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H MEOOAOX SIMPLEX
THE SIMPLEX METHOD

Let us introduce the problem we will use to demonstrate the simplex method. HighTech
Industries imports electronic components that are used to assemble two different models
of personal computers. One is called the HT Deskpro Computer, and the other model is
called the HT Portable Computer. HighTech’s management is currently interested in
developing a weekly production schedule for both products.

The Deskpro generates a profit contribution of $50 per unit, and the Portable generates a
profit contribution of $40 per unit. For next week’s production, a maximum of 150 hours
of assembly time can be made available. Each unit of the Deskpro requires 3 hours of
assembly time, and each unit of the Portable requires 5 hours of assembly time. In
addition, HighTech currently has only 20 Portable display components in inventory; thus
no more than 20 units of the Portable may be assembled. Finally, only 300 square feet of
warehouse space can be made available for new production. Assembly of each Deskpro

requires 8 square feet of warehouse space; similarly, each Portable requires 5 square feet.
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To develop a linear programming model for the HighTech problem. we will use the
following decision variables:

X1 = number of units of the Deskpro assembled
number of units of the Portable assembled

X2
The complete mathematical model for this problem is presented below.
Max 50x; + 40x;

S.t.

A

3x; + 5x; < 150 Assembly time

IA

1X; 20 Portable display
8x; + 5xp < 300 Warehouse capacity

X1, X2 >0
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Adding a slack variable to each of the constraints permits us to write the problem in

standard form.

Max 50x; + 40x, + 0s; + O0s; + 0s3 (5.1)
S.t.

31 + 5Xp + 159 = 150 (5.2)

1%, + s, = 20 (5.3)

8x; + bxp + 1s3 = 300 (5.4)

X1, X2, S1, S2, S3 = 0 (5.5)

Ov mepropiopoi (5.2)«(5.4) amotedobv ocvommua 3 ypouuk®v eElo®oemy pe S

netaPANTEG.
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® H uéboodoc simplex eivar pio adyefpikn drodikacio AVoNg
YPOUUKOV TTpoypapudtov. Eedcov (cuvBmg) o aptOudg
TOV TEPLOPIGUOV ElvOL LIKPOTEPOC TOV aplOoD TmV
uetafAntav, n uébodog simplex avabitel oe oplouEvec
amd TIC HeTaPAnTEG TIUN iom pe unoév ko PeTd emADEL TO
cUGTNUA TOV EEIGOGEMV Y1 Vo BPEl TIC TIES TV
VTOAOITOV LETOPANTOV.

» The simplex method is an algebraic procedure for solving
linear programs. Since the constraint equations usually have
more variables than equations, the simplex method finds
solutions for these equations by assigning zero values to some
of the variables and then solving for the values of the
remaining variables.
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Eowv Xo=0 kot $1=0 tote

3X1 = 150
1s, = 20
8X1 + 1s3 = 300

= X; = 150/3 =50
s, =20
=  8(50)+s3=300= s3=-100

U

H Aon X1 =50, X2 =0, 81 =0, s, = 20, s3 = -100 eivan wo faciky Loy (basic solution).
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® [0 va mpocdlopicovue o faociky Aven yo. evo 'l oty

TUTIKY] TOL UOPQPT] TO oOmolo €xet N petaPAntég
(cvumepthapPavouévav TV HETAPANTOV omo@AGEMC, TIG
HeETAPANTEG  yoAopOTNTOC KO TG METAPANTEG
mAeovacuotoc) Bétovue v T N-M petafAntov oe
UNOEV Kol EMAVOLUE TO GUGTNUO TOV M YPOUUIK®OV
TEPLOPIGUOV Yoo Vo Ppovdue TNV TIUN TOV VTOAOIT®V
LETAPANTOV.
» For a linear program written in its standard form with n
variables (including decision variables, slack variables and
surplus variables) to determine a basic solution, set n-m

variables equal to zero and solve the m linear constraint
equations for the remaining m variables.
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o Mia Paciky Aoy Oswpeiton ot eivor Pacikil Qikty AVon edv 1KOVOTOIEL TIG
oLVONKES Un OPVHTIKOTHTOG.
e A basic solution is a basic feasible solution if it satisfies the nonnegativity

conditions.

[Ly. gav X;=0 ko X,=0 to1€

150
20
1s; =300

1s;

1s,
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® OAec o1 epikTéC Pacikéc AVGELC
QVTITPOCGMOTEDOLY UKPULN GTUELD TNG
EQIKTNG TEPLOYNG.
» All basic feasible solutions correspond

to extreme points of the feasible
region.

