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1. Differential Evolution (DE)
¾ Differential Evolution (DE) is a type of evolutionary algorithm.
¾ DE is a stochastic, population-based metaheuristic optimization algorithm for solving nonlinear

optimization problem.
¾ The main idea is to adapt the search during the evolutionary process.
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2. Differential Evolution Flow Chart

Initialize 
Population Mutation

Recombination

Selection Optimal 
Solution

Termination 
Criteria

Next 
Generation

N iteration

YES

NO

¾ This is a population-based algorithm
¾ Consider a population size of N
¾ The population matrix can be shown as

𝑥𝑥𝑛𝑛,𝑔𝑔𝑖𝑖 = [𝑥𝑥𝑛𝑛,1𝑖𝑖 , 𝑥𝑥𝑛𝑛,2𝑖𝑖 , … , 𝑥𝑥𝑛𝑛,𝐷𝐷𝑖𝑖 ]
Where, 𝑔𝑔 is the Generation and 𝑁𝑁 = 1,2,3, …
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¾ Initial Population

Latin hypercube sampling (LHS)
�Initial population is generated using a near-random sample of parameter values from a 

multidimensional distribution. 

�Randomly distributed over the interval 0,1/𝑛𝑛 , 1,𝑛𝑛, 2/𝑛𝑛 , … , (1− 1
𝑛𝑛
, 1)

From each parameter vector, select three other vectors 𝑥𝑥𝑟𝑟1𝑛𝑛
𝑔𝑔 , 𝑥𝑥𝑟𝑟2𝑛𝑛

𝑔𝑔 𝑎𝑎𝑛𝑛𝑎𝑎 𝑥𝑥𝑟𝑟𝑟𝑛𝑛
𝑔𝑔 randomly. 

Add the weighted difference of two of the vectors to third

𝑣𝑣𝑛𝑛
𝑔𝑔+1 = 𝑥𝑥𝑟𝑟1𝑛𝑛

𝑔𝑔 + 𝐹𝐹(𝑥𝑥𝑟𝑟2𝑛𝑛
𝑔𝑔 − 𝑥𝑥𝑟𝑟𝑟𝑛𝑛

𝑔𝑔 ) 𝑛𝑛 = 1,2,3, … ,𝑁𝑁

𝑣𝑣𝑛𝑛
𝑔𝑔+1 is called the donor vector

𝐹𝐹 is generally taken between 0 and 1. 

¾Mutation
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¾Recombination

¾ Selection

A trial vector 𝑢𝑢𝑛𝑛,𝑖𝑖
𝑔𝑔+1is developed from the target vector 𝑥𝑥𝑛𝑛,𝑖𝑖

𝑔𝑔 and the donor vector 𝑣𝑣𝑛𝑛,1
𝑔𝑔+1.

𝑢𝑢𝑛𝑛,𝑖𝑖
𝑔𝑔+1 = �

𝑣𝑣𝑛𝑛,𝑖𝑖
𝑔𝑔+1 𝑖𝑖𝑖𝑖 𝑟𝑟𝑎𝑎𝑛𝑛𝑎𝑎( ) ≤ 𝐶𝐶𝑝𝑝 𝑜𝑜𝑟𝑟 𝑖𝑖 = 𝐼𝐼𝑟𝑟𝑟𝑟𝑛𝑛𝑟𝑟
𝑥𝑥𝑛𝑛,𝑖𝑖
𝑔𝑔 𝑖𝑖𝑖𝑖 𝑟𝑟𝑎𝑎𝑛𝑛𝑎𝑎( ) > 𝐶𝐶𝑝𝑝 𝑜𝑜𝑟𝑟 𝑖𝑖 ≠ 𝐼𝐼𝑟𝑟𝑟𝑟𝑛𝑛𝑟𝑟

𝐼𝐼𝑟𝑟𝑟𝑟𝑛𝑛𝑟𝑟 is a integer random number between [1,𝐷𝐷].

𝐶𝐶𝑝𝑝 is the recombination probability. 

The target vector 𝑥𝑥𝑛𝑛,𝑖𝑖
𝑔𝑔 is compared with the trial vector 𝑢𝑢𝑛𝑛,𝑖𝑖

𝑔𝑔+1and the one with the lowest function value is 
selected for the next generation. 

