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Introduction



AOptimization problems in Engineering are often highly
nonlinear, involving many different design variables under
constraints.

ASuch nonlinearity often results in multimodal objective
function. Hence, local search algorithms such aschriibing

or steepest descent methods of solution are not suitable to use
Thus global search algorithms should be used to obtain optim:
solutions.

AMany metaheuristi@lgorithms have been developed to
perform global search. They are constructed based on the
analogy of natural phenomena such as biological evolution
(genetic algorithms), birds flocking and fish schooling (particle
swarm optimization).



Two characteristics ahetaheuristi@lgorithms are :
diversificationandintensification

Diversification: searching for better solutions by exploring
wide region coarsely.

Intensification: searching for better solutions by searching
around a good solution intensively.

Diversification in the early phase during a search can find
regions having a high possibility that better solution exist, while
Intensification in the later phase can intensively search for
much better solutions in the region found in the early phase.



Recently a newnetaheuristicsearch algorithm, called
Spiral Dynamics Optimization, has been developed by
Tamura and Yoshida (2011) of Tokyo Metropolitan
University. Preliminary studies show the effectiveness of
the method compared to othmaetaheuristicsuch as
Particle Swarm Optimization (PSO).




Spiral Dynamics
Optimization
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Spiral Model
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Spiral Model

Spiral models generate a point converging at the origin from
arbitrary initial point x (0)

ex,(k+1) g&r 0 goasy - sind %K)
gxz(k+1) gg) r Usiid  cosd ngk)
x(k+1) S5(rg)x(K, x(0) % 0 & 290 r ¢

By translating the origin toward arbitrary poirt we have
spiral model with center at

x(k+1)=, (rd)x( k- ( .6 )r-.)ef

The trajectory will converge towarg* because

e(k+1) =5 (rg)eK) with €K HR x



wo-Dimensional Spiral Optimization

Many metaheuristicenethods, such as GA, PSO, ACO use
multipoint search with interaction.

The multipoint search using spiral model is formulaisd
x(k+1) 5(rg)x(K (S(r g Lx* i1z..n

with the common center * set as the mdttion amonc
all search points during a search. TRtibecomes an
Interaction
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Algorithm of 2-D spiral optimization (Tamura
& Yoshida (2011)) for minimization problem

Input :
m (2 2) the number of search points

g (0¢ g<2)p, r (0 Kk Xk
k _ maximum number of iteration

max

Process:
1. Generate randomly initial points( )I00 * i = 1.2m

In the feasible region.
2.Setk=0



3. Findx * asx *=x, ( Q withi; =arg mirh (x(Di =12, m
4. Updatex.
X (k+) S(rg)x (K (S(rnd Lx* i 1z...m
5. Updatex *:
x*=x, (k &), i, &g minf (x(k H.i 12.m
6. Ifk=k_ . thenterminate.
Otherwise, st k =k +1 and return to step 4.

Output:
X * as a minimum point of (x)



lllustration




4 2 4 2
Function  f(x,,x)= X 16;1 tOX L % - 162& + 5%

search space- 4 A ,x, 4

m=30 r=0.9¢

Input 5
Knox = 300 q= 7

X, = - 2.9035:
Output X, = - 2.9035¢
f(x,,%)=- 78.332:
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Rastrigin
function
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Three-dimensional plat of the 2-0 Rastrigin function
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Input

Output

m=100 r=0.95

kmaXZZOO d — ’_
A

x=6.29823 10
x=1.71101 10

f (x,%)=8.45056 10



Three-Dimensional SpiralModel

€C0sg, - sing, O
R (q,,) = gsin g, cos,g 0O Rotationinthe plane %X,
& 0 0 1

2cosc71,3 0 - sing,
R3(q.0) = & 0 1 0 Rotation in the plane X X,
gsing,, 0 cosg,

el 0 0
_é -
R2(G5) = éo COS @5 - SIN L Rotation in the plane %%
&0 sing,,; COS g,



Three-Dimensional SpiralModel

x(k+1) =5,(r,g)x(K) 0¢r 4 0¢g <2/
%('367): rR¥( & 19 2

With — R(q, g 9= RIS IR DB ),
2 A
= O&OR&LS{L j-(Q3i 3 1j+) -
=1 Cj %
with center at X,