10
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X'Z@ In the HighTech problem, the maxirhum
60 _ possible number of basic solutions is 10,
Warehouse Capacity given by the number of different sets of two
50 | variables that can be set to zero (5 choose 2).
Actually, there are only nine basic splutions
because no solution is obtained by setting x,
. 40 ¢ and s, equal to zero. These solutiong, five of
3 which are feasible are shown in the [graph.
E %
Display Units
20
Feasible @
107 Region Assembly Time
@ ©) O
0 : : : : : : : : ' X4
0 10 20 30 40 50
Deskpro
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® H uéboooc simplex givan pio dradikacior
EMOAVAANYNC Y10, LETOKIVIION 0O (o Bacikn
@1kt Ao (axpaio onueio) oe Kdmwola dAAN
uéypr va e€evpebel  fEATioTn Adon.
» The simplex method is an iterative procedure for

moving from one basic feasible solution (extreme
point) to another until the optimal solution is found.

12
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ITivakag Simplex (Simplex Table)

cj = objective function coefficient for variable j
bi = right-hand-side value for constraint i
a;j = coefficient associated with variable j in constraint i .

Cy C, ...Cq

a1 a2 ...a1n b1
a1 a 22 ...d2n b
am]_ am2 ...amn bm
50 40 0 0 0

3 5 1 0 0 150

0 1 0 1 0 20

8 5 0 0 1 300

13
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C row = row of objective function coefficients
b column = column of right-hand-side values of the constraint equations
A matrix = mrows and n columns of coefficients of the variables in the constraint

equations

C row
A B

matrix | column

14




H MEOOAOX SIMPLEX
THE SIMPLEX METHOD
X1 X2 S1 S22 S3
50 40 0 0 O
3 5 1 0 0] 150
o 1 0 1 © 20
8 5 0 0 1] 300

X1 X2 S S2  S3

50 40 0 0 O
3 5 1 0 0] 150
Row associated with s, — 0 1 0 1 0 20
8 5 0 0 1] 300

T
Column associated with s,

«Value of s,

15




H MEOOAOX SIMPLEX
THE SIMPLEX METHOD

X1 X2 S1 So S3

Basis Cg| 50 40 0 0 0
ss 0] 3 5 1 0 0] 150
s, 0] 0 1 0 1 O 20
ss 0O 8 5 0 0 1| 300

H Baaon (Basis) nepiéyet 11 vpiotaueveg facixés puetafintés (basic variables).

H omAn Cg mepiéyet tovg cuVTEAESTEG TOV PACIKOV HETARPANTAOV GTNV AVTIKEYLEVIKT

GLVAPTNOT.

X1 = 0

Xo = 0 }\
S1 = b1 = 150

Sy = bz = 20

S3 = b3 = 300

un Paockéc petaAntéc

Baocucéc petaPAntég

16
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X1 X2 S1 S22 S3
Basis Cg| 50 40 0 0 0
S1 0 3 5 1 0 0| 150
S 0 0 1 0 1 0 20
S3 0 8 5 0 0 1| 300
Zj 0
Profit

H cepd (row) zj avtimpooomedet T peimwon g TG TG AVTIKEWEVIKNG GUVAPTNONG
7oV Ho TPoKVWYEL €AV Lo povada e peTaPAntg e othAng (column) j tov mivaxko A

eloéNBeL ot Pdon. Anraon n petafPint yiveton Bacwkn pe tyun 1.
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X1 X2 S1 S S3
Basis Cg| 50 40 0 0 0
s; O 3 5 1 0 0] 150
s, O 0 1 0 1 0 20
s3s O 8 5 0 O 1| 300
Zj 0
Profit

H cepd j - Zj avtumpoconeel TV oAAayn TNG TIUNG TNG AVTIKEWEVIKNG GLVAPTNONG GV
ua povéado g petofAnTng g j otAng tov mivaka A e16éA0gl ot Adon. H cepd Cj - z;

ovoudleton eerpd kabapijs aétoloynons (net evaluation row).
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Edv X3 =0 yiver X3 =1 xou 10 Xz mapapeiver pun Pacwkn petofant, Xz =0, 101e and T0v
TEPLOPIGLLO
3 X1 +5x%x,+ 151 =150

TPOKLTTEL OTL TO S1 O pewwBel kKatd 3 povdoe.

Ao TOV TEPLOPIGUO
1X+1s,=20

TPOKVTTEL OTL TO Sp dev Bl pelmOet.

Ao TOV TEPLOPIGUO
8X1+5x%x,+15s53=300

TPOKVTTEL OTL TO S3 00 pe1wbel katd 8 povadeg.
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Younépoacpa: Ot GuVTEAECTEG TNG OTNANG oV oyeTilovTtan pe un Pactkn petafAnt

AVTITPOSHOTEHOVY TN LEI®ON TOV PACIK®OV HETOPANTOV OTav 1 un Poactkn petapint

yivel Boctkn pe Tun HoG Lovadogs.

