Duality and Duality Theory
To every linear program there is a dual linear program with which
it is intimately connected. We first state this duality for the standard

programs. Suppose we have a Lpp :

Min Z =c"x
St.. Ax=zb Ll (™)
x>0
Then the Lpp :
MaxV =b'y
St.: Aly<c ™)
y>0

is called the dual of the Lpp (*), (*)is called primal Lpp.
Therefore, the dual of the standard minimum problem (**) is the
standard maximum problem (*).
Note :
If a standard problem and its dual are both feasible, then both are
bounded feasible.
If there exists feasible x and y for a standard maximum problem (1)

and its dual (2) such that c;x; = by, then both are optimal for their

respective problems.

Every Lpp has its dual.

Example : Consider a Lpp :
Min Z =X, +2X, — X,
St: X+ X, =%, <1
2%, — X, + X3 <4
X, + X, + X3 <2
X, —2X, + X3 <3
Xg 4 X, 2 X320

Find its dual Lpp.



Max V =y, +4y, + 2y, +4y,

St.: y +2y,+y;+y, 21
Yi— Y, +2y, -2y, 22 (B)
-y, +Y,+Yy;+y,=2-1
yl' y2 ’yS’ y420

Some problems

* If the original problem in (*) is:
Max Z = Zn:cj X;
j=1

Then we reversed it as :

n

MinV = — Zci X,
1

** |f in the set of the constraints in (*) we have some constants of the type
Zn:aijxj <b ,1=1,2,3,...,m
j=1

So we well reversed it by multiplying by (-1) as :

d-a;x;>-b ,i=1,2,3,...,m

j=1

*** Also if we have some constraints of the type in (*) :

n

Dax;=b ,i=1,2,3,...,m
j=1

Then we will write it as :

dax;<b ,i=1,2,3,...,m
j=1
dax;=b ,i=1,2,3,....m
j=1
Example :
Consider a Lpp :



Min Z =x, +2x,
St.:—x,+Xx,<10
X, + X, <6
X ix,=2 ™
X +3X, =6
X, X, 20

Solution :

Min Z =x, +2x,
St.: X —Xx,>2-10
- X — X, 2—6

X, + X, 22
—X, — X, 2-2

X, +3X, 26

X, , X, 20

So the dual of this problemis :

Max V =-10y, -6y, +2y, — 2y, +6Y,
SLi V= YotYs=Yak¥ss-L (***)
=3y =Y+ Yy~ Y, +3Ys <2
Vi Yo Y3 Yau Y5 >0



