'R ac t<s o
§ HEGNECENTRALEN

SCANDINAVIAN INFORMATION PROCESSING SYSTEMS

SYSTEM
LIBHAHY RCSL NO: 53=-Mi

TYPE ¢ Algol 5 Procedure

AUTHOR : N, Schreiner Andersen
EDITION: Jenuary 1970 (E)

RC 4000 SUFTWARE

MATHEMATICAL PROCEDURE LIBRARY

zerol(x, F, a, b, eps)

ABSTRACT

The boolean procedure zerol evaeluates & zero of an arbitrary real func-
tion, The method is an adaptive method based on regula falsi and bisec-

tion,

90800 GO0 ‘NFDQMAT'DN DEPAQTMENT 2000000000 00000 COOEOOOSOOOSEOOEOGESBSISEO
DK-2500 VALBY - BJERREGAARDSVEJ 5 - PHONE: (01) 46 0888 - TELEX: 6464 rcinf dk - CABLES: INFOCENTRALEN



1. Function and Parameters,

1: Funetion:

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, b:

eps:

Return parsmeters:

real value parameters specifying the end points
of the interval within which the zerc 13 calcu-
lated, This interval is a <= x <=1 if a < D,
ctherwise 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 obtaln-
able calculations are stopped with the obtainable

BECUYACY

a resl name parsmeter being the independent va-
risble in the expression gilving F.

On exit the 2z e r o determined by zerol.

Need not be initialized,
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zerol: 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.

Cther parameters:
F: g resl name parameter specifying the function for
which the zero is to he evaiuated,

F must be suppiied as an expression depending

on X,

2, Method

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

mesn between a regula falsl and a bisection value:

a < x<b being the intervasl in which the zero is to be evaluated, with
fa = F(a) > 0 and fb = F(b) < 0, the following algorithm 1is used:

xr=a-fax(b-a2a)/(fo - fa)
{i.e. x value obtained by regula falsi)

xb={(b+a) /2
(i,e. x value obtained by bisection),

The new value of X is now calculated as
x =xr + (xb - xxr) X vb
where the weight factor, vb satisfies 0 < vb < 1.

And the value of vb is calcuilsted as

vb t= if 2 < xr and xr < b then vb X vb / 2 else 1;
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i.e, 1f xr, the x value calculated by regula falsl method, 1s inside the
new interval then regula falsi might be better than the x just calculated
and more welght are given to regula falsi in the next iteration (i.e.

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

£ = sg X F(x) 1s eveluated for the new X value and a new intervel (a|b)
is determined as:

if £ > 0 then begin b := x; £ := f end
else begin b := x; fa = [ end;

The factor sg is £ = ag X F(x) is Introduced in order to give a simple
glgorithm inside the 1teration loop.

Before starting iteration sg is Initialized as
sg := id fa > 0 then 1 else -1;
and all wvalues of F are multiplied by sg, (1.e. fa > 0 and fb < 0).

If the parsmeters specifying & and b gives b < & then s interchange of
these two parsmeters are made in the start of the program.

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

the method does not work and the boolean name zerol 1s set to false indi-
cating that no zero is evaluated, otherwise zerocl 1s true.

5. Accurscy and storage requirement.

3.1. 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 varisble) then relative pre-
cision is autcmatically used.
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If en accuracy higher, than the one cbtaineble in RC 4000, is spe-
cified then a result with the highest obtainable precision is deliv-
ered,

3.2. Storage requirements:

1 segment + 9 real variables

4, Test and dlscussion,

zercl 1s 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,e,b,eps}

F(x} a b eps x iter
5433+2,6Xx «9.9 2,1 ’.6 -2,05° +0 8
1n{x/0.7) 0.1 2 '8 7.00° -1 12
exp(x)-0,4 -5 1 X< =T -9,16* -t 12
sin(x)-ain(1.55) -3 1.59 ’«5 1.59% +0 11
03 + X -0.5 2 ? .B4+abs{x) X’ -6 1.937-15 9
XXX -1 2 7.6 €.96° -7 2k

x = the zero calculated by zeroci
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 zercl 1s very fast.