Z,=03)+0(0)+0(8) =0
Z,=0(5)+0(1)+0(5)=0
Z3=0(1) +0(0)+0(0)=0
Z,=0(0)+0(1) +0(0)=0
Zs=0(0)+0(0)+0(1) =0

20
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X1 Xo S1. S22 S3
Basis Cs| 50 40 0 0 O
s 0| 3 5 1 0 0] 150
s 0/ 0 1 0 1 0| 20
s 0| 8 5 0 0 1| 300
2 0 0 0 0 0| o0
G- 2 50 40 0 0 O |
Profit

Profit = 150(0) + 20(0) +300(0) = 0

21
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X1 X2 S1 S S3
Basis Cg| 50 40 0 0 0 b,/ ain
ss, 0| 3 5 1 0 0| 150|™"; =50
s, 0 0 1 0 1 0| 20 -
s3 0 5 0 0 1| 300|*% =375
Z; 0 0 0 0 0 0
Cj - Zj 50 40 0 0 O

H péyiom tun tov X 1 and myv 1, oepa
3X1=150=x,=50
= 3X1+5X 2+ 1s; =150 divers; =@

H péyiom tipn tov X; and v 3, oepd
8 x1 =300 = x; =37.5
=8 X1 +5X,+53=3000diversz3 =9

22
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CRITERION FOR ENTERING A NEW VARIABLE INTO THE BASIS

Look at the net evaluation row (cj — z;) and select the variable to enter the basis that will
cause the largest per-unit improvement in the value of the objective function. In the case
of a tie, we follow the convention of selecting the variable to enter the basis that
corresponds to the leftmost of the columns.

CRITERION FRO REMOVING A VARIABLE FROM THE CURRENT BASIS
(MINIMUM RATIO TEST)

Suppose the incoming basis variable corresponds to column j in the A portion of the
simplex tableau. For each row I, compute the ratio bi/as; for each asj greater than zero.
The basic variable that will be removed from the basis corresponds to the minimum of
these ratios. In the case of a tie, we follow the convention of selecting the variable that
corresponds to the uppermost of the tied rows.

23
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A&oviko oTorycio
ASovikij oTiin M otoyeio 0dnydg (Pivot
otAn odnyog (Pivot Element)
Column)

X1 X2 S1 So S3
Basis Cg| 50 40 0 0 0 b,/ aj
ss, 0] 3 5 1 0 0 150|™%; =50
s, 0| 0 1 0 1 0| 20 -
ss; 0 5 0 0 1| 300]|°% =375
Zi O\NO O 0 O 0
Cj - Z; 50 %0 0 0 O

Aéovikn cepa M| celpd
odnyoc (Pivot Row)

24
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To enduevo 6tdo10 TPOPAETEL TNV ALY TNG GTNANG TNGS UN PacTKNg

uetafAnTg mov Ba e16€ADeL ot Pdon oe povadiaio dtdotnua (unit column

0
0f.
1

AVTO eMTLYYAVETOL LUE OTOLYELMOEIC TPALELS OTIS 6e1pég (elementary row

or unit vector).

3
0
8

H otAn |o| Ba mpémel va petatpanel og

operations).

25
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3X1+5X2+151+ﬂ32+ﬂ33:150 (1)
gX1+1X+@9S,+1s, +@s3= 20 (2)
8X1+5X,+ @8 +@5,+ 153 =300 (3)

(1/8) [8X1 +5X,+ @851 +08S,+1 33] :(1/8) (300)
1
1x; + (5/8) Xo+@S1+0S) +(1/8) S3 = 75/2 (4)

[ToAlamAacialovpe v (4) pe 3 :
33Xy + (15/8) Xo+ @S +@S,+ (3/8) S3 = 225/2 (5)

26
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(1)- (5) odiver
(3X1 + 5 X2+ 151) — (3x1 + (15/8) x2+(3/8) s2) = 150 — 225/2

N @X1 + (25/8) X2+ 151 - (3/8) 52 = 75/2

27
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X1 X2 S1 S2 S3
Basis Cg| 50 40 0 0 0
ss 0| 0 ® 1 0 | "h
ss 0/ 0O 1 0 1 0| 20
x1i 50| 1 %% 0 0 Y| "h
Zj 1875
Cj - Zj

Profit = @ (75/2) + # (20) + 50(75/2) = 1875

28
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X2

60

Warehouse Capacity

50 r

40 r

o)

o)

©

5

S 30

Display Units
X,=0 20
Xz_f50 Feasible @
S, = I : _75
1 10 Region Assembly Time X ="
82:20 X=
2

