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Abstract

In order to assess software reliability, many software reliability growth models
(SRGMs) have been used for estimation of reliability growth. . In this work, the
parameters of (SRGMSs) were estimated by using Flower Pollination Algorithm (FPA).
Then, the (FPA) was hybrid with Real Coded Genetic Algorithm (RGA) to obtain
Hybrid FPA (HFPA).

The results that obtained from (FPA) are compared to the results of five
algorithms: Particle Swarm Optimization (PSO), Artificial Bee Colony (ABC), the
Dichotomous Atrtificial Bee Colony (DABC), Classic Genetic Algorithm (CGA) and
the Modified Genetic Algorithm (MGA).

The results showed that (FPA) outperformed the rest of the algorithms in
parameters estimating accuracy and performance using identical datasets. Sometimes,
the (DABC) showed better performance than (FPA).

Other comparisons were made between (FPA) and (HFPA) and the results show
that the hybrid algorithm outperformed the original one.
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G O | 77.862 508 77.859 50 316 366 27.95%
146.38 146.78
POW 1 591 5 80 491 571 3.38%
DSS | 16.627 480 16.627 40 197 237 50.62%
A0l Gl de gane Jlasiad 2ic il
:FPA 4.4 )53 245 = -1
Jsanll 5 (MSE) Jii jlas) & 5y 100 daejlss S 2w 5 A clilall (e 7 3sai S
(MSE) il I Jseasll Lo DU clyoall Jame olusn oy o Lgale
Lol lilyll de gl CGAMGA #ilis as FPA &3l 43l (5) Jgaad)
CGA MGA FPA Best values found by FPA
Data-
Model Av. No.
set Av. No. Av. No.
MSE MSE MSE of A b C
Of gen. Of gen.
gen.
G_O | 139.815 | 13415 | 139.815 | 5341 139.815 759 760.534 | 0.032 —
DS
INFS 82.704 78664 82.704 15664 82.704 809 382.373 | 0.178 | 2.886
GO 11.617 | 48104 | 11.617 7331 11.617 299 130.201 | 0.083 -
DS2
INFS 8.98 77889 8.98 17490 8.980 616 110.631 0.173 | 1.221
GO 22.863 | 39209 | 22.863 3350 20.391 325 1000 0.006 -
DS3
INFS 5.82 83578 5.82 20749 5.820 889 229.198 | 0.087 | 3.703

210




i) Agly gai il ilabae (12033 b Aingally Lalie¥) 50 gl Auajls e

:HFPA Liagal) 5,50 ol duajylsd i ilis —2

89 5 100 J 2wl 5 3z 3lail) anandy Al UL de penal dingall daa) lodll Mis &

3 chsall aae) daall sda I Jseasll AP clyodll 22e ey (MSE) dad e Jsuanll 5 2w S

Ji e LaPU) LKD) yeall dxe e Jpmall Glyoall a2e gen o & (FPA 1 clgall 2 3 RGA

Jpeasl) 5 (MSE) U Jlad) s il goes kgl 3ny . (MSE) e I Jsamsll dingall ) sl

Laa)lsn g il Ajlae s L(MSE) il ) Jsecnsll A DU A0S0 ol Jane il iy o5 Lgale

(MSE) dad G L) Ljs clags (HFPA) () (6) dsaall e Laade 58 LSy dnlzey) (FPA)
(FPA) duaj lpa sinlin] Lea i€ JBf lypa Janey

Aualal) ) de ganal FPA it oo HFPA il & Jia (6) Jgaal

Data Improve—
Model FPA HFPA
set ment
Av.
Av.
No. Of | No. Of [ No. Of
MSE- No. MSE-
cycles cycles gen.
testing Of testing
by RGA | by FPA by
gen.
HFPA
G-0 139.815 | 759 139.815 60 382 527 30.56%
DS1
INFS 82.704 809 82.704 40 240 419 48.20%
G-0 11.617 299 11.617 20 46 86 71.23%
DS2
INFS 8.980 616 8.979 20 138 152 75.32%
G-0O 20.391 325 20.429 20 6 23 92.92%
DS3
INFS 5.820 889 5.820 20 105 222 75.02%
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clc;

mina=-1000; maxa=1000;

minb=-1; maxb=1;
ml=xlsread(Filenamel); m2=xlsread(Filename?2) ;
1ll1=length(ml) ; 12=1length (m2) ;

