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Introduction to TOMLAB Models

The TOMLAB Problem bundle is a collection of problems. These examples can be used as templates for customer
specific problems as well as solver benchmarking.

Part I, testprob contains 750" problems showing the broad spectrum of problems available to the TOMLAB
solvers. The source code is available after installing the TOMLAB distribution (tomlab/testprob).

Part II, modellib, is a model library where the problems are described in a human-readable format with words,
tables and figures. Each problem has been translated into the standard TOMLAB Prob-format. The problems
in this part are mainly of the Linear Programming and Mixed Integer Programming classes with applications in
the fields of Mining and Processing, Scheduling, Planning, Loading and Cutting, Ground transport, Air transport,
Telecommunication, Economics, Timetabling and Public Services. The source code is available in tomlab/modellib.

Part ITI, references to additional downloads from the TOMLAB downloads page: http://tomopt.com/tomlab/download /manuals.p


http://tomopt.com/tomlab/download/manuals.php
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Part 1

The testprob collection

1 Introduction to testprob

Each of the sections in this part will demonstrate a problem class. Most sections also have a small example in
Matlab code with a formal mathematical problem description.

The functions probInit and tomrun respectively initializes and solves the problems in Matlab. For example:

Prob = probInit(’gp_prob’,1);
tomRun(’’,Prob)



2 Linear Programming Problems: 1p prob

In 1p_prob there are 54 linear programming test problems with sizes to nearly 700 variables and 500 constraints.
In order to define the 22’nd problem and solve it execute the following in Matlab:

n = 22;
Prob probInit(’lp_prob’,n);
Result tomRun(’’,Prob);

The general formulation in TOMLAB for a linear programming problem is:
min  f(z) =clx
1)

x
Az

rr

Ty
s/t by

by

VAV
IA AN

where ¢, z,xp,xy € R", A € R™>*" and br,by € R™:. Equality constraints are defined by setting the lower
bound to the upper bound.

An example of a problem of this class, (that is also found in the TOMLAB Quickguide) is IpQG:

min  f(z1,22) = =721 — 529
T1,T2

T1+2x9 < 6 (2>
s/t 4oy + 20 < 12

x1, T2 > 0

File: tomlab/quickguide/lpQG.m

% 1pQG is a small example problem for defining and solving
% linear programming problems using the TOMLAB format.

Name = ’1pQG’; % Problem name, not required.
c = [-7 -5]’; % Coefficients in linear objective function
A =[1 2

4 11]; % Matrix defining linear constraints
b_.U =1[6121]1’; ¥ Upper bounds on the linear inequalities
xL =00 01’; V% Lower bounds on x

% x_min and x_max are only needed if doing plots
x_min=[0 01];
[10 10 1°;

X_max

% b_L, x_U and x_0 have default values and need not be defined.
% It is possible to call lpAssign with empty [] arguments instead

b_L = [-inf -inf]’;
x U = [1;
x_0 = [1;



% Assign routine for defining an LP problem. This allows the user
% to try any solver, including general nonlinear solvers.
Prob = lpAssign(c, A, b_L, b_U, x_L, x_U, x_0, Name,...

(1, 00, 00, x_min, x_max, [1, [1);

% Calling driver routine tomRun to run the solver.
% The 1 sets the print level after optimization.

% Result.x_k contains the optimal decision variables.
% Result.f_k is the optimal value.

Result = tomRun(’pdco’, Prob, 1);

%Result = tomRun(’lpSimplex’, Prob, 1);
%Result = tomRun(’minos’, Prob, 1);
%Result = tomRun(’snopt’, Prob, 1);
%Result = tomRun(’conopt’, Prob, 1);
%Result = tomRun(’knitro’, Prob, 1);
%Result = tomRun(’cplex’, Prob, 1);
%Result = tomRun(’xpress-mp’, Prob, 1);



3 Mixed-Integer Linear Programming Problems: mip prob

In mip_prob there are 47 mixed-integer linear test problems with sizes to nearly 1100 variables and nearly 1200
constraints. In order to define the problem n and solve it execute the following in Matlab:

Prob
Result

probInit(’mip_prob’,n);
tomRun(’’,Prob);

An example of a problem of this class, (that is also found in the TOMLAB quickguide) is mipQG:

mzin f(z)=clx

3)

s/t xp < x < @y,
b, < Ax < bU7 S N Vj el
where ¢, z,x,zy € R?, A € R™*" and by,by € R™. The variables x € I, the index subset of 1,...,n are

restricted to be integers.