5,=300 N O ©) NS )
4 4 l
Apyuct sgikti /g 10 20 20 0 e |5,=20

Baocwkn Aven Deskpro s;=0
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Z: = 000) + 0(0) + 50(1) = 50
Z, = 0(®fg) + 0(1) + 50(%%5) = Y%
Zs = 0(1) + 0(0) + 50(0) = 0
Z, = 000) + 0(1) + 50(0) = 0
Zs = 0(%ls) + 0(0) + 50('/s) = *s
X1 X2 S1 So S3
Basis Cg| 50 40 0 0 0
s 0 0 * 1 0o | "hL
s, O 0 1 0 1 0| 20
X, 50 A 0 o Y| "hn
2 50 *s 0 0 | 1875
Cj - Zj 0 "% 0 0 %
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X1 X2 S1 S2 S3
Basis Cg 50 40 0 0 0 b,/ ap;
s 0 0 *g 1 0 | LI (IR = 12
s, 0 0 1 0 1 0| 20|*h = 20
X, 50 1 g 0 0 Y| hL|(®hICk) = 60
2 50 % 0 0 %] 1875
Cj - Z; 0 “h 0 0 -
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X1 X2 S1 S2 S3
Basis Cg 50 40 0 0 0
X, 40 0 1 s 0 x| 12
s; 0 0 0 -y 1 3y 8
« 50 1 0 -z 0 °hs| 30
Z; 50 40 s 0 */s| 1980
Cj - Zj 0 0 Y 0 -®%s

32
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OPTIMALITY CRITERION

The optimal solution to a linear program (maximization) has been
reached when all of the entries in the net evaluation row (c; - z;)
are zero or negative. In such cases, the optimal solution is the

current basic feasible solution.

33
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X2
60
Warehouse Capacity
50 | Optimal
Solution
20 | X,=30
g 5,=0
g 1
g 30 s,=8
)=
Diggffay Units 33:0
’ ol
Feasible
10 r i
Region Assembly Time
(1
0 O 1 1 1 1 1 1 @u 1 Xl
0 10 20 30 40 50
Deskpro
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Solve the following linear program using the simplex method:

Max 4X; +6X; +3%X3 + 1Ix4
S. t.
(3/2)x; +2 X, +4 X3+ 3X,4 550
4%, +1x, +2X%3 +1x, < 700
200

IA

2X1 +3X2 +1X3 +2X4

IA

X1, X2, X3, Xg > 0
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First, we add slack variables to convert the problem to standard form:

=+

Max 4 X1+ 6 X+ 3 X3+ 1 x4+ 0 s 0 s, + 0 s3
S. t.

Yaxp+ 2 Xg+ 4 Xg+ 3 X+ 1 s = 550

4 X1+ 1 Xo+ 2 X3+ 1 x4+ 1 s, = 700

2 X1+ 3 Xo+ 1 X3+ 2 X4+ 1 s3 = 200

X1, X2, X3, X4, S1, S2, S3 = 0

36
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X1 Xo X3 X4 S1 ) S3
Basis Cg 4 6 3 1 0 0 0 b, / ai
ss 0] I 2 4 3 1 0 0| 550|>% = 275
s; 0 4 1 2 1 0 1 0| 700", = 700
ss 0] 2 @ 1 2 0 0 1| 200|% = 6%,
Z 0 0 0 0 0 0 0 0
Gj - Zj 4 6 3 1 0 0 0
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Result of Iteration 1

X1 X2 X3 X4 S1 S2 S3
Basis Cs 4 6 3 1 0 0 0 bi / ais
/N

ss 0] Y 0o Y *I3 1 0 3| 416%s 125
s 0 ¥ 0 s s 0 1 Y] 633%5 380
X 6| % 1 Y A 0 0 3| 66% 200
Zi 4 6 2 4 0 0 2| 400
Cj - Zj 0 0 1 -3 0 0o -2
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Result of Iteraton 2:

X1 X2 X3 X4 S1 S2 S3

Basis Cs 4 6 3 1 0 0 0
X3 31 lso 0 1 P Cho 0 -%s 125
s 0| 0 0 P 2o 1 0| 425
X2 6| */eo 1 0 "l -tho 0 Y3 25
Zj o 6 3 h ho 0 a0 525

Cj - Zj 120 0 0 - ho 0 -

39




max 40 x; + 30 X
S. t.