X(kK+1) 5(rgx(k) €3(r 9 L)X,



Three-Dimensional SpiralModel
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Three-Dimensional SpiralModel
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Rotation in n-Dimensional Space

RY(d) = B.()d LK )2 d...R) 2 d&¥() R @¢)
SR (d) 3-- ( )d ¥IR)

0 () = & L AR - -
R"(9)=O a&ORnins il & | J
J=il C joit 21
< S
| g cosd - sind
with RV (g)= 1
j g sind 1 cos d



n-Dimensional spiral model

(k+2)= S, (rd)x( b (.6 Jr-)e
with S, (rd)= r "Kg)



_'r'] 2
Rastrigin f(x)—g(x 10cog 2 ¥ ig)

function scarchspace -5 & 8, i 12,..n

n=30

k =1000 d=—
2

%=1 0.99450z =7 0.000157 x,,=0.995081 x,=T 0.995011 x,=0.995007 x,.=1 0.99490¢

X,=T 0.094935 X, =1 0.99504¢ X,,=0.99492€ X,=T 0.000001 x,,=0.99447Z x, =T 0.9949:

Output

;=1 0.00039t X;= 0.000243¢  x,;=T 0.00015  x,=0.994831 y 0994737 X.s= 0.000093¢

x,=0.00022¢  X,=T 0.000324¢ x,,= 0.000237 x,=T 0.000018€ x,=7 1.9901 X, 0.000141¢
f (x)=20.894<

Xs= 0.995131 X;,=T 0.994681 x,.=0.99477€ X,=1 0.99496€ x,.= 0.00016E X3;=1 0.994754



Finding Roots of Systems
of Nonlinear Equations



Maximization and Root finding

Consider a system of nonlinear equation:
01 (%, %K, %)= 0

0, (%, %K ,%)=0
M

9, (%, %K, %)= 0
with (x,%,,K ,%)C D
D=[a b]Ha b] K [aER] &



Maximization and Root finding

The above system has a solutionxat (X, %,,K , % )’ precisely
when the functionF(x) defined by :

1

F ()= —
1+ — ‘gi(x)|

=1

has the maximal value 1.
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g(x)
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Clustering technique
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Algorithm

Input

Mo (>1) : the number of search points at thestéring phas:

g(0< g<): 'cut-off ' parameter for function lue F (x)

e(0< ed): parameter for roots acceptance

a’(O < d <l) . parameter to differentiate one caate root
from another insmthey are very close each ol

Kauser (>1): maximum iteration number at the clerstg phase
m, r,q,k__: input parameters for SDOA phase



Proses
Clustering Phase
1. Generate randomly initial points ( )I00"i = 1,2M e
in the feasible region D, whele=[a, b|, {a, b] 3. [& | OF
2. Set k=0
3. Setx 'ax 2x, ( Pi, = argimﬁx(xi( i =12my.
4. Stae x 'as centre of the first cluster wrddius
equal to%( rlnnm - a|) | =1,2,. n
5.Fori=12,.. My, do

If F(x;)>g andk, is not the centeralfeady existing cluster,

therx, mayhave a possibility to become a clustenter,
and then do the following furmis cluster



Function Cluster(input.y )
a. Find a cluster with center cloged .
b. LetC be that cluster, with centdix.. .
c. Setx, as midpoint betwesn and
d. Compar& (y) F(x.) ard(x,)
T 1fF(x) F(y) andF(x,) R(xc)
set a new cluster with cen&y and radius equal the distance
between points amd
1 Else, ifF(x,) F(y) andF(x,) B(x.) .
set a new cluster with  as its cented aadius equal to
the distance betwegn and d&Eunction Cluster
withx, as Its input.
1 Else, ifF(y) (x.) , set as the centéCo
e.Change the radius of C equal te distance betwegn argd



6. Setx,=x, wherd, = argma&(x(k))i =1,2,m

cluster
|

/. Updatex

Xi(k+ :D :S1(r¢7)x|(k) (_ﬁ( r’& L_)Xp S 2, . Myyster
8. Do Kk, . times of steps5to 7.

Spiral Optimization Phase

9. Having donateps 1 to 8 above, we obtain a setla$ter regior
Each member the set has its ceat@l radius. To each of thes
cluster regions, perform SDOA totalm a candidate of root
In eaclcluster.



