03&%0 47-1-=%7-32 !1330&3;

Solve multiple maxima, multiple minima, and nonsmooth optimization problems

&) & *.HHA H)( ))& )2 F)0H - U) - -t ), &) & )&L#)(- ) %) &
L2 ), H(H L H#H( & - 1&) & - Y& M- . * (- " L (LH# &) HL
(( &#(! -)&0 ,- )Y/ (/- ." - -=)&0 ,- .) -)&0 )*.#'#4 #)( *,) & '- 1", ." ) $
IO #)Y(#- Y HU)I- #- )YCHUYI- =) " = # ) = (). *)-- - L #O0 .#0 - ), #( &/
& % )2 I( .#)(- 1#." [( 8( O &/ - ), =) * - (-

(. # &I)HE (% (- " )&0 - IR RY L &) HELTHE L) #A #)( ) (
&), #." 0 # (. 3 ') # 3H#H(! #H(#.# & *)*/& #)( ( 8.( -- - &H#(! )*.#)(-), 3 8
)-)0 L (e #)YC T HEY (- ) (- H#A (-t 3 B (H#(! *)&&#H(!

(. #)(-

Plot of different types of problems Global Optimization Toolbox can solve: nonsmooth (top), single global minimum
nested inside multiple local minima (left), multiple local minima with no global minimum (right).

(., #0 ))& ), 8(#(! ( -)&0H#(! )*.#'#4 #)( *,) & - ( )(#.),#( -)&I.#
&) & - , " ( & #-. ,. -)&0 ,- ), 8( #(! -#(1& ), /& .#*& 1&) & )*.#'
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CAE ) 0 # (#8 L #)( #( & #H( &#( , (

1&.#) $ .#0 1 ( .# &), #."
Oe&#C , )0 )., #(.-

(-, )&0 VT L SR - &H(,
#'1& . (C &#(! ))& " o #*& (., () - " ") 1#T ) #)(- ), 8(#(
*) o -- o, - 1& ( *o( B H#
, && & )'FLLHE(Y IR, #HOT&H-L . (L # &), #." ( *..,.(- ,"-)&O0 ,-
/[-.)" L3F ) H(D (L &), #."" & . #) $ .#0 ! (. # &), #." ( -#
-)&0 -
Plot of a nonsmooth objective function (bottom) that is not easily solved using traditional gradient-based optimization
techniques. The Optimization Tool (middle) shows the solution found using pattern search in Global Optimization
Toolbox. Iterative results for function value and mesh size are shown in the top figure.
#
&) & * #'#4 #)( ))& )2 *,)0# - I( .#)(- ." . 3)/ ( -- )t ) (0 &#(
HHA O #H)()r&E & -, #(., *HAE(CH)( ))& )26 ) (0 &#( ( & .
3)/
& . -)&0 , ( 8( ()*.#'#4 #)(*,) &'
( #(-* . )*.#'#4 #)()*.#)(-
I()*.#'#4 #)( *,) & '- ( O#-/] &#4 #(. ," # . ( 8( &, -/&.-
- *H#4 #H)( ))& )2 -)&0 ,- ), 8( ! ( .# &), #."" -#'1& . (( &#(! (
), 2*), ) #H#4A #Y( ))& - (0, -/&.Zl.)),%)f,
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(- 1), % L), #( L [-# (! ) (L #)(

Yl &-) [-)'HA U )&0 - 3 *)0# #(! 3)/, )1( &), H.U)H#)Y(- ( 1-.)
( 1&) & - , " -)&0 ,- # & (&3 ).t ) &H(

Visualization of RastriginOs function (right) that contains many local minima and one global minimum (0,0). The genetic
algorithm helps you determine the best solution for functions with several local minima, while the Optimization Tool
(left) provides access to all key components for defining your problem, including the algorithm options.

)& )2 #( &1 - (1" ) *&).H(L T( #)(- ), O#-1 &HAH(! ()*.##4 #)(
&#0 % )L )< EHA #)Y(*), -- ( &#(13) ) ' % #-#)(- ) ') # 3 -)
&0, " ))& )2 *)0# - =) &) #( (L HY(- ), )t L (L &) HL
&), #." - "3 #( & )$ .#0 [( .#)( 0 &  )(-., #(. O#)& #)( - ), "#-.)!, "
IC.#)Y( 0 &1 .#)(- ) (-")1 "/&.#%& *&).- )l ." . )* (-* #8 *&).- #( (1 1

2 #( . #)( ), 3)/, )1( *&)..# (" [( .#)(-
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) Optimization Tool

