ARy

e

13 Be PIPRS-A N T T P R S AT
Q solve the iven L. O 1800 ) SAN T2 et Lk 0,3,8

( 1\/ baximize 2= 7x T 35X
n et P — —7
subject {0, ] ) R")“/" <. pArel
x,F2x, % 0 LS ~Ath:::j
X 2 ll el RITE XY
oy 1 -+ 3\ < 12

and x;,x2 = 0. : P
<+

Here, m'a\(z)——mm( Z)
m1n(—z)——7\lf3\ﬁ(x3 FOM
subject to,

\'.1+7Y7+\'.3"f‘03(4:6 . 1
l\,+3\<q+0x3+\4 12 3
and x; 2 0;i=1,2,3,4

Now,n=4, m=2 = n-— m=4-2=2 4
Here, x ; and x , are non- -basic variables i.¢

and x4 = 12 are basic variables.
Which is the initial basic feasible solution.
The initial simplex table is presented as follows.

Table : -

=0andx;=06 |

| crten
M o om0 5T T o Ty T R Ratio |
'e - Varian gt -7 ] = ¢ . 0 | R.Ratio
: I 4 B vt e Y
. CB I “dSH ):U ! X1 L_ X0 X3 : Xa oA X g
jr——— —— —t i — ——— — - e ——— - — L
! i | : ) )
U X3 6 | | { Z j 0 16/t=0; E
I?" LY S — s _-ﬂ__}.____ e e | S ;.
: | P e i . |
0 —i 12 a4 300 R L T b
IR Y "R SUVINE el I—— S, . | f
it = i I = T T T &
~z=3 ¢, =0 4 =7 »3; 0 10 i oci—z, | ‘
USRS ﬁ\—“""‘ [ S S _-_________i_ ! ) _' ___:
: T % |
mosl ~vo bl
Here, the most nevitive o~ 2 is =7 and it oceur in the columi &
nf %, ‘
17 o pats s 2% 4 ren T B e TiE 4"./"
We take the replacemeni ratio Y/
SN
Vi |
Now, the minimun positive ratio is 3 7 and it oceur tn ihe row o Xy
“ X ‘|1 L,;’-"'.]‘ . . . R e ) . - / A
Cx g wvil leave the basis and oo will enter in the basis, Algo *47 18 G
key element,
: ’ .5_11\,'1:::_‘: il Giomunih ol T oy PN Dy “-l’ _‘.1‘<~J DTV et
elemeanis ¢ s b 2O ST R MELla GRS
. A
A% -
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lable : - 2 =
c, | Variin | ¢ | -7 )-5] 0 0 | R.Raiio \

basis Xg X} X2 X3 X4 :

0 %; 31 0 |s/a| 1 |-1/4

~7 | x 35001 374 0 | 1/4
—2=2.CXu =21 0 | 1/4] 0 | 7/4 | ¢i—u; i

% Here, all¢cj—2z; 2 0 ‘
‘ .. This the optimum solution with x ; =3, x,=0,x5=3 and x, =0. ¥

min(-z)= -7(3)=5(0) %
£y = =21

= Somax(z)= —min(-z) =21
(2)’ Maximize z= 3x, +2x,
subject to,
—x;+t2x, < 4
4 1+ 23(2 < 14 3
—X1+X, 2 =3~ ;
and x,,x, > 0.
Here. max(z)= —min(-z)
min(-z )= —3x, - 2x»
B subject to,

)

e —X,+2x, < 4
3x,+2x, £ 14
X|1- X2 < 3
. and x;,x, 2= 0. ,
Nowowe add slack variables in the constraints,
“min(-z )= —3X,-2X>,+0x3+0x4+0x5
subject to,
—X T 2X,+Xx3+0x,+0x5=4
I+ 2%, +0x3+x,4+0x |

| 2

w

1
“r

“ 1

X|*'}\'3'1'(})(34'0)(4‘?‘ Xs 3
and x; 20;1=1,2,...5
n=5m=3=n-m=5-3-72

Here, x and »os are non-bazic variables 1,2

Xy = 142 and x5 =3 are bazic variaoles,

o . i A
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Which is the initial basic feasible solution.
The initial simplex table is presented as follnws.
Table: - 1 £
o [Vaiin[ g [ -3T-270 [ 0 0 |R.Ratio :
B | basis Xy X X 5 X3 | x4 Xs | Xg/%X, g
0| x | 4 [ -t 2| 1| o] o |*ED :
o | xo | M | 3 | 2 o | 1 | o | 143 |
0 Xs 3 | | -1 0 0 1 |3/1= :

—2= 3 Cy Xy =0 -3 | =2 0 0 0 cj -z

most —ve

Here, the most negative ¢j—z; is ‘-3 and it occur in the column
of x .

