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Evolutionary optimization
algorithm
• Population based

• Selection, crossover, mutation

• Phenotype is a directed graph
• GP handles trees.

• GA handles strings.

• Uses judgement
and processing nodes.
• Effective for decission making.
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Used node transition

GNP Individual

Judgment node Processing 
node

Start node

Shingo Mabu, Kotaro Hirasawa, Jinglu Hu
A Graph-Based Evolutionary Algorithm: Genetic Network Programming (GNP) and Its Extension Using Reinforcement Learning 
Evolutionary Computation (2007) 15 (3): 369–398, MIT Press.
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Judgment nodes evaluate drivers that determine the states.

Processing nodes determine the state. 

Fitness 

GNP based (or other forecasting models)

Metric ≥ Threshold

Processing 
node

Start node

Judgment node Metric < Threshold

Next node

Judge function

Issue signal for action
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Guided Genetic Relation Algorithm on the Adaptive Asset Allocation
Victor Parque, Shingo Mabu and Kotaro Hirasawa
SICE Annual Conference, Tokyo, Japan, 2011
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Initial capital is 100%

Subsequent profits/losses are accumulated as 

return rates

Proposed approach

Outperforms the benchmarks

• 1.38 times better in return 
accumulation over the 
long term.

• 1.42 times better in return 
accumulation during the 
latest financial distress period.

Jan. 3rd

2000
Dec. 31st 

2009

Guided Genetic Relation Algorithm on the Adaptive Asset Allocation
Victor Parque, Shingo Mabu and Kotaro Hirasawa
SICE Annual Conference, Tokyo, Japan, 2011



How to search for the global optimum?

products, machines from scratch





Victor Parque, Masakazu Kobayashi and 
Masatake Higashi. Explorit for Global 
Optimization
5th NIPS Workshop on Optimization for 
Machine Learning, Lake Tahoe, Sierra 
Nevada, US, 2012



Simulator: Advisor (based on real world tests)

Victor Parque, Tomoyuki Miyashita: Learning the Optimal Product Design Through History. ICONIP (1) 2015: 382-389





Victor Parque, Masakazu Kobayashi, Masatake Higashi:
Neural Computing with Concurrent Synchrony. ICONIP (1) 2014: 304-311
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Curve

Bézier curve

Bernstein polynomial

Curvature
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Radius of Curvature

Arc length
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Manipulator pose

Cable lengths
Jacobian Matrix

Inertia Matrix Centrifugal 

vector

Gravity 

vector

External 

wrench

Cable Forces
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Find cable forces by solving:

Inertia Matrix Centrifugal vector Gravity vector

Trajectory tasks
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Find cable attachment locations by 

Number of cables

Optimal force in 

tension distribution 

problem

Penalty for 

constraint violation

Time in user-defined trajectory 
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Pott et al, IPAnema: A family of Cable-Driven Parallel Robots for Industrial Applications, 2013

Trajectory tasks
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Find cable attachment locations by 

Number of cables

Optimal force in 

tension distribution 

problem

Penalty for 

constraint violation

Time in user-defined trajectory 

Non-linear Problem: We compare several Particle Swarm Heuristics
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• Particle Swarm Optimization (PSO)
• Particle Swarm with Speciation (PSOSP)
• Differential Particle Scheme (DPS)
• Particle Swarm with Fitness Euclidean Ratio(PSOFER)
• Particle Swarm Optimization with Global Explorative 

Strategy(PSOG)

1000 function evaluations, 30 independent runs



34PSOFER and DPS converge faster in 200 -  800 evaluations



35Each algorithm converges to distinct configurations
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Solutions to the tension problem are not always smooth
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PSOFER (niching) and DPS (stagnation avoidance) outperform other optimization algorithms
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Final Notes
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Final Notes
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Tracking desired targets
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Tracking desired targets
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Towards generalizable frameworks
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DEPA: Differential Evolution with Particle Adaptations

Victor Parque, Alaa Khalifa, "PID Tuning using Differential Evolution with Success-based Particle Adaptations", IEEE Access, 2024
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DEPA: Differential Evolution with Particle Adaptations
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Inverted Pendulum



60

ELMA: Extreme Learning Machine with Learnable Activation Functions
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ELMA: Extreme Learning Machine with Learnable Activation Functions
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ELMA: Extreme Learning Machine with Learnable Activation Functions
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ELMA: Extreme Learning Machine with Learnable Activation Functions



Associate Professor

Informatics and Data Science Program

Graduate School of Advanced Science and Engineering

Hiroshima University, Japan


	Slide 1
	Slide 2: Towards Living Organisms - Machines
	Slide 3: Towards Living Organisms - Machines
	Slide 4: Genetic Network Programming (GNP)
	Slide 5: Judgment and Processing
	Slide 6
	Slide 7: Comparison in the testing period Accumulative wealth 
	Slide 8: Search
	Slide 9: Global Optimization
	Slide 10: Exploration and Exploitation
	Slide 11: Case: Vehicle Powertrains
	Slide 12: Reinforced Explorit
	Slide 13: Neural Computing with Concurrent Synchrony
	Slide 14: Grasping Results
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38: Conclusion Final Notes
	Slide 39
	Slide 40: Background
	Slide 41: Background
	Slide 42: Lattice Configuration
	Slide 43: Lattice Configuration
	Slide 44: Lattice Configuration - Example
	Slide 45: Multi-Robot Coordinated Path Planning
	Slide 46: RADES: Rank-Based Differential Evolution with Successful Archive
	Slide 47: Computational Experiments
	Slide 48: Computational Experiments
	Slide 49: Statistical Comparisons
	Slide 50: Optimization Convergence
	Slide 51: Example
	Slide 52: Conclusion Final Notes
	Slide 53
	Slide 54: PID Control Tracking desired targets
	Slide 55: PID Control Tracking desired targets
	Slide 56: PID Control Towards generalizable frameworks
	Slide 57: PID Control DEPA: Differential Evolution with Particle Adaptations
	Slide 58: PID Control DEPA: Differential Evolution with Particle Adaptations
	Slide 59: PID Control Inverted Pendulum
	Slide 60: Learning Generalizable Controllers ELMA: Extreme Learning Machine with Learnable Activation Functions
	Slide 61: Learning Generalizable Controllers ELMA: Extreme Learning Machine with Learnable Activation Functions
	Slide 62: Learning Generalizable Controllers ELMA: Extreme Learning Machine with Learnable Activation Functions
	Slide 63: Learning Generalizable Controllers ELMA: Extreme Learning Machine with Learnable Activation Functions
	Slide 64

