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§ 0. Introduction

The bisection method is a well-known method for the numerical solution of a
gingle nonlinear equation. This method is effective and simple in finding the real
root of a single nonlinear equation, and only requires that the function be
continuous. Therefore it has a wide range of applications. This paper intends to
extend thig method to the case of nonlinear systems. Although not all nonlincar
gystems can be golved by the bisection method, there does exist some class of
nonlinear systems of equations which can be solved by the bisection method. And
this class of systems of equations can be obfained by approximating partial
differential equations uging the finite element or difference method. For some
classes of nonlinear systems the bisection method ig simple, safe and reliable™, By
“safe and reliable” is meant that the desired solution can always be found (in the
sence of global convergencs).

The paper i8 built up as follows.

In the first section some definitions and notations are given. Section 2 describes
the bisection method and gives its algorithm and its error estimate. Finally this
method is applied to the minimal surface problem and some numerical results are

given,

§ 1. Definition and Notation

We consider the following nonlinear system of equations
Fx=0, (1.1)
where
Sf1(z) 1
» Je (@) | %s
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zc D >0
Recall that the natural partial ordering on R* is defined by z<y (x<y), for any
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@, y € R" if and only if 2, <y, (@,<<9), =1, 2,
Definition 1. The mapping F: DCR"-—}R“ 08 §sotone (on D) of for any
w, y €D, a<y, ¢mplies that Fx<<Fy. An isolone mapping F is strictly dsoions ¢f ot

follows from <y, for any o, y €D, that Fe<Fy. L.
Definition 2. The mapping F: DS R—>R™ 43 antitone (on D) éf far any
¥, y€ D, a<<y, implies that Fz=Fy. An antitone mapping F 48 stmcﬂy antitone of G

follows from x<y, for any o, y €D, that Fa>Fy.
Definition 3%. A mapping F: B*—>R" is diagonally isotone ¢f, for any ¢ C ",

the n funcitons
Uy R=>RL, () =fi(z+ite"), ¢=1,2, (1.2)
are isotone, where ¢ are uwz.t vectors. The funciion F 48 strictly d@mgﬂmmﬂy ¢sotone of,
for any 2 € B, Yy (6=1, 2, «--, n) are siricily isotone.
Definition 4. A mapping F: R'—R" is off-diagonally aniitone of, for any
z€ H", t}w functions
Py BA—>R, oy (B) =fle+te)), é+4, 4, j=1,2, -, n (1.3):,_

are antitone.

P § 2. Bisection Method

In Fig. 1, assuming ¢@;(2{®) <0, ¢:(#*) >0, we first define a sequence of
intervals:

IP =@, @is),

Vi where

g T a4 - ()
!k d -lk Eiy' = 5 3 j=1’.~2 s Ty, mm' e (2.1}
S 7/ _ |
: : Clontinue this process until
m{k}+mffﬂ}
Pig. 1 @: () @ ( — - )}0. (2.2)
Lot m, be the first index for ¢@;(2f’) <0, and set
ﬂ:gk;?r; _'ﬂ?[k'linj
| (%) (i) -
(a:f"’), zy 43“1*’ )= I =1. (2.8)
Analogously, a sequence of intervals
B = (i1, ),
where
{k} (k)
y%ﬂ S ;_y 2 j=l.= 2: "rey y%}: ma:gk}l (2*4)'
can be defined unitil
ygrr.] y(k}
By (L ), 2.5
Let n, be the first index for ¢, (¥ij’) >0, and set '

(%} (E+1)

Yo, =i 7,



