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THE SOLUTION OF AN INTERVAL EQUATION

by
STEFAN N. BERTI
Cluj
The equation
(1) HAgy vory Ay X) =g(By, <04, By X
where A,, ..., 4,,, By,..., B, are the given intervals, is called interval
equation. The solution of this equation is a system of intervals
X, (weU).
The purpose of this paper is to solve the equation
(2) AX + B=C.
We denote A4 = [a,, a,], B = [by, b:], C = [¢1, ¢;] and X = [, ;).
§1.

The solution of the equation (2) in the ease a, < a, <0
In this case for a given X we have
[@s%,, a1%,] if 2, <O
AX ={[a%, ay%] if % <0< %,
[@,%y, ay%,] if %> 0.

1.1 We consider first the equation

(1.1) [as%p + b1, a1% + b,] = [c1, Cz]
which has the solution

e —b, ¢ —=b],
(12) = —.[ a, ' dy J
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We have in this case the conditions

a <a, <0
b, < b,
¢y < c

o—by

(1.3) ‘ G —b <

@ Gy

a”h -,

2y
These conditions are equivalents with the system of conditiong
oy <a, <0
b < by
(1.4) ¢ ‘> b,
iy S 0

g By oG ]
Qq

We see that §, > %2b—a

By e -
e implies ¢, > b, + Sl — &) and therefore the

system of conditions (1.4) is equivalent with “

a1<a2<0
b < b,

6> by

1.5
43 o> by Ble =t

ag
II;Ire;;:re ;Z: 3;:: tlhe following assertion :
the ol o vals A, B and C e have (1.5) then the equation (2) has

1.2 For the equation

(1.6)

['21—"9. ~+ bl, a,%, + bz] - [51; Cg]

—

"—-.
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we have the solution
(1.7) X = [°_-"_ b
@, a,
and the system -of conditions for this case is
a<a,<0.
by < b,
¢ <€
(1.8) L P
a,
- > 0.
ay
€y — by ¢, — by

From ¢, < c,, < 0, >0 we see that ¢, <b;, ¢, > b, and
the system of coaﬁditions in a{his case is
a<a,<0
b < b
(1.9) G <b
& > by

We have the following assertion: )
If for the intervals A, B, and C we have (1.9) then the equation (2) has

the solution (1.7).
1.3 For the equation

(1.10) [a,%, + by, 9% + b,] = [e1, €]
we have the solution
- e
(1.11) X=[‘—-i ‘———]
ay ay
and the system of conditions
a, <a, <0
b, <b,
C]_ < c2
(1.12) ‘-;"=>0
¢, — b ’> ¢y — by
a, as
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For ¢, we have the conditions
a,(cy - bs)

€ <€y 6 <<
a

and the relation
a3d, — a,b,

by <

ey — a,
implies the system of conditicns
8,<0, a,<ay, b, <b,, ¢, < b,
(1.13)
cl < b1 + :‘_l{c.—_:bﬂ -

aq,

In this case the solution of (2) is (1.11).
Observation. The case 0 < a, < @, is similar with the case a; < a, <(

4

§2.
The case 2, < 0 < q,

The discussion of this case is simi ] )
1156 rlorSn b i e 1s similar with the cases of §1. We consider

2.1, For the system of conditions

al < 0 < az
. b < b,
(2.1) € < b,
€, = bz + ay(c, — b,)
th i N
e solution of equation (2) has the form
2.2) ¥ [x i ”1]
where -
2.3 o : |
(2.3) Bog 5 <0 if g, < g
2 2 1 and aa > - al
and
(23:) c,-b,<x<0 5
- if ,> 0 ang GH< — a,.

L
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2.2. For the system of conditions
a,>0
a4 < —a,
(2.4) b, < b,
¢, < by

-

bz + 2,(¢; — by) <, < bz o a(e; — b))

ay ay

the equation (2) has the solution

(2.5) X = [:_b .‘;"]
a, a
§3.

A parametrie reprezentation of the solution of equation (2)
Let a, b, ¢, d, e, f, are real positive numbers and
0<s< L
With these parameters we have in the case (1.1), the representation
A=[—a—b,—a), B=[c—d, c—d-+e]

C=[e—d+f o—d+fte+ L+

£ i].

X=[—f-— ,
a a+b a

In the case (1.2), we have
A=[—a—0b —a)] B=[c—d, c—d+e]
C=[c—d—f,c—d+e+g]

X =|— g f i
a+b’ a+b
In the case (1.3), we have
A= [—a—b —al,

C=[c_d.—(-——-a+b)f—g, c—d+e—f]
a

x=[-lerh_g .

B=[c—d, ¢c—d+e]
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In the case 2.1 we have
"A=[—a,a}bd), B=[c—d, c—d+e]

C=[c—d—f, c_d+g+(a+_b>fj
a
_X={__£u,£
a-+b a
or
A=[—ﬂ-—-b, a], B:[c——d, C"‘d“i‘&] 3

C=[c-—d_f, c—dtet }
a+b

=[_ afs F
@+ 8t atb]
In the case 2.2 we have
A=[—a—b,a] B=[c—d, c—d+¢]

Cm[o—d—f, omdpoyttlatils g

a(a + b)
X=[-— a“+b(2a+b)sf f
ala -+ b)? ’ a+bJ

I shoul i .
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FIXPUNKTSATZE IN DER APPROXIMATIONSTHEORIE

von .
BRUNO BROSOWSKI
Gottingen

Zusammenfassung. In der folgenden Arbeit berichten wir iiber die
Arwendung verschiedener Fixpunktsatze bei dem folgenden Approxima-
tionsproblem : Man bestimme zu einem gegebenen Element f eines normier-
ten linearen Raumes R und zu einer gegebenen Teilmenge V C R ein Ele-
ment v, aus V in der Art, dass ||f— vo|| < || f — »l| fur alle ve V gilt.
Jedes derartige Element v, hennt man eine Minimallgsung fir f beziiglich
V. Wir bezeichnen mit Py(f) die Menge der Minimalldsungen fiir f beziiglich
V. In dieser Arbeit wenden wir Fixpunktsitze an, um Fragen der Existenz
und Invarianz von Minimalldsungen zu antersuchen. Wir behandeln ferner
Fragen der Charakterisierung von Sonnen in normierten linearen Raumen.
Als Anwendung ergeben sich Bedingungen fiir die Notwendigkeit des verall-
gemeinerten Kolmogoroffschen Kriteriums und Kriterien fiir die Konvexi-

tit von Mengen in flach konvexen Réaumen.

1. Vorbereitungen

Es seien X und ¥ Hausdorff-Riaume und es sei ﬂo(Y) die Menge der
nichtleeren abgeschlossenen Teilmengen von Y, also die Menge

a,(Y) —{ACY: A0 N4 = A}.
Wir betrachten Abbildungen der Art |
A X = G,(Y).
A ist also eine Abbildung, die jedem Punkt xe X eine nichtleere abge-

schlossene Teilmenge von Y zuordnet. Fir derartige Abbildungen gibt es
verschiedene Stetigkeitsbegriffe (vgl. HAHN [10]).



