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Thehybridalgorithmbelow is acombinationof bisectionandthesecant
method.Themethodusesthreepoints 	 , 
 , and � . Thepoints 	
and 
 arethenext points

��
and
����

1 in thesecantmethod
approximation.Thepoints 
 and � form asignchangeinterval
(properbracket) for theroot. Theideabehindthemethodis thatif the
secantmethodproducesanundesirableapproximation,we take themidpoint
of thesignchangeinterval (next bisectioniterate)asournext
approximation.
Let
� 	 ����� 	 � , � 
 ����� 
 � and

� � ����� � � whichmustsatisfy
Conditions:

1.
� 	�� � 
�� � ���� 0,

2. sign(
� 
 ) �� sign(

� � ) (signchangeinterval)

3. � � 
������ � ��� .
Thealgorithmmustbestartedwith points 
 and � � 	 whichsatisfy1.
and2. above. In addition,theusersmustprovidea tolerance� so
thatwhenthecondition � ��� 
��!�"� , thealgorithmis terminated.
Theiterationstakeplacein awhile loop. Theprogrammusttake
careof condition3. Hence,if � � 
��!#$� � �%� , wemustinterchange

and � . In this case,	 and 
 mayno longerbeapair of secant
iterates,andwemustset 	 � � . Below is pseudocodeto illustratethe
discussion.

while{
if (abs(fc) < abs(fb))
{

t=c; c=b; b=t;
t=fc; fc=fb; fb=t;
a=c; fa=fc;

}

Theconvergencecriterionis

if (abs(b-c) <= epsilon)
break;

Theiterationproceedsby first computingthesecantapproximation&
usingpoints 	 and 
 andthemidpoint(bisectionapproximation)'
usingpoints 
 and � . Wewill chooseoneof theseasour next
iterate.Since � � 
������ � ��� , weexpectthattheroot ( is closer
to 
 then � andshouldlie in thesignchangeinterval. Thus,if &
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liesbetween
 and ' thenwechoose& asthenext iterate;
otherwisewechoose' .
Wemustbecarefulin computingthenext iteratesincewedonotknow the
relative locationsof thepoints 
 and � . Wemusttestto find the
locationsandit is easiestto usethedistances)!& � &*� 
 and )%' � '+�,
 .
Thecodebelow doeswhatis neededandgivesthevalue )�) which leads
to thenext iterate
�-.)�) .

dm = (c-b)/2;
df=(fa-fb);
if (df==0)

ds=dm;
else

ds=-fb*(a-b)/df;
if(sign(ds)!=sign(dm) || abs(ds)>abs(dm))

dd = dm;
else

dd = ds;

Wecanalsoincludeanadjustmentto )�) to dealwith thesituationwhen
theiteratesall lie ononesideof theroot (interval in secantmethod
fails to approach0) which is

if (abs(dd) < epsilon)
dd = 0.5*sign(dm)*epsilon;

Wenow form thenew iterate )
d = b + dd;
fd = f(d);

Finally, wemustrenameour variablessothatconditions1.-3. are
satisfiedandthey have theproperinterpretations.We checkto seeif� ) � 0 (Condition1)andmake temporaryassignments.

if (fd == 0){
b=c=d;
fb=fc=fd;
break;

}
a=b; b=d;
fa=fb; fb=fd;

Condition2 saysthat 
 and � form asignchangeinterval aboutthe
root ( . If this is not so,simply replace� by theold value
of 
 , which is containedin 	 .
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if (sign(fb) == sign(fc)){
c=a; fc=fa;
}

Thethird conditionis handledat thebeginningof theloopsonow weare
done.

} % end while loop
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