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Abstract

A modified regula falsi method, for solving a nonlinear equation of a single variable,
based on applying another linear interpolation as corrector without any addition of
function evaluations is presented in this paper. The method is known as predictor
corrector method. The method has been tested in series of published examples. The
numerical results show that the new method is very effective.
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1 Introduction

We consider an iterative method for computing approximate solutions of a nonlinear equa-
tion

f(z) =0, 1)

where f is a real value continuous function on [a,b] C R. Suppose f(z) = 0 has a simple
root in [a,b]. Classical regula falsi method (see [1]) find a simple root of the nonlinear
equation (1) by repeated linear interpolation between the current breaking interval estima-
tes. This method is attractive since convergence to a root of (1) is guaranteed. There is a
distinct short coming, however, one endpoint is retained step after step, whenever a concave
or convex region of f(z) has been reached. Several modified regula falsi methods had been
introduced to overcome these weaknesses. In [2], Dowell and Jarratt showed that a mo-
dification of this method, Illinois method, was superior to several other common methods
(bisection, regula falsi, regula falsi + bisection). In [3], the same authors described an alter-
native modification, the Pegasus method, with superior asymptotic convergence properties.
Anderson and Bjérk [4] used a quadratic interpolation in stead of a scaling linear interpo-
lation to improve the regula falsi method. Naghipoor at. al. [5] used a predictor corrector
strategy to improve the regula falsi method, using the regula falsi method as a predictor and
theirs proposed method as a corrector. In this paper we give another modification of the
regula falsi based on applying another linear interpolation as a corrector and incorporating
the Pegasus method strategy. In the third section we give the numerical examples in which
we compare the proposed method with the regula falsi, lllinois and Pegasus methods in the
same precision.
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2 Proposed Method

Suppose that [a,b] is an initial interval that the nonlinear equation (1) has a simple root,
a, in it. We apply the classical regula falsi method by applying a linear interpolation from

(a, £(a)) to (b, £(b)), that is
y-f(@) _ ) - f(a)

xT—a b—-a @)
and setting ¥ = 0 and z = ¢ to obtain
af(b) —bf(a)
=l it 3
76)~ F(@) @
Then we apply the other linear interpolation between (a, f(b)) and (b, f(a)), that is
zT—a b—a
and setting y = 0 and z = d, we obtain
L b —af(@ )

- f) - f(a)

Now we have three of subintervals, see Figure 1, with three cases.

Case 1: If ¢ < d, we have three subcases. If f(a)f(c) < O then b is replaced with ¢. If
f(d)f(b) < O then a is replaced with d. Otherwise a is replaced with ¢ and set f(b) =
f(a)f(b)

! aa+ fle):

Case 2: If ¢ > d we have three subcases. If f(a)f(d) < O then b is replaced with d. If
f(0)f(c) < 0 then a is replaced with c. Otherwise b is replaced with ¢ and set f(a) =
f(a)f(b) '

A

Case 3: If ¢ = d, we have two subcases. If f(a)f(c) < O then b is replaced with ¢ and set

Fla)= ﬁ%. If f(b)f(c) < O then a is replaced with ¢ and set f(b) = }%%

The algorithm: Modified regula falsi method
Step 1: For a given a, b (initial interval) and ¢ (tolerance).

Step 2: Compute
L) -bf@) ,_b0)-af(@)
f) = fla) ’ f(®) = fla)
Step 3: If e < d
if f(a)f(c)<Osetb=c,andz;=c
else if f(b)f(d) <0seta=d and z; =d
else set a =c, f(b) = %%% and z; = ¢
elseifc>d
if f(a)f(d) <0,set b=d and z; =d
else if f(b)f(c) <0,set a=candz; =c
else set b=c¢, f(a) = 7’%‘%% and z; = c.
elseifc=4d

if Fladfle) 0,88t b=g, fla)= %% and z; =¢
else if f(b)f(c) <0,set a=c¢, f(b) = ﬁ%%and T =c

Step 4: if |z441 — 5] < €|ziy1] or |f{mi+1)] < € then stop.
Step 5: Set ¢ =i+ 1 and go to step 2.
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Figure 1: Geometric illustration different cases of the improved regula falsi method
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'3 Numerical Simulations

In this section we will consider the numerical examples and see the number of iterations
that are required for the given accuracy. In all simulation recorded here € was 1 x 10~12
and the maximum number of iterations n was 200. The following stopping criteria is used
for our computer program:

(1) |zit1 — z:| < €|migq| or

(i) |f(mit1)| <€

As we see in the Table 1 that the new modified regula falsi method is effective and compa-
rable to the regula falsi, Illinois and Pegasus methods.

Table 1: Comparisons of the number of iterations of the old methods and proposed method
Initial intervals | The Number of Iterations

No. F(=) z T [ REM [ T8 | PM | IPM pemts

0.1 0.9 39 | 11 ] 9 g

1. | 112** -1 0.01 1 93 14 | 13 8 0.8041330975036
0.05 T5 | +200 ] 22 | 19 | 18
2 3 26 7 7 6

2. | 2% -22-5 T 35 39 CINE 8| 2.0945514815423
15 3.8 54 g |7 3
2 . 18 05 80 | i1 | 8 ]

3. | #&" —sin’(z) ) 0 | 161 | 12 ] 10 | 10 | —1.2076478271309
+3cos(z) +5 ) T 66 113 [ 11 | 11

4. e”‘-1‘+ $2? :i 2?5 igj ig ﬁ ig 0.0000000000000
0 i 23 g | 7 6

5 | e — 522 0.1 15 35 g |8 7| 0.6052671213146
0.1 0.9 20 | 8 | 7 6
1 T 25 g | 8 7

6. | ze® -1 0 1 24 g 7 6 | 0.5671432904098
0.05 0.9 20 g | 7 6
2.8 31 39 | 11 | 8 7

7. | e +72-30 g 2.6 33 T15 | 13 | 12 | 11 | 3.0000000000000
p) 35 | +200 ] 21 1 20 | 18
= 5

8. | sin(z) +1 0.801 1?8 g g g ; 1.1141571408719

9. | & ~sinz)+1 jzg -'00.655 :Jm f; 161 1% —0.6294464840733
0.005 | 0.03 39 | 10| 7 g

10. | £ +log(z) —~ 100 [0.001 | 0.05 | +200 | 13 | 12 | 10 | 0.0095556044376
0.0001 | 0.1 | +200 ] 17 | 14 | 13
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