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Andrzej Pelezar

‘On the geometncal mterpretatlon of some dual problems in the theory
, ' of linear programming ‘

~‘A_n impulse to write the present note were ﬁome remarks of J. Gorgki,

. 1. One of the simplest problems in the theory of linear programming
¥ ;(S Gass [1]) is the following: ~
: Problem 1. Let be done a matrix 4 = {aﬁ} t=1,..,m, j ——1 )

- and systems of numbers by, ..., b and 61y .oy Cn. Let be

s

fy,y .. E 0%y

i=1

220 (j=1,..,n)

Zaww, br.' (i =1’ u‘o,”“')-
L Fmd a n- q;mensmnal pomt (51, ey {-‘,.) EQ, such that
f(‘fly F] En) = ngnf(mu AR wﬂ) .

-+ - Remark 1. The set @ defined by the conditions (1.2) and (1.3) is eonvex.
} It is possible, in particular, that @ will be empty In the sequel we shall assume
_‘that @ is not empty.

~ We ecan give the follomng geometrical 1nterpretatlon of this problem
'"f,«we denote by @ the famlly of hyperpla.nes

as L 201% =0 .

j=1

‘;«fsuch tha.t for each ¢ e ®, oM @ # 0, then we must find in & the hyperplane,
for which the number C is the smallest. That hyperplane will be named the
‘minimal hyperplane of the famlly, @ and we shall denote it by @mn(®). Each

j}g;nt (&1y s £n) € Pmin(®P) N Q is & solution of the problem 1. From the general




‘ boundary of the sets Q The dual problem t;o thls problem 1 ia thé oil
Problem 2 Let be SRR :

i

(L) o g(yl,u,ym)—me

F=1
and let a set Q be defmed by the. followmg condltmns.
(16) ' : I ?/1/0' (?“1:"*7"”) .

@ | - Sa< G=1,0ym).

j=1

.

‘Find a m- d1mens1ona1 point (’h: e ,nm) eQ, sueh that

9y ooy Wm) = ma'xg(?/u ey ym)
g

- If, we denote by ?I’ the fa.mﬁy of hyperplanes

@.8) o -. ;’bjyf =D

. : =
suoh that for each ye ¥, y N Q 3£ 0, then we must find in the fa.mzly L4 the
- hyperplane for which the number D is the largest. That hypeérplane-will-be
“named the maximal hyperplane of the famlly ¥ and we shall- denota‘ b
Ymax(¥). Bach point (ny, ..., 7m) € Ymax(¥) N § is a solution -of the problfqm %
It is well known, from the general theory, that the solution of the problem- 1
exists if and only if there exists the solution of the problem 2, and moreover
if &, 20 &, and 1y ooy Ym ATO these solutions, then

F&ry vy £n) = mmf(wu iy Tn) =GNy ey Nm) = maxy(?]n n"/fn)’\ Lo
) .
what means that the number C for the mlmmal hyperplane of the famﬂyﬂ‘
Is equal the number D for the maximal hyperplane of the family ¥.
2. We shall assume now that » = m and b;>0, ¢;> 0 for all j. Under
these assumptlons We can write the system of mequahtles (1. 3) 111 the foilowlng
_ form -
| (2-1) o Z diyw; >

J'==1

~where di, = a;,/b. Moreover, after a slmple tra.nsiormatlon zf = c;m; we. oan
replaoe ‘the problem 1 by the foHomng -

Problem 1&. Let

. | o .
22 : B(@1y ey @) = ) g
o Lo j=1




'w¢>o (e- ,...,n)

Zkﬁm,- >1 (i = 1‘, .,;, ’ ~n) o |
S 2

h(&l, ey 5,,) = mmh(m,, ey @) .

/

The dual problem to the problem 1a is the followmg
Problem 2a. Let

) \ A T on
h(yy, ey Yn) “Z?fﬁ :

=1
‘and let :a set R be ‘defined by the followmg condltlons'

>0 (i=1,..,n)

n

(1=1,..,n).

ind a n- dxmensmnal point (7, .., 7;,.) ek such that

h(ﬂu ey Nn) = max;‘(yu 2y '.'/n)

emark 2. Beca.use n =m, we can consider the both ~problems in the
-game space. “Moreover we can identify the functions (2. 2) and (2.5) and we can
denote these both functions by the same letter . It follows from the theorem
‘quoted in.the first paragraph that a solution of the problem 1a exists if and
-onty if there exists solution of the problem 2a and mink = maxh. It is easy -
) R & S
to see that in this case the equations (1.4) and (1.8y have the same form.

Solations of the problems 1a and 2a are on the same hyperplane deﬂned by
the eqnataon-

Dao;=L (L=mink =maxh).-.
-1 ‘R .ﬁ

: ’at hyperpla,ne IS the umque hyperplane among the hyperpla.nes

2 @ = const

=1

hich separates the interiors _Of*the sets R and R.-







