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Simplex /A\Igoril;hm:

Maximize 12X, + 8X,

subject to  5X; + 2%, < 150
22X+ 3X, = 100
4Xy + 2%, = 80

Inegualities are
converied o
equations b the
iniroduction of
SIAck variahies.

X] = O, Xg =0
Pivoting in the Tableau Maximize 12X, + 6%, =3
% subject to 5X; + 2X, + 5 =150
2Ky + 33X, + S, =100
4X]+2X2 +S3= 80
Xy20,%,20,520 5220,53=0
©Dennis Bricker, U. of lowa, 1998
Maximize 12X, + 8%, =7 Initiall
subject to 5X; + 2%, + Sy - 150 X2 nitially, Si, Sz, & S5 are
%, + 3K +S - 100 basic variables, while X; & X,
4><11 + 2><22 2 +S5= 80 50 1 are nonbasic variables (and
X120,%20,5120 5220,53=0 therefore zero!)
-z X1 X2 81 82 33 rhs
1 12 g 0 0 0 0
0 5 2 1 0 0 [150
0 2 3 0 1 0 [100 y '
0 4 2 0 0 1 | 80 50 ¥
initial basic 1
solution
©Dennis Bricker, U. of lowa, 1998 ©@Dennis Bricker, U. of lowa, 1998
Increasing either Minimuin ratio test.

Xy ar Ko will
increase the objective
tunciion. Lels chovse

-z X] XQ S] 32 83 rhs
1 12 8 0 0 0 0
0 5 2 1 0 0 |150
0 2 3 0 1 0 |100
0o @2 0 0 1 g0

X,
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HMinimm ratio test.
Min{15o ’ 100 @}
5 2 4
= Min {30, 50, 20} =20

X] X2 S] 82 S3 rhs

0 0 "3

1 0 71.25
0 1 70.5
0 0 0.25

~240

50
60

0 2
0 70.5
0 2
1 0.5 20

S0
$}dso tioo %
5 2
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Bivoling has Laken s
fram ane “corner” io
an adjacent corner”

XQ'

S0 1

Min{150 100
5 2

s
%’K@@ tioo %
g 2
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-z XI XZ S] 82 83 rhs
1 0 2 0o 0 "3 -240
0 070.5 1 0 -1.25( 50
0 02> 0 1 "0.5 60
0 1 0.5 0 0 0.25( 20

‘ HMinimum ratio test
80,20 |

2 05
= Min {—, 30, 40} =30

Min{—,
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Fl
4

= Min {30, 50, 20} = 20

The abjective funciion

mal be increased

Furiher b1 increasing
X2 .

(Ol ratios o RHSSs
Lo positive subsiituiion
rates are used in the
iR ratio testt)
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-Z ¥y X5 Sy Sy Sz |rhs
1 0 0 01 -2.5 |-300 “Z R Ry 81 S Sz |rhs
9 9 o 1 0.2571.38 | 68 1 0 0 0 -1 -2.5 |-300
- . Q0 0 0 1 0.25 71.38 65
0 1 0 0 -0.25 0.375| & 6 o 1 & o8
o} 1 0 0 ~0.25 0.375 5
Because no ariahle as & positive refalive profil,
s basic sofulion is apiimal, 7.e.,
w 7 =300
5 65
— Xo= 30
X] XI = 5
©Dennis Bricker, U. of lowa, 1998 ©Dennis Bricker, U. of lowa, 1998
Wihal i1 wou make a
-z X1 X2 81 82 83 rhs ) - )
RUSLFKE I RErTOrming
1 12 8 o} 4] 0 0 e .7
8 g % (1) ? 8 %gg 2he TR = alio
6 4 2 6 0 1|80 test’?
Suppose, in the first tableau, we had mistakenly
chosen to pivot in row 2 (rather than in the
correct row, which is row 4).
X
©Dennis Bricker, U. of lowa, 1998 ©@Dennis Bricker, U. of lowa, 1998
-Z ¥y ¥, 8 S, Sz |rhs i ,
1 72 71 92 73 " At the point X; = 0, X, =30,
1 12 8 0 0 0 0 2
0 2 1 o} 0 | 150 ] 1
9 ®2 LA S B O F 3 50 A the slac.kvar*lablle for the th!rd
0 4 2 0 0 1 | 80 | constraint (Ss) is negative, i.e.,
a the third constraint is violated!
- o consireint 3
-Z % X, S S S3|rhs ;7§;’55%”?£f°7
1 0 3.2 "2.4 0 0 [-360 aead i 4
9 1 04 020 90 30 negative basic
. 0. 40 .
0 0 0.4 708 0 1 | -a0 | alw  Lizb/E/

