MTH 461 6. The simplex method: an example

Example. Maximize
Z=3x1+Xx2

subject to:
—x1 +x2 <1
X1 S 3
2x1+x <7
xi, X2 2 0 froe veriables basic varables
Convert to +he eq'uolﬂ'q form: r"/"" A’__.. r___"/,_‘_l, L
' Xy Rz s| Sz %3 —_
Congtraints: - x, + x,+ 2, =| owugmented | = | 1 1 O O |
X 48, =3 'y 0 o ' O |3
2%, + R4 57 maknx 2 1 O O | |=7
Xy Xe) 8y, S,,%s 70
We wont 0 maximize
2= Rt xz-\—os-*'oszfoe”_. )
- T coefficients of basie venables
oce alO.

Note: %ﬂﬁdhng the {ree vaﬁ§b\es+o O we ot
o basic fearble solution:

O

@)

L

ol
Xz
S,

h n

Yhis gives - z2=0

" 1}

S,=%
Sg= 7T

Goal: Look for other basic {essibe solutions that
moke the value of 2 la.rger.
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Simplex tableau

_ Ty Re S 52 %3
-l 1 1 O 9O \ S\
consvoints 1 0 O '\ 9 2 Sy
2 1 o O | 7 &y
*he dojective T2 | 0o O O I =z
Lunchion

Ee current boasic feasible sdution:

free X » =0
®2=0
S=\
basic 5,23

55:.7
The pivot step -
) We can increase the value of 2 bt( inc reQsing.
either %, or %, . Lets iy to increese xz, keep x,=O.

> 2=0

9) Change of xz wl affect the values of +he besic veviables
S, 57, 5. These vardables must stoy >O; dhich
reskvicks  possible velues of x,.

Since by assumption x =O we have:
%4 &=l =5 g=1-x,%50 29 %, €\
O'Xz‘l' Sz= 2 = $,=%20 - no reskrction on %X,
Xyt Gyt F B Sy= FongyO 225 287
Al +hese conditions are salisGed i %z <\
TFor the biggest increqie of =z we set ><2'~'\‘
Sich mekes 2.=0. Since we went free vanables
Yo have value O, and base vavebles to heve
hon- zew  values, we want v make %z into
o base vaneb\e and malke 8, Sree

20



/N \
X1 X2 S1 S S3 ,.7.(—‘, 7(2(5" 3, y
-1 1 1 0 0|1 T 1 . O O | %y
6—13@100103—-9 Lo o VO |3 2
4 2 0 -\ O | 6 >3
A 4 o -t O O \z-
The new basic feasible sowution
B x, =O
free l s:o o
=, =\ +— \
l?QS\C 5 =b (OI’ Z = )
sté

The Pivo-\: S{'GE ;
The free vadables are X, aud S, .
Dncrearnng 2 wll decreasé =z

but Inereqsing % will increase =
Thus we will increase x, while keeping %, 7 Sz 2 O .
(Note: we weep 2,=0 )

-x,+xz=\ 5 xR, = 4%, 20 - no restriction on ¥,

X\-ﬁ—%z:% =3 §z= 5—;Q'>/O 22-‘ x)_\{&

3%,1‘99'-:6 = Sz = 6—5’Q|)/O S0 57<‘,\<6
X $Z
The biggest velue of I soﬁsﬁ:‘-\fhg all conditions is x,= Z

Then 2,= 0, S0 3, Lecomes free  ond x, basic,
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X1 X2 S1 S2 S3 X Kp S5 %z >3
1 1 1 0 0]1 11\ o0 O \
10 01 0]3 —> Lo o | O |3
\
I
— 7 — —_— 2~
o -1 O O
(&) 4
freg
3 sible solution : k/ X
"L'he new basic feasb . ox, s, 5
5 =0 A 12 O e |2 x
free ‘ 5,0 z-4=0 © 7 ° i
> O O V3 \ -z \ g,
Xz-? (or z'—'q) | O e O V3 2 7
Lase 1 Sz = —

The pivet step -

: =0
We coan inerease # by incredsing 2, (and keeping =5 3
We have:
x,*+%25 % =3 xz=2'%9‘>/o 2ot :%3\53
¢ 2
LN 2
Lﬁglf'-gz_:\ = 51'—'1"_‘336!}0 s9" 2\-5’{\
8 $3

xl—_%ps|=2 > x.=2*§5,>/0 no reshckion on S

The largest vale of & sahisfying < condifions
5 5 =2 . Then s, =0, 80 4, becomes [ree
and o, basic
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X1 X2 S1 S»  S3 R, Rz S Sz 53 \_
01 2 0 13 . >, O 125 O vz |3
2¢0 0 3 1 =3[ _;?ZS) O ofi)z -1 |3
10 -1 0 1f2 NG o-rs © Vs |2
00 1o -3fz-9 O O Y 0—4/_7,\?’0\
(v

$Z_:O
{ree \ S 2O
5" z-10=0
><Zz'-'\ \-_-) ( _\O\
basie o= o0 E7
R =3

Note: The obofechive funchion depends on =, and s

on\hl, but incressing these  vanabes Sl malee
z  spller. Thus we can't incre@se £ anymore .,

Ne reoched the moximum.

The final solubion of the linear progem:
The maximum value s z=\O
It s obtained for R =2, x,=
(ond & = P, %zﬁo $3"O>
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Geometric interpretation of the simplex method

Recall: Maximize

Z=3x1+x2

subject to:
—x1+x <1
X1 S 3
2x1+x <7
x1, x>0
%, 4
R 4 x,=|
x4 .+ ! z
N ! W
/
2N
( 23 4
Z \As
“ . (3,1
| z=10
Ry
220 (©.9) \
)QI =
No{-,e'.

It would hoave been more efficient to
\nCedse x, instend oc X, in Yhe %rs\' Pivok s\*eP_
In the simplex method there axe vatous pivobing
wes which oim tv decide hich free vanable

should b2 used et eoach s{-eF o get o the

solution oo c‘u,cc_k\ul os Fozsf{b\e.



