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Pro vyuziti metod matematické optimalizace je v MATLABu vytvofen optimaliza¢ni toolbox
OPTIM.

1. Co je optimaliza¢ni toolbox?

w7

vypoctt MATLABu. Toolbox obsahuje podprogramy pro mnoho typl optimaliza¢nich uloh:

¢ nepodminénd nelinedrni minimalizace (unconstrained nonlinear minimization)

e podminéna nelinearni optimalizace, ulohy s penalizacemi, tlohy minimaxu, semi-infinitni
minimaliza¢ni ulohy (constrained nonlinear minimization, goal attainment problems,
minimax problems, and semi-infinite minimization problems)

e kvadratické a linearni programovani (quadratic and linear programming)

e nelinearni metody nejmensich ¢tvercli a aproximace kiivek (nonlinear least squares and
curve-fitting)

e feSeni soustav nelinedrnich rovnic (nonlinear system of equation solving)
e linearni metody nejmensSich ¢tverct s vazbami(constrained linear least squares)
e tlohy s fidkymi maticemi a strukturované rozsahlé tlohy (sparse and structured large-

scale problems)

Vsechny funkce v toolboxu jsou tzv. MATLAB M-soubory, vytvorené piikazy MATLABu,
které¢ implementuji specializované optimaliza¢ni algoritmy. Pfikazem type function_name je
mozno si prohlédnout kéd téchto funkci. Déle je mozno rozSifovat rozsah optimaliza¢niho
toolboxu zapisem vlastnich (uzivatelskych) M-souborli nebo vyuzitim kombinaci s ostatnimi
toolboxy piipadné pouzitim Simulink®.
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2. Spoluprace s ostatnimi toolboxy

V MATLABu existuje moznost vyuZzivat pii praci i ostatni toolboxy, pouzitelné pro rizné
typy uloh, které 1ze kombinovat s optimalizaénim toolboxem. Vice informace lze ziskat:

e v online dokumentaci (je-li produkt nainstalovan) ¢i z dokumentace na CD
e na webové strance http://www.mathworks.com v sekci produktt

Toolbox

Curve Fitting Toolbox

Data Acquisition Toolbox

Database Toolbox
Financial Time Series Toolbox

Financial Toolbox

GARCH Toolbox

LMI Control Toolbox

Neural Network Toolbox
Nonlinear Control Design Blockset
Signal Processing Toolbox
Simulink

Spline Toolbox

Statistics Toolbox

Symbolic/Extended Symbolic Math Toolbox

System Identification Toolbox

Informace ke konfiguraci

Popis

aproximace a analyza

ziskani a odeslani dat z vyménnych datovych
oblasti

vymeéna dat s relacnimi databazemi
analyza finan¢nich casovych fad

modely finanénich dat a vytvafeni algoritmt finan¢ni
analyzy

analyza finan¢ni volality uzitim univariate GARCH modela

konstrukce robustniho fizeni uzitim konvexnich
optimalizacnich technik

vytvareni a simulace neuronovych siti

optimalizace parametrt v nelinearnich systémech fizeni
analyza signdli a vyvoj algoritmi

navrh a simulace v ¢ase spojitych a diskrétnich systémi

vytvareni a manipulace se spline aproxima¢nimi modely
dat

pouziti statistickych algoritmii a pravdépodobnostnich
modell

provadéni vypoctl uzitim symbolické matematiky

vytvareni linearnich dynamickych modeld z naméfenych
vstupnich/vystupnich dat

Instalovanou verzi OPTIMu je mozno zjistit pfikazem ver. VypiSe se rovnéZ seznam vSech
instalovanych toolboxi véetné Cisel jejich verzi.
Pokud neni optimalizaéni toolbox naistalovan, je tfeba zkontrolovat instalaéni dokumentaci

pro danou platformu a navod na instalaci.

Aktualizaci je mozno provadét podle informaci na webovych strankdch Math Works:

http://www.mathworks.com.
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3. Jednoduchy priklad pouziti optimalizace

Jako pomoc na pocatku prace s optimalizaénim toolboxem je zde uveden nésledujici
jednoduchy ptiklad.

o Piiklad — tivod k ptikladu

e Popis zadani piikladu — ukazuje ptipravu zaddni problému pied aplikaci
optimalizac¢nich funkci

o Hledani feSeni — ukazuje, jak fesit problém uZzitim linearni optimalizace - metody
nejmensich ¢tvercu — funkce Isglin.

Priklad

Predpokladejme, ze chceme najit bod (nejblize pocatku) na plose dané rovnici:
X1+ 2Xo +4X3 =7

Nejjednodussi cesta, jak vyteSit tento problém, je minimalizace kvadratu vzdéalenosti bodu
X = (Xi, X2, X3) na ploSe od pocatku. Tim ziskdme tentyz optimalni bod jako minimalizaci
skutecné vzdalenosti. Miuzeme popsat problém  minimalizace kvadratu vzdalenosti
nasledovné:

min f (X) = X7 +XJ + X}

X

s omezujici podminkou:
X1+ 2X +4x3=7

Funkce f (X) je nazyvana ucelovou funkci a X; + 2X, + 4X3 = 7 je vazebni rovnice.

Slozit¢jsi tiloha by mohla obsahovat jiné omezujici podminky, podminky s nerovnostmi,
s dolni a horni mezi. Tento pfiklad vyuziva k feSeni tlohy funkci Isglin pro linearni ptipad
metody nejmensich ctverc.

Formulace prikladu

Na tomto misté ukazeme formulaci ptikladu pied pouzitim funkce Isqglin, jez fesi tlohu
linearni metodou nejmensich ¢tverct ve tvaru:

min f (x)=| Cx-d|?
kde |||| je norma s podminkami omezeni:

Ax <b
Aeq - x = beq.

Nejprve je tieba vytvotit proménné pro parametry C, d, A, b Aeq, beq. Funkce Isglin ptijme
tyto proménné jako vstupni argumenty s nasledujici syntaxi:

x =1sqlin(C, d, A, b, Aeq, beq)
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Nasledujici kroky vedou k vytvoireni proménnych:

a) Vytvoreni proménnych pro ucelovou funkei
Jelikoz chceme minimalizovat x? +x2 +x2 = || x || >

C zvolime jako jednotkovou matici 3. fadu a d bude nulovy vektor o téech prvcich, takze
Cx—d=x.