File: tomlab/quickguide/mipQG.m

% mipQG is a small example problem for defining and solving
% mixed-integer linear programming problems using the TOMLAB format.

Name=’Weingartner 1 - 2/28 0-1 knapsack’;
% Problem formulated as a minimum problem

A= 1[45 0 85 150 65 95 30 0 170 0 ...
40 25 20 0 0 25 0 0 25 0 ...
165 0 85 0 0 0 0 100 ; ...
30 20 125 5 80 25 35 73 12 15 ...
15 40 5 10 10 12 10 9 0 20 ...
60 40 50 36 49 40 19 1507 ;

b_U = [600;600]; % 2 knapsack capacities

[1898 440 22507 270 14148 3100 4650 30800 615 4975 ...
1160 4225 510 11880 479 440 490 330 110 560 ...
24355 2885 11748 4550 750 3720 1950 10500]’; % 28 weights

(¢}
]

% Make problem on standard form for mipSolve

[m,n] = size(A);

c = -C; % Change sign to make a minimum problem
x_L = zeros(n,1);

x_U = ones(n,1);

x_0 = zeros(n,1);

fprintf (’Knapsack problem. Variables Jd. Knapsacks %d\n’,n,m);
% All original variables should be integer

IntVars = n; % Could also be set as: IntVars=1:n; or IntVars=ones(n,1);
X_min = x_L; x_max = x_U; f_Low = -1E7; % f_Low <= f_optimal must hold

10



b_L
f_opt

nProblem
fIP

xIP
setupFile
x_opt
VarWeight
KNAPSACK

-inf*ones(2,1);
-141278;

= [1; % Problem number not used

= [1; % Do not use any prior knowledge

= [1; % Do not use any prior knowledge

= [1; % Just define the Prob structure, not any permanent setup file
= [1; % The optimal integer solution is not known

= [1; % No variable priorities, largest fractional part will be used
1; % Run with the knapsack heuristic

% Assign routine for defining a MIP problem.

Prob

= mipAssign(c, A, b_L, b_U, x_L, x_U, x_0, Name, setupFile,
nProblem, IntVars, VarWeight, KNAPSACK, fIP, xIP,
f_Low, x_min, x_max, f_opt, x_opt);

Prob.optParam.IterPrint = 0; % Set to 1 to see iteratioms.
Prob.Solver.Alg = 2; % Depth First, then Breadth search

% Calling

driver routine tomRun to run the solver.

% The 1 sets the print level after optimization.

Result =
%Result =
%Result
%Result
%Result

tomRun(’mipSolve’, Prob, 1);

tomRun(’cplex’, Prob, 1);
tomRun (’xpress-mp’, Prob, 1);
tomRun(’migqpBB’, Prob, 1);
tomRun(’minlpBB’, Prob, 1);

11



4 Quadratic Programming Problems: gp_prob

In gp_prob there are 41 quadratic programming test problems with sizes to nearly 1200 variables and nearly 500
constraints. In order to define the problem n and solve it execute the following in Matlab:

Prob = probInit(’qp_prob’,n);
Result = tomRun(’’,Prob);

The basic structure of a general nonlinear Quadratic Programming problem is:

min  f(z) = 327 Fz + Tz
x

. @

x
s/t by

Ax

Ty
by

IAINA
VAVAN

where ¢, x,zp,xy € R", F € R"*" A € R™*" and by, by € R™. Equality constraints are defined by setting the
lower bound equal to the upper bound, i.e. for constraint i: by (i) = by (i). Fixed variables are handled the same
way.

An example of a problem of this class, (that is also found in the TOMLAB quickguide) is qpQG:

min  f(z) = 42? + 2122 + 423 + 331 — 422
x

T1+x9 <5 (5)
S/t 331—1‘220

zlz(J

$220

File: tomlab/quickguide/qpQG.m
Open the file for viewing, and execute qpQG in Matlab.

% qpQG is a small example problem for defining and solving
% quadratic programming problems using the TOMLAB format.