Roots Selection
10. Keep only candidate roots whichisgtcondition F (x) > 1-e.
11. Suppose from step 10 there resylcandidate roots. From thesg

candidate roots, setenly those which sitfy |x; - x; | >

fori ,j =1,2,..n, whergx, x| is the distance between

g

the candidate romx; andx; . In case wherl - x; | @

select only, as a roothf(x )2 F(x,) |

otherwise sele«xtj asroot.

Output
rootsx  of system of nonlinear eqoas g(x) =0



SobolSeguence



Pseuderandommay not uniformly distribute in the search
feasible region of the problem

It will be helpful if it is possible to generate population of
points in the search region for which the deviation from
uniformity is minimal

Let QI [0,1]"
Suppose we have a set of points X,,...,xy | [0,1T

#ofx i Q , vol(Q)

We expect that :
# of all points voI([O,l]”)




The discrepancy of the poisét {Xl,Xz,. o ,XN} IS
%# ofx I Q
N

D, =su
Q

-voI(Q)‘

A
When the set of rectangle is restrictedQo vixhe O [0, yi)
i=1

the corresponding discrepancy is denoted[b:g/

The more evenly the points of a sequence are distributed,
the closer discrepanch, Isto zero.

In this caseD,, refersto the firstN points of a sequence of points
X1, X5,--. « The discrepancie®, andD,, satisip, ¢ D, ¢ 2D
Next, a sequence of points, x,,...,X, ,...| 0" iscalled
low-discrepancyequence if there isa@nstantC,

suchthat forall N we have D ¢C,(In N)"/ N
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Numerical
Experiments



Problem 1

N- ©
. x - 2K o
Weierstrass f(x)= & /sin( F)
Function k=1
where I<s <2 and >1.

IS known as a function which is continudug nowhere
differentiable

UseN= 20 withs =1.1and =1.5

20
g(x)=§1.5°°* sir( 1.5 x) =(
k=1

search space



Results for Problem 1

Input
Clustering technique Spiral optimization
Myuser= 20C  0/=0.000: m=150 r=0.3:
K,..=50  €=0.000000 Knax =190 f = y
g=0.9
Output
No X g(X) No X g(x)
1 0 0 6 3.73962 9.30683€08
2 1.88871 -9.77192€08 7 3.74071 9.10978€08
3 3.73173 -9.0547e08 8 4.54986 -9.4056€08
4 3.73499 -9.69124€08 9 5.01996 9.56515e08
5 3.73819 3.67608€08




Graph for Problem 1
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Problem 2

e . y .
sg,(xy) sé 0OsNX)- 025 -05
g(x.y)=é (Rio 028 s
) U 025 () e, ox

searchspace -1 (x 8 17 vy (<

Input
Clustering technique Spiral optimization
Myuster— 200C d=0.1 m=300 r =0.9t

K,..=10  €=0.00000. k=300 q=_
g=0.3 4



Results for Problem?2

No.

Using pseudaandom points, we have found simultaneously all

X

-0.260599

0.299448

0.500001
1.29436
1.33743
1.43395
1.48132
1.53051
1.57823
1.60457
1.65458
1.66342

y
0.622531

2.83693
3.14159
-3.13722
-4.14044
-6.82077
-8.38361
-10.2022
-12.1767
-13.3629
-15.8192
-16.2828

F(Xx,y)
0.999999
0.999999
0.999999
0.999999
0.999999
0.999999
1
0.999999
0.999999
0.999999
1
0.999999

roots in 6runs from 100 runs

9:(X,y)
-1.21664€e07
-1.86287€07
-2.47858€e07
6.26313e07
7.58506€e07
-6.48832€08
1.96979e07
-1.98839e08

3.6169e07
2.94067€e07
-2.27255e07
-9.24304€e08

Time taken : 2.78 s

92(X,Y)

-4.59048e07
4.69411e07
-4.77774e07
2.04202e07
-8.0146€09
-5.50622e07
1.33501e07
5.54021e07
-4.24333€e07
-2.23847e07
2.26023e07
-5.61499e07



Graph for Problem 2
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Problem 3