%l xi + Y xo

Us xo

3 3
Is X1 + Sl X2

H MEO@OAOX SIMPLEX
THE SIMPLEX METHOD

s + 0 s, + 0 s3

20

wn
=
1

1
ol

+ 1 s

v
o

X1,X2,81,5,S3

40




H MEO®OAOX SIMPLEX
THE SIMPLEX METHOD

The complete initial simplex tableau

X1 X2 S1 S2 S3
Basis Cg| 40 30 0 0 0
ss O] ‘s 1 0 0 20
s; 0 0 s 0 1 0 5
ss 0| % h 0 0 1 21
Zi 0 0 0 0 0
Ci-Z 40 30 0 0 0 0\

Profit
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Improving the Solution

+ Criterion for entering a new variable into the basis

« Criterion for removing a variable from the current basis

Pivot Element

X1 X2 S1 Sy S3
Basis Cg 40 30 0 0 0 b / ain
ss O] “hs 1 0 0 20 | 20/(°/s)= 50
s; 0 0 s 0 1 0 5
ss 0 @ i 0 0 1 21| 21/(/s)= 35
Z 0 0 0 0 0 0
Ci - Z 40\30 0 0 0 \

Profit
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Conclusion
« Xy, will enter the basis

« S3 will be removed from the current basis
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Moving towards a better solution: First Iteration

X1 X2 S1 S2 S3
Basis Cs 40 30 0 0 0 by / ain
si 0 o i 1 0 I 6 | 6/(/0) = 20
s O 0 s 0 1 0 5(5/('fs) = 25
xi 40 1 0 0 35 | 35/('12)= 70
Zi 40 20 0 0 “®%| 1400
Ci - Zj 0 10 0 0 -
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Second lteration: x2 enters the basis

X1 X2 S1 S2 S3

Basis Cs| 40 30 0 0 0
xa 30 0 1 % 0 % 20
S, 0| 0 0 ‘I 1 1
xi 40 1 0 -h 0o > 25
Zi 40 30 i 0 5| 1400

Ci - Zj 0 0 -1 0 %

Stopping Criterion
The optimal solution to a linear programming problem has been reached when there are no positive

values in the net evaluation row of the simplex tableau.

45




H MEO@OAOX SIMPLEX
THE SIMPLEX METHOD

Suppose that in the High Tech Industries problem, management wanted to ensure that the combined total
production for both models would be at least 25 units. This requirement means that the following constraint must
be added to the current linear program:
1 X1+ 1 x> 25
Adding this constraint results in the following modified problem:
Max 50x; + 40X,
S. t.

3 X3+ 5 % <150 Assembly time
1 %< 20 Portable display
8 x1+ 5 X%, <300 Water house space
1 X3+ 1 x> 25 Minimum total production

X, X = 0
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Portable

40 |

30 r

10 ¢

X2

Feasible
Region

©

10

20
Deskpro

30

40

le
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Max 50x; + 40

s. L.

3 xg+ 5

1
8 x1+ 5
1 x+1
Xxx= 0
X2= 0
s1 =150
s = 20
ss =300
Ss = -25

Xo+ 053+ 0 s+ 0 s3+ 0 34

X2+ 1 s =150
X2 t1s = 20
X2 + 1 s3 =300
X2 - 15s,= 25

X11X2;81182;53,s42 0

(5.12)
(5.13)
(5.14)
(5.15)
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3 X1+5x+1gs =150

1 X +1s = 20
8 X1+ 5 X + 1 s3 = 300
1 x1+ 1 X% - 15+ 1 au= 25

Teyvnt petaPint (artificial variable)

x1= 0
x2= 0
s; =150
s; = 20
s3 =300
ss = 0
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Max 50x; + 40X+ 0 s+ 0 S, + 0 s34+ 0 ss — Mo

The initial simplex tableau for the problem is shown below:

X1 X2 S1 S2 S3 S4 a4
Basis Cg 50 40 0 0 0 0 -M
S1 0 3 5 1 0 0 0 0 150
S 0 0 1 0 1 0 0 0 20
S3 0 8 5 0 0 1 0 0 300
a -M 1 1 0 0 0 -1 1 25
Zj -M -M 0 0 0 M -M| -25M
Cj - Zj 50+M  40+M 0 0 0 -M 0

50
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[Ipdtn ®don (Phase I)

Results of Iteration 1

X1 X2 S1 S2 S3 Sa (V1)
Basis Cg 50 40 0 0 0 0 -M
S1 0 0 2 1 0 0 3 -3 75
Sy 0 0 1 0 1 0 0 0 20
S3 0 0 -3 0 0 1 8 -8 100
X1 50 1 1 0 0 0 -1 1 25
Z 50 50 0 0 0 -50 50| 1250
Cj - Zj 0 -10 0 0 0 50 -M-50
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X2

40 |

30 r

Portable

10 r

Feasible
Region

©

10

20
Deskpro

30

40
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Agbdtepn Daon (Phase 1)

X1 X2 S1 S2 S3 S4
Basis Cs 50 40 0 0 0 0
si. 0 0 2 1 0 0 3 75
s 0 0 1 0 1 0 0 20
ss O 0 -3 0 0 1 @ 100
x1 50 1 1 0 0 0 -1 25
Z 50 50 0 0 0 -50| 1250
G - Z; 0 -10 0 0 0 50