C =eye (3);
d =zeros(3,1);

b) Vytvoreni proménnych pro omezeni
Jelikoz tento ptiklad nema omezujici nerovnost, miZeme ve vstupnich argumentech zadat
A a b jako prazdné matice.
Omezujici podminku X; + 2X, + 4X3 = 7 lze zapsat v maticové podobé¢ jako:
Aeq - X =beq
kde: Aeq=1[124]abeq=[7].
K vytvoreni proménnych pro Aeq a beq zapiseme:
Aeq =[124];
beq = [7];

Hledani reseni

Pro feseni optimalizacniho problému zadame:
[x, fval] =lsqlin (C, d, [], [], Aeq, beq)

a funkce Isglin vrati:

X =
0.3333
0.6667
1.3333
fval =
2.3333

Minimum nastava v bod¢ x a fval je kvadrat vzdalenosti mezi X a pocatkem.

Poznamka k tomuto ptikladu:
Funkce Isglin oznami varovani o piepnuti standardniho nastaveni algoritmt large-scale
na "medium-scale". Tuto zpravu je mozno ignorovat, nema vliv na vysledek vypoctu.
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4. Optimaliza€ni funkce a jejich pouziti

Optimaliza¢ni algoritmy 1ze rozdélit na:

e standardni algoritmy
e algoritmy "velkého rozsahu" (large scale)

Optimalizace se tyka minimalizace nebo maximalizace funkci. Optimaliza¢ni toolbox
obsahuje funkce, které provadéji minimalizaci (nebo maximalizaci) na obecnych nelinedrnich
funkcich. Optimaliza¢ni toolbox poskytuje funkce pro feSeni nelinearnich rovnic 1 metodu
nejmensich ¢tverct (aproximace kiivek).

Déle se budeme zabyvat ulohami pouzivajicimi optimalizacni funkce. Nasledujici tabulky
shrnuji funkce pouzitelné pro minimalizaci, feSeni rovnic, feSeni uloh metodou nejmensich
¢tverctu a aproximaci kiivek.

Takle 2-1: Minimizatien

Type Motation Function
Scalar Minimization min fla) suchthat a;sa<a, fminbnd

a
Uneonstrained Minimization — min fix) fminunec,

* fminsearch
Linear Programming min fT x such that linprog

o

A-x=b Aeq-x=beg, I=x=u

Guadratic Programming min % xTHx + fT + such that quadprog
x

A-x=b, Aeq-x=beg, I=x=u
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Tabkle 2-1: Minimization {Continued)

Type Motation Function

Constrained Minimization min fix) such that fmincon
ax

cix)= 0, cegla)= 0
A-x=b, Aeg-x=beg, l2x=u
Goal Attainment min ¥ such that fgoalattain
x,f
F(x)—wy = goal
cix)= 0, ceglx)= 0
A-x=b, Aeg-x=beg, l2x=u

Minimax min max {Fx)} such that fminimax
x {F;}
clx)= 0, cegix)= 0

A-x=b, Aeg-x=beg, l=2x=u
Semi-Infinite Minimization min fix) such that fseminf
ax

Kix,w) =0 for all w
clx)= 0, cegix)= 0

A-x=b, Aeg-x=beg, l=2x=u

Table 2-2: Equation Solving

Type MNotation Function
Linear Equations C.x = d . nequations, n variables Y [(slash)
Nonlinear Equation of One flay =0 fzero
Variable

MNonlinear Equations Fix) = 0, rn equations, n variables fsolve

Table 2-3: Least-Squares {Curve Fitting)

Type MNotation Function

Linear Least-Squares min ||C-x- d||g . m equations, n variables \ (slash)
X

Nonnegative min ||C-x— d||g such that x =0 lsgnonneg
X

Linear-Least-Squares

Constrained min |C - x - dllg such that 1sglin
Linear-Least-Squares *
A-x=b, Aeg-x=beg, [Zx=u

Nonlinear Least-Squares  min %" F{le% = % SF, (sz such that /sx<u lsgnonlin
X 1 Jra—
P
Nonlinear Curve Fitting  min %ll Fix, xdata)- ;,-damllg such that [=x=u lsqourvefit
X &
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VétsSina téchto minimalizaénich podprogramli vyzaduje definici M-souboru obsahujiciho
funkci, jez ma byt minimalizovana, tj. i¢elovou funkci. Alternativné Ize vyuzit pfimo objekt
vytvoieny prosttedky MATLABu. Maximalizace dosdhneme zdpisem —f, kde f je funkce,
ktera ma byt optimalizovana.

Optimaliza¢ni volby pfedavané podprogramiim méni optimalizacni parametry. VyuZziva se
standardni nastaveni optimaliza¢nich parametrti, ale parametry mohou byt téZ ménény
strukturou voleb. Gradienty se pocitaji uzitim adaptivni metody konec¢nych prvki, nejsou-li
piimo poskytnuty funkci. Parametry mohou byt dosazeny piimo do funkci.

Prostiedky optimalizacniho toolboxu nabizeji vybér algoritmli metod spadovych smért.
Zakladni algoritmy pro minimalizaci bez omezeni jsou Nelder-Meadova simplexovd metoda
aBFGS (Broyden, Fletcher, Goldfarb, a Shanno) kvazinewtonovska metoda.
Pro minimalizaci s omezenim jsou pak pouzity metoda minimaxu, "goal attainment" metoda,
semi - infinite minimalizace a sekvencni kvadratické programovani (SPQ). Nelinedrni
problémy jako nelinearni ptipad metody nejmensich ¢tvercl pouziva Gaussovo-Newtonovu
a Levenbergovo-Marquardtovu metodu. K feSeni nelinearnich rovnic se také wuziva
"trust-region" algoritmus. Pro minimalizaci bez omezeni a nelinearni ulohu nejmensSich
¢tvercl je mozno pouzit metody typu '"line-search". Tyto metody pouzivaji kubické
a kvadratické interpolacni a extrapolani metody.

Viceucelové algoritmy (s vyjimkou linearniho programovani) jsou metody typu
"trust-region". Ulohy s omezenim jsou feSeny uvazovanymi Newtonovymi metodami.
Ulohy s podminkami ve tvaru rovnosti jsou feSeny "projective preconditioned conjugate
gradient" iteraci. Metoda linearniho programovani je variantou algoritmu Mehrotrova
prediktoru-korektoru, "primal-dual interior-point" metody.

a) Standardni algoritmy

Prehled optimalizaci

- 1vod do optimalizace jako cesty pro nalezeni mnoziny parametrli, jez mohou byt né¢jakym
zpisobem definovany jako optimdlni. Tyto parametry ziskdme minimalizaci C¢i
maximalizaci tucelové funkce, s omezujicimi podminkami (rovnosti nebo nerovnosti)
a okrajovymi body.

