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1. Differential Evolution (DE)

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

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

Initialize .
ﬁ Mutation

Population

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

Next [ [ [ [
Recombination Generation *ng = Dn1 Xn2, s X
Where, g is the Generationand N = 1,2,3, ...
NO
: Termination Optimal
Selection H . ﬁ .
Criteria YES Solution
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» 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/n), (1,n,2/n), ..., (1 — %, 1)
» Mutation

g g g
From each parameter vector, select three other vectorsx,’,.., x.,.. and x5 randomly.

Add the weighted difference of two of the vectors to third

g+l _ g
vn — xrln

+F(x?, —x2. ) n=123,..,N

r2n r3n

+1 .
v)" " is called the donor vector

F is generally taken between 0 and 1.
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» Recombination

ﬁ:.’lis developed from the target vector x? . and the donor vector pI*Ht

A trial vector u ni i -

+1 . .
vg’i if rand() < Cpori = lgng

x;f'i if rand() > Cpori # Lgng

g+l __
ni

Lqnq is @ integer random number between [1, D].

Cp is the recombination probability.

> Selection

g+
n,i

The target vector xﬁi is compared with the trial vector u

selected for the next generation.

g+l . g+1 g
Lo+ JUng U () < fC)

n .
xg otherwise

1and the one with the lowest function value is
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3. Scheme DE,

For each vector x; 5, i = 1,2,3, ..., Np — 1, a trial vector v is generated according to,

vV =Xr1,6 + F(Xr26 — Xr3,6)
With r1,72,r3 € [0, Np — 1], integer and mutually dif ferent & F > 0.

X2

X NP Parameter vectors from generation G
© Mutated parameter vector y, o,

F[E:g.a-h;,.sl

Yiger =26+ F(X6-X5,6)
&y >\,
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3. Scheme DE,

»Introduced additional control variable 1 (A = 0.1).
Vv =Xi6+ A (Xpest,g — Xi6) + F(Xr26 — Xr3,6)

» Ais to provide mean by incorporating current best vector xpes¢ g

» Useful for the objectives, where global
minimum is easy to find.
» Construction of u from v and x; ¢ is

identical to DE;.
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4. Rastrigin function

» Rastrigin function is a non-convex function used as a benchmark for unconstrained
optimization problems.

»Many local minima, but just one global minimum -> challenging to find the global minimum
Rastrigin Function f(z)

0 - 80 g .
| f(®) = Ai-n+ 3L [x] — Aicos(2nz;)], withd,, =10 Rastrigin Function
512 — — — — ——
80 — 70 flx)=Ai -n+ > [a? — Aicos(2ra;)], withA;s =1
60 |
"
60 — 7 50
%40 — 40
Pt
30
20~
20
0-r 10

-5.12\
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4. Rastrigin function: Single Run

» Parameters used: x, and x,, number of population 50, iterations 200

»DE, schema with F =0.5

DE1: Rastrigin Function

Rastrigin Function f(z) 5 , ; , ; ; :
f(z) = Ai-n+ > [27 — Ajcos(2nz;)], withA;, =10 -
70
4 I'_'“ |
60
0 _al Optimal Point: !
z407 1P T = —5.688-107°
o L ry = —5.688-1076|
20 i
f(z) =0
- _ — ol : . o 0 1- - i
Optimal Point with: m;=-5.668¢-10, 7y=-5.668¢-10, f(z)=0 = = 2
| | : \ | | | | | T a2 B Final Iteration: i=200, f(Zpesti) =0
N © o~ o) < © o~ © L oo?fd\)) J—
5 2 5 3 8 g & 5 8 % o 0 g T A e —,
i < © o < - ol by 2 Cavss 0 20 40 60 80 100 120 140 160 180 200
X1 X2 t: Iterations
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4. Rastrigin function: DE, vs. DE,

»>50 runs of 200 iterations each

%1073 Comparison of DE; & DFE, for 50 runs of 200 iterations
| \ \ \ \ | i !
Rastrigin Function
4.5 ] -e-DFE,: NP=50, F=0.5 |
T -o-DFE,: NP=50, F=0.5, A\ = 0.1
4+ |
Table 1: Numerical benchmark resulis comparisons: unconstrained optimization prob-

3.5 = lem, Rastrigin function.

Objective  Real

31 | Funciion Oplimum GA DE] DE2
hest ] 373E-10 ] 1.TOE-(9
2.5 7 worse - 3.98 0 649E-03
mean - 046 0 0.1 2E-04
2~ ] std. dev. - 076 ] 1.23E-03
15 |
1 -
o)
0.5 | .
0 A oo
5 10 15 20 25 30 35 40

45 50

=200

OFni

n: Number of Runs
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5. Sickle function
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Sickle Function with Constraints

f(z) = (z1 — 20)° + (x5 — 20)°
() = —(x1 — 5)* — (z2 — 5)* +100 > 0
() = (z; — 5)* + (2 — 6)* —82.81 >0

f(z)
-1000
-2000
-3000 Table 2: Numerical benchmark results comparisons: constrained optimization prob-
lem. Sickle function (banana function) .
] Obj. Real
-4000 Fum, Opiimum GA DEI DE2
be st 696181388 -9000.0 -6991E13%  -6061.689]
| _5000 WOrse -1611.7  -6300.53087  -6956.7613
mean ST0708 6457145 69608779
std. dev. 1553.8 710247 0.9507
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6. Truss problem

» Truss optimization is focused on finding a design that minimizes the structural weight while
satisfying stress and displacement constraints

» Three 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

17 18
60 in

1 2 13 14
60 in

8 7 10 g o o

A60i0n.

5 B 60 in

3 4 5 (5

W/Oin. | 360 in.

