Many-Objective Evolutionary Algorithm:
Objective Space Reduction and Diversity
Improvement
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1. Objective space reduction——search for target points——overcome the ineffectiveness of the

pareto dominancerelation

2.Diversity improvement——preserve diversity and update target points



Stage 1 :Objective space reduction
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* Achievement Scalarizing Function (ASF)
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= arg(_min (ASF(j. x‘))).
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i* = arg min (max .JLCE). (5)
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Fig. 2. Example of finding the target points.

Input: population size (N), the number of objectives (M), and the
number of generations (num)

Step 1: Initialization
1) Generate an initial population with N individuals
2) Construct ideal point z!%¢! = (zideal  zideal )T
3) Construct M weight vectors {1, A%, ..., A"} for ASF
4) For each individual j, its ith classification vector is AC* =
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Step 2: Classification of solutions
1) For objective i, its main classification vector is AC".
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2) For each individual j, find i* = arg ‘_1111{_?*[‘:1:1;3:1:{ AC,)

3) Then, individual ; belongs to the i*th subpopulation
Step 3: Evolution of solutions

1) Generate offspring: for each subpopulation with size
§ = N/M, each time randomly choose two individuals as
parents and generate offspring by crossover and mutation

2) Select 5 individuals from 25 individuals (combination of old
population and offspring): sort all individuals by ASF
values (the individual with the smallest ASF value comes
first) and place first § individuals into the next generation.

Step 4: Reclassification using classification vectors. If the number of
generations is larger than or equal to num, go to Step 5;
otherwise, go back to Step 3.

Step 5: Identify Target Points (TPs): individual j* is the TP of
objective i,
such that j* = arg(minjzjﬁ{k@?}f’{{ﬂ,k =z (A1)

Output: TP = {TP,TP?,..., TP™}




Stage 2
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Fig. 4. Reduced objective space boundary.

:Diversity improvement
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N-inside”[~outside Stage 2 :Diversity improvement
N | _Ai:closest target point

Y Step 1: Initialization
1) Generate M subpopulations with size N/M around
AL HEEsnd ) Generate M subpop /

2) Determine objective space boundary (b,,b,, ..., by):
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Diversity operator of objective space boundary
P BT outside K5 Step 2: Generate offspring

1) Each time randomly choose two individuals among N
solutions as parents and generate offspring using
crossover and mutation

2) Classification:

y Classify all individuals (combination of old population

Classify solutions and offspring) into two groups:

The first group contains individuals within the

objective space boundary

Update target The second group contains individuals outside the

point objective space boundary
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Step 3: Selection:



Selection of outside points
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Fig. 5. Example of target points and their middle points.



Diversity operator
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TABLE III
SUMMARY OF STATISTICAL TEST RESULTS
MaOEA VS. VS. VS. VS. VS.
-R&D MOEA/D HypE GrEA NSGA-III e-MOEA
IGD +: 29 +: 24 +: 21 +: 25 +: 24
= 3 = 7 =:10 = 7 = 8
- 0 -1 -1 - 0 - 0
S-metric +: 28 +:13 +: 23 +: 21 +: 23
= 4 =:15 =. 6 =. 8 = 8
- 0 - 4 -3 -3 - 1




What can we do with a hyperplane

Reference

1. we can assign reference points on it——NSGA IlI point —= Normalized
hyperplane

Reference

2. we can calculate distance from it——Knea

3. we can project point onto it——MaOEA-DDFC leeal point
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1. ASF

ASF(j, A') =
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Future works
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Thank you!