Maximize
subject to

3K+ 2K,

BXy + 44X, = 24
10X, + 3%, = 30
X120,%X=0

Multiple
Optima

Maximize
subject to

3Xy + 22X,
6X| + 4X2+S]
10X, + 3X,
Xi120,%X,20,520,5=20

+5,=30

Z
=24

S0
%ﬂ\(\@ tioo %
[ 2
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Maximize 3X; + 2%, =7
subject to 6X; + 4X;+ S, =24
10X, + 3X, +S,=230

X]ZO,XQEO,S]ZO,SQZO

-Z X] Xz S] 82

1 3 2 0 0 0

0 6 4 1 0 2
0 10 3 0 1 30

Dennis Bricker, U. of lowa, 1998
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-Z Xy %, S S, |rhs -Z X, %, S| Sp|rhs
1 3 2 0 0] 0 1 0 1.1 0-0.3| -9
0 6 4 1 0| 24 0 0 170.6| 6
0 3 0 1| 30 0 1 G3 0 0.1 3
T
l &/ There is no
“Z ¥y Ky Sy Sp|rhs 7 X X, S S, |rhs POSIENe relalive
DA el 1 0 005 o0 -12 prolit, so this
0 : : 0 0 1 0.455 "0.273 2.73 FEI : {
1 0.3 0 0.1| 3 0 4 B oup oan| 2. BASIC Sofiian IS

aptimar,
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Note, however, that there is a nonbasic variahle (S, J
with @ zera refaiive profil, K2 Every point on this edge (including

“Z Xy X, S Sy |rhs s (7= 12 . the corner poinis) is oplimal.
1 0 0 0.5 0 -12 22 ¥.= 273 el the twe corners e basic,
9 9 1 0.455 T0.273 | 2.73 84 X2 2'1 ® nawever,
. @:@%3;2) 2.18 ® 1= 2.18 .
Bath or these basic 3
safitions are oplimal! 2
“Z Xy ¥, Sy Sy |rhs L5z =12 1
10 0 0.5 0 |12 s -
0 1.5 1 0.25 0 | 6 83 2= 6 2 3 4 X
0 5.5 0 -0.75 1 |12 a | S,= 12 1
) ©@Dennis Bricker, U. of lowa, 1998
Maximize 2X; + 3X, ::fjxabmple[.l ' d -Z % %, S S, |rhs Suppose that, aiter
subject to Xy + X523 SRENGERRREAE 7 1 o0 3 o |9 one ar mare pivols,
Xi - 2X < 4 Solution 0 1 1 -1 oo | 3| weabtam this tableau.
Do o 3 0 -2 1 10
X1 = O, XQ =0
Maximize 2X, + 3%, ' This tableau is nal oplimal, because 5 has
subject to X, + X,-S, =3  positive refalive profit,
X] - 2)(2 + 82 =4
X120,%20,520,5=20

©Dennis Bricker, U. of lowa, 1998

z 9 -1 3
Z X, %, % S, |rhe Kol = 3| +|-1]% +| 1|5 When a pivot co]umn is selected (l.el., a vamgb]e
T 1 o 2 ol Sy 10 _3 2 is selected for increase) but there is no positive
01 1 -1 o | 3 substitution rate on which to pivot, then the
6 3 0 -2 1 ]10 solution is unbounded.

