Chapter 5.
1 Tpality

In finding the minimum of an objective function with more
columns than rows in its constraint system 1t is converient
to uze the notion of Duality.

Find the minimum of an objective function

5 P = C.r
subject toc the constraint system

{2 ¥ e,

"

b

where all components of r are requireé to be positive. The
dual pey be written: Find the maximum of the objective
funetion

(3 ) 8 = b.U
subject to the constraint system

ot

(4] .E..Uz':

where £ 1is the tranepose of A that is A with its rows and’
cclumns interchanged. Cne could write { 4 ) =2s

{ 5 ) (. I
Multiply { 5 ) on the right by r dot and get

(&6 ) Uil i = Ca® = P



€3

The left siaes of [ 6 ) and ( 7 ) are egual in the limit and
thus

(8 ) F =

L

or Minn P = Max B

For problems where the min. constraint kas far more coclumns
than rows the dual S is much easier to solve than the Primel P
as we shall illustrate with numerical examples and otherwise.

After one has founa U then 2 of the Dual ore has to find
the corresponding r of the Primal F, which is equel to the 5
of the Dual, We shell find r for a number of illustrative ex-
amples, It is always easy %o get on & vertex of the pcolyhedron
of constraint in problems of maximization.

In ordinarv minimization problems where the number of rows
and columns in the censtraint syster are not too different
and where at least one eclumn has all positive entrants it le
easier to go with the Primal and then one gets the r of the
Primal in the process. Even when there is no column with all
positive entrants one may want to go with the Primel, using
an [ ersatz )} function which will be defined later. & lot of
practice will help one to make the choilce between the Primal
and Dual., ZIxperience is a great teacher.

Henceforth P will be used as the primal objective function
and § that of the dual; » the primal vector and U that of the
dual.

¢ ie the cost vector in the orimal system and b, from the
system, is the cost vector in the dusl. This is obvious from
equation { 3 }.

Find the minimum value of the objective function:
P = 3%+ 9% + 9% + l4x, + 23X + Xg

subject to the constraint systerm

(g) =2 i £, + Xy 4 i Xg + Xg = 4

The mutation tzble following gives :

T = o + ] - 2 - a1 + o] + 3}
P = C.r = 32 = nin:
A = + - - -



6d

——
e
W= O DD
o
u 1 <215 o Oy
—
s O [0y =g oo ==
= U
Hog ™
g
P =t o O L ]
B LO ,
i
Loy &
M g |
et PO OO A | | +
@ o
1]
[ G
RO E O 3D e
1o = w
L L -
[ R . | +»
e = L + + ] 1 || s P ey 4 - -4 T + m
(L
ar | O Ot 0y
£ 1
Bt o
wirnHl 4 o o o o o | O0O0hdyd O 4 O O O
w SUIRTTRNTRR TR AR |
| b
] By [ +3
.r.-J.. s
eyl M o O O QO e D OO HAD] O O A 2 D w A R R AR A
o] i B e B e
A 1 o
H Ol gl o] o
f
Sl = O o O 9~ & O HOOAGD] H = v o o K
=
! | m L1+ + 4 +
By By =t e
e B "
- oy o=l o otk o el ] N HE A T o owy s W o wa e e
e | & oD
Rt I R 1 I e I I | I i I P+ QU
ﬂ (4] LRV LB
t
[ S cdfcarf o o] 0 A o o o« oooococo o o o H 0O @ " £y [
Li4]
I [ | iy
A e AT i _.m“ =
[ el & o] H o © o owd coococool o © o © A B o@ ©
P ———
i i 11
7 Yy T T T q T e
A1 : o I ol ol | [
=4 oji-mopy b B W W HlerHEiovHsl R b b bW bl B B R M




