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Motivation

PSO
Particle Swarm
Optimization GA

Genetic
Algorithm

DE
Differential
Evolution

ACO
Ant Colony 

Optimization

ABC
Artificial Bee 

Colony

SA
Simulated
Annealing

and many more…

Rajwar, Kanchan, et al. "An exhaustive review of the metaheuristic algorithms for search and optimization: 

taxonomy, applications, and open challenges"Artificial Intelligence Review 2023.



• Multiple metaheuristic into one framework to combine their strengths

• Inspiration from island genetic algorithms

• n islands each developed by a single metaheuristic

Idea



Limitations of Existing Approaches

• Traditional island models use a single metaheuristic (usually genetic 
algorithm) across all islands

• Migration strategies often static and not diversity-aware

• Lack of synergy and adaptive cooperation



When to migrate? 

• How frequently should migration happen?

• What indicators trigger migration?

What to migrate?

• How many individuals should be migrated?

• Which individuals should be selected?

• How do different selection criteria affect algorithm performance?

Where to migrate? 

• How should the neighborhood between islands be defined?

• What connection topology should be chosen?

Key questions in choosing migration 
strategies



Diversity-driven Cooperating Portfolio of 
Metaheuristics (DdCPM)



T1: Periodic migration every x iterations

T2: Average fitness doesn’t increase for x iterations

T3: Maximum fitness doesn’t increase for x iterations

T4: Average and maximum fitness don’t increase for x iterations

T5: Diversity doesn’t increase for x iterations

T6: Combination of T4 and T5

When to migrate?



S1: Individual with the best fitness

S2: Individual that increases diversity the most

S3: Random individual that increases diversity

S4: Combined sum of diversity increment and fitness

What to migrate?



P1: Ring

P2: Clique

P3: Cycle

P4: Star

Where to migrate?



• number of islands: 6 (2PSO, 2GA, 2ACO)

• population size: 100

Problems:

• discrete: Traveling Salesman Problem (TSP) – 400-700 nodes

• continuous: Black-box Optimization Benchmarking (BBOB) - 30 dimensions

Experimental setup



Results

Periodic migration

Average fitness

Maximum fitness 

Average and maximum fitness

Diversity

Combination of fitness and diversity

Best fitness

Max diversity increasement

Random diversity increasement

Combined sum of fitness and diversity

when to migrate

what to migrate



Results

where to migrate



Results - fitness-diversity balance

𝑚 = 𝛼 ∙ 𝑓𝑖𝑡𝑛𝑒𝑠𝑠 + (1 − 𝛼) ∙ 𝑑𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦_𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑚𝑒𝑛𝑡

The impact of varying the balance parameter (𝛼) between diversity and fitness in the 
selection of individuals for migration

what to migrate
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Results – adaptive migration

1. Linearly decreasing 𝛼 with iterations

2. Fitness stagnation-based adaptation

3. Fitness stagnation-based adaptation



Results

Comparison of hybridized metaheuristics (DdCPM) with individual methods for 
TSP (top) and BBOB (bottom) instances



Summary

• A novel hybrid framework combining metaheuristics via adaptive, 
diversity-aware migration

• Outperforms traditional and island-based models

• Diversity is essential for avoiding stagnation and improving 
solution quality

• Combination of fitness and diversity yields the best results

• Strong results across different problem types
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