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Introduccion



Problema MOP.

f@ =[G, G, o, (D] -

Un espacio de soluciones factibles Q.

Problema MOP:
Encontrar ¥ € Q que optimice f ().

x < x' cuando se cumple:

7) X no empeora ningln objetivo respecto a x'.

Z) X es estrictamente mejor en al menos un
objetivo con respecto a x'.
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OPTIMO DE PARETO CONJUNTO OPTIMO PARETO

xX* es 6ptimo si A x' € Q tal que Dado un MOP, el conjunto 6ptimo
=1 %k

X' < X se define PS* = {x* € Q}.

FRENTE OPTIMO DE PARETO

Dado un MOP y PS*, el frente éptimo de Pareto es PF* = {f(%)|% € PS*}.
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Instance

Objectives and PSs

Variable Bounds

Fl

05(1 04 2U=2))

fi I1+'|j—|'EJEJ1(IJ )
u 5{1 u+—u—2—l)
f? 1 _VJ_+U—|-ZJEJ2(=:J }2

whereJl—{J|jlsoddmd2£j§ﬂ}md.fg={j|_',lleievenand2§jEn}.

0.5(1. u+—L—!l)
Its PS i

sz =1, Ji=2,....n

(0, 1]"

fi=z14 T-Tﬂ Ljeu, (2j —sin(brz, + iny)?
f2 = 1= & + 11 Ty, (2j = sin(6rzy + L7))?
where J; and Jo are the same as those of F1.

Its PSis x; = sin(6mz; + {%),j:Z,....n

[0,1] x [-1,1]*"1!

F3

fr =21+ 1Ay Tjey, (@5 — 0821 cos(6mm + 47))*
fa=1-ym+ I_-Fz_F ZjEJz(:j — 0.8Bxq sin(6mrxy + ;%))2
where J; and J2 are the same as those of F1.

ks PS 1 0.8z, cos(6mzy + Jﬁ) jeE L
isz; = .
! 0.8z sin(brz; + 17) j € J2

[0,1] x [-1,1)!

ﬂ!r:'l-}-L

h =Il+'DL[Z EJI(IJ 0.8z cos( —5—2-))?
fa=1=yo1 + ﬁﬂ Tics, (@i — 0.8z am(t‘m:l +15))?
where .J; and J; are the same as those of F1.

Its PSis ¢; =

2y 447
0.8z, mﬁ(%—} i€
0.8y sin(6may + %) j€ Jy

[0,1] x [-1,1)"!

hH= | y Z {x; - [0.32] cos(24mz) + —) + 0.6, ] cos(6mxy + —)}2
JEJ

djm
\/_+ A Z{z_, [0.327 cos(24mx) + —=—) + 0.6z, sin(67z, + J—)}
JEJz

where J; and Jg are the same as those of F1.
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Instance Variable Space Objective Function Characteristic

filx) = (1+g(x))z: {

o pax Lyt 200 = (L+g0)2 ~ 21— siga(cos(2men))) B e PF

| g(x) = ; (z; — sin(2rzy + Lm))? Nolinear variable linkage

R R ot AT c

GLT2 [O, 1] o [_L 1]n_1 a2(x = ﬂ-{—g x — sml 5 {}Il'vex PF ‘ .
glx} = igg(mi — sin(2mz, + %:rr)}g Nolinear variable linkage
fix) = (1+g(x)z
if fi(x) < 0.05
fa(x) = (1+g(x))(1-19z1)

6 pAx-LT Ak > 005 1 Nolinea varile lnk
£2(x) _ (1 + 900N —é) olinear variable linkage
o) = 3 (@ sinma + )’
fix) = (1+g(x)zs

oL [0,1 x [-1,1-t 20 = (149(x)E - 2a}"° cos®(27)) S?;Le;nged PF
g(x) = X (z;—sin(2rz;, + 1m))? Nolinear variable linkage

i=2
0 o
a2(x = + g(x — Co8 T — s8in T

GLT5 [0,1® x [-1,1]*"2  fa(x) = (}1 +9(x))(1 - sin(%sz’f)) 2 I?I?}E;zxarp\l:m‘iable linkage
g(x) = 123($£ —sin(27z1 + i:rr]]-2
fi(x) = (14+9(x)(1 = cos(F-m))(1 — cos(ZEm))
fa(x) = (1+g(x)(1- COS(E—QLLﬂ))(l — sin(2m)) Convex PF

GLT6  [0,1)? x[-1,1]""%2  fa(x) = (}1 +g(x))(2 — sin( L) — 31gn(cos(4$1ﬂ]]) Disconnected PF

gg(mi —sin(27z1 + ;i,r)}ﬁ Nolinear variable linkage

]
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Motivacion

e Optimizacion multi-objetivo: aproximacion del frente
de Pareto
— Alta calidad

— Elevada diversidad

 Multitud de estrategias para preservar la diversidad

e Entre los mas conocidos

— Crowding distance
* Muy eficiente para dos objetivos
* Bajo desempeiio con tres objetivos
 Complejidad polinomial

— Hipervolumen
* Elevada complejidad, aumenta con el nimero de objetivos

CIMAT: ECE 2018, Guanajuato, Gto.



