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Max z - 2X; - Xz + Xg
subject to
3y +X; +Xg3 ¢ 060
Xy - Xy +2xX3 ¢ 10
X1 t Xz - Xy < 20

EXAMPLE ONE|
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Maximize z =x; + 2% + 3% - 14

subject to
i+ 21’.2 + 31’.3 =13
231 + X - 515{3 =20
Kl+2§§2— :~:3+:~:4:1ﬂ
X ,%,%3,% 20
-2 X1 Xz X3 X4y

1 2 3

MAKI 1 1 2

o1 2

o2 1

o1 2
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-z and ¥4

can serve as the
basic variables
in the top and
bottom rows,
respectively.

YWe need basic variables
for rows 2 & 3 alsol
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Mimmize w = xc + X

-E+Kl+21’.2+3:€3—}§4 =
subject to
X + 2?{2 + 3:{3 + Xcg =15
2314‘32—533 +XE,:2D
Kl+2:":2_ g+ Xy =10

X ,Kg,l’ﬁg,l’iq&ﬂ, X = 0,X =0

Artificial variables g & Xy are added to the

first Lwo constraints to serve as initial basic
wvariables,

Page 9
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(Phase One ]

First, pivot so as to
eliminate xXg & Xg from
the top row

and ¥4 from the second
PO

MIM

a.l(_
*

We now have a basic
‘pseudo-feasible”
solution with which to
begin the Simplex method.
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We are minimizing the
Phase-One objective, and
select a pivot column
 having a negative reduced
* Taa T costin the objective row.

MIN

*

Two columns have a negative reduced cost,

Pivoting in either column should reduce the value
of the objective.
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Arbitrarily choose ¥,
rather than x..

MIN

Minimum ratio Lest:

nf(5.2. 13 e

Arbitrarily we select
row 4 for the pivot.

This introduced a zero
on the right-hand-side

(Fegenerac)el
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12 3 4 5 & 7 8 B Either columns 4 or 5
MIM[1 0 0 "1.5 5.8 0 0o 1.5 | -5 L (® or % )could be
o1 0 3 7 0 0 -1 10 | .
0O 0 0 1.5 5.5 0 1 0.5 5| selected as pivot
A o -0 _column... let's choose
:..;.;;.;.;.;;.;.;.;.;.;.;.;.;.;.;.;. ........... ..... ..................................................................... I: I:I] um I"‘I 5I
.U, FERII RElin Test
LS O
1 2 3 45 6 78 B miny="_ , —, =
5.0 1.5
1 00 0 0 o |
010 0 0 The minimum ratio
0 0 0 0 1 .
00 1 0 0 15 zerol
00 0 1 0
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. Choose column #8

MIN for the next pivot,

There is only one
. candidate row for

*E kX * the pivot,
U The resulting tableau
- is optimal (for Phase
g7 One), since no column

has a negative
reduced cost,
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In this tableau,
one of the artificial
variables remains
basic (and positive).

MIM

*

*
*
*
*

Fhis indicales thal Lhe originagl [F fad no
feasifiie sofulion, since @ feasibfe sofulion
(With ardificial variables zere/ would be
anpifimal for Phase One, IF such # sofluiion

exisicf

EXAMPLE TWO}
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Maximize Z =Xy +2}{3+3}§3-Kq -z & }{4 C AN
subject to

i+ 2% +3x; =15 Serve as blaau':
2%, + X2 + 5%, =20 variables in the
X1+ 2%z~ X3+ x4=10 first and last
X; ,X2,X3,%20 PO S,

The second and third rows
will require artificial
variables to serve as
hasic wvariables.

MR

# *

EXAMPLE THREE
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Mimmize w= x5+ Xg

-E+Kl+2§{2+333—:’{4 =0
subject to

X+ EKE + 3}:3 + X =135

2314‘?{2 +5I'{3 +EE,:2D

:'{1+215{2— g+ Xy =10

Xy ,32533,342[}, KEED,KEED

As & Ay are artificial
variables, and the
Phase-One objective i3
to minimize their sum.

MIM

* #

EXAMPLE THREE
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we must pivol to enter
Xa, #s,and Xg into the
basis (eliminating these
variables from the Lwo
objective rows),

MIN
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*
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EXAMPLE THREE
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Any one of columns
3,4, and o could be
selected as the pivot
column,

Here, column 3 (X, ) is
chosen.

