
Algorithm 1 Combined Genetic Algorithm
procedure cGA(vessels, nGA,RunTime, nGen, nImpr)

population← InitGA(nGA, vessels)
popID ← 1
while SessionTime ≤ RunTime ∧ popID ≤ nGen do

tempPop1← Mutate(population)
CalculateCost(tempPop1)
Update(population, tempPop1)
statInd← CreateStatisticalIndividual()
Update(population, statInd)
tempPop2← Improve(population, nImpr)
CalculateCost(tempPop2)
Update(population, tempPop2)
population← Selection(population)
popID ← popID + 1

end while
end procedure

Algorithm 2 Generating initial solutions for cGA
procedure InitGA(nGA, vessels)

i← 1
while i ≤ nGA do

Ψ(i)← startΨ
UnusedV essels← vessels
individual(i)← l empty lists
while UnusedV essels 6= ∅ do

v ← Roulette(UnusedV essels, selectionCriteria)
p← RandomSublist(1, l)
individual(i, p)← Append(individual(i, p), v)
UnusedV essels← UnusedV essels\{v}

end while
if Feasible(individual(i)) then

Decode(individual(i),Ψ(i))
i← i+ 1

end if
end while

end procedure
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Algorithm 3 Mutation phase for cGA
procedure Mutate(population)

newPop← population
if iterNo ≤ 1

3nGen then
noGenes← l

else
if iter ≤ 2

3nGen then
noGenes← RandomInteger(1, l)

else
noGenes← 1

end if
end if
for ind ∈ population do

µGA← 0.9 · popID/nGen
newIndividual1← MoveSublist(ind, noGenes, µGA)
newIndividual2← ChangeSublist(ind, noGenes, 1− µGA)
Update(newPop, newIndividual1, newIndividual2)

end for
end procedure

Algorithm 4 Generating statistical individual for cGA
procedure CreateStatisticalIndividual()

statInd← l empty lists
solved← {}
notSolved← {}
for v ∈ vessels do

freq ← MostFrequentPosition(v)
if freq < 0.85 then

notSolved← Append(notSolved, v)
else

solved← Append(solved, v)
end if

end for
statInd(1)← solved
for v ∈ notSolved do

p← RandomSublist(2, l)
statInd(p)← Append(statInd(p), v)

end for
end procedure

Algorithm 5 Optimization phase for cGA
procedure Improve(population, nImpr)

for i← 1, nImpr do
ind← TournamentForImprovement(population, size)
vessels← Sort(vessels, ind)
for v ∈ vessels do

pos← FindCheaperPositions(v, ξ)
for p ∈ pos do

V ← ConflictVessels(v, p)
movingV essels← V

⋃
{v}

ξ(movingV essels)← startΨ(movingV essels)
tempAllocation(movingV essels)← Solve(movingV essels,Ψ)

end for
end for
vesselGroups← MaxSavings(tempAllocation)
ind← Update(ind, vesselGroups)
ind← BerthLocalSearch(ind)

end for
end procedure
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Algorithm 6 Selection operator for cGA
procedure Selection(population)

newPop← {}
noElite← Round( 1

3nGA)
newPop← Elite(population, noElite)
noSize1← Round(0.4 · 2

3nGA)
t← TournamentSelection(size1, noSize1)
newPop← Append(newPop, t)
noSize2← Round(nGA− noElite− noSize1)
t← TournamentSelection(size2, noSize2)
newPop← Append(newPop, t)

end procedure
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