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ABSTRACT 

The boolean procedure zerol evaluates a zero of an arbitrary real func- 

tion. The method is an adaptive method based on regula falsi and bisec- 

tion, 
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1. Function and Parameters. 

3: Function: 

The boolean procedure evaluates one zero of the function F(x) within 

the interval a <= x <# b, The method is based on regula falsi and 

bisection combined with an adaptive parameter giving the weights of 

regula falsi and bisection. 

Call parameters: 

@ a, bi 

eps: 

| Return parameters: 

real value parameters specifying the end points 

of the interval within which the zero is calcu- 

lated, This interval is a<=x<=b ifa<b, 

otherwise a <= x <= b, 

A real name parameter giving the accuracy with 

which the zero is determined. 

Relative accuracy may be specified by substitu- 

ting an expression like delta x x for eps. 

If eps specifies an accuracy that is not obtein- 

able calculations are stopped with the obtainable 

eaccuracye 

a@ real name parameter being the independent va- 

risble in the expression giving F. 

On exit the zero determined by zerol. 

Need not be initialized. 
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The boolean procedure name is set to false if 

F(a) > 0 and F(b) > 0 or F(a) <0 and 

F(b) <0, otherwise zeroi is true. 

Qther parameters: 

Fs @ real name parameter specifying the function for 

which the zero is to be evaiuated. 

F mus +t be supplied as an expression depending 

on X. 

2, Method 

The procedure calculates for each iteration a new value as a weighted 

mean between a regula falsi and a bisection value: 

a<x <b being the interval in which the zero is to be evaluated, with 

fa = F(a) > 0 and fb = F(b) <0, the following algorithm is used: 

xr =a- fax (b- a) / (fo - fa) 

(i.e. x value obtained by regula falsi) 

e xb=(b+a) /2 

(i.e. x value obtained by bisection). 

The new value of x is now calculated as 

x = xr + (xb - xr) X vb 

where the weight factor, vb satisfies 0 < vb <1. 

And the value of vb is calculated as 

vo := 4f a <x and xr <b then vb X vb / 2 else 13 
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i.e. if xr, the x value calculated by regula falsi method, is inside the 

new interval then regula falsi might be better than the x just calculated 

and more weight are given to regula falsi in the next iteration (i.e. 

smaller vb), otherwise the next iteration 1s pure bisection (vb = 1). 

f = sg X F(x) is evaluated for the new x value and a new interval (alb) 

is determined as: 

if f > 0 then begin b := x; fb := f end 

else begin b := x3 fa := f end; 

The factor sg is f = sg X F(x) is introduced in order to give a simple 

algorithm inside the iteration loop. 

Before starting iteration sg is initialized as 

sg = id fa > 0 then 1 else -13 

and all values of F are mitiplied by sg, (i.e. fa > 0 and fb <0). 

If the parameters specifying a and b gives b < a then a interchange of 

these two parameters are made in the start of the program. 

However if F(b) and F(a) are both either greater than or less than 0 then 

the method does not work and the boolean name zerol is set to false indi- 

eating that no zero is evaluated, otherwise zerol is true. 

3, Accuracy and storage requirement. 

344. The accuracy is determined by the input parameter eps giving the 

absolute precision of the zero, If however an expression giving eps 

includes the factor x (the independent variable) then relative pre- 

cision is automatically used.
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If an accuracy higher, than the one obtainable in RC 4000, is spe- 

ecified then a result with the highest obtainable precision is deliv- 

ered. 

3,2. Storage requirements: 

1 segment + 9 real variables 

4, Test and discussion. 

zero! is tested by use of the 6 functions used in ref, 1 for test of Gier 

procedures. 

Results of this test using testprogram as given in section 7 are: 

Textexamples for : external boolean procedure zerol(x,F,a,b, eps) 

F(x) a bd eps x iter 

5 .33+2.6xx 9.9 2.1 > 6 -2,057 +0 8B 

4n(x/0.7) O.1 2 +28 7.00? -1 12 

exp(x)-0.4 “51 HX AT “9.167 =} 12 

sin(x)-sin(1.55) -3 1659 #5 1.597 40011 
WR + X -0.5 2 7 -8+abs( x)? -6 1.93715 9 

OOH, -1 2 7.6 6.96 -7 2h 

x = the zero calculated by zeroi 

iter = the number of references to F 

These result may be compared with results from ref. 1 showing that al- 

though using a very simple strategy zero] is very fast. 

5. References. 

Bo Munch-Andersen: Zero, Algol procedure, Regnecentrelen October 1965, 

Gier System Library, Order No. 409.