Optimalizace bez vazeb

- popisuyje uziti kvazinewtonovské metody a metody spadovych smért pro optimalizaci
bez vazeb. Je popisovan zpusob aktualizace (a jeho implementace) Hessovy matice
v metodé spadovych sméri v kvazinewtonové algoritmu, ktery je pouzit ve funkci
fminunc.

Optimalizace pomoci metody nejmensich ¢tverct

- pojednava o uziti Gauss - Newtonovy a Levenberg - Marquardtovy metody
pro optimaliza¢ni podprogramy nelinearnich tloh metodou nejmensich c¢tverci Isgnonlin
a Isgcurvefit.

Soustavy nelinearnich rovnic

- zabyvd se uzitim Gauss - Newtonovy metody, Newtonovych a "trust-region dogleg"
metod uzitych funkci fsolve
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Optimalizace s vazbami

- pojednavad o Kun - Tuckerovych rovnicich (podminkach) jako zdkladu pro sekvenéni
kvadratické programovaci metody (SQP). Je popisovan zpisob aktualizace Hessovy
matice, feSeni uloh kvadratického programovani uzitim funkci fmincon, fminimax,
fgoalattain a fseminf. Vysvétluje simplexovou metodu, jeZ je optimalnim algoritmem
pro linearni programovani.

Viceucelova optimalizace

- je uvodem k viceuCelové optimalizaci a pojednava o strategiich  pro praci
s protikladnymi kritérii.  Detailné pojedndvd o wuziti "goal attainment" metody
a navrhovaném zlepSeni SQP s vyuzitim téchto metod.

b) Algoritmy "velkého rozsahu" (large scale)

Algoritmy large scale popisuji metody pouzité v optimalizacnim toolboxu k feseni large scale
optimalizac¢nich uloh. Obsahuje néasledujici sekce:

Trust-Region metody pro nelinedrni minimalizaci
- popisuje uziti metod pro nelinearni minimalizaci bez vazeb.

Preconditioned Conjugate Gradients

- ptredklada algoritmus, jez uziva PCG pro feSeni velkych symetrickych pozitivné
definitnich soustav linearnich rovnic.

Ulohy s linearnimi podminkami
- pojednavd o feSeni linedrnich rovnic s omezujicimi podminkami a typu rovnosti
a nerovnosti.

Nelinearni ptipad metody nejmensich ctverca
- popisuyje feseni uloh metodou nejmensich ctvercl pro nelinedrni ptipad.

Kvadratické programovani
- popisuje feSeni tloh minimalizace pomoci kvadratickych ucelovych funkci.

Linearni piipad metody nejmensich ¢tverct
- popisuje feSeni uloh metodou nejmensich ctverct.

Lineéarni programovani
- popisuje uziti LIPSOL (Linear Interior Point Solver) pro feSeni uloh large scale pomoci
linearniho programovani.

5. Prehled optimaliza€nich funkci

- viz ptiloha
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6. Priklad optimalizace parametrt PID regulatoru

Tento priklad ukazuje feSeni viceparametrickych tloh pouzitim funkci Isgnonlin, fminimax,
a fgoalattain. Ukazuje, jak optimalizovat parametry PID regulatoru pomoci modelu Simulink.

Muzeme fici, Ze chceme optimalizovat parametry fizeni modelem Simulink optsim.mdl (tento
model se nachazi v optimaliza¢nim toolboxu optim directory). Nelinearni proces (zadany
blokovym diagramem) je zobrazen na obr.1.

Rizena soustava

Model akéniho élenu

S~ R L5 (D)
®—' —/ g % 50s® +a2.s’ +al.s+]

u y
Omezovaci funkce Zesileni

A 4

Obr. 1: Model Fizené soustavy

Rizena soustava je ddna pienosovou funkci 3.f4du s omezenym akénim Elenem. Omezeni jsou
saturacni limit a nastavitelné zesileni. Saturacni limit ofezédva vstupni hodnoty vétsi nez 2
jednotky nebo mensi nez -2 jednotky.Zesileni je 0.8 jednotek/sec. Odezva uzaviené smycky
systétmu je zobrazena na obr.2. Tuto odezvu je mozno ziskat zapisem funkce optsim
v piikazovém tadku nebo klikem na jméno modelu a pak vybérem volby Start v menu
Simulation.

_ioix
aE(cLL AREB|E A &

Clozed Loop Response

Time offzet: 0

Obr.2: Odezva uzavicené smycky systému
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Ukolem je zobrazeni odezvy na jednotkovy skok v uzaviené smycce. Uzaviena smycka je
tvofena blokovym schématem s fizenou soustavou (obr.1). Obrazovka vykresluje vystupni
trajektorie v pribehu zobrazovaciho procesu. Model s uzavienou smyckou je ukdzan na obr.3.

Regulator Rizeny systém  Obrazovka
+
Jednotkov —
skok

V%' stu?

Jednou z moznosti feSeni této ulohy je minimalizace chyby mezi vstupnim a vystupnim
signalem. Proménné jsou parametry PID reguldtoru. Pokud potfebujeme pouze minimalizovat
chybu v jednom ¢asovém okamziku, pak to bude jednoduchd ucelova funkce. Ale cilem je
minimalizovat chybu pro vSechny kroky v ¢ase od 0 do 100, jak to provadi viceparametrova
funkce (funkce pro vSechny ¢asové kroky). Podprogram Isgnonlin je uzit k predvedeni upravy
nejmensich ctverci na sledovaném vystupu. To je popsano pomoci MATLAB funkci
v souboru tracklsg.m, ktery definuje chybovy signal. Chybovy signal y out, vystup se spocte
volanim sim, minus jednotkovy vstupni signal. Funkce tracklsq rozbiha simulaci. Pro spusténi
simulace v optsim musi byt definovany vSechny proménné Kp, Ki, Kd, al a a2 (al a a2 jsou
proménné v fizeném systému). Kp, Ki a Kd jsou proménné, jez maji byt optimalizovany. Je
mozno inicializovat al a a2 pied volanim Isgnonlin a pak vypocet provést s témito dvéma
proménnymi jako dodateénymi argumenty. Funkce Isgnonlin vyuzije al a a2 pro tracklsq
pokazdé, kdyz jsou volany, takze nemusime pouzit globalni proménné. Po zvoleni feSeni
pomoci simset funkce, bézi simulace pomoci sim. Simulace pracuje s pevnym krokem metody
S.stupné do 100 sekund. KdyZz je simulace hotova, proménné t_out, X_out a y_out jsou
v aktudlnim pracovnim prostoru (jez je , pracovnim prostorem funkce tracklsq). Vystupni port
je uzit v blokovém diagramu modelu k umisténi y_out do pribézného pracovniho prostoru
na konci simulace.