.. We take the replacement ratio X% :

Now, the minimum positive ratio is * 3 > and it cccur in the row of x 5.
C.ox s will leave the basis and x| will enter in the basis. Also “17 is the
key element.
.. Convert all the elements of column x| (o zers using unity.

Table : -2

= = e = S [

|~ | Variin | g -3 | -2 0 0 0 IR.Rativ |

B basis Xg X X 5 X3 X 4 xsj Xpg/ X2 |

' |

0 X3 7 0 I 0 L 7/1=7|

|

0 X4 5 0o | (5] 0 1 -3 |S/5=11|

/(_ |

N T T o L O R R e

—z=Yc,x,==21 o | -s | 0o | 0o | 3 |c¢-2
. - o ]

most —ve

1l : e By y) R CYRI T EE TR . : e rQ
Here, all ¢ |~ 7 HI'C o non-neeaitve, Fhe o P e Ugb e N 7S

appears in the column ol < - adibs

. |
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". Replacement ratio = B -
/o

The minimum positive ratio is * 1~ and it occur in the row of x 4.

.. x4 will leave the basis and x, will enter in the basis. Also 5 is
the key element.
.. Divide all the elements of the x4 row by 5” and convert all the
clements of column x; to zero using unity.
Table: -3 ;
" Vari.in| ¢ | -3 | -2 | 0 0 0 |R.Ratio
CB . !
A basis XB X X X3 X4 X5 1
! 0 | x 6 0 | 0 1 |=1/5] 8/5 "
-2 Xo 1 0 1 0 1/5 |=-3/5
-3 X, 4 1 0 0 1/5 | 2/5
-z=C,x,=—-14 0 0 0 1 0 Cj ~Zj
E
Here,allcj-z; 2 0 i
. This the optimum solution with x| =4, x, =1, x5 =6 x4 = U and i
x5;=0.
“max{z)=3(4)+ 2(1)

= 14,
{3)[ Minimize z= x;—3x, +2x;
subject to,
3X;—x,+3x3< 7
LEXtH4x, < 12 i
—dx,+3x,+8x; < 10
and x;,%,,x3 > 0.

Here,minf z)= x;=3Xx2+2x3+0x,+0x;5+0x4
subject to,
3y =X+ 3x;+x,H0xs FOXxe < T
Xy FAX,FO0OX, P XsFO R S 12
ol i+ s+ B R+ O x g0 xg -+
and x, 20:1=1,2,...06.
Now. n=6,m=3 = n-m -0 -3¢

/A
r—

6 =

l",J

A
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Here, x 1, X, and x5 are non-basic variables andx,—7 x5 12and ‘
X = 10 are basic variables. This is the initial basic [casible solution. )
The initial simplex table is presented as follows.
Table: - 1
c Vari. in C; 1 -3 p) 0 0 0 R.Ratio
. :
basis Xo | xi | x2 | x5 | x4 X5 | xg Xg /X,
O x| 73 =3 o o | /6D
A
0 Xs 12| -2 D] o | o 1 0 | 12/4=3
A

0 Xg 10@3;- 8 0 0 1 10/3

2= 3.Cp X, =0 Liy=31 21010 o0 cj -z

most —ve
Here, the most negative ¢;-z; is *—3’and it occur in the column
of X-.

.. The replacement ratio = X% :
2

Now, the minimum positive ratio is ¢ 3 * and it occur in the row of X ;.
-+ X5 will leave the basis and x, will enter in the basis. Also ‘4’ 1S the
key element.
.- Divide all the elements of the x s row by ‘4’ and convert all the
s elements of column x ; to zero using unity.
\;/", -T‘ . ?
Fable: -2

. Vari. c; || =3 2 0 5 0 R.Ratio
" Ca in o Xp /x4
basis XB X X9 X3 Xy Xs X
i 1 o’
0| x | 10 (-) 0 | 3 | 1| L] o |10/65/D
‘\_\:/ LI. — 4
i p I / |
3o | 3|5 ool by PBieiy2)
] 7
/ 5 3 co =577
o f s [ r B sy
c=yo,a, =9 =2 Lo Lo Lo 0o,
O O P S . J_ _-,_"_ | I ____.J_____» .