Agvtepn Emavainym
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X1 X2 S1 Sy S3 S4
Basis Cg 50 40 0 0 0 0
Sy 0 0 @ 1 0 -lg 0 "/,
S 0 0 1 0 1 0 0 20
S4 0 0 /g 0 0 s 1 2/,
x; 50 1 °lg 0 0 g 0 ™/,
Zi 50 Y 0 0 0| 1875
Ci - Z 0 % 0 0 % 0

Tpit Emavainyn
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X1 X2 S1 S2 S3 S4
Basis Cg 50 40 0 0 0 0
Xo 40 0 1 %25 0 Iy 0 12
S 0 0 0 U 1 Pl 0 8
S4 0 0 0 325 0 2/ 35 1 17
x; 50 1 0 Iy 0 s 0 30
Zi 50 40 Y 0 % 0] 1980
-7 0 0 -Ys 0 - 0
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A. [Iepintmon 6ot TOV TEPLOPIGUDV:
Iy. 6 X1+ 4 X2— 5 X3 = 30
= 6 X1+ 4 X2— 5 x3+ 1 a;= 30

H pébodog Simplex epapuodletar 0Tmg mponyovpévmg

B. [lepintmon apvnTiKOV TILOV 611 €18 TAELPA TEPLOTIGLLOV:

ITy. X2< X1— 5
- X1+ X< -5
X1 — Xo=> 5

IMy. 6 X+ 3 Xo— 4 x3> -20

6X1- 3 X+ 4 x3< 20

My. 2 X3+ 3 Xo2— 5 Xg=-40

2X1- 3 X2+ 5 x3= 40

56




H ME®OAOX SIMPLEX
THE SIMPLEX METHOD

Max 6 X3+ 3X2 + 4xs3 + 1 X4
s. t.

2% - hxe+ 1 Xx3— 6 X4 = -60
20
-50

IA

1 X1 + 1 x3+ 2/3X4

IN

-1 X- 5 X%

\%
o

X1, X2, X3, X4
U
Max 6 X1+ 3 Xo+ 4 X3+ 1 X4
s. t.
2 X1+ haxo- 1 Xz + 6 x4= 60
20
50

IA

1 x + 1 Xz + l3xq

\2

1 X+ 5 X3

\
o

X1, X2, X3, X4




Max 6 X3+ 3 Xo + 4
S. L.
2 X1+ Yoxo— 1
1 x + 1

1 X+ 5

H MEO@OAOX SIMPLEX
THE SIMPLEX METHOD

X3+ 1 X4+ 0 s+ 0 S3— Mai— Moj

X3+ 6 X4 + 1 o
X3+ lsxs+ 1 sy
X3 -1 S3 + 1 a3

X1, X2, X3, Xa, S2, S3, 01, 03

v

60
20
50
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The initial simplex tableau corresponding to this tableau form is

X1 X2 X3 X4 S2 S3 a1 a3
Basis Cs 6 3 4 1 0 0 -M -M
Y. 2 Y, 1 (9 0 0 1 0 60
ss 0 1 0 1 I3 1 0 0 0 20
aw -M 0 1 5 0 0 1 0 1 50
Zi 2M  hbM -AM -6M 0 M -M M| -110M
Gi- Zj 6+2M 3+°LM  4+4M  1+6M 0 -M 0 0

59




H MEO®OAOX SIMPLEX
THE SIMPLEX METHOD

Min 2 x1+ 3 X

S. t.
1 x; > 125 Demand for product 1
1 x5+ 1 x; >350 Total production
2 X1+ 1 X, <600 Processing time

X1, X2 > 0

Max —2x; — 3 X

s. t.
1 X > 125 Demand for product 1
1 x3+ 1 x;>350 Total production
2 X3+ 1 X, <600 Processing time

X1, X2 > 0




H ME®OAOX SIMPLEX
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Max —2X;— 3 X+ 0 s+ 0 s+ 0 sS3— Mag— M