Obr. 3: Model s uzavi‘enou smyc¢kou

Krok 1: Zapis M-file tracklsq.m.

function F = tracklsq(pid,a1,a2)

Kp = pid(1); % Move variables into model parameter names
Ki = pid(2);

Kd = pid(3);

% Choose solver and set model workspace to this function
opt = simset('solver','ode5','SrcWorkspace','Current’);
[tout,xout,yout] = sim(‘optsim’,[0 100],0pt);

F = yout-1; % Compute error signal

Krok 2: Volani optimalizaénich podprogramu.
optsim % Load the model

pid0 = [0.63 0.0504 1.9688] % Set initial values

al = 3; a2 = 43; % Initialize plant variables in model
options = optimset('LargeScale','off','Display’','iter', ...
"TolX',0.001,'TolFun',0.001);

pid = Isgnonlin(@tracklsq, pid0, [], [ ], options, a1, a2)
% Put variables back in the base workspace

Kp = pid(1); Ki = pid(2); Kd = pid(3);
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Volby proménnych provedené v Isqnonlin definuji kriteria a zobrazeni charakteristik. V tomto
piipadé jste dotdzdni na vystup, pouzije se "medium-scale" algoritmus a zaddni toleranci
kroku a ucelové funkce (od 0.001). Optimalizace dava feSeni pro proporcionalni, integracni,
a derivacni (Kp, Ki, Kd) konstanty regulatoru po 64 funkénich vycislenich:

Func- Step-  Directional

Iteration Residual . . L. Lambda
count size derivative

1 3 8.66531 1 -3.48
2 17 5.21602 85.4 -0.00813  0.0403059
3 24 4.54036 1 -0.0331 0.393189
4 31 4.47786 0918 -0.00467 0.201985
5 39 4.47552 2.12 0.00121 0.100992
6 46 4.47524 0.203 -0.00193 0.0718569
7 64 4.47524 -4.11e-007 -0.00157 2595.3

Optimization terminated successfully:
Search direction less than tolX

pid= 2.9186 0.1398 12.6221

-101 x]

lsE|ocpr ABRB O & &

Closed Loop Response

Obr. 4: Odezva uzaviené smy¢ky dosaZena pouzitim funkce Isgnonlin

Nelinearni systém fizeni je doporucen pro feSeni viceparametrovych optimalizacnich uloh
v soucinnosti s feSenim s proménnym krokem v Simulinku. To poskytuje specialni numericky
vypocet gradientu, ktery pracuje se Simulinkem a vyvaruje se nedostatku hladkosti v uvodni
fazi. DalSim pfiblizenim feSeni je uziti fminimax funkce. V tomto piipadé, vice nez
minimalizace chyby mezi vystupnim a vstupnim signidlem, minimalizujeme maximalni
hodnotu vystupu v libovolném case t mezi 0 a 100. Potom ve funkci trackmmobj je vystup
jednoduché ucelové funkce out vracen piikazem sim. Ale minimalizaci vystupniho maxima
ve vSech Ccasovych krocich muze dojit k zesileni pro nckteré casové kroky hodné
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pod jednotku. Abychom ziskali vystup okolo 0.95 po prvnich 20 vtefindch, musime
k omezujici funkci trackkmmcon pfi¢ist omezeni y_out >= 0.95 od t =20 do t =100. Protoze
podminka musi byt dana nerovnosti g <= 0, je omezeni g = -y_out(20:100)+.95. Ob¢ funkce
trackmmobj a trackmmcon uzivaji vysledny y_out ze sim, spo¢teny z aktualnich pid hodnot.
Nelinearni podminéna funkce je vzdy volana bezprostfedné po ucelové funkci v fmincon,
fminimax, fgoalattain a fseminf s tymiz hodnotami. Tak se miizeme vyvarovat dvojiho volani
simulace pouzitim assignin a stanovenim aktualni hodnoty F pro proménnou
F_TRACKMMOBJ v zakladnim pracovnim prostoru. Pak prvnim krokem v trackmmcon je
pouziti evalin k vy¢isleni proménné F_TRACKMMOBJ a zadani vysledku do F lokalné
v trackmmcon.

Krok 1: Zapis M-file trackmmobj.m pro vypocet ucelové funkce.
function F = trackmmobj(pid,a1,a2)

Kp = pid(1);
Ki = pid(2);
Kd = pid(3);

% Compute function value

opt = simset('solver','ode5','SrcWorkspace','Current’);
[tout,xout,yout] = sim(‘optsim',[0 100],0pt);

F = yout;

assignin('base','F_ TRACKMMOBJ',F);

Krok 2: Zapis M-file trackmmcon.m pro vypocet nelinearniho omezeni.
function [c,ceq] = trackmmcon(pid,a1,a2)
F = evalin('base','F_TRACKMMOBJ');
% Compute constraints
= -F(20:100)+.95;
ceq=[];

Krok 3: Spusténi optimalizaéniho podprogramu s omezenim.
optsim

pid0 = [0.63 0.0504 1.9688]

al=3;a2=43;

options = optimset('Display','iter’,...

