
Introduction to Engineering Optimization
(ME6806)

Dr. Yogesh Kumar

Assistant Professor

Mechanical Engineering Department

National Institute of Technology Patna

Bihar - 800 005, India

yogesh.me@nitp.ac.in



Module 4

Multi-variable 

Optimization 

Algorithms

Dr. Yogesh Kumar, Mechanical Engineering, NIT Patna2/22/2021 2



Outlines

• Optimality Criteria

• Direct Search Methods
• Nelder and Mead (Simplex Search)

• Hook and Jeeves (Pattern Search)

• Powell’s Method (The Conjugated Direction Search)

• Gradient Based Methods
• Cauchy’s Method 

• Newton’s Method 

• Modified Newton’s Method

• Marquardt’s Method

• Conjugate Gradient Method

• Quasi-Newton Method

• Trust Regions

• Gradient-Based Algorithm

• Numerical Gradient Approximations



The Optimality Criteria

• Given a function (objective function) f(x), where                 and let, 

• Stationary Condition:

• Sufficient minimum criteria                       positive definite

• Sufficient maximum criteria                   negative definite
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Nelder and Mead (Simplex Search)
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