Name = ’QP Example’;
F =[8 1 % Matrix F in 1/2 * x” * F * x + ¢’ * X
1 81;
c =[3 -41]°; % Vector ¢ in 1/2 * x’ * F * x + ¢’ * x
A =[1 1 % Constraint matrix
1 -11;
b_L = [-inf O ]1’; Y% Lower bounds on the linear constraints
bU =1[ 5 0 1’; 7% Upper bounds on the linear constraints
xL =1[ 0 0 1°; % Lower bounds on the variables
x_U = [ inf inf ]1°; 7% Upper bounds on the variables
x0 =1[ 0 1 1°; 7% Starting point
x_min = [-1 -1 ]; % Plot region lower bound parameters
xmax = [ 6 6 1]; % Plot region upper bound parameters

12



% Assign routine for defining a QP problem.
Prob = gpAssign(F, ¢, A, b_L, b_U, x_L, x_U, x_0, Name,...
(1, 00, 00, x_min, x_max);

% Calling driver routine tomRun to run the solver.
% The 1 sets the print level after optimization.

Result = tomRun(’qgpSolve’, Prob, 1);
%Result = tomRun(’snopt’, Prob, 1);

%Result = tomRun(’sqopt’, Prob, 1);
%Result = tomRun(’cplex’, Prob, 1);
%Result = tomRun(’knitro’, Prob, 1);
%Result = tomRun(’conopt’, Prob, 1);

13



5 Mixed-Integer Quadratic Programming Problems: mipq prob

In mipg_prob there are 4 mixed-integer quadratic programming test problems with sizes to about 120 variables
and slightly more than 100 constraints. In order to define the problem n and solve it execute the following in

Matlab:

Prob = probInit(’migp_prob’,n);
Result = tomRun(’’,Prob);

The basic structure of a general mixed-integer quadratic programming problem is:

min  f(z) =327 Fr+ o
x

x r < x
s/t L = v
br <

Az bu, T; € N Vjel

IAIN

(6)

where ¢, z,zp,zy € R", A € R™>*" and br,by € R™. The variables x € I, the index subset of 1,...,n are

restricted to be integers.
An example of a problem of this class, (that is also found in the TOMLAB quickguide) is mipqQG:
File: tomlab/quickguide/miqpQG.m

% migpQG is a small example problem for defining and solving
% mixed-integer quadratic programming problems using the TOMLAB format.

c = [-6 0]7;

Name = ’XP Ref Manual MIQP’;
F = [4 -2;-2 4];

A = [1 1];

b_L = -Inf;

b_U =1.9;

x_ L = [0 0]

x_U = [Inf Inf]’;

% Defining first variable as an integer
IntVars =1;

% Assign routine for defining a MIQP problem.
Prob = migpAssign(F, c, A, b_L, b_U, x_L, x_U, [],
IntVars, [1, [1, [1, Name, [1, [1);

% Calling driver routine tomRun to run the solver.
% The 1 sets the print level after optimization.

Result = tomRun(’cplex’, Prob, 1);

%Result = tomRun(’oqnlp’, Prob, 1);
%Result = tomRun(’miqpBB’, Prob, 1);
%Result

tomRun (’xpress-mp’, Prob, 1);

14



%Result = tomRun(’minlpBB’, Prob, 1);

15



6 Mixed-Integer Quadratic Programming Problems with Quadratic
Constraints: miqq prob
In miqq_prob there are 14 mixed-integer quadratic programming test problems with quadratic constraints with

sizes to 10 variables and 8 constraints. In order to define the problem n and solve it execute the following in
Matlab:

Prob
Result

probInit(’miqq_prob’,n);
tomRun(’’,Prob) ;

The basic structure of a general mixed-integer quadratic programming problem with quadratic constraints is:

min  f(z) = 32" Fz + cTa

s/t xp < z < ay
b, < Ax < by (7)
2TQWr +aWTy < 7“8)7 t=1,...,Ng
r; integer iel

where ¢, z, 2, 2,0 € R?, F,Q®¥) € R*™*", A € R™*™ and by,by € R™. T’g) is a scalar. The variables x € I,
the index subset of 1, ..., n, are restricted to be integers.

An example of a problem of this class, (that is also found in the TOMLAB quickguide) is miqqQG:
File: tomlab/quickguide/miqqQG.m

% miqqQG is a small example problem for defining and solving

% mixed-integer quadratic programming problems with quadratic constraints

% using the TOMLAB format.

