Optimization Toolbox 6.0

Solve standard and large-scale optimization problems
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Finding a local minimum of the peaks function using a gradient-based optimization solver from Optimization Toolbox.
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A blurred image recovered using the large-scale linear least-squares algorithm.
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An optimization routine running at the command line (left) that calls MATLAB files defining the objective function (top
right) and constraint equations (bottom right).
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Unconstrained Nonlinear Optimization
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Unconstrained nonlinear programming used to search an engine performance map for peak efficiency.

Constrained Nonlinear Optimization
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Constrained nonlinear programming used to design an optimal suspension system.
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Multiobjective optimization used to design a low-pass filter.
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Linear and Nonlinear Least-Squares Optimization
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Fitting a transcendental equation using nonlinear least squares.

Data Fitting
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Fitting a nonlinear exponential equation using least-squares curve fitting.

Nonlinear Equation Solving
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Solving an n-dimensional Rosenbrock function using the nonlinear equation solver.
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File Edit Debug Desktop Window Help e
Optimization terminated.
Resulcs:
136343.38 I1 Turbine 1 inlet flowrate
244000.00 I2 Turbine 2 inlet flowrate
12815%8.00 H1l Turbine 1 mid-pressure exit flowrate
143377.00 H2 Turbine 2 mid-pressure exti flowrate
0.00 L1 Turbine 1 low-pressure exit flowrate
100€23.00 L2 Turbine 2 low-pressure exit flowrate
8184.38 c Turbine 1 condensate flowrate
0.00 Bl Bypass 1 flowrate
0.00 B2 Bypass 2 flowrate
380343.28 HP High-pressure steam flowrate
271536.00 MP Mid-pressure steam flowrate
100623.00 LP Low-pressure steam flowrate
6250.00 P1 Turbine 1 power production
7057.77 P2 Turbine 2 power production
11242.23 PP Purchased power
757.77 EP Excess power
e >> |

Linear programming used in the design of a plant for generating steam and electrical power.

Binary Integer Programming
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Example: Investments with Constraints

&y < Example: Investments with Constraints
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This example uses bintprog to solve an integer programming problem that is not obviously a binary integer programming
problem. This is done by representing each nonbinary integer-valued variable as an appropriate sum of binary variables, and by
using linear constraints carefully. While the example is not particularly realistic. it demonstrates a variety of techniques:

* How to formulate nonbinary integer programming problems
* How to formulate an objective and constraints
* How to use indicator variables (y; in the example)

Problem Statement

There are five investment opportunities labeled 1. 2. 3. 4. and 5. The investments have the costs and payoffs listed in the
following table.

Investment | Buy-In Cost | Cost/Unit PayofffUnit | Max # Units
1 526 5 $15 5
2 535 57 525 4
3 528 36 517 5
4 520 54 513 il
o 540 58 §18 3

* The maximum total investment is 5125
s The problem is to maximize profit, which is payoff minus cost.
* The payoff is the sum of the units bought times the payofffunit.

» The cost per investment is the buy-in cost plus the cost/unit times the number of units if you buy at least one unit;
otherwise, it is 0.
* The cost is the sum of the costs per investment.

It is convenient to formulate this problem using the indicator variables y;. Define these as y; = 1 when corresponding quantity
variable x; is positive, and y; = 0 when x; = 0:

s x; = # units purchased of investment /

* yi=1ifx; = 0, y; = 0 otherwise

* cost = Z(Buy-in cost); - yi + E{cost/unit); - x; v

jar:file: {ffC: fProgram Files/MATLAB/R 2005b /help ftoolbox foptim help.jar! fug/brn4nmy. himl#brn4nnf-1

Binary integer programming used to solve an investment problem.
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) Optimization Tool

Fie Heip
Problem Setup and Results Options EFS
EE aiteria |
Solver: | quadprog - Quodratic programming e
Max iteratons: (&) Use default: 200
Agarithm: | Medum scale ~
Problem G specty:
H: |H f: |t X tolerance: (&) Use default
Constraints: O Spesfy:
Lnear inequalties: A b Function tolerance: (&) Use defaut
Urew cqualties:  Aca: Aen bea: beq © specy:
Leles L Uepers =) User suppbed ervatves |
Startpoint: Hessian multiply function: (2} Use default: No multiply function
() Let algorithm choose peint O soecty
) Specify point Eiaies )
Run salver and view results Subproblem algarithm: () Cholesky factorization
(3) Precondiioned CG
Current iteration: [4 } Returns-Based Style Analysis Results
Ty Fie Edt Wew Inewt Took Destop Window Heb
Cotimiation rawing. 2 Ddde | S50BLL-3 0E =D
Optimization temminated
Cpective function vakse: 0.0036472376 765206903 CE Time Pesiod: Jan 1. 2006 - Dec 1, 2008
Optenzation termngted. 2[5
= ecf T T T T
aw 1 T T
Final pont:
Index « | Value Cash
1 0.517)
2 [
1 0 22: International Value
EN 0.356) =]
I i Leve]
- 7 0.002) Growth
L] #| | O
Small Cag Value
Small Cap Growth [ - -
Large Cap Value
Large Cap Growth