S. t.
1 x4 - 19 + 1 og =125
1 x+1x -1 + 1 0p,=350
2 X1+ 1 X% + 1 s3 = 600

X1, X2, S1, S2, S3, 0z, o = 0
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X1 X2 S1 S2 S3 o1 a2
Basis Cg -2 -3 0 0 0 -M -M
VAR
o -M D 0 -1 0 0 1 0 125
@ -M 1 1 0 -1 0 0 1 350
Sa 0 2 1 0 0 1 0 0 600
Z -2M -M M M 0 -M -M | -475M
Cj - Zj -242M  -3+M -M -M 0 0 0
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X1 X2 S1 S2 S3 02
Basis Ce 2 3 0 0 0 M
X 2 1 0 1 0 0 0 125
@ -M 0 1 1 1 0 1 225
ss 0 0 1 @ 0 1 0 350
Z; 2 ™M 2-M M 0 "M | -250-225M
G - Zj 0 -3+tM  -2+M M 0 0
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X1 X2 S1 S2 S3
Basis Csg -2 -3 0 0 0
X1 2 1 0 0 1 1 250
X2 -3 0 1 0 -2 -1 100
S1 0 0 0 1 1 1 125
Z -2 -3 0 4 1 -800
Cj - Z 0 0 0 -4 -1
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X2

500 r

400 r

300 r

Gallons of Product 2

200 r

100 |

Optimal Solution /V 2%, + 3X, = 800
(x1 = 250, x, = 100)

0 100 200 300 400 500

Gallons of Product 1




Mpny Egixtip Aoy (Infeasibility)

Max 50x; + 40X,

S. t.
3 X3+ 5 X <150
1 x,< 20
8 X1+ 5 X, <300
1 x4+ 1 x> 50

X1, X2 = 0

H MEO®OAOX SIMPLEX
THE SIMPLEX METHOD

Assembly time
Portable display
Water house space

Minimum total production
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Max 50x; + 40x,+ @ 1+ + @ L, + @ 3+ @ 4+ -M (0¥

S. L.

3 X1+ 5

8 X1+ 5

1 x4+ 1

X+ 1 9 = 150
X2 + 1 s = 20
Xo + 1 s3 = 300

Xo - 15,4+ 1 au= 50
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X2
50
40 ¢
Feasible Region for
o Total Production Requirement
= 30 t
©
=
@]
o
20
10 Feasible Region
for Original High Tech
Problem
0
0 10 20 30 40 50
Deskpro




Initial Tableau

H MEO®OAOX SIMPLEX

THE SIMPLEX METHOD

X1 X2 S1 S2 S3 S4 oy
Basis  Csg 50 40 0 0 0 0 M
ss 0 3 5 1 0 0 0 0 150
s 0 0 1 0 1 0 0 0 20
ss 0 5 0 0 1 0 0 300
a M 1 1 0 0 0 1 1 50
Z ™ ™ 0 0 0 M M| -50M
G- 2 50+M  40+M 0 0 0 -M 0
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H MEO@OAOX SIMPLEX

Results of the First Iteration

THE SIMPLEX METHOD

X1 X2 S1 S2 S3 Sy oy
Basis Cg 50 40 0 0 0 0 -M
St 0 0 &) 1 0 A 0 0 ™/,
S2 0 0 1 0 1 0 0 0 20
X; 50 1 *lg 0 0 s 0 0 /,
a -M 0 3 0 0 g -1 1 2/,
Z 50 Mg 0 0 ©UMy M -M | 1875-*/,M
Ci-Z 0 (0 0 0 My -M 0

70




H MEO®OAOX SIMPLEX
THE SIMPLEX METHOD

Final Tableau

X1 X2 S1 S2 S3 S3 ay
Basis Cg 50 40 0 0 0 0 -M
X, 40 0 1 %125 0 125 0 0 12
S 0 0 0 /55 1 325 0 0 8
x; 50 1 0 /55 0 *l2s 0 0 30
a;  -M 0 0 S3Ls 0 2l -1 1 8
Zi 50 40 "OTM 0 WMy M -M | 1980-8M
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e X1 néBodo simplex avayvmpiloope v Ymopin un PkTiig Aong oty
TEPITTOG] 0TTOV HL0 1] TEPLOGOTEPES TEYVNTES NETUPANTES TOPAPEIVOLY

otV TeMKN Ao (Ing eaonc) pe Otk Tipm.

¢ In the simplex method we recognize unfeasibility as the case where one or

more of the artificial variables remains in the final solution at a positive value.
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Appayn Aven (Unboundedness)

Max 20x; + 10x,
S. 1.
1 x> 2
1 X< 5

X1, X2 2 0




H MEO@OAOX SIMPLEX
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O mivaxog Simplex petd to T€hog T TPMOTNG EMAVAATYNG

X1 X2 S1 S2
Basis Cs 20 10 0 0
x1 20 1 0 -1 0 2
S2 0 0 1 0 1 5
Z 20 0 -20 0 40
Cj-Zj 0 10 20 0
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e X1 uébooo simplex avayvmpilovue v dapén
APPayNG AVGNC GE TEPUTTMOGELC OTOL JAa. TO