Name = ’MIQQ Test Problem 1°;

f_Low = -1E5;
x_opt = [];
f_opt = [1;

IntVars = [0 0 1];

F =[200;0 2 0;00 2];
A =[12-1;1 -1 1];

b_L = [4 -2]";

b_U = b_L;

c = zeros(3,1);

x_0=[000];

x_L = [-10 -10 -10]’;
x_U = [10 10 10]°’;
x_min = [0 0 -1]7;
x_max = [2 2 1]7;

% Adding quadratic constraints

16



qc(1).Q = speye(3,3);
qc(1).a = zeros(3,1);
qc(1).r_U = 3;

qc(2).Q = speye(3,3);
qc(2). zeros(3,1);
qc(2).r_U = 5;

)
1]

Prob = miqqgAssign(F, ¢, A, b_L, b_U, x_L, x_U, x_0, qc,...

IntVars, [1, [, [I,...
Name, [1, [1,...
x_min, x_max, f_opt, x_opt);

Result = tomRun(’cplex’, Prob, 1);
% Result = tomRun(’minlpBB’, Prob, 1);

17



7 Nonlinear Programming Problems: con prob and chs prob

The TOMLAB bundle testprob provides three sets of test problems for nonlinear problems: con_prob and
chs_prob.

7.1 An example of a nonlinear problem

The basic structure of a general nonlinear problem is the following

min  f(z)

z, < x < ay (8)
s/t by < Ax < by

c. < ¢fz) < cay

where z,xp, vy € R, f(z) € R, A € R™>*" by by € R™ and c¢r,c¢(x),cy € R™=2.

An example of a problem of this class, (that is also found in the TOMLAB quickguide) is nlpQG:
min  f(z) = a(re — 2%)% + (1 — 21)?

2 9)
2

-10
s/t =10
a =100

ININA
8 8
[,
VANPAN

TOMLAB requires that general nonlinear problems are defined in Matlab m-files. The function to be optimized
must always be supplied. It is recommended that the user supply as many analytical functions as possible. There
are six methods available for numerical differentiation and also two for automatic.

The following files define the problem in TOMLAB.
File: tomlab/quickguide/rbbQG_f.m, rbbQG_g.m, rbbQG_H.m, rbbQG_c.m, rbbQG_dc.m, rbbQG_d2¢c.m

Function value
Gradient vector
Hessian matrix

O 0 Hh

Nonlinear constraint vector

dc: Nonlinear constraint gradient matrix

d2c: The second part of the Hessian to the Lagrangian
function for the nonlinear constraints.

The following file illustrates how to solve this NLP (CON) problem in TOMLAB. Also view the m-files specified
above for more information.

File: tomlab/quickguide/nlpQG.m
Open the file for viewing, and execute nlpQG in Matlab.

% nlpQG is a small example problem for defining and solving
% nonlinear programming problems using the TOMLAB format.

18



Name = ’RBB Problem’;

x_0 = [-1.2 1]°; % Starting values for the optimization.
x_L = [-10;-10]; % Lower bounds for x.

x_U = [2;2]; % Upper bounds for x.

fLowBnd = 0; % Lower bound on function.

c_L = -1000; % Lower bound on nonlinear constraints.
c_.U=0; % Upper bound on nonlinear constraints.

Prob = conAssign(’rbbQG_f’, ’rbbQG_g’, ’rbbQG_H’, [1, x_L, x_U, Name, x_O,...
[J, fLowBnd, [1, [J, [J, ’rbbQG_c’, ’rbbQG_dc’, ’rbbQG_d2c’, [1, c_L, c_U);

Prob.Warning = 0; % Turning off warnings.

Result = tomRun(’ucSolve’, Prob, 1); % Ignores constraints.

% Result = tomRun(’conopt’, Prob, 1);
% Result = tomRun(’snopt’, Prob, 1);
7.2 con_prob

con_prob is a collection of 17 constrained nonlinear test problems with 2 to 100 variables and up to 50 constrains.
In order to define the problem n and solve it execute the following in Matlab:

Prob
Result

probInit(’con_prob’,n);
tomRun(’’,Prob);

7.3 chs_prob

chs_prob is a collection of 180 constrained nonlinear test problems from the Hoch-Schittkowski set with 2 to 50
variables and about 10 constrains. In order to define the problem n and solve it execute the following in Matlab:

Prob
Result

probInit(’chs_prob’,n);
tomRun(’’,Prob);

19



8 Mixed-Integer Nonlinear Programming Problems: minlp prob.

In minlp_prob there are 14 mixed-integer nonlinear programming test problems with sizes to nearly 50 variables
and nearly 50 constraints. In order to define problem number n and solve it execute the following in Matlab:

Prob = probInit(’minlp_prob’,n);
Result = tomRun(’’,Prob);

The basic structure of a general mixed-integer nonlinear programming problem is the following

min  f(z)
—oo < zp < x < xzy <o (10)
s/t by < Ax < by
e < c¢(xr) < e, z; €N Vjel,

where z,zp, 2y € R", f(z) e R, A € R™*" by by € R™ and ¢r,, c(x),cy € R™2. The variables « € I, the index
subset of 1,...,n, are restricted to be integers.