)
Percentaga (%)

Quadratic programming used to perform a returns-based style analysis for three mutual funds.
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niConstraint |tn 1 Caol 1

T Editor - C\matlab\ parallel Optim optimProblem m (E=1 o “="| Tor e ew et Tooh O Vi e
File Edit Ted Go Cell Tools Debug Desktop Window Help LR DSde kNS0 9L- A 0B 80
DEH B2 00T - At k- 2RRBREBA|-| A0
BB - [+ Fa x| 880
1 #% Problem constants @
2~ 4 electrons
3 - 4 pause tims
4
5 #% Generate Initial Starting Point Y
L3 % Generate a pseudo-random set of electrons using scbol segquence
Tri= %0 = net(=obolsec(3),N)-0.5; b
& % Normalize within & 1/2 radius sphere *
9~ %0(:,3) = X0{:,3) - 2:
10 - %0 = reahspe(x0',N*3,1]/2; —_— pm—
11 %% Linear Constraints {Ax = b} ¥ Editor - C:Amatlab'\paral ==
12 ; sm; cl-r im: linear inequalities file Edit Tet Go Cell =i e
- - : ; = 0 7
14 £ ; ‘DEE|#% s
15 1-1 1 Bl -0 |+ .
if! w - ;:t;:(‘iil]“:y"l' 1 funct ensrgy = sumlnvDist (x,t) @
18 - e 2 % Objective function
19 - K{4*4-3:4%4, 3%4-2:3%4) = B; 3% .= langehix]:
e i 4- energy = 0;
2l - b o= zeros{4tH,1): s e b
= 6= for 3 = i+3:3:N-2
23 #% Define Problem for |fmincen] T dist = x(i:142) - x(3:3+42);
24 - problem. x0 = W 8 - energy = energy 4+ l/agrc(dist’ "disc);
25 - problem.objective = §(x} sumInvDisct(x,t); 2= end
26 - problem. honlcon = @nlConstralinc; 10 - E!l4
27— problem, aclver = ‘fmincon'; 1
2 - problem.options = optimset('Algorichm', 'active-sec', ... [|12 - pause(t): % add cime dependence to caleulacion (artificial)
29 'Disp’,'none’', ... 2 ! s
S melegte AR 2 Eitor - CAmatib\paralliOptim\ iConstintm EleIEs = s o
3. problesbineq B [Efe) Edit Text Go Cell Tools Debug Desktop Window Help A
o e DS $MB2 L2 - Aesf|k-8(-] "0~
= tic; .
35 = [x,fval,exitflag, oucput] = fmincon{problem);: EEB = |10 + | = (Ll B %g." %?." 0_
= it ) 1 function [c,ceq] * nlComstraint (x) =
script 2
3 - E = lengthix)/3;
4
5 % lneguality constraint
[ ¢ = zeros(E,1): =
sh 1= 1:E:
& - c = [x[(3%7i-2)."2 + x(371-1).72 + (x(I*i)+1)."2 - 1).':
9
1o % equality constraint (nonej}
11 - ceq = []:

Accelerating time to solution for an electrostatics problem using the built-in support for parallel computing in a

nonlinear programming solver. The built-in functionality is enabled by specifying theJseParallel option (left) for the
objective (middle right) and constraint (bottom right) functions, with the solution shown in the top right.
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0121,,%, #/-054)." %.1",)." 9/5 4/ $%#2%!3% 4(% 4)-% 2%15)2%$ 4/ %6!,5!14%
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! Editor - C:\matlab\parallelOptim\myCostFcnRRparfor.m f=lfelEs)
File Edit Text Go Cell Tools Debug Desktop Window Help bl R
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" a Fle Edt Vew lawt Toss Desiop Window Help -
1 function mycost = myCostFconRRparfor (x,simParms) Nad &AL mDeL- ™ 0@ D
2
3 % preallocate arrays ! 64— rftuns = 100 Paralel Objective
4= ta = zeros(size (SimPars.nRuns));: . EZZIM’SZLT.?&.“ZE
= = A £+ nRuns = 100 Parallel Opt
S o ta; —— mi =1 m::.:-u Orm
& 4+ rftuns = 10,000 Paraflel Ggtion
7 % Start Monte Carlo
g = parfor i = l:simParms.nRuns %--> was for i = l:simParms.nRuns|
g %% Run the simmlation
10 — [Zdotdot,thetadotdot,rf,rr] = runSimModel (x,simParms,ii);
11
12 %% Compute cost
13 = totalhceel = (Zdocdot + rf * thetadotdot).”2 + ...
14 {Zdotdot - rr * thetadotdot).”2:
15
16 %% Return final value
Hri ta(i) = sum(totalhccel):
ia - tm{i) = max(totallkccel):
19 = and - : -
W mitomc upetin elo eS| | Elguet =teEs
20 o Fie Bt Wirw Dot Tool: Deiktop Window Hilp -
2l % Return cos Disue - Lim iy JBuBes naNd Ddda| kS8 0904L-Q 0EH a0
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Accelerating time to solution (top right) for a suspension system design (bottom left and bottom right) subject to
uncertainty by customizing the objective function with a single line change in code (top left).
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