& %)
o, (x5, %) 98 s (s 2x)(x 2x) 165
e ue -2 -2 : u
f (%% %) =6,(% % %) & Xif X x3)1(2x2 L saso 0
e
(X1 X5 Xe) He Z(Xz' )(3)2()(1 -)(3)2 X, u
: - 6835 U
6 X, + X 2% ¢
search space-40 @ ,x,,%x 4(
X,=2%- % 1&5
2%,
& -2 2%) o
g, (%, %) ﬂéxif - XS)l(zXZ < o
g(Xl,Xg):é 1 £ , Ueg

: é _ u
60:(%%) B 20%- %) (% %)% oo o

X+ X% 2% v

CED\CD



Results for Problem 3

Input
Clustering technique Spiral optimization
rrl:luster: 200C ad=0.5 m= 500 N = 095
K,..=10  €=0.000000 Knax =900 =
4
g=0.00!
Output
No X, X, X f, (% %50 %) f, (% %50 %) 3 (X %0 %)
1 | -12.256500 -22.894900 -2.789820 -2.842170€l4 @-8.305780604| 5.900980&05
2 -8.943090 | -23.271500 -12.912800/ -2.842170€14 | -5.675470e04  -2.559920e03
3 8.943090 | 23.271500/| 12.912800 -2.842170€l14 | -5.675470e04 -2.559920603
4 12.256500| 22.894900| 2.7898200K -2.842170€14 | -8.305780e04 | 5.900980&05
5 2.363740 | -35.756400 -3.015080 -2.842170€el4 @ -3.012750603| 2.403290604
6 -2.363740 | 35.756400| 3.015080 | -2.842170€14 | -3.012750e03| 2.403290&04




Graph for Problem 3
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Problem 4

2 2 ~
i x +222% 1 0,75 t
e 4 O
3, +0.405% 2 - 1.405 0
- 0
& y.%%4q5 O
& 1- X2 O
ax, - 0.605¢™ " -0.395 0
2 0
®  x-Xli415 O
e o)
C Xe = X% =
searchspace -5 @& 8
| = 1.2:--, 6

)

Input

Clustering technique
rncluster: 200( d =0.5

kcluster: 10 e = OOOOOOO
g=0.00!

Spiral optimization
m=500 r=0.9t

Knox =500 =_
4



Results for Problem 4

51 8-1.04320
e e
1 2 , 2 0.550936
: % 1 : ) 20.431936
X = =
1 2 1.75966
e 1 & 2.10487
=) gﬁ 2 19581
30 8 -1.737107
e
0 = 1.505690"
_ B € 65473610
Q(X)—g g(x)=2 L
21.4960107 ©
e5) & E
% = 1.6185610
¢ 8‘92.9512510'7

Time taken : 0.97 s



Complex Roots



/ real part

Complex number : Z=U+VI
\ Imaginary part

Complex function :  f(z) = f(u+vi)

ef g ¢
Example : f(z,2,) =6 1(21,22) ezl +22++ zl++z 58 gO
§f,(2.2,) He 22, +4+2-5 |

f(z,z)=¢6
(Zl Zz) > (u1u2+u1+U2'V1Vz .5) (u1v2+u2vl+v1+v;|

é(uf-vf+u§ V2 +U,+U, 8) (uy+ruy,+viv)i 2
é &

H

0



Let us consider

4
Ug 2% +2XX, +X,+X,

? X1X3+X1+X3' X X, -5
e
e X% t X3 X, + X2+ X4

with  D={ 40 % 10i=1, , ¥

Input
Clustering technique Spiral optimization
Mhyuster™ 30C ad=0.1 m=10C I =0.9¢t
kcluster: 10C e=0.0000:. kmax: 300 q = —

g-0.01 4

20 (% %0 %0 %) Bex2. 2 4x? x+x,+X, 8 O

u

(@Y el el e



Output

Root 1 Root 2 Root 3 Root 4
a 2 & 1 8 -3 8 -3
L a019285.10 210751140 141421 ®1.41421
* & ®e 2 e -3 & -3
£728927.1¢  £8.32528.10 F141421 F1.41421
F(x,y)=0.99999: F (x,y)=0.99999:

@ F (x, y): 0.99999! @ F (X, y): 0.99999

a2 @ 83 -1.41421 @

Z= =
3| a1 & 3+1.41421 Z_é— 3+1.41421
real Z= gez complex - 8@ 3 1.41421

real complex



Problem : Itis not always easy for a given complex
function to write explicitly its real and
Imaginary part