5. References,

Bo Munch-Andersen: Zero, Algol procedure, Regnecentrelen October 1965,
Gier System Library, Order No. %09,



6. Algol program

zerol=set 1
zercol=algol
external

booclean procedure zerol(x,F,a,b,eps);
value a,b; real x,F,a,b,eps;
begin

real fa,fb,{,vdb,sg,v,xr;

comment 13

zerocl:= true;
if a > b then begin f = a; a = b; b =1 end;

X = a;
f :=F;
sg = if £ > 0 then i else -1}
fa 1= sgxf;
if fa = 0 then goto cut;
X = Db}
fo 1= sgXF;
if fb = ¢ then goto out;
if fb > 0 then begin zerol i= false; goto cut end;
vb = 1;
next:

v = b-aj}
i= (b+a)/2;
if v < 2xabs{eps) or v < 1,24,-10xabs(x) then goto out;
comment 23
xr := a-faxv/{fb-fa);
x 1= xxr+{x-xr)xvb;
£ 1= sgXF;
if £ = 0 then goto out else
if £ > 0 then begin a := x; fa i= { end
else begin b = x; fb := £ end;
comment 33
vb 1= if a < xr and xr < b then vbxvb/2 else 1;

goto next;

out:
end;

comment

13
Reference:

RCUOOC System Library

Order No, 55-Dhl

A/S Regnecentralen, July 1969
N. Schreiner Andersen



Funetion:

The boolean procedure evaluates one zerc of the function
F(x) within the interval a <= x <=b, The method is

based on regula falsl and bisectlion combined with an adap-

tive parameter giving the weights of regula falsi and

blseection,
Call parameters:

a,b :

eps:

Return psrameters:

X 3

zerol @

Other parsmeters:

F 3

2: In order to avold that calculations can not stop becsuse of too smell
eps (below the precision obtainable on RCH000) a security is put in here

real value parameters specifying the end points
of the interval within which the zero is calcue
Interval is a<=x<=b if a<b

lated. This

otherwise b <= x <= a,.

A real name

parameter glving the accuracy for

which the zero 1s determined,

Relative accuracy 1s specified through asn expres-
sion with factor x, i.e. xXp-7 gives a relative

accuracy of

If eps specifies an accuracy that 1s not obtain.
RCKOOO calculations are stopped with

able within

=1

the obtalnable accuracy.

a real name
variable in

On exit the

The boolean

parameter being the independent
the expression giving F,

Zz e r o determined by zerol,

procedure name is set to false if

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

F(v) <0,

8 real name

ctherwise zerol is true.

parameter specifying the function for

which the zerc 1s to be evaluated,

Fmust be supplied with an expression depending on x.

causing stop on v < 1,2p-10Xabs{x).

3: A new welght, vb is calculated before next iteration;

end zerol;



7. Testprogram

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

begin
real procedure F(n);
integer n;
begin
i:=1+1;

F := case n of (5,33+2,6xx,1n(x/0.7),exp(x)-0.k4,sin(x)=-sin(1.55),

X035 + %, XXK5) 3
end F;

real x; Integer 1;

iter

-d.ddy+dd>, X, <<

write(out,<:
Testexamples for : external booleen procedure zerol(x,F,a,b,eps)
)3
write(out,<:
F(x) a b eps
1>);
1 = 0; zeroi{x,F(1),-9.9,2.1,9-6};
write(out,<:
5e33+2,6Xx -9.9 2.1 w=b 1>, <<
1 := 03 zerol{x,F(2),0.1,2,,-8);
write(out,<:
In(x/0.7) 0.1 2 »=8 1>,<<

1 1= 0; zerol{x,F{3),=5,1,%¢~T7);
write(out,<:

exp(x)=0, ~5 1 XX =T 1>, <<
i = 0.; Zer01(x1F(1+))5,1059,N'5);

write(out,<:

sin(x)=sin(1.55) =3 1.5 p-5 1>, <<
i := 0; zerol(x,F(5),-0.5,2, p-8+abs(x)xp=6) ;
write(out,<:

3 + X =0.5 2 p=S+abs(x}xg-61>,<<
1 := 03 zero1(x,F(6),-1,2,5-6);

write(out,<:

X345 -1 2 =5 1>,<<

write(out,<:<10><10><10>
x = the zero calculated by zerol
iter = the number of references to F
)3
end testprogram;

~d. d-d-n"'dd)’ X, <=

"‘d. ddn+dd>, x, <<

"d. ddn+d.d>, x’ <<

-dd>,1);

-ad>, 1) ;

-dda>,1)

~dd>,1};

~dd>, 1) ;

-dd>, 1)