Fie Hep
Problem Setup and Results Oplions.
=y foncon ~
soher: g[S 8
ybeid function: | None: v
Problam
Finess fnction: | Grastrignafn
Hmber of varables: |2 ) Genetic Algorithm ]
Flu Edt Wwm Dwert Tods Desit Wedow Fab =
[
Fitness Scaling
Linear inecyuabtes: & b 100
Livear equaites: seq: bac © Soecty:
Bounds: Lower: Upper: Tine stz (3 Use defmit: Inf
Hmines constant fton:
O Specify:
R schves and vew rests = (©) Use defauts A
[C] use random states from previous run ) Specfy:
Curent Rrator: [103 © specy
Stal e kit @) Use defaudt: Inf
o]
EEEE OUse o o "t Vew frocrt ook Drskiop Winkem e
[— 0 @ 00
fe)izpea Best: 0.0015433 Mean: 0.010786 % of crteria met
Hamiass cansirant tokanse: (5) Use 3 <4 =
15 3
Oseaf 38 i
= 1~ =
= =Pt forctorss £ £
Final pointz Fiotnterval; = £
14 2 [Flsestizess 2] =
2.002] 0.002
[ espectaton [ Geneakogy
3 3|

[ score gversty [ Scores

Auergee Distance

Run-time visualizations (right) generated while the function is being optimized using genetic algorithm plot functions
selected in the Optimization Tool (left).

SHQU YLK T #)YC 3) (1., -1&.- ) 8& -, . 3)[, )1( - )FRHE(L L #. L #
xx&ft  #)( -* #8 ) ())& )2 S)&0 - (1), %H( L)Lt R HA H#)( )
)& (&) LHET)EHE)(- L) L 1),%-* -0 3),1),% ( ., /- #.#(."
(. )y Lt %, -t 1),% 3)/ 0 )(

function [X,FVAL,REASON,OUTPUT,POPULATION,SCORES] = pgamfile
= This is an auto gensrated M file to do optimization

with the Genetic
FTIMSET fc

Algorithm and D

ect Search Toolbox. U

gfault GA

ong structure.

WeFitness function
fitnessFunction = Bobjfun;
Skbumber of Variables

nvars = 2 ;

%linsar ineguality constraints
Alngg = [1;

Bineq = [];

%Lingar equality constraints
Aeq = 113

Bag = [13

SBounds

L8 = [-10 -10 |;

w=[2 2

Ailonlinear constraints

nonleonFunction = Bconfun;

%Start with default options

options = gaoptimset;

SModify some parameters .
options = gaoptimset(options,’MutationFon' #mutaticnadaptfeasible); < Hlgorifhm apfions
options = gaoptimset{options,’Display’ ,'iter'}; _

options = gaoptimset{opticns,'PlotFons' { @gaplotbest? @gaplotmaxconstr }); o Vicuolization

options = gaoptimset(options, ‘HybridFoen' { @fmincon [] }); - Oﬂlﬂ'ﬁ

S%AUN GA Te—

[%,FVAL , REASON, DUTPUT , POPULATION, SCORES| = ga(fitnessFunction,... ~— (all to Optimization
nvars,Aineq,Bineq,Aeq, Beq, LB, UB, nonlconFunction, options); Toolbox

MATLAB file of an optimization created using the automatic code generation feature in the Optimization Tool. You can
export an optimization from the GUI as commented code that can be called from the command line and used to
automate routines and preserve your work.
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V(. # &), #."" -)&0 - )*.#'#4 #)( *,) & '- 3 "#'# %#H( " L H( H#*& -) #)&
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J Optimization Tool