The following files are required to define a problem of this category in TOMLAB.
File: tomlab/quickguide/minlpQG_f.m, minlpQG_g.m, minlpQG_H.m, minlpQG_c.m, minlpQG_dc.m, minlpQG_d2c.m

Function value
Gradient vector
Hessian matrix

O @m0 +Hh

Nonlinear constraint vector

dc: Nonlinear constraint gradient matrix

d2c: The second part of the Hessian to the Lagrangian
function for the nonlinear constraints.

An example of a problem of this class, (that is also found in the TOMLAB Quickguide) is minlpQG
File: tomlab/quickguide/minlpQG.m

% minlpQG is a small example problem for defining and solving
% mixed-integer nonlinear programming problems using the TOMLAB format.

Name=’minlplDemo - Kocis/Grossman.’;

IntVars
VarWeight

[0011117]; % Integer variables: x(3)-x(5)
[1; % No priorities given

% There are divisions and square roots involving x(2), so we must
% have a small but positive value for the lower bound on x(2).
BIG = 1E8;

xL=1[0 1/BIG 000 17 % Lower bounds on x

20



x_U = [ BIG BIG 1111°;, % Upper bounds on x

% Three linear constraints

A=1[10 1 00 ;
01.3330 10 ;
00 -1 -1117;
b_L = [1; % No lower bounds
b U= [1.6 ; 3 ; 0]; % Upper bounds
c_ L = [1.25;3]; % Two nonlinear constraints
c_U=c_L; % c_L==c_U implies equality
x_0 = ones(5,1); % Initial value
x_opt = [1.12,1.31,0,1,1]’; 7% One optimum known
f_opt = 7.6672; % Value f(x_opt)
x_min = [-1 -1 0 0 0]; % Used for plotting, lower bounds
xmax = [ 1 111 1]; % Used for plotting, upper bounds

HessPattern = spalloc(5,5,0); % All elements in Hessian are zero.

ConsPattern = [ 1 0 1 0 0; ... 7% Sparsity pattern of nonlinear
010101; % constraint gradient

fIP = [1; % An upper bound on the IP value wanted. Makes it possible

xIP = []; % to cut branches. xIP: the x value giving fIP

% Generate the problem structure using the TOMLAB Quick format
Prob = minlpAssign(’minlpQG_f’, ’minlpQG_g’, ’minlpQG_H’, HessPattern,
x_L, x_U, Name, x_0O,
IntVars, VarWeight, fIP, xIP, .
A, b_L, b_U, ’minlpQG_c’, ’minlpQG_dc’, ’minlpQG_d2c’,
ConsPattern, c_L, c_U,
x_min, x_max, f_opt, x_opt);
Prob.DUNDEE. optPar(20) = 1;
Prob.P = 1; % Needed in minlpQG_xxx files

% Get default TOMLAB solver for your current license, for "minlp" problems
% Solver = GetSolver (’minlp’);

% Call driver routine tomRun, 3rd argument > O implies call to PrintResult

Result = tomRun(’minlpBB’,Prob,2);
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9 Linear Least Squares Problems: 11s prob

In 11s_prob there are two linear least squares test problems with about 10 variables and a few constraints. In
order to define the first problem and solve it execute the following in Matlab:

Prob = probInit(’lls_prob’,1);
Result = tomRun(’’,Prob);

The basic structure of a general linear least squares problem is:
min f(z) = 3[Ca — d|
x
rpy < = < oy,
t
Sy <A <
where z,zp, 2y € R*, d € RM, C e RM*" A € R™*" and by, by € R™.

An example of a problem of this class, (that is also found in the TOMLAB quickguide) is 1IsQG:
File: tomlab/quickguide/llsQG.m

% 11sQG is a small example problem for defining and solving
% linear least squares using the TOMLAB format.