Solution :  Working directly with the function

In C++ we may use library complex.h



Problem 1

e U ﬁ
with
G, u (- r \V,V¥
Input
Clustering technique Spiral optimization
rn:luster: 2000( d: OO] m= 5OC F = 095
K,o=20  €=0.0000: K _=50C _

g-=0.01 4



Results for Problem1

No

-0.662665+0.956196  0.848236+0.181314i

-0.6626660.956197i 0.8482380.181314i

0.6805963.16038i -3.10316+0.972481i

0.680596+3.16038i -3.103160.97248i
1.984713.05201i 1.66544+3.26502i
1.98471+3.05201i 1.665443.26502i

Time taken : 380.09 s

1.96347e€06-4.71156€07i

-2.88996e06+2.181016i

6.59986e07+2.35274€6i

2.41556e07+2.3313667i

-1.31746e06+1.53558€)6i

2.25969e06-1.25927e07i

4.69593e07+9.11494€&)7i

7.28555e07+5.90633)7i

-9.76271e07+4.93106€6i

9.89233e07-9.29327€06i

-3.36184€06+2.4365606i

2.29536€06+6.32589€)6i



Problem 2

€0,(z,2) ez +42-6 o

O R T

69,(2.2) yézz-1.6787 g
with

D={(z.2): 2 Qu 2¢2-y¢ 2

Input
Clustering technique Spiral optimization

M= 20C  @=0.000: m=15C r =0.95

Kosor— 20  €=0.000000 kK _.=15C g=—
4
g=0.%



Results for Problem 2

No

10

11

12

Zl
1.430985.08152€05i
-1.4311+2.8265665i
1.396024.59531€05i
-1.396158.3548e05i

0.840215+0.840215i
0.8402050.840206i
-0.840203+0.84022i
-0.8402140.840218i
-8.67857€05-1.43107i
0.000159901+1.43101
1.8196e05-1.39627i

6.66309e07+1.39611i

Z,
0.819816+6.5315965i
0.819663+3.869265i
0.861362+5.3273585i
0.8612269.40931€05i
1.00202e07-1.18897i
-1.62053e06+1.18896i
3.68565e06+1.18896i
1.17022e07-1.18897i
-0.8196930.000114517i
-0.8197790.000211417i
-0.861096+1.6307265i

-0.861273+2.2738766i

0:(z, 2)
-2.6359e05-1.9781e05i
3.7359e05+9.5324606i
-4.7551e06+4.4651605i
2.5552e05-5.2203e05i
-1.0749e05+7.1284€06i
-1.6171e05+4.65726)5i
-6.6519e06-2.0486€e05i
-9.5319e06-1.4893e05i
-6.6203e05-8.2757e06i
-7.1804e07-1.073e05i
-5.6278e06+3.1534605i

4.8289e05-3.0496€05i

gZ( Zl, 22)
4.4030e05+1.4521€05i
1.3268e05+1.2931605i
-2.3060e05-6.6922e06i
2.5856e05+1.7507€05i

2.779e05-1.7253e06i
-1.4268e05+1.0281€06i
1.2003e05-3.8311e05i
3.2477e05+7.7607€06i
1.1955e06+3.0921€05i
3.8877e05+5.7773€05i
5.8816e05+1.1963€05i

1.6184e05-6.0344e06i



Problem 3

eg, (2, 2) ﬂeezl_z2 sin( z +zz)

0.(2,2) 4§22 cof7+2) |
with

={(z.2): 10 g.u 10, 10 y.¢ 1P

d(z.2)=¢

Input
Clustering technique Spiral optimization
rrl:luster: 5OC d: OOOJ m= 300 F = 095
K, o= 20 e=0.0000: k =300 _

4
ad=0.1



Results for Problem3

The real roots are :

We obtained 6 real roots and 21 complex roots.

No.