4

P
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tere, all ¢ j — zj are not non-niezative. The most negative ¢ ; — zj is

j
1 - b M 3 I b] 1
appears 1n the column of x, and it is -=". E
. . K :
.~ Replacement ratio = :
xl

The minimum positive ratio is * 4 * and it occur in the row of x ..
. x4 will leave the basis and x , will enter in the basis. Also ‘%’ 18-+
the leading element.
.. Divide all the elements of the x 4 row by ‘% > and convert all the

elements of column x, to zero using unity.

dle: -3
Vari. | C 1 _3: ) 0 0 0 R.Ratio
Cg n )
basis X5 X Xo | X3 | X4 | Xs X6
6 2 1
1 X - - — 0
Xy 4 l O s 3 10 ‘
3 1 3 i
_ 3 ; 3 = ~ — 0 |
2 0 T |
1 i
0 X6 11 0 0 | i I = 1 |
Z =S¢ 13 | 1 ] )
© T L 0 0 = - i Y Ci—Z;
=—1il 5 5 5 : .

Here, all¢;-z; > 0
. We obtained we optimum solution with x ;, =4, x, =35, x; =10,
xs=0,xs=0and xs=11.
Smin(z) = 1(4)=3(5)t 2(0)
= - 11].

A4,
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§ Two phose method [0i solving L.P. Problesn -

Phase : - ]

51(5‘()-1 In NN POz adnon Conye

A e 5 i s .

Assign a cost *1” (o cach artificial variable and a cost ‘0’ to all other
vartables (‘including slack and surplus variables ) in the auxiliary equation i.e.
new objective function. 300

12
We write g(x) = Z e where x; are artificial variables.

i<

@

Step-2
Write down the auxiliary L.P.Problem in which new objective
function g(x) is to be minimize subject,t_q\,’givgn constraints.
Step-3 - ‘o e,
Use Simplex method to solve the auxiliary L.P.Problem.
= If min g(x) > 0 and if ai_least one artificial variable appears in the
optimal basis at a * +ve * [evel then the given L.P.Problem does not
possess any feasible solution.
= If'mimn g(x) = 0 and if at least one artificial variable appears in the
optimal basis at zero level then we ,pr,@cegrd to Phase-2.
= ifmin g(x) =9 and i no artificial ‘v"rgl‘/i,a}il‘f;/gippears in the optimal busis
then we proceed 1o Phase-2. n_Mk-'V' )

fad
N ; g
Phase ;-2 AL (‘!\J v
— 0 -,
Step-7 I‘\.‘:\
4

Assign a actual cost to the variables in the original objective function
e S . T T T ———
and a cost *0” to every artificial variable that appears in the basisat the

= s

Lo o
I

&

.

-—

Lt zero levell e remove the artificial variables and the coiumn of the

<rtificial variables in Phase-2 which are non-basic at the end of Phase-|
The original objective function is to be minimize subject to the
- Liven constrainis by applying Simplex method.

Ariificiaf variables : -
[f'the first (initia) basic feasible solution for the given

_.P.Problem is not avaiiable then the new variables are added to act .o

Cbaste variable in the constraints which ace called artificiol variablos,
Artiticial variables have no meaning 1o the cri; inal problens,
serare nearly added so that we get ainitinl bagic fene i <ohition Al

e start the simplex method,
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§ Solve the given L.P.Problein by Two phase meiiiod
(1) Minimize z= 4x, + 5x,
subject to,

2x1+x256
X]+7X2 S:)
Xi+tx,21

Xy+4x, 22 and x,,x, = 0.
= Here,
Minimize z = 4x + 5x,
subject to,
2X1+X2+X3=6
X1 t2X2+X4=35
X1 tX,—x5=1
X +4x,—-Xg= 2
and x;, 20;i=1,2,.....6.
Now,n=6,m=4 = n—-m= 6 4 =2
X 1, X » are non-basic variables
6X4 5x5——land*<6——2
Axsx3<0 x s <0 This solution is not feasible.
. We shall add variables X 5, X s known as artificizl variables.
X]tTXo—Xst+tX7=1
Ny Fadx,—xXgtxg= 2

