Institute for Advanced Studies l ng “ { e
. & - & b P L,-‘ _J'
in Basic Sciences AL . NSk D el S

(bamaiz Sbaig 9,55, L) (JolSS glap ;45!

Evolutionary Algorithms

(focusing on multi-objective optimization)

3 yhie (69910 jsaie

mdmonfared @iasbs.ac.ir

VYAY (o liss


mailto:mdmonfared@iasbs.ac.ir

Evolution

O

© {}Cﬂ){} X _}:{_ Gregor Mendel (1822-1884) -
7N 45
® @ ®® -
e Jodo o lojl Jolpo @
D 2L JoL oL oL crslly <l
4 NE4 AT AN A Jol Jes 0o
PR P® @P® @® P9 Jud 2y




S slapss ;o5
] 00l uo 2 ol 48 L Slaa ddoi Cel Caunb jo JolST

...\.S)b J:L.u.o J.> 4.5‘)'? 9.§J| Q.QJ }‘ odlaw! o (S G‘L"&" 6l'°N:?.)9'§J‘

g5 (m j Lod wiilon (LolST (slaps o5
Swd  SYlimk olal § Cores o e
s (Jlit sl g (or o o ;58I as
Ayle Wy G s Glgx 5l golass i dgaome molin o o <olB,
QS e oolain] Comes )0 £435 sbul gl (abE) CuS 5 g i sle Sles



popﬁfatlon
S o dd g \Q) % dc

Coblae Sloz a4y a5 WS oo lay oSS (S 50 g GLAS i (e ¢

.dwu).g

g hled Jos Fao sl Wilgh oo by, (nl d il )b oo Gl 00 50 @

ooe Q)s.@.;.i‘ﬂ.c)d




LS“oL’) oolw Al g.i)

Input: p,q and L
Output: a point r on L
Such that Min f(r)=(d(p,r)+(r,q))
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Algorithms
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Genetic Evolutionary | | Evolutionary | | Genetic
Programming || programming | | Strategy Algorithms
Real vector Real representation  Binary
representation representation

Rule-based Mutation
Self-adaption

Large population size
Developed in US
Deterministic

selection

L. & D Fogel 1962 1988

Mutation-based
Self-adaption

Small population
size (A+p)

Developed in
Germany

Deterministic
selection

Rechenberg 1965
P. Bienert et al. 1960

Crossover-based
No Self-adaption

Large population
size

Developed in US

Probabilistic
selection

J. Holland 1975
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2009 IEEE Congress on Evolutionary Computation (IEEE CEC)
Genetic and Evolutionary computation Conference (CECCO)
Parallel Problem Solving from Nature (PPSN)

IEEE Transaction on Evolutionary Computation
Evolutionary Computation
Genetic Programming and Evolvable Machines

Applied Soft Computing
Heuristic approaches journals
Artificial (or Swarm) Intelligence journals
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Facility Location
Robotics and Planning 3L (o slodinge b Pl
Bioinformatics
Non-linear OR problems
Power systems

Structure design

Tuning and Learning s b g adl
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Min f (r)=r,

S.t:
dis(c,p,)=r,i =12,..,n
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Minimize f, (X )= Radius
Maximize f, (X )= Distance

St.
full cover & out of constraints




MOO) ddooniz obarge Sl

Minimize / Maximize  f_(X), m=12,..M;
Subject to  g,(x) 20, 1=12,....J;
h (x)=0, k=12,...,K;

XD <xo <xtY, i=1,2,..,N.
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Minimize / Maximize  f_(X), m=12,..M;
Subject to  g,(x) 20, 1=12,....J;

h (x)=0, k=12,...,K;

XD <xo <xtY, i=1,2,..,N.

(Minimize f,(x,,x,) =X,
1+X,

Minimize f,(x,,X,)= ,
Xl

S.t:
0.1<x,<1, 0<x, <5,







Pareto-optimal
solutions
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Multi-Objective Evolutionary Algorithms
(MOEAS)

Non-dominated Sorting Genetic Algorithm-II

Strength Pareto EA

Rudolph’s Elitist MOEA

Distance-Based Pareto GA

Thermodynamical GA

Pareto-Archived Evolution Strategy

MO Messy GA Ben chmark problems
and



u»)ob Slo|

S5 slaei SN oLl

o sloille s MOO gl Jow b L]

oSS sl o shlse g culae coliss

alizee Plue 59, »2 oSS lapi )58l (ol g ailyale 6 5 )0
ol Slawlrs yo o5 Gxlo b ol

oSS Slawlos )0 oz slaosy] 4l



QIO S )90 y°

Resources:

Text Book:

Genetic Algorithms + Data Structures = Evolution Programs (by Z Michalewicz, 1996).
Multi-Objective Optimization Using Evolutionary Algorithms (by K. Deb, 2001).

Evolutionary Algorithms for Solving Multi-Objective Problems, C A. Coello Coello, G.
B. Lamont, D. A. Van Veldhuizen, 2007.

Papers in topic of evolutionary computing and applications.

Prerequisites: Algorithms and data structures, standard programming
languages; C, C++, C# and MATLAB are preferred.

Lectures: Sunday and Tuesday 9:30-11:00

Evaluating:
30% Presentation (Advanced topics in EAs)
40% Homework (Question + Implementing Projects)

30% Final exam
Extra point for new ideas in improving and applications of EAs, and paper writing.