Contribucion

e Nuevo mecanismo de control de diversidad
para problemas de tres objetivos

— Para metaheuristicas basadas en archivo
e Desviacion Espacial Propagada (DEP)

— Basado en la posicion de las soluciones en Ia
aproximacion al frente de Pareto

— Primer método de tiempo polinomial para
problemas 3D

CIMAT: ECE 2018, Guanajuato, Gto.



Motivacion

* Diversas caracteristicas del espacio de busqueda
afectan el desempeno de algunos operadores
evolutivos.

— Variables encadenadas
— Epitasis
— Rotacion

* Un mecanismo de seleccion que elija el operador
mas adecuado en funcién de su desempefo en el
proceso de busqueda, puede mejorar la calidad
del frente generado.

CIMAT: ECE 2018, Guanajuato, Gto. 10



Contribucion

* Nuevo algoritmo multiobjetivo de estado
estable que utiliza desviacion espacial
propagada y un controlador difuso para
seleccionar los operadores disponibles.



Desviacion espacial propagada



Desviacion Espacial Propagada (DEP)

1. Se fuerza que todas las soluciones extremas
sean conservadas, asignandoles aptitud = -o°

2. Se penaliza la aptitud de todas las soluciones
con su momento centralen D, = D,...

é;(DiSt(ii ]) - (Dmax - Dmin ))2

3. Se penaliza la aptitud de las k soluciones mas
cercanas a cada solucion

((Dmax - Dmin) / (Dist(i, J) +Dmin)) /]Tk soluciones mas préximas a i

4. Se eligen las soluciones con menor valor de
aptitud

CIMAT: ECE 2018, Guanajuato, Gto. 13



Controlador Difuso



File

Edit View

Stagnation

Controllerdd

[rnarndani]
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File Edit View
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File

Edit View Options

Stagnation = 0.5

]
|
|
|

Uso =05

-
\
\

—

o

Prob = 0.13

Input:
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Plot points:

101
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File Edit View Options
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Algoritmo FAME



Algorithm 2 Pseudo-code of FAME

11;
12:

Step 1 Initialization
Initialize(Pop)
Archive.add(Pop)
SetOperatorsProb(1.0)
window = Stagnation = 0
Step 2 Main loop
while Stopping criterion not reached do
Step 2.1 Parents selection
for i =1 to |Parents| do
if RandomDouble(0,1) < B then
Parentsli] <+ TournamentSSD(Archive)
else
Parentsli| <+ TournamentSSD(Pop)
end if

end for

CIMAT: ECE 2018, Guanajuato, Gto.
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13:
14:
15:
16:
17

18:
19:
20:

21;
22;
23:
24:

Step 2.2 Reproduction
Operator < Roulette(OpProb)

Of fspring < Operator(Parents)
Evaluate(Of f spring)
OpU se = UpdateU se(Operator)

window-+-+

Step 2.3 Archive Update
if |(Archive.add(Of fspring)) then
Stagnation = UpdateStagnation()

end if

Step 2.4 Call to the Fuzzy Inference System

if window == windowSize then

UpdateOpProb(OpU se, Stagnation)

window = Stagnation = 0

end if

CIMAT: ECE 2018, Guanajuato, Gto.
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Step 2.5 Population Update
29: NewPop < Pop.add(Of f spring)
26: fast_non_dominated_sortSSD(NewPop)
27: Pop <+ RemoveW orstSolution(NewPop)
28: end while
Step 3 Output

29: return Archive

14

CIMAT: ECE 2018, Guanajuato, Gto.
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Resultados



Operadores de recombinacion

Cruza binaria simulada (SBX)
Evolucion diferencial (DE1)
Mutacion Polinomial
Mutacion uniforme



Algoritmos en comparacion

Borg
— Disenado para resolver problemas con muchos objetivos.

SMS-EMOA
— Aproxima el frente de Pareto maximizando HV.

SMEA
— Combina la busqueda evolutiva con aprendizaje maquina.