6. Algol program 

zerolsset 1 
zerolsalgol 

external 

boolean procedure zero1(x,F,a,b,eps) 5 
value a,b; real x,F,a,b,eps; 
begin 

real fa,fb,f,vb,5g,Vv,xr3 
comment 13 

zero] 3= true; 

if a>» then begin f :3 a3 a i= b3 b t= f end; 

xX 28 a3 
f := F; 
sg := if f > 0 then i else -13 

fa := sgxf; 
if fa = 0 then goto out; 
x i= db; 
fb := sexF3 
if fb = 0 then goto out; 

if fb > O then begin zerol :# false; goto out end; 

vb sm 13 

next: 
Vv 35 beaj 

z= (bta)/23 
it v < 2xabs(eps) or v< 1.29-10xabs(x) then goto out; 
comment 2; 

xr i= afaxv/(fo-fa) ; 
x i xre(x-xr) Xvb3 

£ i= sgxF; 
if f = 0 then goto out else 
if f£ > 0 then begin a := x3; fa := f end 

else begin b :3 x3 fb := f end; 

comment 33 
vb ss if a<xr and xr <b then vbxvb/2 else 13 
goto next; 

out: 
end; 

comment 

13 
Reference: 

RCLOOO System Library 
Order No. 55-D44 
A/S Regnecentralen, July 1969 
N. Schreiner Andersen



Function: 

Call parameters: 

Return parameters: 

Other parameters: 

end zerol; 

The boolean procedure evaluates one zero of the function 
F(x) within the interval a <= x <=b, The method is 
based on regula falsi and bisection combined with an adap- 
tive parameter ceiving the weights of regula falsi and 
bisection, 

real value parameters specifying the end points 
of the interval within which the zero is calcu. 
lated. This interval is a<=x<=bifa<bd 
otherwise b <= x <= a, 

A real name parameter giving the accuracy for 
which the zero is determined. 

Relative accuracy is specified through an expres- 
sion with factor x, i.e. xX»-7 gives a relative 
accuracy of »-7. 

If eps specifies an accuracy that is not obtain- 
able within RC4000 calculations are stopped with 
the obtainable accuracy. 

a real name parameter being the independent 
variable in the expression giving F. 

On exit the 

The boolean 

determined by zero1, 

procedure name is set to false if 
F(a) > 0 and F(b) > 0 or Fla) <0 and 
F(b) <0, otherwise zerol is true. 

a real name parameter specifying the function for 

which the zero is to be evaluated. 
Fmus +t be supplied with an expression depending on x. 

2: In order to avoid that calculations can not stop because of too small 
eps (below the precision obtainable on RC#O00) a security is put in here 
causing stop on v < 1,2)-10Xabs(x). 

A new weight, vb is caleulated before next iteration;



7. Testprogram 

A/S Regnecentralen 
Testprogram for procedure zercl 
NSA, 1.09.69. 

begin 
real procedure F(n); 
integer n; 
vegin 

iis i+ t; 
F is case n of (5,33+2.6xx,1n(x/0.7),exp(x)-0.4, sin(x) -sin(1.55), 

HOG + X, 5) 5 
end F; 

real x; integer 13 

iter 

-d.ddytdd>, x, << 

~d, ddytad>, x,<< 

write(out,<: 
Testexamples for : external boolean procedure zerol(x,F,a,b, eps) 

2>)3 
write(out,<: 

F(x) a b eps 
2>)3 

4 t= 03 zeroi(x,F(1),-9.9, 201, 0-6) 3 
write(out,<: 
5 033+2.6XK “949 201 nn I> << 

1 := 03 zerol(x,F(2) 0.152, n-8) 3 
write(out,<: 
n(x/0.7) Ot 2 n8 I>) << 

4 i= 03 zeroi{x,F(3) <5, 1,%%pe7) 3 
write(out,<: 
exp(x)-0. “5 1 XXp-7 > << 

1 s= 03 zero1(x,F(4),3,1.59, 0°53 
write(out,<: 
sin(x)esin(1.55)  -3 01499) aed D>)<< 

4 t= 03 zerol(x,F(5),-0.5,2,) n-Stabs(x) Xp-6) 5 
write(out,<: 
x3 + X 0.5 2 n-Gtabs(x) X,_-61>,<< 

i := 03 zero1(x,F(6),-1,2, 0-6) 3 
write(out,<: 
KH “1 2 p-6 1>,<< 

write(out,<:<10><10><10> 
x m the zero calculated by zerol 
iter = the number of references to F 

2>)3 
end testprogran; 

-d. ddytdd>, x, << 

“dad ytdd>, x,<< 

wd ddytdd>, x, << 

-d. ddytdd>, x,<< 

=dd>,i) 5 

da>, 1) 5 

-dd>, 1); 

-dd>, i); 

~dd>, i) 

-dd>, 1) 3 