Zy

Z,

0:(2, 2)

0.(2,,2,)

o 01 B~ W N B

-0.932121+1.2713166i
0.667121.46425€06i
-6.43716+2.0145€6i

-6.11712+5.5516387i
0.1633344.73192e09i

-0.1552842.99648e07i

1.06788+4.4584€7i
0.690105+1.0184786i
0.1553481.95019e07i
-0.163476+2.3447787i

6.12243+9.63892607i

6.43984+1.7811666i

-2.5591e06-1.5896e06i
-2.4946e06-2.3318e06i
-2.2994e06-1.8165€e06i
2.6471e06-7.888e07i
-9.8743e07-9.6166e07i
4.0556e07-1.4844e06i

-4.369e07-1.643e06i
7.2746e07-7.4046e07i
6.1429e07-3.1341e06i
1.9554e06-3.0481e06i
2.1308e06+2.5941€07i
1.7496e06+4.4146€606i




Problem 4

o] 2 ~

e x+22%i075
ae 4 0
&, +0.405% "2 - 1.4050

G -

o A 9
g=2 2 2
e 2 O
&x, - 0.605¢ 3 -0.395 0

e 2

® y. %%y 5 O

e 2 0

e 0]

C X5~ %% ks

searchspace -5 @& 8

1=1,2,--, 6

)

Input

Clustering technique
nl:luster: 1000( d =0.5

K.usior—= D0 e=0.001]
g=0.1

Spiral optimization
m=100C r =0.9¢

K..=1000 g=_
4



Results for Problem4

We obtained 2 real roots and 10 complex roots.

The real roots are :

No.

f(2)

3-0.9989317% 0.0001109111
@.9991912-3.9443% -0B
28-1.001514- 4.491@1 - 06

20.9980045-5.7881‘& -06
8.1.000676-3.011198 - 0B
880.9994478 -0.0001481381

8-1.043208+ 4.9772%2 -0B
20.551031:} 0.0001290747
360.4319956 - 3.65649 - 0B
$1.759639-1.1773:ﬂ3 -0B
82.105187 0.0001195987

e
¢ 2.196163-5.3821¥ -0b

22.847432 -0% 5.291092 -0b
24.81917@ -05 2.151128 -0b
30-0.00024067% 3.190361 - 05
;0.0001649978 4.847086 -5
3.612098 -06 6.360788 - 0B
88-0.0001588026 -6.723182 -05

& 0.0001378899-9.680781 -0d5
20.0001069631 -0.0001879723
220.0002313209 2.3716@9 -05
;’5.07082& -05-5.48830 -0b
820.0001097481-3.696442 -05
§L3863593 -05 0.0001757256




Diophantine Equation



Modification for (Mixed) Integer Programming

Suppose amongxX;, X,, -+, X, variables,

X, %,-++, X must be integer variables.

Before calculate F(X)  we must convert

X, %, -, X to become integer type



Problem 1

Function f(X,X,,%)=2x> 6% % 1825 0
search space 0A x ,x, A5C

Input
Clustering technique Spiral optimization
M= 2000 @=0.1 m= 20 r =0.95
Kyse=10  €=0.00000 kw=20 = ’Z

g=0.1



Output

NoO. X,
1. 15 37
2. 15 25
3. 24 25

Time taken : 2.47 s




Problem 2

Function f(xy.c,n=x 4% y 0
search spacelA x,y,c,n Al:

Input
Clustering technique Spiral optimization
M= 3000  @=0.1 m= 20 r =0.95
Kyse=10  €=0.00000 kw=20 = ’Z

g=0.3



Output

No. c n f(x,%,) | F(x,X,)
1. 2 5 2 3 0 1

2. 4 3 1 3 0 1

3. S 6 1 2 0

Time taken : 1.12 s




Problem 3

oX - bx, B, 5% 6% 10k Og- 3¢+ 1 +1%, -1K, 4 v

X tx -4x, 6% 9% 5% 12%, 3x,+7X, -8%; 26
oX - 24x, 132 4% H 1% 2k 1%- 3§+ §, +1Z, %, 445

20x +27x, -23%, 30 3k x+ K- 1k+28x, x, 36x, 103
ox - 10x, +2x, 6x, 13, 345, K; 352
X,+22%, -26x, 17x 18, 4%, 84+

Ox +24%, -99¢ 1% 2% 16 40k 1Q- 8 +3, -14, -4, 2, 2
ox - 13x, +7x, * 19 1% 2x- ©ox,+ 5%, +205+468
X1+28X2 +33X3 100(5 5% 13(7 X % '1]>$0+ 7)$1 '3& %3 108 +
X, - 21x, 135, 42 A 14 3% 2&F+ %, - 14, + 5&, +329

ox, +5% H0x, 50x, 2K, 2%, 30¢ 34%
2% - 4%, #x 2% 6% O 10¢ 9y +12¢ 20x,+6x,; -30x, 164, @A