SMPSOhv
— Algoritmo multi-objetivo de enjambre de particulas.

MOEA/D

— Descompone el problema multiobjetivo en un conjunto de
problemas mono objetivo.
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[0.323 cos(24mzy + YT) + 0.62y) cos(brzy + L) jeJy

Its PSisz; = ' .
’ [ [0.32% cos(24rz, + YZ) + 0.6z sin(brz; + L) je

ﬁu’lﬁ

f1 = cos(0.5zy7) cos(0.5xa7) + 1—}1—[ Yieu, (@5 — 2x2sin(27z1 + ir))
fa = cos(0.5z7) sin(0.5z,7) + DZEF ey (@i — 22 8in(2mzy + iny)2
fa = sin(0.5217) + 1 T, (@5 — 222 sin(272y + iry)?

where

J1={j|3 < j<n,and j — 1is a multiplication of 3},

Jo = {j|3 < j<n, and j — 2 is a multiplication of 3},

Js = {j|3 € j < n, and j is a multiplication of 3}

Its PS is ¢ = 2zg sin(2mz; + %),j =3,...;0

[0,1)* x [-2,2]"?

fa=1= a4 o Eje g, (0] — cos(By;m) 4 1.0)
where J; and J; are the same as those of Fl

0.5(1.04 3=y )
J =

and y; = x5 — 1, < .
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u.s(:.u-q-—U—Jl)

Its PSis @j = x, TR i=2,...,0

[0' ]-]'l
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h = 1 - m‘l- ﬂﬂ(qzjﬁ.f’ sz - 2“_1'6.]'2 m{mﬁ:] +2)

where Jy and Jq are the same as those of F1

||,5{1.:J+£rﬂ:,’l) o
|J= youo

and yj = r; - o, s M
3(j-2)
0.5(1.04 )

Its PSis x; = x, Tl i=2,...,n

[u‘ ]]n

fHi=n+ ﬂzr[z_’g,}l(zj — sin(6rz; + 7))
fa=l-zi4 ng'l Ljea, (2 = sin(6rzy + ir))?
where J; and J; are the same as those of FI.

Its PS is ; = sin(6mzy +{_—')._f =2,...,n

[0,1) x [=1,1)""
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Inv

Problem

BORG

MOEA/D-DE

SMEA

SMPSOhv

SMS-EMOA

FAME

LZ09F1
LZ09F2
LZ09F3
LZ09F4
LZ09F5
LZ09F6
LZ09F7
LZ09F8
LZ09F9
GLT1
GLT2
GLT3
GLT4
GLT5
GLT6

6.59F — 113p—4A
5.36FE — 1o 45 oA
2.88E — 1155 oA
6.25E — 15034
6.40F — 1,55 _3A
2.08E — 1535 _cA
6.14E — 113514
4.06E — 11 0E—1A
217E — 1465 oA
1.01E — 245524
7.25E — lg7p—2A
9.35E — lggr_3A
4.30E — 1335 1A
9.58F — 142p—3A
941E — 142p-3A

6.61F —1155—4A

6.40F — 15_7E_3—
242E — 1715 oA
6.595F — 132r_3A

5.50F — 1g4r—2A

7.53E — 156E_3A
9.44F — 11_3E_3—

9.51F —1776_sA

947TE —1115_3A

6.56F — 1550—4A
6.26E — 1o75_oA
6.39E — 1g35_3A
6.3TE — 14.4p—3A
6.42E —13,p-3—
2.76E — 1ogg_oA
6.32E — 11824
4.72E — 172p—24A
2.73E — 1285 oA
3A48FE — 1a0E—2A
T76E — lg2E—qA

491E — 19 59—
9.53E — 12134
9.45E — 118534

6.60FE — 162544
543E — 1535 oA
6.26E — lg655_3A
6.26F — 1g7E—3A
6.32E — 1435 _3A

5.07E — 11 3p—14A
3.57TE — 120E—1A
2.15E — 140p_oA
1.75E — 1585—2A
7.66FE — 13 or—3A
9.39F — 1515 _3A
4.32E — 1935 _o—
9.69F — 1445—4—
9.55F — 124p—3A

6.42E — 1g1p—3A
5.36E — 130p_oA
6.16E — 1,55 oA
6.30FE — 15.05—3A
6.2TE — 1gop_3A
344E — 1555 oA
441E — 1g4p—2A
4.38E — 172r24A
2.01E — lg3p_oA
2.97TE — 229524
6.46FE — 111214
9.26F — 1g3p_3A
345E — 1595 1A
9.68E — 146p—3A
9.58F — 1435—3A