Now,n=8 m=4 = n-m=8-4=4
X1, X1, X5, X ¢ are non-basic variable ﬂnd basic variables x5 = ¢,

x.=5,x;=1and x5 = 2. Which is thz initia! basic feasible sciution.
We solve this L.P. Problem by two ,/}“ 2 =implex method.
Phase-1 Here, objective function g(x) = X7 + Xy
The initial simplex table is presented as follows.
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N
- T
Vban:m ?i_ 07 0 0 0 0 1 | [R.Ratio
asis | y ’
>\B X1 1] X, X3 Xq | X5 X6 X7 X8 XB/XZ
’ 6/1
X3 6 2 ] ] 0 0 0 0 0 -6
Xq S | 2 0 ] 0 0 0 0 5/2
1/1
X7 1 | | 0 O [-1] 0 ] 0 —1
Plxs 2010 (@Dofofo|-1]o0o]| 1| 1/24
gx)=3 -21-=-510 0 1 1 0 0 |cj—z;
| )
most -ve
‘4’ 1s the key element,
lable: -2 |
‘ ~ |Variin| ¢ | 00 0 | 0| 0] 0] 0 1 ! [R.Ratio
L ® | basis e | £ | X2 | x5 | x4 Xs | Xe | X7 | x5 | X8/ X4
0| % |4 I IR ~ o |- o220y
: ! l L4704
} 0 Xy 4 5 0 0 1 0 E 0 — 5 =
: , A ! L|Cayicay!
i X7 E (\‘_z/) 0 V) 0 -1 : ] — -Ll— =19 / g E i ;
- | P I AR (CAEOY I B
0 X ) n | 0 0 0 |- B 0 ” =9 |
1 3 7 ] 5
] g(z() - ”2‘ : ;’r 0 0 O ] — 1 0 Z Cj — "I

most —ve
;:)”/,

47 1s the key clement,
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y Solve

the Ziven [
(1) Minimijye 7 =

X —2x%
| -«‘\2“}‘){3511
—4X]+x2+2x323

Minimize 7 =

subject to,

xl"-?-xz'i'.\'3+}(4=ll

P, Py ‘
Problen; by BIG-pg method
—3x;+x 2t x

3 Subject to,

—4X|+I\'2+2X3—X5+X(,:3

—2X |+ X3 Fx,=] wherex; > 0:i=1,2

artificial variables.
Now,n=7m=3 = n-m=7-3

an(!xlax21x32().
= 3X |+ X, +x

P T X2 X3+ 0x4+0x5+Mxg+ Mx,
Where M is very large +ve number.

bl

= 4
X1, X, X3and xs are non-basic variables but x,= 11, x g =
X 7= 11s the initial basic feasible solution. We apply Big-M method.

vl 3 X, X7 are

-

3 and

Table-1
. Vari.in! G —3 I I 0 0 M M |R.Rati
asis | Xp X X2 X3 Xa | Xs X6 X7 Xp /¥
0| x 1oy 1 =20 1 |1 lo|lo]|o0 B{f
M Xy 3 —4 l 2 0 -1 1 4 3/2
M| x| L] =20 Do oo | 1)
! -3+6M|1-M | 1-3M | 0 M 0 0 Ci—Z
L vjﬂ
Tabizs-2 most —ve The key element is ‘1°.
- a .
C Vari.in| ¢ - 1 1 0 0 M M R.Rati
® | basis e X i X 7 X3 X4 X X x5 | Xs/xs
0 | x |10 3| 210 : 0 | 0 | -1 | =5
M| xg ] o | C o | 0 | =1 1 -2 !
l X3 ! -2 0 | 0 0 0 1 o
. _;;. Lo e e—
-1 i-M 0 i % ) vl -1 &
I -
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R.Rati¢
XB / X3
4
(0 0]
o T T L A T AR BV 0 |-y
-1 0 0 0 1 M-1 [M+1 |c¢j-z;
IMOoSt —ve
The key element is 3°.
Table-4
FC’ Variinl ¢ | -3 | 1 | 1] 0] 0] ™M ] M |Rraa
. basis XB X X9 X3 X4 X5 X6 X7 Xp/ %3
L— ] 7 2 -
— \i 4 ] 0 0 5 — ‘3— g — %
X 1 0 1 0 | 0 | -1 1 -2
2 4 4 v/
X — 0 | - | - = — - =
1 3 v 3 3 3 3
11 1 1 2 _
0 0 o | 5| )4 e 3 |M-24 | ¢j—z,