Name=’LSSOL test example’; % Problem name, not required.
n=29;

x_L = [-2 -2 -inf, -2*ones(1,6)]’; % Lower bounds on x

x_U = 2%ones(9,1); % Upper bounds on x

% Matrix defining linear constraints

A = [ ones(1,8) 4; 1:4,-2,1 11 1; 1 -1 1 -1, ones(1,5)];
b_L = [2 -inf -4]°; % Lower bounds on the linear inequalities
b_U = [inf -2 -2]7; % Upper bounds on the linear inequalities

% Vector m x 1 with observations in objective |[|Cx -y(t) ||
y = ones(10,1);

% Matrix m x n in objective |[|Cx -y(t) ||

C=[ones(l,n); 121111200; 113111-1-1-3;
111411111;1211311111;11211000 -1;
111101111;1711011111;11011122 3;

10111102 2];

% Starting point.
x_0=1./[1:n]";

% x_min and x_max are only needed if doing plots.

x_min = -ones(n,1);
x_max = ones(n,1);
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% x_opt estimate.

x_opt = [2 1.57195927 -1.44540327 -0.03700275 0.54668583 0.17512363 ...

-1.65670447 -0.39474418 0.31002899];
f_opt = 0.1390587318; % Estimated optimum.

% See ’help 1llsAssign’ for more information.
Prob = 1llsAssign(C, y, x_L, x_U, Name, x_O,
a, ., i,
A, b_L, b_U,
x_min, x_max, f_opt, x_opt);

Result = tomRun(’clsSolve’, Prob, 1);
%Result = tomRun(’nlssol’, Prob, 1);
%Result tomRun(’snopt’, Prob, 1);
%Result = tomRun(’lssol’, Prob, 1);
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10 (Constrained) Nonlinear Least Squares Problems: cls _prob, mgh prob
and 1s_prob

The TOMLAB bundle testprob provides three sets of test problems for (constrained) nonlinear least squares:
cls_prob, mgh_prob and 1s_prob.

10.1 An example of a (constrained) nonlinear least squares

The basic structure of a (constrained) nonlinear least squares problem is the following

min f(z) = 4r(@)r(z)

v, < x < o, (12)
s/t by < Az < by
c. < clr) <

where z, 2,2y € R, r(z) € RM, A € R™*" b by € R™ and cr,c(z),cy € R™2. The following file defines
and solves a problem in TOMLAB.

The following files are required to define a problem of this category in TOMLAB.
File: tomlab/quickguide/nllsQG_r.m, nllsQG_J.m

r: Residual vector
J: Jacobian matrix

The following file illustrates how to solve an NLLS problem in TOMLAB. Also view the m-files specified above for
more information.

File: tomlab/quickguide/nllsQG.m
An example of a problem of this class, (that is also found in the TOMLAB Quickguide) is nllsQG:

% nllsQG is a small example problem for defining and solving
% nonlinear least squares using the TOMLAB format.
Name=’Gisela’;

t = [0.25; 0.5; 0.75; 1; 1.5; 2; 3; 4; 6; 8; 12; 24; 32; 48; 54; 72; 80;...
96; 121; 144; 168; 192; 216; 246; 276; 324; 348; 386];
y = [30.5; 44; 43; 41.5; 38.6; 38.6; 39; 41; 37; 37; 24; 32; 29; 23; 21;...

19; 17; 14; 9.5; 8.5; 7; 6; 6; 4.5; 3.6; 3; 2.2; 1.6];
x_0 = [6.8729, 0.0108, 0.1248]°;
% See help clsAssign for more information.
Prob = clsAssign(’nllsQG_r’, ’nllsQG_J’, [1, [1, [], Name, x_O,

vy, t);

% Parameter which is passed to r and J routines.
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Prob.uP = 5;

Result = tomRun(’clsSolve’, Prob, 1);
%Result = tomRun(’nlssol’, Prob, 1);

% Any nonlinear solver can be used. TOMLAB automatically
% uses gateway routines for problem mapping.

%Result = tomRun(’filterSQP’, Prob, 1);
%Result = tomRun(’knitro’, Prob, 1);
%Result = tomRun(’conopt’, Prob, 1);
%Result = tomRun(’snopt’, Prob, 1);
%Result = tomRun(’npsol’, Prob, 1);
%Result = tomRun(’minos’, Prob, 1);
%Result = tomRun(’oqnlp’, Prob, 1);

10.2 cls_prob

cls_prob consists of 45 constrained nonlinear least squares test problems with up to 14 variables and a mixture
of linear and nonlinear constraints. In order to define this problem and solve it execute the following in Matlab:

Prob
Result

probInit(’cls_prob’,1);
tomRun(’’ ,Prob) ;