6.46F — 15 75_a
6.46F — 1o 45 _2
6.48F — 11553

3.45E — 14352

3.13E — 1265_2
3.72E — 136E—-4

9.44F — 1443
4.62E — 1o 451

IE+

LZ09F1

9.91F — 31 8E_sA

9.73F — 31 86—_3A

1.04E — 21 45_3A

7.55FE — 369E—1A
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I¢+

LZ09F1
LZ09F2
LZ09F3
LZ09F4
LZ09F5
LZ09F6
LZO9F7
LZ09F8
LZ09F9
GLT1
GLT2
GLT3
GLT4
GLT5
GLT6

991F — 318644
1.80E — 1y oA
3.01FE — 123 oA
1.90E — 1285 _2A
716FE —2185-2A
707E — 1345 5A
1.68E — 1215 1A
4.60FE — 114514
1.89E — lg55_2A
245F —1ogp_sA
1.52F — 118514
2.78E — 2,45 24
1.62F — 1o0p_ 1A
4.T4E — 226524
6.04F — 21 0p_2A

9.73F — 3185_3A

6.62F — 2, 65 1A
6.46F — 21024
8.66E — 2185 oA
2.75E — 1305 1A
4.20E — 21424
215E — 111E—14A
2.64E — 2185 2—
9.46E — 3,55 34
7.36E — 2815 _3A
1.67E — 26553V

5.05E —2175_3A
5.23F — 299p_3A

1.04FE — 2, 4p_3A | 7.55E — 3690p—4A
1.31E — lo55_ oA
6.01F — 2965 oA | 7.92E — 2,55 oA

6.96FE — 29595 _oA | 8.93FE — 29 15_924A

T.95E — 2195_9A
2.57E — logp_oA

8.10F — 2455 —2A | 27T0E — 11 35_14A
297FE — 1,114 | 3.88E — 1g5524A
1.15E — 1385 oA | 1.43E — 1,55 oA
353E — 2345 oA | 243E — 1565 _2A
1.25FE — 2505 —3A | 2.23E — 2525 _34A
2.57E — 21.15_2A
1.70E — 1335 _o—

5.56F — 2335_3A

L75E — 28 72—
8.33F —293p_3A
7.35FE — 2735_3A

1.43E — 1325_2A
1.88E — 1g1p—2A
1.33E — lgsp oA
1.67E — 1185 _2A
1.21FE — 1485—2A
247E — ly4 oA
3.7TE — 115614
3.92FE — 119514
2.32E — 11 1p_1A
243E — 1575 _3A
2.13FE — 115514
4.73E — 2135 oA
1.85E — logp_ 1A
5.49F — 2395 oA
5.18F — 23 6p—3A

Igs

LZ09F1
LZ09F2

5.67TE —1555_34A
5.79F — 1gop—24A

546FE — 1405 _3A
42TE — 110514

6.74AE — 230 —2
2.04E — 1ggg_o

2.23E — 21159
1.19E — 14051
3A4ATE — 2313

3.91FE — 14952V
5.T6E — 131514 | 2.84E —1,9p_1—
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Igs

LZ09F1
LZ09F2
LZ09F3
LZ09F4
LZ09F5
LZ09F6
LZ09F7
LZ09F8
LZ09F9
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GLT2
GLT3
GLT4
GLT5
GLT6

5.67E — 1555_3A
5.79E — 1g05_24A
3478 145527 |
1.24E0 555 _2A
8.97E — 1105_1A
84BE —1yp-gh
1.06E0 425 1A
6.08E —1125_1A
5.93E — lg75_2A
S2E —dgvis-ak
9.17E — 11.45-1A
(632E—Lispay
1.18E0 g9 1A
6.16E — 1,.45_1A
6.70E — 1g95_2A

427E —110r 1A
8.58E — 1305_1A
9.31E — lg55_24
9.23E — 1105_14A
6.14E — 1505_1A
751E — 1155_1A
8.10E — 1275_1A

421E —1,35_1A

ATAE — 1,15 oA
9.85FE — 112E—14A
9.39E — 11351V
7.25E — 11659V
7.92F — 16.1E—-3A
7.83E — 1g6p—3A

5.76E — 1315 14A
549E — 1155 14A
5.99E — 1155-1A

461FE — 1gop_oA
798E — 1o6r—1A
8.02E — 115614
742 — 1g75_oA
5.84F — 1455 1A
1.21E0 471V

