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Abstract:

Software developers must decide which requirements to implement in next version. Selecting a set of
requirements for the next software release is a complex NP-hard problem known as the Next Release
Problem (NRP). We propose a multi-objective biogeography-based optimization algorithm for this
problem. Furthermore, inspired by the Brownian-like random-walk, a population called the Brownian
population is produced and combined with the biogeography-based optimization algorithm. We
propose a novel approach to calculate the migration probability to each habitat based on the ratio of
objective functions. We also employ two approaches: merging solutions and populations with non-
duplicate members in algorithm iterations. Two datasets and quality indicators of hypervolume (HV),
Spread, and the number of non-dominated solutions (NDS) are used for evaluation. To investigate the
impact of the Brownian population and non-duplicate population, we implement the proposed
algorithm, along with three other versions of the biogeography-based algorithm, to solve the next
release problem and compare their results. The results demonstrate that the proposed method improves
the biogeography-based algorithm. The Brownian population is more effective in improving Spread,
while the non-duplicate population is more effective in increasing the number of non-dominated
solutions. Compared to other similar research, the proposed algorithm outperforms previously reported
algorithms.
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Inputs: PM: problem, D: number of Requirements,
N: Population Size, MaxNFE: max of Fitness Evaluation
Output: Archive
Pop.X = generateRndU (N, D, PM)
Pop. Fitness = evaluate (Pop)
Archive =[]
While (NFE < MaxNFE)
BBoPop = GenerateBboPop (Pop, PM)
BrownianPop = Generatebrownianpop (Pop, PM)
Pop = mergeU (Pop, newPop, BrownianPop)
Archive = nonDominated (mergeU (Archive, Pop))
Pop = Ranking (Pop)
Pop =Pop (1: N)
End
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Function GenerateBboPop (Pop, Problem)
N = Size (Pop)
D = Problem.D
A = linspace (0, 1, N)
Pmu=1/ Problem.D
EP = CalcEmigrationProbability (Pop)
NewPop = Pop
Fori=1:N
Fork=1:D
ifrand < A;
j = selectHabitat (EP, 1)
newPop;. Xk = Pop;. Xk + a . (Pop;. Xk - Popi. Xk)
end
ifrand < Pwmu
newPopi. Xk = Mutate (newPop;. Xk)
end
end
newPop;. X = SatisfyConstraints (newPop;. X, PM)
newPopi.Fitness = Evaluate (newPop;)
end
Return newPop
End

Function CalcEmigrationProbability (Pop)
Forj=1: N
EP (j) = Pop;.Satisfy / Pop;.TotalCost
end
EP = EP / sum (EP)
Return EP
End

Function SelectHabitat (EP, 1)
EP (i)=0
j = RouletteWheelSelection (EP)

Return j
End
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Function BR = Brownian-motion (N, D)
pi1=0.3* rand;
p2=0.3* rand;
if rand < rand

if rand < p;
BR =rand (N, D)
Fori=1:N
BR; =BR; <rand
end
else
BR = ones (N, D)
Fori=1: N
BR;, randi (D) = BRi, Randi (D) < rand
end
end
else
BR = ones (N, D)
Fork=1:N
d=Randi (n, 1, ceil (p2 * D))
BRxa=0
end
end
End
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Function GenerateBrownianPop (Pop, Problem)
donor = Random_shuffling (Pop)
BrownianPop = Pop
Fori=1:N
BR = Brownianmotion (N, D)
y=1./Gamrnd (a, b)
BrownianPop;. X = Pop;. X+ y. BR; . (donor; .X- Popi. X)

BrownianPop;. X = SatisfyConstraints (BrownianPop;. X, Problem)
BrownianPop;. Fitness = Evaluate (BrownianPop; .X)
end

Return BrownianPop
Tnd
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