10.3 mgh prob

In mgh_prob there are 35 nonlinear least squares (More, Garbow, Hillstrom) test problems with up to 40 variables.
In order to define this problem and solve it execute the following in Matlab:

Prob = probInit(’mgh_prob’,1);
Result = tomRun(’’,Prob);
10.4 1s_prob

In 1s_prob there are 15 nonlinear least squares test problems with up to 20 variables. In order to define this
problem and solve it execute the following in Matlab:

Prob
Result

probInit(’ls_prob’,1);
tomRun(’’,Prob);
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11 Global Optimization Problems: glb prob, 1gol prob, 1go2 prob and
gkls_prob.

11.1 Example of a global optimization problem

The basic structure of a global optimization problem with simple bounds is the following

min f(z)
xr
(13)
s/t —oo< zp < z < zy <00
where z,xp, vy € R", f(z) € R. The variables z € I, the index subset of 1, ..., n, are restricted to be integers.

The following file is required to define a problem of this category in TOMLAB.
File: tomlab/quickguide/glbQG_f.m

f: Function

An example of a problem of this class, (that is also found in the TOMLAB quickguide) is glbQG:
File: tomlab/quickguide/glbQG.m

% glbQG is a small example problem for defining and solving
% unconstrained global programming problems using the TOMLAB format.

Name = ’Shekel 5°;

xL=[0 0 0 0]’; % Lower bounds for x.

x_U = [10 10 10 10]’; % Upper bounds for x.

x_0 = [-3.0144 -2.4794 -3.1584 -3.1790]; % May not be used.

x_opt = [1;
f_opt = -10.1531996790582;
f_Low=-20; % Lower bound on function.

xmin = [0 0 0 0]; % For plotting
x_max = [10 10 10 10]; % For plotting

Prob = glcAssign(’glbQG_f’, x_L, x_U, Name, [1, [I, [I,
1, 1, 0, x_0,
a, o, o, I,

f_Low, x_min, x_max, f_opt, x_opt);
Prob.optParam.MaxFunc = 1500;

Resultl = tomRun(’glbFast’, Prob, 1); %Global solver
Result2

tomRun(’conSolve’, Prob, 1); %Local solver

% Result = tomRun(’glbSolve’, Prob, 1);
% Result = tomRun(’glcSolve’, Prob, 1);
% Result = tomRun(’glcFast’, Prob, 1);
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% Result = tomRun(’lgo’, Prob, 1);
% Result = tomRun(’oqnlp’, Prob, 1);

11.2 glb_prob

In glb_prob there are 51 unconstrained global optimization test problems with sizes to 100 variables. In order to
define the problem n and solve it execute the following in Matlab:

Prob
Result

probInit(’glb_prob’,n);
tomRun(’’,Prob);

11.3 1gol_prob

In glol_prob there are 30 global optimization test problems in one dimension. In order to define the problem n
and solve it execute the following in Matlab:

Prob
Result

probInit(’lgol_prob’,n);
tomRun(’’,Prob);

11.4 1go2_prob

In glo2_prob there are 30 global optimization test problems in two up to four dimensions. In order to define the
problem n and solve it execute the following in Matlab:

Prob
Result

probInit(’lgo2_prob’,n);
tomRun(’’,Prob);

11.5 gkls_prob

In gkls_prob there are 300 global optimization test problems in two dimensions. In order to define the problem
n and solve it execute the following in Matlab:

Prob
Result

probInit(’gkls_prob’,n);
tomRun(’’,Prob);
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12 Constrained Global Optimization Problems: glc prob

In glc_prob there are 30 global mixed-integer nonlinear programming test problems with sizes to 20 variables and
5 constrains. In order to define the problem n and solve it execute the following in Matlab:

Prob
Result

probInit(’glc_prob’,n);
tomRun(’’,Prob);

The basic structure of a constrained global optimization problems is the following

min  f(z)
-0 < x5 < T < Ty <0 (14)
S/t bL § Ax S bU
cr. < cx) < v, z; €N Vj€l

where z,zp,xpy € R", f(z) e R, A€ R™*" by, by € R™ and ¢r,, ¢(x),cy € R™2. The variables « € I, the index
subset of 1,...,n, are restricted to be integers.