File Help
Problem Setup and Results Options
o s A
Solver: | ga - Genetic Algorithm v ( - ]
[+ R ductio
Problem | Reproccion J
e — T
Fitness functon: | @acdeyfon | EL T l
[ Crossover ]
Number of varisbles: | 10
(& Migration ]
Constraints: [ Algorithm settings ]
Linear inequalties: A b: (= Hybrid function ]
Linear equslties: Aeg: | bea:| Hybrid function: | finunc v
Bounds: Lower: | | upper: | o (& Use default: [ ]
Monlinear constraint function: O Spedfy:
Run solver and view results (@ Stopping aitera ]
[7] Use random states from previous run (= Plot functions |
vy Plotinterval: [
Best fitness. Best individual Distance
Curentiteation: 190 okl L]0
a3l 0O [ Genealogy [Range
P! Score divi sa Selection
Switching to hybrid functon, Dsare dhersy | Dt 0
Optimization terminated. s Max constraint
Objective function value: 2.980500200783845 Dstopping CJMex constrain
Optimization terminated: maximum number of generations [ custo I
smg; } Genetic Algorithm
Local minmum possbie. SO Fe et view Insert Tools Desktop Window Help ~
fminunc stopped because the size of the current step i less than [Jtistoryl Best: 3.0063 Mean: 3.0148
the default value of the step size tolerance. D custon 6
s
= ===
PS4
= D @ +  Mean finess
Final point: 3 5.
Ll S Level of di 2 e,
iviz2 (3 {a|s5isl7|8|9]w e e, o
of o o o o o o o 0 o =) User i £ 4 MR R N
g [~ ST e
< 2| | evaluate § o A
a) A S b bbb b bl
3 ) ) " wessstrge, s,
a 10 20 30 40 50 60 70 80 90 100
Generation
Current Best Individual
_ 01 T T T T T T T T T T
s
3
= 005 B
3
£
E 0
2
=
5 005 J
3
01 L . . L . L . . . .
1 2 3 4 5 6 7 8 L] 10
Number of variables {10)

Output that shows solutions reached when using only the genetic algorithm (right, bar chart) and when using the
genetic algorithm with a gradient-based solver from Optimization Toolbox (final point in Optimization Tool, left).
Combining algorithms can produce more accurate results while reducing the number of function evaluations required
by the genetic algorithm alone.

1&.#) $ . #O )*.##4 #)( #- )( L ( L#. v C#(#E#4 #)() I&.#*& ) $ .#O

S ) ) (e, H(- t I&HE) S HO L (L # &) E.S)&O L #- [- ) )&0 I&.#)
) & - 3 # (L#3#(." ) (5. - L) 0 (&3 #-.# 1. (O )H(. )*.# &
[- #- )&0 , L) )&0 =)Lt ), (O(=)). )KL HHA #)( %) & - 1#. ), 1#.) L )
Y(-o) #(.- " I&.H#) S HO L (LH &DLE ) - ()., I, I #)(- ) #

Y H#()I-
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= Pogation - e -
sahver: o — jectiv
T " .
Problem Genetic Algorithm
Finess fncton: | Shursaweran = Solver
§ I Mukalion This toal s 1o the
mEer | e gamalticks funclion
Constrants: B Mgraton Click to expand the section
Lnew nequaites: & ] [ Eruitobecovepobenetings || below comesponding to your
task.
Unew equaltes: A bea: Datance meare fincton:  (3) Use defaut: Gdstanceromdng
R - s Problem Setup and Results
Bounds: Lower: 1555 Usser: (555 ©) specty: ¥ Problem
Run sahver and view resdts Pareto front popuaton fracton: () Use default: 0.35 b Conslmits
[0 use random states from previous run © spectys |1 » Run sabver and view results
=] Options
Specify options for the Genetic
Current teraten: | [(cewreis Rlgarithm solver
A » Population
[ hwerage Parets dstance. [ Rork istog)
) custom fumcnen: iz —
[testory torewwndom  Interva: |1 OF-----
] Custom function:
- -
- 5 Bl
Paretn front - unction vakues and deasion variables Levelof dsplay: | off
= B o .
EE o N 4
L =
=
g
8 8-

B C:\MATLAB\kursaweF cn.m

Fle Edt Text Go Cel Tools Debug Desktop Window Hep
" DER R0 oD -Mesi|R-B88040
BBB -0 |+ | 211 |x |«EF| O
1 function £
z % Rursawe

Objective 1

1z
11 = | £(1) = sum(-10%exp(-0.2%sqrt (x(1). 2+x(1+1).2))};

15 - £(2) = sum(abs(x{i)}."a+*5*sin{x(i}."B)};

fursaweFon In 15 Col 41

Multiobjective genetic algorithm defined in the Optimization Tool (top), used to identify the Pareto front containing
disconnected regions (middle) for the Kursawe function (bottom).
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e &)L e (-t & (- H(H & (T 2# & *)-#.#0

