3. Determine which basic variable will become nonbasic.
(How much can we increase x,?)

4. Find new solution.
Nonbasic: . Solve for Z, x,, x5, x5



[TpwTo Bpa - cuvexeia

—3x,

2x,

+2x,

+ X,

T X,

+ X,

= x; =4
= x, =06
= X; =6



ETrouevo Briua

Z -3x +2x, =30
X, + X, =4 x4
X, +%x4 -6 X, <6=noboundon x,
3x, -x, +x;, =6 x=2

1. Optimality test -2
2. Determine which nonbasic variable will become basic:

3. Determine which basic variable will become nonbasic.
(How much can we increase x,?)

4. Find new solution.
Nonbasic: x,=0, x,.=0 Solve for Z, x,, x,, x,



ETropevo BApa - ouvexeia

0
Z -3x 2 x, =30
X, + X, =4
X, +%x4 =6
3x, -x, +x| =6
0
Z H2x, +x5| =36
X, +§x4 —%xs =2
1
x2 +5x4 :6
X, —§x4 +-x| =2




ApXIKoc livakag Simplex
" J

Z -3x, -5x, =0
X, + X, =4
2x, + X, =12
3x, +2x, +x; =18
Basic Coefficients of: Right Ratio
variables | X, X, X5 X4 Xe side
Z 1 -3 -5 0 0 0 0
X5 0 1 0 1 0 0 4
Xy 0 0 2 0 1 0 12
X5 0 3 2 0 0 1 18




Simplex Tableau

Basic Coefficients of: Right Ratio
variables 7 X, X % X % side
Z 1 -3 -5 0 0 0 0
X5 0 1 0 1 0 0 4
X, 0 0 2 0 1 0 12 12/2=6 <min
Xs 0 3 2 0 0 1 18 18/2=9
Basic Coefficients of: Right Ratio
variables 7 X, X, X, X4 Xs side
Z 1 -3 0 0 5/2 0 30
X5 0 1 0 1 0 0 4
Xy 0 0 1 0 1/2 0 6
X5 0 3 0 0 -1 T 6




Simplex Tableau -Continued

Basic Coefficients of: Right Ratio
variables 7 side
X X5 X3 X4 Xs
Z 1 -3 0 0 5/2 0 30
X5 0 1 0 1 0 0 4 4/1=4
X, 0 0 1 0 1/2 0 6
Xs 0 3 0 0 -1 1 6 6/3=2 ( min
‘ol
Basic Coefficients of: Right Ratio
variables 7 side
X Xy X3 X4 Xs
Z 1 0 0 0 3/2 1 36
X5 0 0 0 1 1/3 -1/3 2
Xy 0 0 1 0 1/2 0 6
X 0 1 0 0 -1/3 1/3 2




Tie-breakers —
Entering basic variables
" A

Basic Coefficients of: Right Ratio
variables 7 X, X, X X, Xe side
Z 1 | -3 -3 | 0 0 0 0
X5 0 1 0 1 0 0 4
Xy 0 0 2 0 1 0 12
X5 0 3 2 0 0 1 18

AIOAECTE YO oTNV TUXN.




Tie-breakers —
Leaving basic variables
" A

Basic Coefficients of: Right Ratio
variables 7 X, X, X X, Xe side
Z 1 -3 -5 0 0 0 0
X5 0 1 0 1 0 0 4
Xy 0 0 2 0 1 0 12
Xs 0 3 L4 | 0 0 1 | 24 | 24/4=6

Degeneracy — Problem of possible infinite loops




No leaving basic variables —
Unbounded Z

" J
Basic Coefficients of: Right Ratio
variables 7 X, X, X5 side
Z 1 -3 -5 0 0
X5 0 1 0 1 4

No ratio (4/0)!

No leaving basic variable



[TOAAQTTAEC BEATIOTEC AUCEIC

Basic Coefficients of: Right Ratio
variables 7 X, X, X5 X, Xe side

Z 1 0 0 0 0 1 18

X, 0 1 0 1 0 0 4

Xy 0 0 0 3 1 -1 6

X, 0 0 1 -3/2 0 1/2 3

. Nnonbasic
1. Optimal? YES
2. Optimal solution=x=4,x,=3,x,~6

3.

More Optimal solutions?