𝑥𝑥𝑛𝑛
𝑔𝑔+1 = �

𝑢𝑢𝑛𝑛,𝑖𝑖
𝑔𝑔+1 𝑖𝑖𝑖𝑖 𝑖𝑖(𝑢𝑢𝑛𝑛

𝑔𝑔+1) < 𝑖𝑖(𝑥𝑥𝑛𝑛
𝑔𝑔)

𝑥𝑥𝑛𝑛
𝑔𝑔 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑟𝑟𝑜𝑜𝑖𝑖𝑜𝑜𝑜𝑜
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3. Scheme DE1
For each vector 𝑥𝑥𝑖𝑖,𝐺𝐺 , 𝑖𝑖 = 1,2,3, … ,𝑁𝑁𝑁𝑁 − 1, a trial vector 𝑣𝑣 is generated according to, 

𝑣𝑣 = 𝑥𝑥𝑟𝑟1,𝐺𝐺 + 𝐹𝐹(𝑥𝑥𝑟𝑟2,𝐺𝐺 − 𝑥𝑥𝑟𝑟𝑟,𝐺𝐺)
With 𝑟𝑟𝑟, 𝑟𝑟𝑟, 𝑟𝑟𝑟 ∈ 0,𝑁𝑁𝑁𝑁 − 1 , 𝑖𝑖𝑛𝑛𝑜𝑜𝑜𝑜𝑔𝑔𝑜𝑜𝑟𝑟 𝑎𝑎𝑛𝑛𝑎𝑎 𝑚𝑚𝑢𝑢𝑜𝑜𝑢𝑢𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚 𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖𝑜𝑜𝑟𝑟𝑜𝑜𝑛𝑛𝑜𝑜 & 𝐹𝐹 > 0.
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3. Scheme DE2
¾Introduced additional control variable 𝜆𝜆 (𝜆𝜆 = 0.1).

𝑣𝑣 = 𝑥𝑥𝑖𝑖,𝐺𝐺 + 𝜆𝜆. (𝑥𝑥𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏,𝐺𝐺 − 𝑥𝑥𝑖𝑖,𝐺𝐺) + 𝐹𝐹(𝑥𝑥𝑟𝑟2,𝐺𝐺 − 𝑥𝑥𝑟𝑟𝑟,𝐺𝐺)

¾ 𝜆𝜆 is to provide mean by incorporating current best vector 𝑥𝑥𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏,𝐺𝐺
¾Useful for the objectives, where global 

minimum is easy to find.

¾Construction of 𝑢𝑢 from 𝑣𝑣 and 𝑥𝑥𝑖𝑖,𝐺𝐺 is 

identical to DE1. 
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4. Rastrigin function
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¾Rastrigin function is a non-convex function used as a benchmark for unconstrained 
optimization problems.

¾Many local minima, but just one global minimum -> challenging to find the global minimum



4. Rastrigin function: Single Run
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¾Parameters used: x1 and x2, number of population 50, iterations 200

¾DE1 schema with 𝐹𝐹 = 0.5



4. Rastrigin function: DE1 vs. DE2
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¾50 runs of 200 iterations each
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5. Sickle function
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6. Truss problem
¾Truss optimization is focused on finding a design that minimizes the structural weight while 
satisfying stress and displacement constraints

¾Three common benchmark: the 25-bar transmission tower with 8 design variables; a 10-bar 
cantilever truss with 10 design variables, and a 72-bar multi-story truss with 16 design variables

10 bars 25 bars 72 bars
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Camp, C.V. & Farshchin, M. (2014). Design of space trusses using modified teaching-learning based optimization, Engineering Structures 62-63, 87-97



6. Truss problem
10 bars 25 bars 72 bars
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6. Truss problem – 25 bars 
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Thanks for the attention

A. Abdullah J. Melchiorre P. Gallis R. Rusca
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Backup slides

A. Abdullah J. Melchiorre P. Gallis R. Rusca



Sickle function
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¾Sickle function or “banana function” is a non-convex function used as a benchmark for 
constrained optimization problems.
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Sickle function
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¾Parameters used: x1 and x2, number of population 50, iterations 200

¾DE1 schema with 𝐹𝐹 = 0.5



Sickle function: DE1 vs. DE2
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