(Tt (& - )R HHA #B)(*,) & - 1E O(&#C L &#( ., () (-
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Fle Help
Problem Setup and Results Optians | Quick Reference =
D Al
Sabvrs | patterseach -Pattem Search ~ )% | pattern Search Solver
- Polmethod: | GFS Posiore basis 1 A This tool conesponds to the
v ateernsearch function
Objective function: | ifjeerranfun(f,xv. 2| ~ = = F
order: | Corseautue - o
. i ; soing Cickto Expandmn;rcl:re[(;l;kn below
= S Sewrch ]
ot 2 = Problem Setup and Results
Linesr inequalites: & b e oft b Probiam
Searchmethod: | e -
Linear equaities: Aeq: beq:
Beund: Lowers Upper
Honinea constrant function: Options
ST Specdy options for the Pattem
Search soher.
b Pall
() Mesh
Stast ) || semen
It zze: (0 Use defauitz 1.0
b Mesh
@ specfy: |10
> Algorithm settings
M e O Use defouit Inf
Cptiizston temnste.
Chjectve functon value: 5280.0 S specty: [inf i dine
Optimization terminated: mesh sze less than optons. TolMesh. @ = ! White Mountains
Accelerator: off Fle Edt View Insert Took Desktop Window Help
: "
Ratate: o White Mountains
St off o
Expansion factor: () Use defuitz 2.0
av @ speoty: [2
Finsl ot 8000
Contacton foctors () Use defaut: 0.5
1 2
16,130 4,504,295 @ Specfy: 0.5
<

) Pattern Search

Fle 3t Vew Imert Tods Desklop Wrdow Hep
DL bR T9RL- |08 nD

Topography Map of White Mountains

4916 32

210"

4916 32 Move the slider to control the spaed

o

Using the Optimization Tool (top) to find the peak, or global optima, of the White Mountains (middle and bottom)
using pattern search.
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) Optimization Tool
File Help

Problem Setup and Results

Problem
Objective function: | @dejongSfcn &

Start point: 0.0

Constraints:

Bounds: Lower: | Upper:

Run solver and view results
[ Use random states from previous run

Currentiteration: |3

| [[Ceerresuts

&H#H (! -)&0 - )*. #'H#4A #)Y( *,) & - [-#(!

)

2+8&),

Solver: | smulannealbnd - Simuiated anneaing alnorithm v

Optin. 5
Optimization terminated.

Objective function value: 0.9380038381553548

Optimization terminated: change in best function value less than
options. TolFun.

-} De Jong's Fifth Function
File Edt View Insert Tools Desktop Window Hep
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100" -100 2
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Options
1T = Stopping criteria |~
Max iterations: (®) Use default: Inf
O spedfy:
Max function evaluations: (%) Use default: 3000 numberOfVariables
O Spedfy:
Time limit: () Use default: Inf
QO spedfy:
Function tolerance: () Use default: 1e-6
O Specfy:
Qbjective Imit: (®) Use default: -Inf
Q) Specfy:
Stal iterations: (®) Use default: 500*numberCfVarisbles
O spedfy:

5 Annealing ]
Annealing function: Fast annealing ~
Reannealing interval: (%) Use default: 100

O spedfy: |
Temperature update function: Exponential temperature Update v
Initial temperature: (%) Use default: 100

O Spedfy:

] Acceptance criteria ]
Acceptance probabiity function: Smulated annealing acceptance N v:

v

Using simulated annealing to solve a challenging problem that contains flat regions between basins.
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Resources

Product Details, Demos, and System Requirements
www.mathworks.com/products/global-optimization

Trial Software
www.mathworks.com/trialrequest

Sales
www.mathworks.com/contactsales

Technical Support
www.mathworks.com/support

1)) &)67 >7 4%5%1)7)56 *35 % 6)1- )14-5-'%0 1
'31487-2+

Online User Community
www.mathworks.com/matlabcentral

Training Services
www.mathworks.com/training

Third-Party Products and Services
www.mathworks.com/connections

Worldwide Contacts
www.mathworks.com/contact
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http://www.mathworks.com/products/gads/demos.html?file=/products/demos/shipping/gads/distributed_fitness.html
http://www.mathworks.com/products/demos/global-optimization/multistartWebDemo/
http://www.mathworks.com/products/demos/global-optimization/multistartWebDemo/
http://www.mathworks.com/products/demos/global-optimization/multistartWebDemo/
http://www.mathworks.com/products/global-optimization/?s_cid=0909_webg_product_295122
http://www.mathworks.com/programs/trials/trial_request.html?s_cid=0909_webg_trial_295122
http://www.mathworks.com/company/aboutus/contact_us/contact_sales.html?s_cid=0909_webg_sales_295122
http://www.mathworks.com/support?s_cid=0909_webg_support_295122
http://www.mathworks.com/matlabcentral?s_cid=0909_webg_matlabcentral_295122
http://www.mathworks.com/services/training/?s_cid=0909_webg_training_295122
http://www.mathworks.com/products/connections/?s_cid=0909_webg_connections_295122
http://www.mathworks.com/company/aboutus/contact_us/index.html?s_cid=0909_webg_contact_295122
http://www.mathworks.com/trademarks
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