"TolX',0.001,'TolFun',0.001);

pid = fminimax(@trackmmobj,pid0,[ I,[L LI LL LI L[ 1---
‘trackmmcon’,options,a1,a2)

% Put variables back in the base workspace

Kp = pid(1); Ki = pid(2); Kd = pid(3);

Max Directional

Iter F-count {F,constraints} Step-size derivative Procedure

1 11 1.264 1 1.18

2 17 1.055 1 -0.172

3 23 1.004 1 -0.0128 Hessian modified twice
4 29 0.9997 1 3.48e-005 Hessian modified

5 35 0.9996 1 -1.36e-006 Hessian modified twice

Optimization terminated successfully:
Search direction less than 2*options.TolX and
maximum constraint violation is less than options.TolCon
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Active Constraints:
1

14

182

pid =0.5894  0.0605 5.5295
Posledni hodnota zapsana v MAX{F,constraints} ve sloupci vystupu ukazuje, Ze maximalni

hodnota pro vSechny ¢asové kroky je 0.9996. Odezva uzaviené smycky s timto vysledkem je
zobrazena na obr.5. Toto feSeni se lisi od feSeni pomoci Isgnonlin, protoze jsme fesili odlisné

formulovanou ulohu.
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Obr. 5: Odezva uzaviené smy¢ky dosaZena pouZitim funkce fminimax
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Functions - By Category

The Optimization Toolbox provides these categories of functions.

Minimization Minimization functions
Equation Solving Solution of linear and nonlinear equations
Least Squares (Curve Fitting) Linear and nonlinear curve fitting

Utility Setting and retrieving optimizations
parameters

Demos of Large-Scale Methods Demonstration programs of large-scale

methods
Demos of Medium-Scale Demonstration programs of medium-scale
Methods methods
Minimization
fgoalattain Multiobjective goal attainment
fminbnd Scalar nonlinear minimization with bounds
fmincon Constrained nonlinear minimization
fminimax Minimax optimization
fminsearch, Unconstrained nonlinear minimization
fminunc
fseminf Semi-infinite minimization
linprog Linear programming
quadprog Quadratic programming
Equation Solving
\ Use \ (left division) to solve linear equations. See the

Arithmetic Operators reference page in the online
MATLAB documentation.

fsolve Nonlinear equation solving
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Functions — By Category

fzero

Scalar nonlinear equation solving

Least Squares (Curve Fitting)

\

1sqglin
Isqcurvefit
1sqnonlin

1sgnonneg

Utility
fzmult
gangstr
optimget

optimset

Use \ (left division) for linear least squares with no
constraints. See the Arithmetic Operators reference
page.

Constrained linear least squares

Nonlinear curve fitting

Nonlinear least squares

Nonnegative linear least squares

Multiplication with fundamental nullspace basis
Zero out “small” entries subject to structural rank
Get optimization options parameter values

Create or edit optimization options parameter
structure

Demos of Large-Scale Methods

From the MATLAB Help browser, click the demo name to run the demo. Look
for information and additional instructions in the MATLAB Command

Window.

circustent

molecule

optdeblur

Quadratic programming to find shape of a circus tent

Molecule conformation solution using unconstrained
nonlinear minimization

Image deblurring using bounded linear least squares
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Demos of Medium-Scale Methods

From the MATLAB Help browser, click the demo name to run the demo. Look
for information and additional instructions in the MATLAB Command

Window.

bandemo Minimization of the banana function

dfildemo Finite-precision filter design (requires the Signal
Processing Toolbox)

goaldemo Goal attainment example

optdemo Menu of demo routines

tutdemo Script for the medium-scale algorithms. The script

follows the “Tutorial” chapter of the Optimization
Toolbox User’s Guide.



Function Arguments

Function Arguments

The Optimization Toolbox functions use these arguments.

Input Arguments General descriptions of input arguments used by
toolbox functions.

Output Arguments General descriptions of output arguments used by
toolbox functions.

Individual function reference pages provide function-specific information, as
necessary.

Input Arguments

Argument Description Used by Functions
A, b The matrix A and vector b are, respectively, the fgoalattain,
coefficients of the linear inequality constraints and the fmincon, fminimax,
corresponding right-side vector: A*x <= b. fseminf, linprog,
1sqlin, quadprog
Aeq, beq The matrix Aeq and vector beq are, respectively, the fgoalattain,
coefficients of the linear equality constraints and the fmincon, fminimax,
corresponding right-side vector: Aeq*x = beq. fseminf, linprog,
1sqlin, quadprog
C, d The matrix C and vector d are, respectively, the 1sglin, 1sgnonneg
coefficients of the over or underdetermined linear system
and the right-side vector to be solved.
f The vector of coefficients for the linear term in the linear linprog, quadprog

equation f'*x or the quadratic equation x' *H*x+f ' *x.
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Argument Description Used by Functions
fun The function to be optimized. fun is a function or an inline = fgoalattain,
object. See the individual function reference pages for fminbnd, fmincon,
more information on fun. fminimax,
fminsearch,
fminunc, fseminf,
fsolve, fzero,
1sqcurvefit,
1sqnonlin
goal Vector of values that the objectives attempt to attain. The  fgoalattain
vector is the same length as the number of objectives.
H The matrix of coefficients for the quadratic terms in the quadprog
quadratic equation x ' *H*x+f ' *x. H must be symmetric.
1lb, ub Lower and upper bound vectors (or matrices). The fgoalattain,
arguments are normally the same size as x. However, if 1b ~ fmincon, fminimax,
has fewer elements than x, say only m, then only the first = fseminf, linprog,
m elements in x are bounded below; upper bounds in ub lsqcurvefit,
can be defined in the same manner. You can also specify 1sqlin, 1sgnonlin,
unbounded variables using - Inf (for lower bounds) or Inf  quadprog
(for upper bounds). For example, if 1b(i) = -Inf, the
variable x (i) is unbounded below.
nonlcon The function that computes the nonlinear inequality and fgoalattain,
equality constraints. See the individual reference pages fmincon, fminimax
for more information on nonlcon.
ntheta The number of semi-infinite constraints. fseminf
options An optimization options parameter structure that defines  All functions

parameters used by the optimization functions. For
information about the parameters, see Table
Optimization Parameters, or the individual function
reference pages.




