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(a) Case A (b) Case B

Figure A.2.: Case A: Plot of L, with varying NP and F' = 0.5. Case B: Plot of L, with

varying NPand F =h- \/#pr. Here h=0.5

F = 0 and hence the gap between the two roots ¢ = 0 and ¢ = 2 — 2F?(NP) is maximum.
This is not practical as there is no mutation. A value of 4 = 1 implies that the roots coincide
at g = 0. We need to choose a value of / such that these extreme cases are not encountered.
Shown in figure A.2b Case B is where h = 0.5. While solving a particular problem (fixed
population), F' may be varied within the valid region under L, = 1. Comparing with figure
A.2a, we can see that adapting the value of F as F = k- (1/+/NP) forces all the curves to

have valid regions of g values with a corresponding L, under 1.
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Appendix C - Benchmark Sets

Benchmark Set 1

Table A.1: List of functions used in the benchmark set 1 with the corresponding global

optima. Also, the bounds (or extant of the search space) in each direction is shown)

No. Name Function f* Bounds
f1  Ackley’s Function —20exp(—0.24/1¥%  x2) —exp(L Y| cos(27x;)) +20 0 [-2,2]
f2 Sphere Function o 0 (—2,2]
f3  Rosenbrock’s Function 2?;11 {100 (X1 7x12)2 + (% — 1)2] 0 [-2,2]
(14 (e 1) (19— 1xy 38 = 1o + 61524 3:3) )
4 Goldstein-Price Function (30 +(2x1 — 3x5)% (18 = 32x) + 122 +48x, — 36x1x2 + 27x§)) 3 [-3,3]
f5  Levi Function sin?(mx;) + X0 (o — 1)2(1+ 10sin?(xi41)) + (v, — 1)2 0 [-5,5]
6
f6  Three-hump Camel Function 2x3 — 1.05x + 3 +x1x2 +3 0 [-5,3]
f7  Easom Function —cos (x) cos (x2) exp (— ((xl —1) 4+ (- 7'6)2)) -1 (—10,10]
8 Beale’s Function (15 —x1+x10)2 + (225 —x; +x13) " + (2.625 —x +x:8) 0 [-4.5,4.5]
f9  Booth’s Function (61420 —7)% + (2% + 3 — 5)° 0 (—10,10]
f10  Matya’s Function 0.26 (X7 x?) — 0.48TT%  (x:) 0 [~10,10]
f11  Griewank’s Function 1+ ﬁ Y x2 =T cos (\%) 0 [-5,5]
f12  Rastrigin’s Function An+Y7 (32 — Acos(27x;)) 0 [-5.12,5.12]
f13  Schwefel’s Function Y —xi-sin(y/|xi]) —837.9658 [—500,500]
f14 Moved-axis parallel ellipsoid Y7, 5i-x? 0 (—4,4]
C\\20
f15 Michalewicz’s Function - Y sin(x;) - (sin (%)) —1.8983 [—15,15]
Benchmark Set 2

Appendix D - Optimal Airfoils of GA and DE
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Figure A.3.: Airfoils belonging to the different population cases that are results of the GA

algorithm distinguished by their Cp distribution.

0.1
> 0.05

DE - Optimal Airfoils and Cp Distribution

—— DE Npop=10

—=— DE Npop=20 [{

----- DE Npop=30

—>— DE Npop=50|]

e - -
- bl
=

-0.05

Figure A.4.: Airfoils belonging to the different population cases that are results of the DE

algorithm distinguished by their Cp distribution.
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Figure A.5.: Airfoils belonging to the different population cases that are results of the

DE-SOM algorithm distinguished by their Cp distribution.
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Table A.2: List of functions used in the benchmark set 2 (CEC 2005) with the correspond-
ing global optima. Also, the bounds (or extant of the search space) in each direction is
shown). In all problems, z = x — 0, with o being the shifted optimum. For shifted rotated
functions, z = (x — 0) x M, with M being a linear transformation matrix specified in [114].
A and B matrices are also specified in [114]. Note that functions f15 to {25 are composi-

tion functions that involve complex combinations of five or more functions and cannot be

succinctly defined here.

