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Mathematical Formulation of Optimization Problems

Subject to
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Pareto Optimality

A Pareto optimal solution X* is given if there exists no solution with
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Real World Optimization Problems

è There are only Pareto-optimal solutions  
– Decision making       
– Treatment of nonlinear constraints               
– Optimization algorithms

è The objective conflict is the characteristic of real world optimization 
problems

è Fuzzy objectives in the concept phase
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Optimization Problems in Magnet Design

Load-
line
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Objective Conflict
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Objective Conflict Superconducting Magnets

7
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Objective Weighting, Distance Func., Constraint Form.

s.t.
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Objective Weighting and L2 Distance Function
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Treatment of Constraints (Box-Constraints)
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Penalty Transformation
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Sensitivity: The Kuhn Tucker Equations

1
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Pitfalls for Non-Convex Functions

1
3
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Optimization Algorithms
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Direct Search and EXTREM
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Gradient Methods

Steepest decent

Newtons method

Quasi-Newton
SD Newton

Quadratic approximation
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Levenberg Marquard

Because of the quadratic nature of the 
optimization problem
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Tracing of Manufacturing Errors
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Genetics and Evolution Theory

è Darwin (1860)
– Survival of the fittest
– Variations between individuals of species
– Reproductive populations
– Evolutionary computation (Rechenberg, Schwefel 1964)

è Mendel (1850)
– Genetic basis of variation
– Coding (Discrete units)
– Genetic algorithms (Holland 1970)
– Niching decreases selective pressure
– Niching genetic algorithms (Mahfoud 1995)
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The Bee Orchid
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Genetic Optimization

è Genetic operators
– Crossover 
– Mutation 
– Selection

è Fairy wheel selection

è Niching genetic algorithms

è Results of coil block optimizations 
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Genetic Algorithms
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Encoding
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Genetic Operators: Crossover
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Genetic Operators: Mutation
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Royal Road Algorithm
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Fairy Wheel Selection

Fitness
Likelihood of 
reproduction
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Local Properties
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Niching Genetic Algorithm
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Niching Selection

Fitness value
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Global Properties
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Convergence

Crossover rate 0.8
Mutation rate 0.15
Generation rate 0.05

Crossover rate 0.6
Mutation rate 0.35
Generation rate 0.05



Stephan Russenschuck, CERN  TE-MSC-TM, 1211 Geneva 23

Different Solutions found by Niching Genetic Algorithms
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