% model

f=inline('a* (l-exp(-b*t))"','a','b',"'t");
$f=inline('a*(t"b) "', 'a','b','t");
$f=inline ('a* (1-(1+(b*t)) *exp (-b*t))','a’','b','t");
n=20; p=0.8; gen=1000; d=2;
for k=1:n
flo(k,1l)=rand* (maxa-mina)+mina;
flo(k,2)=rand* (maxb-minb) +minb;
end
% RMSE training
for i=1:n

su=0;

for k=1:11
u=f (flo(i,1),flo(i,2),k);
su=su+ (ml (k) -u) *2;

end
fitness (i)=sqgrt(su/l11l);
end
[fmin, I]=min (fitness) ;
best=flo (I, :);
nflo=flo;
itr=1;
while itr<=gen
for i=1:n
if rand<p
beta=3/2;

sigma= (gamma (l+beta) *sin (pi*beta/2)/ (gamma ( (1+beta) /2) *beta*2" ( (beta-

1)/2))) "~ (1/beta);
u=randn (1l,d) *sigma;
v=randn(1l,d);
step=u./abs (v).” (1/beta) ;
L=0.01*step;
dS=L.* (flo (i, :)-best);
nflo (i, :)=flo(i, :)+dS;
else
epsilon=rand;
JK=randperm(n) ;
nflo (i, :)=nflo (i, :)+epsilon* (flo(JK(1),:)-
flo(JK(2),:));
end %$if
su=0;
for k=1:11
u=f(nflo(i,1l),nflo(i,2),k);
su=su+ (ml (k) -u) *2;
end
Fnew=sgrt (su/11) ;
if (Fnew<=fitness (1)),
flo(i, :)=nflo(i, :);
fitness (i)=Fnew;
end
if Fnew<=fmin,
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best=nflo (i, :);
fmin=Fnew ;
end
end %$for i=1l:n
itr=itr+1;
end Swhile
su=0;
for k=1:12
u=f (best (1) ,best (2),k+78) ;
su=su+ (m2 (k) -u) *2;
end
RMSEtesting=sqrt (su/12);

L._.;i\}“s HFPA Lagdl §)A)S\ da) g ol @A)ﬂ\ ckﬁ.d\

% $##4#4 HEPA #####4#4
[ch, 10RGA, hoh]=hh (Filenamel, Filename?2)
mina=-1000; maxa=1000;

minb=-1; maxb=1;
ml=xlsread(Filenamel); m2=xlsread (Filename?2) ;
1ll1=length (ml) ; 12=length(m2) ;
% model
f=inline('a* (l-exp(-b*t))"','a','b','t");
% f=inline('a*(t"b)','a','b','t");
% f=inline('a* (1-(1+(b*t)) *exp(-b*t))','a’','b','t");

n=20; p=0.8; gen=1000; d=2;
flo=ch;
arrf=zeros (l,gen);
% RMSE training
for i=l:n
su=0;
for k=1:11
u=f(flo(i,1),flo(i,2),k);
su=su+ (ml (k) -u) "2;
end
fitness (i)=sqgrt(su/11);
end
[fmin, I]=min (fitness);
best=flo (I, :);
nflo=flo;
itr=1;
while itr<=gen
for i=1l:n
if rand<p
beta=3/2;

sigma= (gamma (1+beta) *sin (pi*beta/2)/ (gamma ( (1+beta) /2) *beta*2" ( (beta-
1)/2)))" (1/beta);
u=randn (1,d) *sigma;
v=randn (1,d);
step=u./abs (v).” (1/beta) ;
L=0.01*step;
ds=L.* (flo (i, :)-best);
nflo (i, :)=flo (i, :)+dS;
else
epsilon=rand;
JK=randperm(n) ;
nflo (i, :)=nflo (i, :)+epsilon* (flo(JK(1),:)-
flo(JK(2),:));

213




G Sadl ae (lge 5e 9 eanadl) (pal) e Jlaa

end %$if
su=0;
for k=1:11
u=f (nflo(i,1),nflo(i,2),k);
su=su+ (ml (k) -u) *2;
end
Fnew=sqrt (su/11) ;
if (Fnew<=fitness(i)),
flo(i, :)=nflo(i, :);
fitness (i)=Fnew;
end
if Fnew<=fmin,
best=nflo (i, :);
fmin=Fnew ;
end
end %for i=1l:n
itr=itr+1;
end %while
su=0;
for k=1:12
u=f (best (1) ,best (2),k+78);
su=su+ (m2 (k) -u) *2;
end
RMSEtesting=sqrt (su/12);