Here,all cj—z; > 0
- This i1s1he opumum solutlon with x|, =4, x,=land x;=9.
-min(z)= -3(4)+ 149
= -2
2) “%x:m:ch 3x, +2x,+ 3x; subject to,
) 2x+x,+ x5 <2
3x +4x,+ 21, =
and x,x,.x, > 8,

&
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Minimj:
172¢ (- 7)) = _
subieet t ) 3X‘]*2X7
subject to, 2
2
3X1+X2+X3+X4:2
X+
] 4X2T2X3-X5+X6:8
andXiZO;]:lz 6 - ISP )
Now. n=6meny . . » X ¢ 18 artificial variables.
, NI = >m_2 = ]]‘[]]:6-__2:4
X1, X, Xz and X5 are non-basic varjables but X4=2,X6=81Is

the initial basic feasible solution.
We solve this L.P.Problem by Big-M method.

=3X3+0x, FOX5+ My,
Where M js very large +ve number

Table-1

C Vari.in| ¢ -3 -2 ] =3 I 00 I M [R.Ra i

B - = .
basis XB X i X2 ! X3 [X4 X5 [Xé IXB/X;:~
2/1 |

P
0 Xy 2 2 Q) I I 0 0 _ /
8/4
M | X 8 3 4 2 0 |-1]1 _ /
’ ]
-3-3M -2—41\/1/—3—2M ¢ [ M / g ,ic)-LJj'
most -ve
The key element is g
Tabie-2

: 0 ] 0 | M [RRaio|
.| e -3 — 2 -3 2. Rario]

i i C b |
1 CB \s/arl'ln : - < X , X J XB / “:: ’
pasis | Xp X | X2 X3 Xy 5 6 .
-2 X2 2 2 ! ! ! 0 0 "l

M| % [ 0] -2 0 -2 -4 _l__ o JI |
_ - N ’ '
Tresm| 0 |[2M-1 lz+ 41\/1{ M l T ,"

Here, all cj—2; 2 0 ._ N
. N & pastas "‘ F— = { \." — 2 ana Mo -
This is the optimum solution with vy =0, x, =t 44
oAy L Y0
max(z)= 30+ 2(4 2) -+ 3(0)
= +4,
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o Unit- 03 Sermn - M AT-2 o4
Dnatay in L Poproblem :-

Supposc the primal L.P.Problem given in the form

Maximize z, = ¢; X F o Xo Foiiiiii + ¢y X,
.x‘ub_jcct to the constraints,
anxytapxot+o I a;, Xy < by
) Xp Fanm Xo o Faa,Xp S b
Qi X) T ama Xa T * A Xn s E"m
and X, Xa,eeeeen.n , Xy 2 0
then the corresponding dual L.P.Problem is defined as
Minimize zy = by y, +baya ... + D Yin ! d
subject to the constraints, T bm
anpyrtanyy: oo +am,ych, >
an vy tan vyt +am2 Ym = Co
A YrTaxnyY2a T, T A Ym = Cn
and v, Yos.oooo, Vi 2 0
Nemury :- .
= The Primal — Dual relationship is under.
ITin primai  then in dua
L Objective 7 is to maximize (1) Objective " is to mini m :fe.
(2) number of variablzs x; (2) number of censtraints © b’ "
{3) number of constraints * i (3)n meev of vayiables ;.
44) * <7 type constraints (4) ‘=2’ type constraints,
(5) variable x; UnvaTﬂLtCEd i sign (5) consiraint ¢ j > js ¢ =" type.
(6) consiraint * i 7 18 © =" type (6 )\all’iblt «i unrestricted in sign.
P
= In the both Primai and Dual P xoblem the variables are non- -negative
and the constraints arc inequalities such problem are called the d
svmmetric dual linear programming problem.

= For maximization problem all constraints be with * <’ tvpe and for

T —

minimization problem all constraints be w1tl Z7Iype.

e EE——— ’
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= The Dual of the dual
Minz=x1—3,\'2—2x3
Subject to,
3Xi“‘X2+2X3S7
3X|—4X2 2 12
—4x, +3x,+8x3=10
and x |, X4, x5 = 0,
i.e.Minz=x,—3x;—2x3
Subject to,
=3X;+x,;-2x5;2-7
3x ) —4x, > 12 d
—4X|‘{‘3X2+8X3:10
and x 1, X5, X5 = 0. )
Thus, the dual of the dual is a primal.