Minimum ratio test:

nf(5.2 19

Arbitrarily break the lre

MIM

ket T

EXAMPLE THREE
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If we decide to pivot Iin row #4:

E Any one of columns
3,4, and o could be
 selected as the pivot
20 column.
s H B e ;. C D] sl 3 E}{ 1 :| ] 5

* ¥ ¥ ¥ ¥
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1 2 3 4

EXAMPLE THREE




Page 22

Further Simplex Examples

b
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EXAMPLE THREE
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1 & 3 4 5 G 7 8 B

MM 1 © O O O 0O 1 1 0
o1 00 071 ! 0 “15
o0 00 1 "0.25 .25 0 1.25
o0 1 0 0 0.5833 TO.916Y 0.6667 R.417 E
o0 01 0 0,08333 0.,5833 T0,3333 2.917 &

This tableau is optimal for the Phase-Cne objective,
and provides us with a basic feasible solution with
which to begin Phase Two,

EXAMPLE THREE
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We can now delete the artificial variables (and w)
and can delete the Phase-0One objective row,

Since the Fhase Two
objective 15 Lo be
minimized, this tableau
15 optimall

MAK
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-z >{1 }{E ::{3 }{4

Max| L 0 0 0 -1 15 _
o 0 0 1 -0.25 1.25 |
01 0 0 0.5833 5.417 |
0 1 0 0.08333 2,917 |

Cnfimal
salulion

EXAMPLE THREE
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If we pivotinrow5
rather than row 4:

Here, the pivot 15 1n
the bottom row.

MIM

The pivot produces a
zero on the right-hand-
side  (degenerac)/
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4 & a

B Column 5 15 selected

MIN for the pivot,
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EXAMPLE THREE
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MIM

* & & * *
TN . T,
1.714 1.571

1 2 3 45 g 7 g B _
minl[1 o o 0 o o 1 1 0 z In this

01 00 01 -1 0 15 _ iteration,

0 0 0 1 0 0.08333 0.5833 ~0.3333| 2.917 | degeneracy

O 000 1 "0.25 0.25 0 1.25 | @

0 01 0 0 0.5833 -0.9167 0.6667| &.417 [ didn'tblock

% the improve-
ment!

EXAMPLE THREE
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1 2 3 4 5 b 7 = E
MINI L 0 0 0 0 0 1 1 0

o1 oo 071 "1 0 “15

o 0 01 0 0.08333 0.5833 T0,33335 2.917

o 0 00 1 025 0,25 0 1.25

o 0 1 0 0 0.5833 T0.9167 0Q.6667 5.417

Fhls Fahiesy s aniimal For Fogse (e

Now we proceed to Phase Two, in which we
optimize the original objective, stanting from
the basic feasible solution which we have
just found in Phase One.

EXAMPLE THREE
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We can now delete the artificial variables (and w)
and can delete the Phase-0One objective row,

Since the Fhase Two
objective 15 Lo be
minimized, this tableau
15 optimall

MaAK




Further Simplex Examples

Page 31

Minimize z = 34x; + 9x- + 19%; + 9%, (T s d A

subject to

4% - X+ 33Xy + X4 =9

2y + Xg + X3 +Xa 29 pnoouslities
A%, - 2%, + Sx5 + X402 8 L0 oguslions o)

FFTINT SIFCK &

. 0 SO
X1, Xz, X3, %4 = SLraius variahies
Minimize z = 34x; + 5x- + 19x; + 9x,
2:{1_'_:":2 + X3 + X4 - Xg =9

subject to

431—232+5:’§3+Kq + X =8
4%, - X + Ins + x4 -X2= 3
X1 ,X¥2,X3,%4, %5, % ,Xp 20

EXAMFPLE FOUR
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Mimimize z = 34x; + 9% + 19x; + 9x,

SllbiEﬂt to 21{1 + Xz + X3 + X4 - X =0
'415{1 - 21’.2 + 515{3 + X4 + X =
4%, - X + Ixs + X4 -X2= 3

Xy ,X7 ,X3,Xq,%,% ,%X20
Fie Firsl S AESE consiraing regiiee srliiicnEl varisihies:

Minimize W= Xz + Xq

-z +34x; + 9% + 19%x5 + 9%, =0

subject to 2X) + Xz + X3 + Xy - Xc + Xg =9
431—232+5§{3+Kq + Xg =8

'415{1 —Kg+3l"§3 + X4 - X7 +Kg:5

Xy , X2 ,X3,X%q, X5, g, X7,Xg,%g =0

EXAMPLE FOUR |
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Minimize W= X5+ Xq

-z +34x, + 9% + 19%x5 + 9x, =0
subject to 2X) + X X3 + Xy -Xc + Xz =9
4%, - 2% + 5x5 + Xy + X =8
4%, - X2 + Ixy + X4 -X7  +Xg= 3
=0

Xy ,X2,X3,Xq,X, X5, X7,X5,Xq

MIM

EXAMPLE FOUR |
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Initial basic
solution for
Phase One
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e e oW gelele Ihe Sriiioial \WEriahies s ihe
FRFSE LNe anjeclive oW B 0LEEin & BFsIC Fessihie
SafEran Wik Wiieh Lo begin Fhase T,

E<AMPLE FOUR |
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Phase Two:

a 3
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123 4 5 f 7 @ B

MIM| 1 00 —2 4 0 0 4 “101
001 "0.333 0.333 T0.666 0O 0,333 4,333 |
000 1.867 0.333 0.A6F 1 1.333 7.333 0
010 0.666 C0.3370.166 0

¥
*
*
$

fabieat is now

aptimal for FPhase
fweol

MIN -z==-/3,1e.,z =74

}{g =
}{E,: o
}{4: 7
E<AMPLE FOUR |