% S E S AL L AL EEE GA S EEE L EEEEEEE
function [ch, 1oRGA,hoh]=hh(Filenamel,Filename?2)
mina=-1000; maxa=1000;

minb=-1; maxb=1;
ml=xlsread (Filenamel); m2=xlsread(Filename?2);
1ll1=length(ml) ; 12=length(m2) ;
% model
f=inline('a* (l-exp(-b*t))"','a','b','t");
% f=inline('a*(t"b)','a','b','t");
% f=inline('a* (1-(1+(b*t)) *exp(-b*t))"','a','b','t");

$initial
size=20; gen=1000; po=0;
ch=zeros (size, 2);
for k=l:size
ch(k,1l)=rand* (maxa-mina) +mina;
ch (k, 2)=rand* (maxb-minb) +minb;
end
I=1;
%generation
while (I<=gen)
num=size;
t=0;
for j=1l:size
fitt(j)=fittness(ch(j,1),ch(j,2),11,ml,f);
end
%selection
while (num>=2)
[val segl=min(fitt);
pl=ch(seq, :);
h=randperm (num) ;
for e=1:num
if (h(e)~=seq)
a=h(e);
break
end
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end
p2=ch(a, :);
offl=pl;
off2=p2;
if (rand<0.5)
%cross
[offl,0ff2]=crossover (pl,p2);
end
$mutation
pmut=rand;
if (pmut<0.1)
off=mutation (off2,I,gen,maxa,mina,maxb,minb) ;
end
%$store
t=t+1;
newch (t, :)=o0ffl;
newfitt (t)=fittness(offl(1,1),0ff1(1,2),11,ml,f);
t=t+1;
newch (t, :)=0ff2;
newfitt(t)=fittness(off2(1,1),0ff2(1,2),11,ml,f);
$delete from ch and fitt
dch=inf (size, 2);
dfitt=inf (size,1);
z=0;
for fd=1:num
if ((fd~=a) && (fd~=seq))
z=z+1;
dch(z, :)=ch(fd, :);
dfitt(z)=fitt (fd);
end
end
ch=zeros (size, 2);
fitt=zeros(size,1l);
ch=dch;
fitt=dfitt;
num=num-2;
end %$end while (num>=2)
ch=newch;
fitt=newfitt;
newch=zeros (size, 2);
newfitt=zeros(size,1l);
if round(I/10)==I/10,
[va yal=min(fitt);
po=po+l;
gg (po) =va;
if po>1
zl=abs (va-gg (po-1));
if (z1<0.0001)
break
end
end
end
I=1+1;
end %end while (I<=gen)
[val yl=min(fitt);

% RMSE testing
rmse=RMSEF (ch(y,1),ch(y,2),12,m2,£f);

% crossover
function [offl,off2]=crossover (pl,p2)
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offl=pl;
off2=pl-rand* (pl-p2);

Q

°

mutation

function off=mutation(off,I,gen,maxa,mina,maxb,minb)

o\

%

fg=(rand* (1-(I/gen)))"5;

off(1,1)=0ff(1,1)+ (maxa-off (1,1))*£fg;
off(1,2)=0ff(1,2)-(off (1,2)-minb) *£fq;

fitness

su=0;
for k=1:11
u=f (a,b, k) ;
su=su+ (ml (k) -u) *2;
end
fitt=sgrt (su/11);

RMSEF

function fitt=fittness(a,b,11l,ml, f)

function rmse=RMSEF (a,b,12,m2, f)

su=0;
for k=1:12
u=f (a,b, k+78) ;
su=su+ (m2 (k) -u) *2;
end
rmse=sqgrt (su/12) ;

Gluagilly clalitiuy!

Gl JSlie Bae e lad ST (SRGMES) ) 73l cilales (et doass (33)ka Bac clllia

Ly lsd A el Slhayled e Ay ld Jleiad & 3 cpedall elilaal) (SA @bl Leadia)
Lapldl) g &8 A Akadall el L lal) ey dpski dae)lsd Jlenind 2 Gy 503l ~aks

(PSO,ABC,

s A (HFPA) L)lea zloal il lsall an mi PR e Baadhs . DABC,CGA,MGA)
Ay lsdl) (b sl e caallss 3 Lda Jeadl ) Jseasll (FPA) due) s aialia] Lee S8 il

(6) 5 (4) cxlsall B 58l ol Tingd
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