Function Arguments

Argument Description Used by Functions
P1,P2,... Additional arguments to be passed to fun, nonlcon (if it fgoalattain,
exists), and seminfcon (if it exists), when the optimization = fminbnd, fmincon,
function calls the functions fun, nonlcon, or seminfcon fminimax,
using these calls: fminsearch,
£ =t 10 fminunc, fseminf,
= feval(fun,x,P1,P2,...) fsolve, fzero,
[c, ceq] = feval(nonlcon,x,P1,P2,...) lsqcurvefit,
1sqnonlin
[c,ceq,KT1,K2,...,Kn,s]= ...
feval(seminfcon,x,s,P1,P2,...)
Using this feature, the same fun (or nonlcon or
seminfcon) can solve a number of similar problems with
different parameters, avoiding the need to use global
variables.
seminfcon The function that computes the nonlinear inequality and fseminf
equality constraints and the semi-infinite constraints.
seminfcon is the name of an M-file or MEX-file. See the
function reference pages for fseminf for more information
on seminfcon.
weight A weighting vector to control the relative fgoalattain
underattainment or overattainment of the objectives.
xdata, The input data xdata and the observed output data ydata  lsqcurvefit
ydata that are to be fitted to an equation.
x0 Starting point (a scalar, vector or matrix). All functions except
fminbnd
(For fzero, x0 can also be a two-element vector
representing an interval that is known to contain a zero.)
x1, x2 The interval over which the function is minimized. fminbnd
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Output Arguments

Argument Description Used by Functions
attainfactor The attainment factor at the solution x. fgoalattain
exitflag The exit condition. For the meaning of a particular value,  All functions
see the function reference pages.
fval The value of the objective function fun at the solution x. fgoalattain,
fminbnd, fmincon,
fminimax,
fminsearch,
fminunc, fseminf,
fsolve, fzero,
linprog, quadprog
grad The value of the gradient of fun at the solution x. If fun fmincon, fminunc
does not compute the gradient, grad is a
finite-differencing approximation of the gradient.
hessian The value of the Hessian of fun at the solution x. For fmincon, fminunc
large-scale methods, if fun does not compute the Hessian,
hessian is a finite-differencing approximation of the
Hessian. For medium-scale methods, hessian is the
value of the Quasi-Newton approximation to the Hessian
at the solution x.
jacobian The value of the Jacobian of fun at the solution x. If fun lsqcurvefit,

does not compute the Jacobian, jacobian is a
finite-differencing approximation of the Jacobian.

1sgnonlin, fsolve
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Argument Description Used by Functions
lambda The Lagrange multipliers at the solution x. lambda is a fgoalattain,
structure where each field is for a different constraint fmincon,
type. For structure field names, see individual function fminimax,
descriptions. (For 1sqnonneg, lambda is simply a vector, fseminf, linprog,
as 1sqnonneg only handles one kind of constraint.) 1sqcurvefit,
1sqlin,
1sgnonlin,
1sgnonneg,
quadprog
maxfval max{fun(x)} at the solution x. fminimax
output An output structure that contains information about the  All functions
results of the optimization. For structure field names, see
individual function descriptions.
residual The value of the residual at the solution x. lsqcurvefit,
1sqlin,
1sqnonlin,
1sqnonneg
resnorm The value of the squared 2-norm of the residual at the lsqcurvefit,
solution x. 1sqglin,
1sgnonlin,
1sgnonneg
X The solution found by the optimization function. If All functions

exitflag > 0, then x is a solution; otherwise, x is the
value of the optimization routine when it terminated
prematurely.
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Optimization Parameters

This table describes fields in the optimization parameters structure options.
The column labeled L, M, B indicates whether the parameter applies to
large-scale methods, medium scale methods, or both:

e L — Large-scale methods only

® M — Medium-scale methods only

® B — Both large- and medium-scale methods

See the Optimization Toolbox optimset reference page, the MATLAB

optimset reference page, and the individual function reference pages for
information about parameter values and defaults.

Note Links in this table are to Optimization Toolbox functions.
These links are to the corresponding MATLAB optimization functions:
fminbnd, fminsearch, fzero, 1sqnonneg, optimget, optimset.

Parameter Name Description L, M,B  Used by Functions
DerivativeCheck Compare user-supplied B fgoalattain, fmincon,
analytic derivatives (gradients fminimax, fminunc,
or Jacobian) to finite fseminf, fsolve,
differencing derivatives. 1sqcurvefit, 1sgnonlin
Diagnostics Display diagnostic information B All but fminbnd,
about the function to be fminsearch, fzero, and
minimized or solved. lsgnonneg
DiffMaxChange Maximum change in variables M fgoalattain, fmincon,
for finite-difference fminimax, fminunc,
derivatives. fseminf, fsolve,

1sqcurvefit, 1sgnonlin
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Parameter Name Description L, M,B Used by Functions
DiffMinChange Minimum change in variables M fgoalattain, fmincon,
for finite-difference fminimax, fminunc,
derivatives. fseminf, fsolve,
1sqcurvefit, 1sgnonlin
Display Level of display. ' off' displays B All. See the individual
no output; 'iter' displays function reference pages
output at each iteration; for the values that apply.
'final' displays just the final
output; 'notify' displays
output only if function does not
converge.
GoalsExactAchieve Number of goals to achieve M fgoalattain
exactly (do not over- or
underachieve).
GradConstr Gradients for the nonlinear M fgoalattain, fmincon,
constraints defined by the user. fminimax
GradObj Gradients for the objective B fgoalattain, fmincon,
functions defined by the user. fminimax, fminunc,
fseminf
Hessian If 'on', function uses L fmincon, fminunc
user-defined Hessian or
Hessian information (when
using HessMult), for the
objective function. If 'off',
function approximates the
Hessian using finite
differences.
HessMult Hessian multiply function L fmincon, fminunc,

defined by the user.

quadprog
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Parameter Name Description L, M,B Used by Functions
HessPattern Sparsity pattern of the Hessian L fmincon, fminunc
for finite differencing. The size
of the matrix is n-by-n, where n
is the number of elements in
X0, the starting point.
HessUpdate Quasi-Newton updating M fminunc
scheme.
Jacobian If 'on', function uses B fsolve, 1sqcurvefit,
user-defined Jacobian or lsgnonlin
Jacobian information (when
using JacobMult), for the
objective function. If 'off"',
function approximates the
Jacobian using finite
differences.
JacobMult Jacobian multiply function L fsolve, 1sqcurvefit,
defined by the user. 1sqlin, 1sqnonlin
JacobPattern Sparsity pattern of the L fsolve, 1sqcurvefit,
Jacobian for finite differencing. lsgnonlin
The size of the matrix is
m-by-n, where m is the number
of values in the first argument
returned by the user-specified
function fun, and n is the
number of elements in x0, the
starting point.
LargeScale Use large-scale algorithm if B fmincon, fminunc, fsolve,
possible. linprog, lsqcurvefit,
1sqlin, 1sgnonlin,
quadprog
LevenbergMarquardt Choose Levenberg-Marquardt M lsqcurvefit, 1sgnonlin

over Gauss-Newton algorithm.