Example :- [ Find the Dual of the Primal. Soive boti primal and the dual

L by the Simplex or Big-M method..
) M;1xz=3x1+2x2
Subject to,
2x+x,

202

= Dual
‘Min w =35y, +3y,
Subject to,
2y +y, 23

= Simplex method for primal. ‘
Min (-z)=-3x,-2x,
Subject to, - ’
2X|+X3+X3=5
X '}'Xg'#X4:3
and X, X5, x5, x4 2 0.
Now,n=4 m=2 - Nn-m=4_2=92
Here. » and x, are nen-basic variables and x 1= 5 and x i = a
basic variabies. Which is the nitial basic feasible solution,
The initial simplex table is presented as o}l

,\_:

(BAUVAN

Scanned by CamScanner



~

T T Variin | G | 3] -2 1 0 | 0 [ RRatio |
CB hﬂSiS_; .v\rn l N l\ Xo X3 _Xa XB__Z_J\'__'_,
0 X; s (D] 1 ! 0 5/2
0 Xy 301 o |1 |3/1=3
Cemyenso [0 [0 o]

Table:-2 .
C Vari.in Ci | -3 | -2 0 0 R.Ratio
B . 1
B [ basis Xp X, X5 X3 X4 Xp/ X2
ﬁ 5 1 1
— ) X] 5 ] 7 2- 0 5
| 1 1
| 0 Ny 2— 0 \E) — —2— ] |
l — B 15 0 ] 3 .
: — _(,1 '—'2‘ —-"2— 2— ] (,J'—.L'J
most —ve
Table ;-3
[ Variin | ¢ | -3[-2] 0 | 0 |RRatio
LB
basis Xp X, X7 X3 X4
-3 X 2 ] 0 1 —1
. 2 \2 l O 1 - 1 2 °
_‘-":Z(H\H:_g O 0 l l CJ——Z]
Here,allcj—z5 2 0
. This is the optimum solution with =, = 2ox, = i,
min(-2)=-3(2)-2(1)
= —~ &
masx( 7 ) = - min(-z ] = 8.
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= Big-M method for Dual.

Minw =3y +3y>
Subject to,

2y +ty2 23
)’,'*‘)’222
> 0.

and y 1, ¥»

,+ 0yt 0yt Mys+MYs

— Minw = 5yt 3)
subject to, Where M is very large +ve number.
2)’.4‘)’2—)’3"*’}’5"'3 |
yi+y:-YitygT? .
wherey; 2 0517 1,2..6&8Ys,Yealc artificial variables.
Now,n=6,m=2 = n-m=6-2=4 ' g
Y1,Y2 Y3 andy , are non-basic variables butys =3,y 6~ 2 is the
initial basic feasible solution. We apply Big-M method. )
Table- 1
—
C Vari.in| G 5 3 0 0 M M |R.Ratio
.B . '
basis | Xg Y Yo Y3 ya | Vs | Y6 | Xp /Y1
M | s 3 | (2 = ! o | 3/2
, 2/ 1
M Vg 2 | l 0 I 0 l e
S_3M [3-2M| M | M | 6 0 |cj—wj
most —ve 2’ is the key element,
Table- 2
C Vari.in‘ Cj 5 | 3 0 0 M M R.Ratio
B i .
basis | Xy | ¥ i Y3 | Y4 Ys ye | X/¥
_ 3 I 1 1
5 201 Ll L 4 ;
2 2 R ’ 2
1 ﬂ N\ L 1
M Y6 5 0 L /J 5 -1 -3 l i
i T s Tk | s sl T
A IR T U O S R
(2 2 ]2 2 | 2 2 | | |
T L. . T
ItOsl —ve M,)' I u\l\_‘ -\\,' { !K:I I
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Aeedrem - Prove that the dual of the dual is the primal, goLe

Let the primal problem be
Minimize z = C X

subjectioAX 2 b;x >0, (1)
where A is ‘m x n’ malrix, b is ‘mx |° matrix, X is ‘l==n’ matrix
& Cis ‘1 x n’ matrix. T