100 kips 100 kips gain

1 2

~ 120 in.
10 bars 25 bars 72 bars

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

19

Torino, 07/06/2022




6. Truss problem

10 bars 25 bars 72 bars
Table 3: Structural optimization twenty-five bars truss design problem resulls COMPar-  yhje 4 Structural optimization ten bars truss design problem results comparisons. Table 5: Structural optimization seventy-two bars truss design problem results com-
15005, parisons.
Cross Saction Jin| —
Cross Section [in”| B Rer Sol GA DET DE2 Cross Section [in”]
Bar groups  Ref. 5oL GA DET  DEZ = grofpe Skl Bar Ref 5ol GA DET  DEZ
1 T0I0 30145 305233 304507 groups
1 0I00 000 000 000 ) o100 o100 oo 0100 T 7006 L1801 L84 1018
2 1800 2023 1088 1982 3 SalT0 2466 23008 23066 2 0533 0545 05162 0510
3 2300 2941 2993 2.099 1 13060 15112 15231 15240 3 0100 0100 0100  0.103
4 0200 0010 0010 0.010 5 o0 0J01 0100 0100 4 0100 0100 0100 0.103
5 010 0010 0010 0016 5 0560 0563 0556 DSl 5 L157 L3Il 1288 1.097
6 0800 0671 0684  0.680 S 1950 2l667  2L82  2L210 6 0569 0511 0508 048
7 1800 163 L6TT L6719 8 7600 71577 7457 7475 7 0100 0100 0100 0.100
8 3000 2.6M 2668 2.665 9 o100 o100 o0 0101 8 0100 0100 0100  0.100
OFbest[Ib] 546010 545236 545.163 543.227 10 2000 20695 21517 21256 9 0514 0531 0545 0707
31;‘"0“'3 [[11‘3]] - gi% g: E’ :gi gigﬁ OFbest[lh] 5076310 5063250 S060.879 5061586 :‘1:I g-‘l‘;g g-f% g- fg g-fﬁ
OF worse [Ib] - 5144148 SO60.870  S067.234
OF std. dev. [1b] - 20743 063E4  0.054 OF mean [Ib] i 5079744  S060.879 5063072 :i g. :jng g. :g g. }uﬁg g.fg
OF std dev. [Ib] = 141194 0 1033 14 0550 0534 0535 0538
5 0345 038 04172 0388
16 0498 0561 0565 0530
OFbest[lb] 379310 380.150 379.800 380.831
OF waorse [1b] - 400147 381070 419.004
OF mean [1b] - I8IITT  IRO200 400835
OF std. dev. [Ib] - 0.2644 0 61763
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6. Truss problem — 25 bars

Comparison of DFE, & DE, for 50 runs of 200 iterations

Truss 25
-e-DFE;: NP=50, F=0.5 i
-o-DFE,: NP=50, F=0.5, A = 0.1

545.45 i

545.55 |

545.5

_ 5454 :
i

=545.35 T
B
®

545.3 e

545.25 _

945.2 - i

545.15 ' ' '
0 5 10 15 20 25 30 35 40 45 50

n: Number of Runs
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Sickle function

> Sickle function or “banana function” is a non-convex function used as a benchmark for
constrained optimization problems.

Sickle Function f(x)
0 = (x1 — 20)® + (22 — 20)7]
flz) = (21 )” + (22 )] S
-4000
-6000
4 6 8 10
X1
Constraint Functions
15.5 \ ! |
15 -—---"‘-"-"—'"'_"-"-’“‘-—'--:_:—:_'-_:_:—:T_:_:_:_:‘:-"--‘-_‘“"""-"-"-'“-":‘:-:-_----..._ i
::? .—-:"-"’-"'- =1 T e
14.5[ ---gi(x) = —(x1 — 5)% — (w2 — 5)* + 100 > 0 .
Pra ~wgo(z) = (z1 — 5)* + (22 — 6)> — 82.81 > 0 e
14 P \ I I I I I \ L >~
0 1 2 3 4 5 6 7 8 9 10
X1
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Sickle function

> Sickle function or “banana function” is a non-convex function used as a benchmark for
constrained optimization problems.

Sickle Function with Constraints f(x)
15.5 ' -1000
f(@) = (21 — 20)* + (22 — 20)°
---g1(z) = —(x1 —5)* — (2 — 5)* +100 > 0

——go(z) = (21 — 5)> + (22 — 6)? — 82.81 > 0 -2000
-3000

18
1-4000

)

1-5000

14.5
-6000
-7000

Torino, 07/06/2022



Sickle function

»Parameters used: x, and x,, number of population 50, iterations 200

»DE, schema with F = 0.5

Sickle Function with Constraints f(@) DE1: Sickle Function with Constraints
15.5 -1000 -3500 T T T T T
-2000 -4000 F |
-3000 _ L |
15 4500
-4000 "= .5000  ° -
) ;2 .
-5000 & -5500 - = .
14.5 5
-6000  -6000 - = .
7000  -6500 - L =
""-,,,_ ‘Final Iteration: ¢=200, f(zpest;) =-6961.8139 ‘
14 7000 ‘ | T ‘
10 0 20 40 60 80 100 120 140 160 180 200

1. Tterations
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Sickle function: DE, vs. DE,

Sickle Function with Constraints f(z)

14.18

14.16

14.14

14.12

X2

14.1

14.08

14.06

14.04

-1000

-2000

-3000

-4000

-5000

-6000

-7000

lem, Sickle function (banana function) .

Table 2: Numerical benchmark results comparisons: constrained optimization prob

Obj- Real GA DEI DE2
Fun. Optimum
best 6061 BI388 00000 60616801 60018130
worse 16117 69567613 -6500.5087
mean 70708 -6960.8779 -6945.7145
std. dev. 1553.8 0.9507 71.0247
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