Optimization Parameters

Parameter Name Description L, M,B Used by Functions
LineSearchType Line search algorithm choice. M fminunc, fsolve,
1sqcurvefit, 1sqnonlin
MaxFunEvals Maximum number of function B fgoalattain, fminbnd,
evaluations allowed. fmincon, fminimax,
fminsearch, fminunc,
fseminf, fsolve,
1sqcurvefit, 1sgnonlin
MaxIter Maximum number of iterations B All but fzero and
allowed. lsgnonneg
MaxSQPIter Maximum number of SQP M fmincon
iterations allowed
MaxPCGIter Maximum number of PCG L fmincon, fminunc, fsolve,
iterations allowed. lsqcurvefit, 1sqlin,
1sqgnonlin, quadprog
MeritFunction Use goal attainment/minimax M fgoalattain, fminimax
merit function (multiobjective)
vs. fmincon (single objective).
MinAbsMax Number of F(x) to minimizethe M fminimax
worst case absolute values
NonlEgnAlgorithm Choose Levenberg-Marquardt M fsolve
or Gauss-Newton over the
trust-region dogleg algorithm.
OutputFcn Specify a user-defined function B fgoalattain, fmincon,
that the optimization function fminimax, fminunc,
calls at each iteration. See fseminf, 1sqcurvefit,
“Output Function” on lsgnonlin
page 5-15.
PrecondBandWidth Upper bandwidth of L fmincon, fminunc, fsolve,
preconditioner for PCG. 1sqcurvefit, 1sqlin,

1sqgnonlin, quadprog
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Parameter Name Description L, M,B Used by Functions
Simplex If 'on', function uses simplex M linprog
algorithm.
TolCon Termination tolerance on the B fgoalattain, fmincon,
constraint violation. fminimax, fseminf
TolFun Termination tolerance on the B fgoalattain, fmincon,
function value. fminimax, fminsearch,
fminunc, fseminf, fsolve,
linprog (large-scale only),
Isqcurvefit,
1sqlin (large-scale only),
lsgnonlin,
quadprog (large-scale only)
TolPCG Termination tolerance on the L fmincon, fminunc, fsolve,
PCG iteration. lsqcurvefit, 1sqlin,
1sgnonlin, quadprog
TolX Termination tolerance on x. B All functions except the
medium-scale algorithms
for 1inprog, 1sqlin, and
quadprog
TypicalX Typical x values. The length of L fmincon, fminunc, fsolve,

the vector is equal to the
number of elements in x0, the
starting point.

1sqcurvefit, 1sqlin,
1sqnonlin, quadprog
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Output Function

The Outputfcn field of the options structure specifies an M-file function that
an optimization function calls at each iteration. Typically, you might use an
output function to plot points at each iteration or to display data from the
algorithm. To set up an output function, do the following:

1 Write the output function as an M-file function or subfunction.

2 Use optimset to set the value of Outputfcn to be a function handle, that is,
the name of the function preceded by the @ sign. For example, if the output
function is outfun.m, the command

options = optimset('OutputFcn', @outfun);

sets the value of OutputFcn to be the handle to outfun.

3 Call the optimization function with options as an input argument.

See “Calling an Output Function Iteratively” on page 2-75 for an example of an
output function.

Structure of the Output Function

The function definition line of the output function has the following form:
stop = outfun(x, optimvValues, state, varargin)

where

¢ x is the point computed by the algorithm at the current iteration.

® optimValues is a structure containing data from the current iteration.
“Fields in optimValues” on page 5-16 describes the structure in detail.

® state is the current state of the algorithm. “States of the Algorithm” on
page 5-21 lists the possible values.

® varargin contains other problem-dependent input arguments that the
optimization function might pass to outfun. “Other Input Arguments” on
page 5-22 describes these arguments.

® stop is a flag that is true or false depending on whether the optimization
routine should quit or continue. See “Stop Flag” on page 5-22 for more
information.
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The optimization function passes the values of the input arguments to outfun
at each iteration.

Fields in optimValues

The following table lists the fields of the optimvValues structure. A particular
optimization function returns values for only some of these fields. For each
field, the Returned by Functions column of the table lists the functions that
return the field.

Corresponding Output Arguments. Some of the fields of optimvalues correspond to
output arguments of the optimization function. After the final iteration of the
optimization algorithm, the value of such a field equals the corresponding
output argument. For example, optimValues.fval corresponds to the output
argument fval. So, if you call fmincon with an output function and return
fval, the final value of optimvValues.fval equals fval. The Description
column of the following table indicates the fields that have a corresponding
output argument.

Command-Line Display. The values of some fields of optimvalues are displayed at
the command line when you call the optimization function with the Display
parameter of options set to 'iter', as described in “Displaying Iterative
Output” on page 2-69. For example, optimValues.fvalis displayed in the f (x)
column. The Command-Line Display column of the following table indicates
the fields that you can display at the command line.



Output Function

In the following table, the letters L, M, and B mean the following:

¢ L — Function returns a value to the field when using large-scale algorithm.

¢ M — Function returns a value to the field when using medium-scale
algorithm.

¢ B — Function returns a value to the field when using both large and
medium-scale algorithms.

OptimValues Field
(optimValues.field)

Description

Returned by
Functions

Command-Line
Display

cgiterations

constrviolation

degenerate

Number of conjugate
gradient iterations at
current iteration. Final
value equals
optimization function
output
output.cgiterations.

Maximum constraint
violation

Measure of degeneracy.
A point is degenerate if

¢ The partial derivative
with respect to one of
the variables is 0 at
the point.

® A bound constraint is
active for that
variable at the point.

See “Degeneracy” on
page 5-21.

fmincon (L),
lsqcurvefit (L),
l1sgnonlin (L)

fgoalattain (M),
fmincon (M),
fminimax (M),
fseminf (M)

fmincon (L),
lsqcurvefit (L),
l1sgnonlin (L)

CG-iterations

See “Displaying
Iterative Output”
on page 2-69.

max constraint

See “Displaying
Iterative Output”
on page 2-69.

None
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OptimValues Field
(optimValues.field)

Description

Returned by
Functions

Command-Line
Display

directionalderivative

firstorderopt

funcount

fval

Directional derivative
in the search direction

First-order optimality

(depends on algorithm).

Final value equals
optimization function
output

output.firstorderopt.

Cumulative number of
function evaluations.
Final value equals
optimization function
output
output.funcCount.