The dual of the primal problem be
Maximize w = by

subject to ATY < Chyy >0

But, Maximize(z) = - Minimize(- » )

. This dual can be written as, -
— Minimize(~w ) =b"Y
subjectto A'Y < CT, v > g :

Minimize(—w )=-p'Yy
subjectto —A'Y > — C';y >0,
Now, The dual of this I.P.Problem is
Maximize(~z ) = (- CT )X =-CX
subjectto (- A")'X < b, X = 0.
l.e. — Maximize(-z ) = CX
subjectto—AX < —p: X > 0
Le. Minimize( z j = CX
subjectto AX 2 b;X > 0.
Which is the primal.
Thus, the dual of the dual is the primal.

)
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S Explain the Dual Simplex method for solving L. P.Problein.
Step-1

Convert all the inequalities of * 27 type to * =7 type.
Step-2
Obtain an initial basic solution to the L.P.Problem and put the solution
in the mitial dual simplex table.
Step-3

Calculate the value of ¢ - z; and examine,

(1) Ilfall ¢;—z; and b mc variables xp; are non-negative ; for all i and
then the optmml basic [casible solution has been obtain.

(i) [l all ¢ — 7z, are non-negative and at least one basic variable say Xp;
is negative the go to step-4. ’

(iii) If at least one ¢; — 7 is negative then method is not applicable to

. the given L.P.Problem.
iy Step-4
Select the most negative of x;’s the corresponding basic variable then
leave the basis. Suppose the basic variable xy is the most negative so
xp will leave the basis.
Step-5

Test the nature of Y i = 1,2, ...n(n=number of columns )

I R
(i) Ifall X, are non-negative then there does not exist any fzasible

solution to the given L.P.Problem.

=

(i) If atleast one X, is negative then compute the replacement ratio

c, -z .‘
; —L—" where X, <0 And choose the maximum of thesc values.
- } -\-4- !

Suppose the corresponding variable say X, then compute the

r

=02, .00,
l Xy .
The variabie =, will leave the basis and x, will enier into the basis.
The element that lies at the intersection of the raw x and the
column x, is the key clement. Convert it into unity and all the other
| elements o! the column X, Into zero.
Strep-6 Test the new dual Simplex table for optimality. Repeat the process
until either an optimum teasible solution hos been obitain or there is an
indication of the non-existence of a feasible solution, :

max
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Retivark :- (i) The Dual Simplex method applies to the problein which siir!
the optimum but infeasible solution. Qm@e—_m@fma{myzm!1!-'

(i) In the Dual Simplex method all constrainis to be convert o
' < type eitherynaximize or minimize probles.
) TR /7’}'(’7'3{/(/\/»«: (5

Example — Write down the Dual of the following L.P. Problem sofve it by
Simplex method. Find all the optimum value of the primal.
Min z=2x; + 3x,
Subject to,

‘ 3x;+2x, 20
; 2x,+35x, 2 10
, and X, x2 2 0.
= Dual of the given primal is
). L. , 3
- Maximize W = oy, + 10y,
€D Subject to,
) 3_\"] + 2}/3 <2
) 2y, + 3y, =3
. andy,,y> 2 0.
7. Minimize (- w ) = - oy — 10y,
' Subjectto, =~ 2
) By +2yatys; =2
'. 231+ Sys by =3
' andy; > 0;i=1,2,3,4 & v,;y;s— clack variabies.
- Now,n=5,m=2 = n-m=5-2=3
) v, v, are non-basic variables and basic variables are y ; =2,
) v ;=3 which is the initial basic feasible solution.
V2 Table- ]
) ~ Vari.in Cj -6 | —10 0 0 R.Ratio
.— LB i / \V2 7 7 "" /
basis | Xy Y ya | ys | ya [ B8/0a )
) .
- — 2/
~ s e e —
\ 0 V3 2 3 (EDR 0 1 .
' s »'2 -’ o
0 Yaq > 2 E 0 I 3/5 )
' —— -
) 6 | -10) 0 0 lci—w
_ U i (} J Cj— Wi ]
b
)
most —-v
) ‘B is the ko s clement
b
)
)
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[ —

