Chapter 6.

L. Parametric linesar Programming.

The key %o parametric linear vrogramming, in accordance
with the New Zcience of MNutation Geometry, is the agzregate
of numbers in the point index for an optimal soluticn. it
tells us what hyper planes combine tc form this optimal point
and it thus shows us the bounds of varation of the objective
function 1if it is 1o conform Yo the system of constraints.

The starting point of parametric linear programing is,
of course, the initisl optimum solution point.

The varation { teetering) of the objective functiorn is
to take place about this optimum point.

That varation has 3 permissable region of validity whether

we are dealing with & single or many varameters.

The chjective function wilil be written as a funetion of
the parameters and then its region of validity will be deter=-
mined. Cne may then wvary the cost coefficients in a way most
suitable to fit any production screduling. We shall get on
with the job.

We shall start with the simplest firet. We shall use one
of the problems already solved in crder to keep cut any con-
fusion factors that might detract the attention of the reader
from the essentials.

We soclved the problem: find a vector r which maximizes
the objective functicn

P = 3 %, + de
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Gubject 1o the constreints:

£ 2 Xy - 2 X, = 2
IL:.].:} X, e 1x=’ = 9
k& -3 xy - I Xy = 1
¢ B 2 X, o+ 2%, = 14
( 7 ) 2y = 1x, = g
B} 2% 1x, = 2

The original scluilcn for this problem may be seen on page 39
and its c¢consiraint polygon on page 2%, Fig. 15, The solution
obtained ie:

rg (4 + 5 ) #p { & & L

The numbers 6 anc 4 in the index refer now to equations ( € )

and { 4 ) and not inequalities. The solution of these two
equations give the wvector Lo whose components are 4 + 6,

Ey =C.:"0h { 3+4) ,(4+5 ) =72,

The respective normals of ( 4 } and { 6 } are:
} +1ard 1+ 2,
The normal of our cost vector C can vary ( teeter ) about
the point r, ( 4 + 5 ) until i* coincides with each of the
normals of ¥qguations ( 4 ) and ( 6 ;. It is required 4o stay
within these limita, We may now write:
G — 3 + E
Then
B A oG a {3+EK).[&+58)
=12'¢'5H¢

e now write C as a8 linear combination of the normals
of ( 4 ) and ( & ):

hy {1 +3 )% Ry {1+2) = 3 =+ K, whence

Ey, + hy =

hl 4 Eh2
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hy = b = K = 0, K = B
p e ¥ = F = D: K =5 3

Thug ¥ can vary from 3 to 6 in ite teetering abtou: r. and
still satisfy the system of constraint. The conatr&igt syatem
is satisfied for any values between the 1lixits % and &

m 2+ BFK = X2 3 B 6 ) = 4 = mEx
P = = 12 + 5(4) = 32 = original
B = = 12 + Bl 3] = 27 = nmin,

If one %hsd desired to retain both components of C cne could
write
£ % A o= B $ = 2
T o A = ofy T o e g

We shall soon generalize the process to n dimensions with
n - 1 parameters but before we de¢ that we shall do a three
variable illustrative problem.

A three dimensional problem, see Fig, 19 for its constraint
volygon, was scived where

F = 12 Il + xz + 13
1"‘5 - 5 + 1 + 2, €3, ( 5‘[ &y 7 }
GG = 12 + 1 * i EER

The normals of the index equations {( 5 ), ( 6 ), ard { 7 )
are!

B, = 5 - & - B
€y = 3 - X + 4
e = X + 1 - 1

The gemmas of these are

-1 _ L _
ey = 1 5 4
-1 _ ” i
ei = 2 3 1
ezt -~ - 3

F 5 2 o &



We next set our original cost vector ED to
¥e now write

We now write our new cost vector as a linear combination

of the normals of the equations appearing irn the optimal

index:
% e PO i

hl = g i el = 12 - 5 1{1 - 4 1{2 = 0
" =l _ "

by = €. 0" = 24 = 3 5 = 1% = 90

-1
T s - i
Cne may now state the parametric side of the original

egquation: Maximize the objective function

'p = Kl L o 2 HE

subject to the constraints

o 5K + 4K = 12
[ &) 3 + 1K, = 24
i 3) 4K + 3K, = 0

We only need to deal with eguation ( 1 ) for ( 3
poesitive valuee of
2 ) are greater

gatisfied for all
axial intercepts of (

1 3
] a3
and ¥, and all the
han‘thg corrseponding

ones of ( 1 ). 7The axial vertices of { 1 |} are
(K, X} = (0 3)
(K, K, ) = (2.4, 0}
p(0, 3 ) = 6
4%, 1 9
pl(2.4,0) = 2.4
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