T

S, is selected to enter
the basis, but the
minimum ratio test
provides no "block” on
the increase of S;.

If this is a "real-world” problem, this usually
means that some error has been made in the

formulation or in a previous pivot, since it is
impossible to make unlimited profits!
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Example
—Z R ¥y Kz Kg $ Sy Sz Sq|rhs
Maximize X, + 2%, + 3X5 + 4%, 11 2 3 40 0 o o ojflmax)
: 02 1 1 3 1 0 0 0]10
ublect 1 SRR EEERE
2K =Xy + X3+ 3X4< 10 00 0 4 -1 0 0 0 1|10
Ko + X3 —-Xg2 12
X]+2><2 +5><3+2X4S 20
4><3_><4$1O
Xi20,]j=1,2,3,4
©Dennis Bricker, U. of lowa, 1998 ©Dennis Bricker, U. of lowa, 1998
“Z Xy Ky Xz Xq S S2 S3 Sal| rhs LK Ky Kz Kg 8 S S5 Sq| rhs
1 -1.67  3.33 1.67 0 "1.33 0 0o o] -13.2 | (max) ;_;'232 -f{z;a g i’ _;'2:52:2'23:92 _12':1 (max)
B Oty b i il 4 ol st 0 0.769 ~0.154 0 0 0.538 1 -0.308 O | 11.2
3 -0:33% 3877 433 3 -08e3 0 1 ol 133 0-0.0769 0.615 1 0 -0.154 0 0.231 O 3.08
0 0.667 -0.333 4.33 0 0.333 0 0 1| 13.3 01 3 0o 0 1 0 -1 1 0
©Dennis Bricker, U. of lowa, 1998 ©@Dennis Bricker, U. of lowa, 1998
-z X1 X2 x3 q SI 82 83 84 r‘hs' -z X] XQ X3 X4 S] 82 83 84 rhs
1 -1.25 0 -3.75 0 0.5 0 -1.256 0| -30 [(max) - - -
0 0.625 0 0.875 1 0.25 0 0.125 0 171.67 3.33 1.67 0 71.33 0 0 0]713.3 f(max)
0 0.75 0 0.25 0 0.5 1 -0.25 0| 12 0 0.667 —0.333 0.333 1 0.333 0 0 0| 3.33
0 70.125 1 1.63 0 "0.25 0 0.375 0 5 0 0.667 0.667 1.33 0 0.3331 0 0| 15.3
0 0.625 0 4.88 0 0.25 0 0.125 1| 15 0 0.333 2.67 4.33 0 “0.667 0 1 0| 13.3
0 0.667 ~0.333 4.33 0 0.333 0 0 1| 13.3
Wwhat if an error is made in selection of the
pivot column?
Stuppose that, arier the 1irst pivel prodiced the
tablesu above, we selected the X, column ror the
pial,
©Dennis Bricker, U. of lowa, 1998 ©Dennis Bricker, U. of lowa, 1998
LX) Ky %z ¥q 8 Sy S5 54| rhs
1 "1.67  3.33 1.67 0 -1.33 0 0 o[ -13.3 [(max)
0 ¢0.667.70.333 0.333 1 0.333 0 0 0 3.33
0 0.667 0.667 1.33 0 0.3331 0 0| 15.3
0 -0.333 2.67 4.33 0 "0.667 0 1 0| 13.3
0 0.667 -0.333 4.33 0 0.333 0 0 1| 13.3
Z X X X5 Xa S S S5 Sa| rhs |
1 0 2.5 2.5 2.5 0.5 0 0 o -5 j(max)
0 1 0.5 0.5 1.5 0.5 0 0 0 5 .
0 0 1 1 1 0 1 0 0| 12 The ofyective
0 0 2.5 4.5 0.5 0.5 0 1 0| 15 -
0o 0 0 4 1 00 0 0 1| 10 5 warse, ol
betiers

©Dennis Bricker, U. of lowa, 1998



