A Hybrid Method for Solving f(z) =0
Adaptedfrom: Afternotes on Numerical Analysis by G.W. Stewart
Basedon algorithmsby BrentandWilkinson

Thehybrid algorithmbelow is a combinationof bisectionandthe secant
method.The methodusesthreepointsa, b, andc. Thepointsa
andb arethenext pointsz; andx,_; in thesecanmethod
approximation.The pointsbh andc¢ form a signchangenterval
(properbraclet) for theroot. Theideabehindthe methodis thatif the
secanmethodproducesanundesirableapproximationwe take the midpoint
of the signchangednterval (next bisectioniterate)asour next
approximation.
Let fa = f(a), fb = f(b) andfc = f(c) whichmustsatisfy

Conditions:

1. fa, fb, fc #0,
2. sign(fb) # sign(fc) (signchanganterval)
3. |fbl <[ fd].

Thealgorithmmustbe startedwith pointsb andc = a which satisfy1.
and2. above. In addition,theusersmustprovide atolerance: so
thatwhenthe condition|c — b| < ¢, thealgorithmis terminated.
Theiterationstake placein awhile loop. Theprogrammusttake
careof condition3. Hence,|if |fb| > | fc|, we mustinterchange
andc. In thiscaseg andb mayno longerbea pair of secant
iteratesandwe mustseta = c¢. Below is pseudacodeto illustratethe

discussion.
while{

if (abs(fc) < abs(fb))

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

}

Thecornvergencecriterionis

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

Theiterationproceeddy first computingthe secantapproximations
usingpointsa andb andthe midpoint(bisectionapproximation)n
usingpointsb ande. We will chooseoneof theseasour next
iterate.Since|fb| < | fc|, we expectthattherootr is closer
to b thenc andshouldlie in thesignchangeanterval. Thus,if s
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lies betweerh andm thenwe chooses asthe next iterate;

otherwisewe choosen.

We mustbe carefulin computingthe next iteratesincewe do notknow the
relative locationsof the pointsb andc. We musttestto find the
locationsandit is easiesto usethedistancesls = s — b anddm = m — b.
The codebelon doeswhatis neededandgivesthevaluedd whichleads
to thenext iterateb + dd.

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;

We canalsoincludeanadjustmento dd to dealwith the situationwhen
theiteratesall lie on onesideof theroot (interval in secanimethod
failsto approacl0) whichis

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

We now form the new iterated

d = b + dd;
fd = f(d):

Finally, we mustrenameour variablessothatconditionsl.-3. are
satisfiedandthey have the properinterpretationsWe checkto seeif
fd = 0 (Condition1l)andmake temporaryassignments.

if (fd == 0}
b=c=d;
fo=fc=fd;
break;

}

a=b; b=d;

fa=fb; fb=fd;

Condition2 saysthatb andc form a signchangeanterval aboutthe
rootr. If thisis notso,simply replacec by theold value
of b, whichis containedn a.



if  (sign(fb) == sign(fc)y{

c=a; fc=fa;

}

Thethird conditionis handledat the beginning of theloop sonow we are
done.

} % end while loop