346E — 122 —2A
3.99F — 1o7p—24A

2.84E — 1y 05-1—
6.81FE — 1355 oA
6.50F — 1g.15—2A

5.97E — 1735_2A
9.84E — 132E-14
7T.92E — 140p—1A
4.38E —1o45_14A
9.45F — 1,65 14A

P

1.16E0 gggr—aoV

3A47TE — 1155-—2A
3.98E — lgsr—2A

1.26E0 s45_2A
5.98E — 152524
1.01E0
1.13E0
1.07EQ0 11p-14A
7.57E — 110514
5.85E — lo.se—2A
5.81E — 111514
(1177 (0 R,
5.64F — lg55—2A
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Table 4: Average rankings of the algorithms

Igvy ey Igs

Algorithm Rank Algorithm Rank Algorithm Rank
FAME 1.78 FAME 1.75 FAME 2.09
MOEA/D-DE 2,57 | MOEA/D-DE  2.85 SMEA 3.02
SMEA 3.32 SMEA 3.22 SMPSOhv 3.21
SMPSOhv 3.90 SMPSOhv 3.52 | MOEA/D-DE 4.11
SMS-EMOA 4.63 BORG 4.77 BORG 4.16
BORG 4.79 SMS-EMOA 4.90 SMS-EMOA 4.42
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Figure 5: Best Pareto fronts reported by the three best performing algorithms, as well as FAME, for GLT3 problem

according to Igs.
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Figure 6: Best Pareto fronts reported by SMEA and FAME for GLT6 according to Igs.
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Iyy I I+ Igs
Problem | FAME-CD FAME FAME-CD FAME FAME-CD FAME
LZ09F1 |
LZ09F2
LZ09F3
LZ09F4
LZ09F5
LZ09F6
LZ09F7
LZ09F8
LZ09F9
GLT1
GLT2
GLT3
GLT4
GLT5
GLT6

7 We compare now the SSD and CD density estimators. For that, we configure FAME with SSD
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Conclusiones

Dispersion Espacial Propagada (DEP)

— Nuevo algoritmo para la preservacion de la diversidad de soluciones
en el frente para problemas 3D

FAME

— Nuevo algoritmo multiobjetivo que incorpora DEP y seleccion difusa
de operadores

Experimentacion
— Comparacion de FAME con 5 algoritmos del estado del arte
— 15 problemas conocidos (LZ & GLT)
— Tres métricas de calidad

Resultados

— El resultado de la prueba de Friedman muestra que el desempeno de
FAME supera significativamente al de los algoritmos con los que se
realizé la comparacion,

* Sobre las tres métricas estudiadas
* Resultados corroborados visualmente
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Areas abiertas

Incorporar controladores difusos tipo 2

Configuracion automatica de las reglas y
funciones de membresia del controlador difuso.

Incorporar DEP a metahuristicas que utilizan
Crowding Distance.

Optimizar problemas multiobjetivo discretos

Optimizar problemas multiobjetivo dinamicos,
con restricciones y/o con preferencias.

Optimizar problemas multiobjetivo continuos con
con mas de 3 objetivos.

Optimizar problemas de aplicacion real.
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Algorithm 1 Computation of the Spatial Spread Deviation

1: function Compute SDD(A)

23:
24:
25:
26:
2T:

n=|A|
fori€ Ado

Ali].SSD =0

end for

form=1to kdo

Sort(A,m)
A[1].88D = A[n].S5D = -0

end for

Compute the matrix of normalized distances M

Find Dyyor and D, between solutions i and j, i # j
foric Ado

temp=0
for Vj # i € Archive do

temp = temp + (M[i][j] = (Dmaz = Dmin))?
end for

temp
temp = T—

[i].SSD = A[i].SSD + v/iemp

end for

fori€ Ado

Sort(M[i])
temp=0
forj=2tok+1do
temp = temp + (Dmaz = Dmin)/(M[i] 1))
end for
Ali].88D = A[i].SSD + temp

end for

28: end function
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1) SBX Crossover
Algoritmo: NSGA-II.
(Deb, 2007)

1 1
S1 = 5(291 + p2) —E,B(Pz — Pp1)
1 1
Sy = 5(291 + p2) +5,3(P2 — p1)

2) DE _Crossover:
Algoritmo: DE.
(Storn & Price, 1997)

s =pc+ f(Pa —pp)

3) Polynomial Mutation
Algoritmo: NSGA-II.
(Deb, 2007)

p+36.(p—x®), foru<os
p+ 6g(;Y) —p), foru>05

A

4) Uniform Mutation
Algoritmo: OMOPSO.
(Sierra & Coello, 2005)

[ xpforu<05
Xi = x;, foru>0.5

x; € [L;, U]




