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Algorithm 1: Piecewise linear chaotic map and SQP based robust hybrid particle swarm
algorithm(RHPSO)

PSO

Chaotic
Map

SQP

RHPSO

Tnput parameters: swarm size M, max function evaluations Max_FEs.
for each particle i do
Xi=Xanin(Xmax-Xmin) U(0.1)
P=X;
end for
Pe=arg mini—1,._m{f(X)} / global best particle of PWLCPSO
Po= Pg// global best solution derived by RHPSO
repeat
for each particle i do
if stagnation_interval[i] = 0 then
Update the position X; according to (1) and (2). // PSO
else
Update position X; according to (3-6)
stagnation_interval[7] = 0 // reset the stagnation interval
end if
if ()< f(P)
P=X;

then // update personal best

else
stagnation_interval[f]++/ increase the stagnation interval by one
end if // no improvement of the fitness
if f(P;)< f(P¢) then // update the global best particle
f(Pe)=f(Py)
flag=1/ arouse the SQP local search
if f(Pg)< f(Po)then // update optimal function value derived by RHPSO
Po=Pg
end if
end if
end for
if flag=1 then // use the SQP local search to update Py 5
Update Pe_s, by solving (7)
if f(Pe_sgp)< f(Po) then
£(Po)= f(P¢_sqp) // update optimal function value derived by RHPSO
end if
flag=1// arouse the SQP local search
end if
until termination condition met
Output variable: Po: f(P,)// global best solution and optimal function value derived by RHPSO

1 REESN FEM{LHE (RHPSO)

Fig.1 Robust hybrid particle swarm optimization (RHPSO)
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Fig. 2Robustness testing
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