OTOLYELO. TNG OCOVIKNG OTHANG THS ELOEPYOUEVHS
UETOLANTHG EIVaL UIKPOTEPO, 1] [OOL LUE UNOEV.
¢ In the simplex method we recognize unbounded
solutions in situations where all the elements of the

pivot column of the incoming variable are equal or

less than zero.
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Evaliaxtikéc Aveerg (Alternative Solutions)

Max 30x; + 50 x;
S. t.
3 X3+ 5 X2 <150
1 xp< 20
8 x1+ 5 x2<300

X1, Xo 2 0
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Tehkog IMivakag Simplex

X1 X2 S1 S2 S3
Basis Cg 30 50 0 0 0
X, 50 0 1 0 1 0 20
S3 0 0 0 8 2] 1 2001,
x; 30 1 0 s 2l 0 >0/,
Zi 30 50 10 0 0 1500
Cj - Z; 0 0 -10 0 0
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H 1 ¢j — zj ¢ un Paoctkng petafAnmg Sz elvat ion pe unoév.
Av10 onpaivetl 6t €dv 1 petaPAntr| Sz €160l 6N PAon 1 TN TG OVTIKELLEVIKNG

ouvaptnong oev Ba aArdEel.

X1 X2 S1 S2 S3
Basis Cs 30 50 0 0 0
X2 50 0 1 %25 0 s 12
S 0 0 0 135 1 %25 8
xi 30 1 0 s 0 °las 30
Zi 30 50 10 0 0 1500
Gi- Zj 0 0 -10 0 0
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X2
50 r
40 r
Optimal Solution
% 30 (xg = 50/3, x; = 20)
©
=
8 X
20 @ @ Optimal Solution
/ (Xl =30, xp = 12)
10 r Feasible
Region 30x; + 50x, = 1500
0
0 10 20 30 40 50
Deskpro
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o X1n néBoodo simplex avayvopilovps v Ymopén evoALoKTIKOV BEATICTOV

AMGEMV 0TOV 6TOV TEMKO Tivako Tng pebodov simplex, ta otoyeio ™G

oelpdg kabapng oalordoynone pwg 1N TEPLGOOTEPOV U Pocikav
RETAPANTOV gival ica pE pPnoéy.
¢ In the simplex method we recognize alternative optimal solutions if the value of the

element of the net evaluation row of one or more on the non basic variables equals

to zero.
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e 'Eva I'Tl givan gkouiopévo otav e 1 meprocotepes Pacikés petafintéic £govv

TN ion pe pnoév.
e A linear program is said to be degerate if one or more of the basic variables have a value

of zero.

e X1tn péBodo simplex otav vrapysl icomalia 6To ldyicTo KpiTiplo é£600v amxd Ty
pacn uetalv 6vo Pacikdv uctofintav, o exduevos mivaxag simplex Qo mepiéyet
uia focikny uetafinty ue tyun icn ue unoEv.

¢ In the simplex method, whenever there is a tie in the minimum criterion for exiting the
basis between two basic variables, the next tableau will always contain a basic variable

whose value is zero.
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o YNV TEPINTMON EKPLVAGHOV 0€ KAmoww emavainyn nwpwv 11 Béitiotn Avon,
vaapyer mepimtoon 1 péBodog simplex vo epmloxkel o atéppove KOKAO
EMAVUIMYEDV.

o |f degeneracy occurs some iteration prior to reaching the optimal solution it is

theoretically possible for the simplex method to cycle.

o YXTNV TEPITTMON EKPULAIGHOV 6TOV TEMKO mivaka 6mov N PéATioTn Adon £xer
e€evpelel, avTog dev £yl kapia emintoon oty pébodo simplex.

e |If degeneracy occurs some iteration prior to reaching the optimal solution it is

theoretically possible for the simplex method to cycle.
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Max 50x; + 40X,
S. L.
3 X1+ 5 xp< 175
1 X< 20
8 X3+ 5 x2 < 300

X1, Xo 2 0

H MEO®OAOX SIMPLEX
THE SIMPLEX METHOD

Assembly time decreased to 175
Portable display

Warehouse space
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O mivakag Simplex petd and o emovainyn

X1 X2 S1 S2 S3
Basis Cg 50 40 0 0 0
S 0 0 g 1 0 -Ig 257,
Sz 0 0 1 0 1 0 20
X; 50 1 °lg 0 0 s 1,
Zi 50 s 0 0 s 1875
Ci-Z 0 g 0 0 %
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b _ 12% =20

aiz - 2%

b _20_,,
a2 1
- 75
bs _ A:(so
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X1 X2 S1 S2 S3
Basis Csg 50 40 0 0 0
X, 40 0 1 %5 0 =I5 20
S 0 0 0 /25 1 %25 0
X, 50 1 0 /s 0 I25 25
Zi 50 40 "Iy 0 Uy 2050
Ci-Z 0 0 " 0 -
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