(, Vari.in i G -0 | - 10 0 0 [ R.Ratio
- B .
] b[lalS_‘. /:\___]’}_“_ y | y_g—_ B A_y 3 7 »y 4 XB / yl
4 )
0 v — ) _z
Y3 3 ( I . 4/11
3 2 |
= 10 Mo = == I 0 — 3/2
. [ D J ) 5
= 0 0 2 C;— V\’j
most —ve '
.
= 1s the key element. .
Table-3
C i'\f’ari.in Cj -6 | -10 0 0 R.Ratio
B | tncie
l DASIS 1 Xp Y Y2 | Y3 | Y4 Xp/yi
] 4 5 2
-0y — l — | - =
S L ¥ 0 1 T
| : |
D) >
= 04y | il 1 =
; 2 Il 0 1 11
' 0 | og
' 0 — = Ci—W,
! ¢ L 11 ‘ ]
Here,all oy —wj 20
e . o » 4 5
This is the optimum solution with y | = TRREETE
Cay 5
. RO I ORI S (A B .
max w = § "y 10 (11)
74 -

il
For the primal.

‘.4'-,!;;\'1 1y = ;.1x = —=
.‘\,.I,L ! ’] 2 i
. ..th;‘,,(lS']
minz = =1 3|
it 7 . 1T

|

e
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[ L.P.Problem.
example — Solve the given L.P.Problem.

._ Max z=—-3x,-2x,
@ Subject to,
) Xytx; = |

X;t+X; = 7
¢ x; +2x; 2 10
G X, < 3and x . x; = U
-] — The given L.P.Problem 15
" Max z = ~ 3X | — 2X2

Subject 1o,
o —x;—-X25 -1
P ::? X;+X2s 7
8 _x,;=2x><-10

X2 < 3andx), X2 2 0.
? Min(—z)=3x,+2x2+0x3+0x4+0x5+0x(,
’ Subject to,
O —¥=Xat xg==1
) X|+X2tXq4= 7
- — X —2xX: T N5 - 10
) X2+ Xe = 3 and X, N, 2 0.
d Here, x ; and xo arc¢ non-basic variables and x3 = — I, x4=7
4 xs;=—10andxg =23 are basic variables. Which is the initial basic
J solution but not feasible. So we apply Dual Simplex method.
YO able-1
) Cy Vari.n| ¢ 13 2 0 0 0 0
3 basis | Xp | X\ | 2 | X3 | Xe | Xs | Ko
) 0 x; | -1 | -1 ~ 1 1 0 0 0
' 7 i l 0 ] 0 0
) 0 X4
) 0 xs | —10]| ~1 0 0 1 0
' 3 0 l 0 0 0 l
: i I A H S
] 3 2 () G U VIV
N MRS B e . !

, I —
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= - -~ - -
' .

- - -
'

-, W -

-. - - - KB W - e ' ' ' v

/\” ci~7.j s

X5 =—10and Xg=3
. This is an optimum solution but not [casible.

The most negative basic variable IS X5 =

- . . ] /
Consider the ratio. —— 3 where X,
X« '

C

max

i e. the maximum ratio is — |
So x5 will leave the basis anc

/

s

)

/

c;,— =2

d

= max {

0 and the value of basic variables x3 =~ [, xs
= -~ ]0.
< 0 ‘] — l.‘ 2'
!
3 2
f,*-l =max {-3,-1} =-1
~1’-2]
and it occur in the column of Xa.
| x, will enter into the basis.

Table-2
- ) ]
C Vari.in| € 3 2 0 0 0 0
B | basis | Xp X X 2 X3 | X4 | X5 X6 |
1 |
0 X3 4 — = 0 ! 0 - = 0
2 )
1 |
0 X4 2 - O 0 ] - O
2 :
= 1 i . l
2 X — ~ 0 = i
A e B > | O U = 5 i)
|
0 X -2 -z 0 ( 0 — |
2 9
2 0 0 0 ! O |cj—7;
"~ Here, o
All ¢j—z; = 0 and the value of basic variables x, =5, x3 =4,

J

xs=2and xg=—2.
. This is an optimum solution but not feasible.

The most negative basic variable 15 X6 =

C.,— 2.

J . wy - 5 ,/ . 3
; where x, <07

Consider the ratio

¢

max

X

r 4

=J

]
/

= max {

X
6,

~1/2]

2

=

=max { -

-2

A0

e the maximum ratio is — 4 and it ceeur i the cotmn of X,
So xg will teave the basis and x; with enter o tae 0as1s
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