[TOAAQTTAEC BEATIOTEC AUCEIC

Basic Coefficients of: Right Ratio
variables 7 X, X " X . side
Z 1 0 0 0 0 1 18
X, 0 1 0 1 0 0 4 4/1=4
Xy 0 0 0 3 1 -1 6 6/3=2
X, 0 0 1 -3/2 0 1/2 3 3/(-3/2)=-2
Basic Coefficients of: Right Ratio
variables 7 X, X, X X4 Xe side
Z 1 0 0 0 0 1 18
X, 0 1 0 0 -1/3 1/3 2 2/(-1/3)=-6
X5 0 0 0 1 1/3 -1/3 2 2/(1/3)=6
X, 0 0 1 0 1/2 0 6 6/(1/2)=12




[TOAAQTTAEC BEATIOTEC AUOEIC

Auon 1: = Auon 2: =

2:

= +(1—O€] where 0o <1




AANeC AuvaTtec AlIQTUTTWOEIC
"

EAaxioTotroinon:
Minimize Z =c¢x,+c,x,+...+c X,

Maximize —-Z =-cXx,—cC,X,—...—CX,
[1eplopIOUOI:
da; X, + a.,X, +...+ a,.x, = bl ﬂpoB)\r”JqT”(ég

TTEPITITWOEIG

a,x,+a,x,+..+a, x =b

a,x,+a,x,+..+a x <b <0

in n

x, can take negative values

1

YTTapxouv OIAPOoPOI HETAOXNMATIOKOI Ol OTTOIOI UTTOPOUV VO
XpnaoipgotroinBouyv yia va eTTIAUBEi To TTPOPANUA YE TNV Simplex



[leplopiouoi looTnTaC

Maximize Z =3x, +5x,
2 M 4 subject to
) X, <4
| x, =6 2x, <12
3x,+2x, =18
- and x,20,x,=20
The origin is \
NOT a feasible Equality
solution! 3x,+2x, =18 constraint

Ei




AkEpailoc lNpoypauuatiopog (All)
" A
m AkEpaiog Npoypauuartiopog (All)
O1 yetaBANTEC TTAipVOUY akEPaleC TIMEC O, 1, 2...
AlaipeTOTNTA OEV IOXUEL.
m MikTO6¢ AkEpaiog Npoypappatiopog (MAIT)
m AuadikEC JETABANTEC (Yes-no decisions)

(1 if decision jis yes
x . — < . o« o o ®
710 if decision jis no
[MpoBAARuarta Al eival duokoAa va AuBouv
= H BEATIOTN AUON dgv gival KAT avaykn ywviakrh Auon.
= MeyaAocg apiOuocg duvatwyv AUoEwV




AkEpailoc lNpoypauuatiopog (All)

" J
m XaAapwon I'M (LP Relaxation)

Edv n Auon tou I'T1 IKavoTrolEl TOUC TTEPIOPICUOUC
QKEPAIOTNTAG, TOTE N AUCN TTPETTEI VA €ival Kal BEATIOTN
Auon Ttou All.

H Auon tou Al 0gv utTopEi va gival KaAuTepN aTtro Tn Auon
Tou [T1



Auon All xpnoigoTtroiwvTac XaAapwaon

[T
"

A




Auon Al'l xpnoigotroiwvtag xahapwon [T1
"

A
36— 0 O O
29 ® [ ®
10 o o ®

[ @ ® ® >
0 1 2 3



Texvikn AlakAadwaonc kai Neplopiouou
(Branch and Bound Technique)

Maximize  Z =5x, +4x, Maximize  Z =5x, +4x,
S.t. X, <6 S.t. X, <6
x, <5 KaAapwan x, <5
3x, +2x, <21 3x, +2x, <21
x,,x, = 0,x,,x, iIntegers xX,,X%x, =0
x, =3.67,x, =95,
Auon [T : :
Z =383

/ S~ AakAddwon

0<x, <3 4<x, <6



Texvikn AlakAadwaonc kai Neplopiouou
(Branch and Bound Technique)

*\ AlGKAGEWON

Maximize Z =5x, +4x, Maximize Z =5x, +4x,
st x, <3 st. 4<  x <6
X, <5 0< x, <5
3x, +2x, <21 3x, +2x, <21

X,X, 20
Auon 1: =30 =, Auon 2:71 = 4%, =4.5,
Z 35 Z =38
Aképaia Auon => A'GK)‘GBW N
AuvaTtn Auon! 0<x <4 S<x, <5

= X, =3



Texvikn AlakAadwaonc kai Neplopiouou
(Branch and Bound Technique)

|
! \ AlokAGdwon

Maximize @ Z = le + 4x2 Maximize  Z =5x, +4x,
s.t. 4< X, < s.t. 4< X, <6
0< x, <4 5 x, <5
3x, +2x, <21 3x, +2x, <21
AUon 3:° = el A Aev uTtdpyel AUon
Z 37.7
/ WGK)\(]BUOGF]
5<x, <6 dsx =4

= x, =4



Texvikn AlakAadwaonc kai Neplopiouou
(Branch and Bound Technique)

pd SN DMiakAGSwon

Maximize  Z =5x, +4x, Maximize  Z =5x, +4x,
S.t. 5 < X, <6 S.t. 4 < X, <4
0  x, <4 0< x, <4
3x, +2x, <21 3x, +2x, =21
Auon 5: X =5,%, =3, AUoN 6: x, =4,x, =4,
Z =37 Z =36

KaAuTepn JEXPI

TWPaA AUon: >
X,=3, X,=9, £*=35