T
CHBBBBBBEIBBBB BB BB
1-OD: O O: O: Ot O: O:ZTHD: O O: O: O: ®: O: O: O

search space -10 & 10,i 1,...,1



Input

Clustering technique

rncluster: 2000( d: OO]

kcluster: 20 €= OOOOOO

g-=0.001

Spiral optimization

m=20C r =0.9%

Kk =500 g=_
4

Output

al ao
%
% 3 2
a2 ad)
%
aé D
ae3 5 (3)
%
oy D
X :29 f(x)=2®
x4 2’
oy 2
)
e b
&
R 0
20 iy
g6 B

Time taken : 73.88 s



Problem 4

e U

search space

Input
Clustering technique
Mser— 300C a=1
K..cor=30  €=0.000000
g=0.1

Spiral optimization

m=10C
K _.=10C

r =0.9t

q:Z



Output

N— — —

LL

| IERBE IERE L

o

< LO Mmoo
TERBEBRY BB B

9 o3 <

M — —

LL
IR ITBB
- <t O™ AN N
HRB BB SBER o

S - N

Time taken : 0.72 s



Mixed Integer
Nonlinear
Programming



Problem Description

The general Mixed-Integer Non-Linear Programming (MINLP) problem can be written as

minimize f(x)

=R

subjectto g (x)=0.71=1_... M
and h (x)=0.j=1L.... N

r
X = (x._.:a'j.....:fgﬁ.qurlﬁ_ X, )
where x,.x,....x, are integers for a given ¢.
By defining a penalty function. the above constrained problem can be transformed into an unconstrained problem.

Define

F(_ X.d;. ﬁj ) =f(x)+ Z al_.gl_.l (x)+ Z ,B; (max(h (x). 'D}}]

Here o and ﬁJ are penalty constants. For simplicity we use the same constants, ¢ and ﬂj for all i and j. As

suggested in [4]. these constants can be taken as 10'° to 10", In this paper we use o = ff = 10",



Speed ReducebesignOptimization Problem

Minimized the weight of the speed reducer

Subject to constraints on bending stress of the gear teeth,
surface stress, transverse deflections of the shafts and
stresses In the shaft

Design variable :
X, : face width od X b
X2 : module of teeth
X3 number of teeth on pinion
X, . length of the first shaft

between bearings X i,
Xs :length of the second shaft

between bearings
Xs . diameter of the first shaft

X7 diameter of the first shaft mage from: g Serarm nasa gov




Speed Reducer Design Optimization Problem

Minimized :
f(x)=0.78542( 3.3338 + 14.933¢- 43.09
T 1.508X,(X5+X2)+7.477AXa+X3)+0.7854 X, Xo+ Xz X5)

subject to - -
g, X)= -1 @ g, (X -1(ID
1 (X) - (X)= v
1.93¢ __2r
-1 ® 9,(X) = -1 @
0, (X) = _— +(%) X x

1. O a745 X, 0
= 16.% 10 -1 ¢



Speed Reducer Design Optimization Problem

s (X)= ! \/a7450<5 §157.5 16 -

85¢; c X% =
5
_ % X =22 _1 @
-1 @ O\ X
_ X _15¢+1.9
g9 (X)_ 12(2 1 © glO(X)_ X4 -1 @
1.1x,+1.9
0., (X) = -1 @
11 X5
with 2.60x,03.6 7.30x,08.3 5.00x,05.5
0.70x,00.8 7.80%;08.3 X, integel

170x,028 2.90%,03.9



Resultsfor Speed ReducelProblem

Penalty function :

F(x): f (x)+ M gmax(o, g (X)) with M =10

=1

Output Benchmark
a 35 a 35
Input 5 (017 = 07
& 17 & 17
m=3000C =099  x=3 73 x=g 1.3
z ® 7.8 ® 7.8
K .=1000 d=— 23.35021 23.350214
32 25.28668 25.286683
f (x)=2996.7: f (x)=2996.34816

Time taken : 64.82 s



Pressure Vessel design Optimization Problem

Pressure vessel are everywhere such as champagne bottle, bot
of sparkling drink, and gas tanks. For a given volume and
working pressure the basic aim of designing a cylindrical vessel

IS t0 minimize the total cost.