No. Name Function f* Bounds
f1 Shifted Sphere Function 22 —450 —450 [-100,100]
£2 Shifted Schwefel’s Function X (z)? =450 —450 [~100,100]
f3 Shifted Rotated High Conditioned El- | Y7, (106)% —450 —450 [—100,100]
liptic Function
4 Shifted Schwefel’s Problem 1.2 with | (D0 (T ,)%) % (1  + | —450 [~100,100]
noise 0.4|N(0,1)]) — 450
f5 Schwefel’s Problem 2.6 with Global | max(|Axx — B;|) —310 =310 [-500,500]
Optimum on Bounds
f6 Shifted Rosenbrock’s Function Y251 (100(z2 —zi1)? + (zi— 1)2)+ | 4390 [—100, 100]
390
7 Shifted Rotated Griewank’s Function | Y}, % —IIi= lncos(%) +1+ | —-180 [0,600]
without Bounds 180
18 Shifted Rotated Ackley’s Function | —20exp(—0.24/ %Zl’-’:l 2) - —140 [—32,32]
with Global Optimum on Bounds exp(LY"  cos(2mz)) +20 + e —
140
9 Shifted Rastrigin’s Function " (22— 10cos(27mz;) +10) — 330 | —330 [-5,5]
10 Shifted Rotated Rastrigin’s Function " (22 —10cos(27z;) +10) — 330 | —330 [-5,5]
f11 Shifted Rotated Weistrasss Function " (Xkmax| gk cos(2mb¥ (z; + 1490  [-0.5,0.5]
0.5)))
—nYykmex[akcos(2mbk - 0.5)] + 90,
a=0.5,b=3,kmax =20
f12 Schwefel’s Function 2.13 YL (A — Bi(x))* — 460 —460 —7, 7|
f13 Expanded f8 plus {2 F8(f2(x1,x2)) + f8(f2(x2,x3)) + | —130 [-3,1]
+ F8(f2(zn—1,2n)) +
f8(f2(zp,21)) — 130
f14 Shifted Rotated Expanded f6 F(z1,22) + F(z,23) + -+ | =300 [-100,100]
F(zn1,20) + Flzn21),Fxy) =
0.5+ A0S
f15 - £25 | See [114] - - -
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A.3 Appendices for Chapter 6

Appendix A - Indirect Method for Optimal Control

Trajectory optimization problems are generally expressed in the form of minimizing
an integral (Eq.A.16) subjected to dynamics constraints (Eq.A.16), initial value of states
(Eq.A.17), and a terminal cost constraint (Eq.A.18, L is the path cost, x is an n-dimensional
state vector, u is an m-dimensional control vector and ¢ is a p-dimensional terminal con-

straint vector. [191]

7= @x(t0) + [ Llosale) ) (A16)
i= f(r,x<0t>,u<t>) (A.17)

x(to) = xo (A.18)

O(tr,x(tr)) =0 (A.19)

The objective in this trajectory optimization problem is to minimize time of flight, 7;.
Indirect methods involve satisfying the necessary conditions of optimality using Euler-
Lagrange equations given by Eq.A.20 - A.21. A in the following equations is an n-dimensional

co-state vector and H is the Hamiltonian.

A= - (A.20)
dH
Y 0 (A.21)
where
H=L+ATx

The Hamiltonian for the given problem and the time derivatives of co-states were then

found using Eq.A.20 and are described by Eq.A.22 - A.27.
de =0 (A.22)

Ay =0 (A.23)

A,=0 (A.24)
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. A1 — 2 ; .
Ay = —Accosycosy — Aycosysiny — A siny + Ay V1w (L+ Tsina) -y (gcos}/ B Chs Tsm(x))

mv2cosy 2 2
(A.25)
Ay = veosy(Ausiny — Aycosy) (A.26)
Ay = Awveos(W)siny + Ayvsinysiny — Avcosy — Ay (gszn’y _ gucos Y;D + ZzgSl”Y) )
vsin

y (sin}/\/ 1 —u?(L+Tsinat) gV 1—u®(D+mgsiny) )
Ay _

mvcosy> Tvsina
(A.27)
The control laws were found using Eq.A.21 and are described by Eq.A.28 - A.29.

U =— My (A.28)
\/ Aj + (Aysecy)?
My (A.29)

Uy =
\/ A7 4 (Aysecy)?
It is to be noted that two control law options were found. Using Pontryagin’s minimum
principle, the control law that minimizes the Hamiltonian was then chosen at each data

point. [191]
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Appendix B - Engine Analysis block

26:
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From
Workspace
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Figure A.6.: Simulink model of the turbojet Engine used for propulsion system analysis
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Figure A.7.: Outputs generated by the Simulink model of the turbojet Engine with the aim

of maintaining a constant total thrust along the trajectory. Note that the total time of the

trajectory is divide into 1000 time steps.
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