Function value at
current point. Final
value equals
optimization function
output fval.

fgoalattain (M),
fmincon (M),
fminimax (M),
fminunc (M),
fseminf (M),
lsqcurvefit (M),
1sgnonlin (M)

fgoalattain (M),
fmincon (B),
fminimax (M),
fminunc (M),
fseminf (M),
lsqcurvefit (B),
1sgnonlin (B)

fgoalattain (M),
fmincon (B),
fminimax (M),
fminunc (B),
fseminf (M),
1sqcurvefit (B),
1sgnonlin (B)

fgoalattain (M),
fmincon (B),
fminimax (M),
fminunc (B),
fseminf (M),
lsqcurvefit (B),
1sgnonlin (B)

Directional
derivative

See “Displaying
Iterative Output”
on page 2-69.

First-order
optimality

See “Displaying
Iterative Output”
on page 2-69.

F-count

See “Displaying
Iterative Output”
on page 2-69.

f(x)

See “Displaying
Iterative Output”
on page 2-69.
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OptimValues Field

Description

Returned by

Command-Line

(optimValues.field) Functions Display
gradient Current gradient of fgoalattain (M), None
objective function — fmincon (B),
either analytic gradient ~ fminimax (M),
if you provide it or fminunc (M),
finite-differencing fseminf (M),
approximation. Final 1sqcurvefit (B),
value equals 1sgnonlin (B)
optimization function
output grad.
iteration Iteration number — fgoalattain (M), Iteration
starts at 0. Final value fmincon (B), See “Displaying
equals optimization fminimax (M), Iterative Output”
function output fminunc (B), on page 2-69.
output.iterations. fseminf (M),
1sqgcurvefit (B),
1sgnonlin (B)
lambda The Lagrange fgoalattain (M), None
multipliers at the fmincon (M),
solution x. lambda is a fminimax (M),
structure where each fseminf (M),
field is for a different 1sqcurvefit (M),
constraint type. For 1sgnonlin (M)
structure field names,
see individual function
descriptions. Final
value equals
optimization function
output lambda.
positivedefinite ¢ 0 if algorithm detects = fmincon (L), None

negative curvature
while computing
Newton step

® { otherwise

1sqcurvefit (L),
1sgnonlin (L)
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OptimValues Field
(optimValues.field)

Description

Returned by
Functions

Command-Line
Display

procedure

ratio

residual

searchdirection

stepsize

trustregionradius

Procedure messages

Ratio of change in the
objective function to
change in the quadratic
approximation

2-norm of the residual
squared. Final value
equals optimization
function output
residual.

Search direction

Current step size. Final
value equals
optimization function
output
options.stepsize.

Radius of trust region

fgoalattain (M),
fmincon (M),
fminimax (M),
fseminf (M)

fmincon (L),
1sqcurvefit (L),
1sgnonlin (L)

1sqcurvefit (B),
1sgnonlin (B)

fgoalattain (M),
fmincon (M),
fminimax (M),
fminunc (M),
fseminf (M),
1sqgcurvefit (M),
1sgnonlin (M)

fgoalattain (M),
fmincon (B),
fminimax (M),
fminunc (B),
fseminf (M),
1sqcurvefit (B),
1sgnonlin (B)

fmincon (L),
Isqcurvefit,
1sgnonlin (L)

Procedure

See “Displaying
Iterative Output”
on page 2-69.

None

Residual

See “Displaying
Iterative Output”
on page 2-69.

None

Step-size

See “Displaying
Iterative Output”
on page 2-69.

Trust-region
radius

See “Displaying
Iterative Output”
on page 2-69.
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Degeneracy. The value of the field degenerate, which measures the degeneracy
of the current optimization point x, is defined as follows. First, define a vector
r, of the same size as x, for which r (i) is the minimum distance from x (i) to
the ith entries of the lower and upper bounds, 1b and ub. That is,

r = min(abs(ub-x, x-1b))

Then the value of degenerate is the minimum entry of the vector
r + abs(grad), where grad is the gradient of the objective function. The value

of degenerate is 0 if there is an index i for which both of the following are true:

e grad(i) = 0
® x (i) equals the ith entry of either the lower or upper bound.

States of the Algorithm
The following table lists the possible values for state:

State Description

‘init' The algorithm is in the initial state before the first
iteration.

‘interrupt' The algorithm is in some computationally expensive part of

the iteration. In this state, the output function can
interrupt the current iteration of the optimization. At this
time, the values of x and optimValues are the same as at

the last call to the output function in which state=="iter".

‘iter' The algorithm is at the end of an iteration.

‘done’ The algorithm is in the final state after the last iteration.

The following code illustrates how the output function might use the value of
state to decide which tasks to perform at the current iteration.

switch state
case 'iter’
% Make updates to plot or guis as needed
case 'interrupt'
% Probably no action here. Check conditions to see
% whether optimization should quit.
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case 'init'
% Setup for plots or guis
case 'done'’
% Cleanup of plots, guis, or final plot
otherwise
end

Other Input Arguments

The argument varargin contains additional, problem-dependent arguments
that you provide to the optimization function, which the function also passes to
the objective function, fun, as well as the constraint functions nonlcon and
seminfcon, if they exist. For example, if you call fmincon with the syntax

x = fmincon(fun,x0,A,b,Aeq,beq,lb,ub,nonlcon,options,P1,P2,...)

fmincon passes the arguments P1, P2, and so on to outfun as varargin(1),
varargin(2), and so on. You can also specify these arguments explicitly in the
first line of the output function, using the syntax

stop = outfun(x, optimvValues, state, P1, P2, ...)

Stop Flag

The output argument stop is a flag that is true or false. The flag tells the
optimization function whether the optimization should quit or continue. The
following examples show typical ways to use the stop flag.

Stopping an Optimization Based on Data in optimValues. The output function can stop
an optimization at any iteration based on the current data in optimvalues. For
example, the following code sets stop to true if the directional derivative is less
than.01:

function stop = outfun(x, optimValues)
stop = false;
% Check if directional derivative is less than .0f1.
if optimValues.directionalderivative < .01
stop = true;
end

Stopping an Optimization Based on GUI Input. If you design a GUI to perform
optimizations, you can make the output function stop an optimization when a
user presses a Stop button on the GUI. The following code shows how to do
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this, assuming that the Stop button callback stores the value true in the
optimstop field of a handles structure called hObject.

function stop = outfun(x)

stop = false;

% Check if user has requested to stop the optimization.
stop = getappdata(hObject, 'optimstop');
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