The following files are required to define a problem of this category in TOMLAB.
File: tomlab/quickguide/glcQG_f.m, glcQG_c.m

f: Function
c: Constraints

An example of a problem of this class, (that is also found in the TOMLAB quickguide) is glcQG:
File: tomlab/quickguide/glcQG.m

% glcQG is a small example problem for defining and solving
% constrained global programming problems using the TOMLAB format.

Name = ’Hock-Schittkowski 597;
u = [75.196 3.8112 0.0020567 1.0345E-5 6.8306 0.030234 1.28134E-3 ...
2.266E-7 0.25645 0.0034604 1.3514E-5 28.106 5.2375E-6 6.3E-8

TE-10 3.405E-4 1.6638E-6 2.8673 3.5256E-5] ;
x_L = [0 0]’; % Lower bounds for x.
x_U = [75 65]’; % Upper bounds for x.
b_L = [1; b_.U = [1; A = []; % Linear constraints
c_L =1[00 0]; % Lower bounds for nonlinear constraints.
c_U=1[]; % Upper bounds for nonlinear constraints.
x_opt = [13.55010424 51.66018129]; % Optimum vector
f_opt = -7.804226324; % Optimum
x_min = x_L; % For plotting
x_max = x_U; % For plotting
x_0 = [90 10]’; % If running local solver
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Prob = glcAssign(’glcQG_f’, x_L, x_U, Name, A, b_L, b_U,
’glcQG_c’, c_L, c_U, x_0,
a1, 0o, mo, a,

[1, x_min, x_max, f_opt, x_opt);

Prob.user.u = u;
Prob.optParam.MaxFunc = 1500;

Result = tomRun(’glcFast’, Prob, 1);
%Result = tomRun(’glcSolve’, Prob, 1);
%Result = tomRun(’lgo’, Prob, 1);
%Result = tomRun(’oqnlp’, Prob, 1);
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13 Unconstrained Optimization: uc_prob and uhs_prob.

The TOMLAB bundle testprob provides two sets of test problems for unconstrained optimization problems (with
simple bounds): uc_prob, and uhs_prob.

13.1 An example of a unconstrained optimization problem (with simple bounds)
The basic structure of a unconstrained optimization problems (with simple bounds) is the following

min  f(x)

s/t —o< z; < z < a2y <0

where z,z, vy € R" and f(z) € R.

13.2 wuc_prob

In glol_prob there are 17 unconstrained optimization problems (with simple bounds) with up to three variables.
In order to define the problem n and solve it execute the following in Matlab:

Prob
Result

probInit(’uc_prob’,n);
tomRun(’’,Prob);

13.3 uhs_prob

In glo2_prob there are 25 unconstrained optimization problems (with simple bounds) with up to 10 variables. In
order to define the problem n and solve it execute the following in Matlab:

Prob
Result

probInit(’uhs_prob’,n);
tomRun(’’,Prob);
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14 Linear Semi-Definite Programming Problem with Linear Matrix
Inequalities: sdp_prob

In sdp_prob there is 1 linear semi-definite programming test problem with linear matrix inequalities with 3
variables. In order to define this problem and solve it execute the following in Matlab:

Prob
Result

probInit(’spd_prob’,1);
tomRun(’’,Prob);

An example of a problem of this class, (that is also found in the TOMLAB quickguide) is glbQG:

min fx)=c"z

s/t r, < T TU (16)
by, < Az by

. 7” . .
Qy+ > Qizr <0, i=1,...,m.
k=1

|
IAIA

where ¢, z,zp, 2y € R, A € R™*" b by € R™ and Q! are symmetric matrices of similar dimensions in each
constraint ¢. If there are several LMI constraints, each may have it’s own dimension.

The following file is required to define a problem of this category in TOMLAB.
File: tomlab/quickguide/sdpQG.m
The following file illustrates how to define and solve a problem of this category in TOMLAB.

This problem appears to be infeasible.

% sdpQG is a small example problem for defining and solving
% semi definite programming problems with linear matrix

% inequalities using the TOMLAB format.

Name = ’sdp.ps example 2’;

% Objective function
c=1[123];

% Two linear constraints

A= [0o0O0O1;5601;
b_L = [-Inf; -Inf];
bU=1[3 ; -31;

x_L = -1000%ones(3,1);
x_U = 1000%ones(3,1);

% Two linear matrix inequality constraints. It is 0K to give only

% the upper triangular part.
SDP = [1;
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% First comstraint

SDP(1).Q{1} [2-10;020; 00 2];
SDP (1) .Q{2} [20-1;020; 00 2];
SDP(1) .Qidx [1; 31;

% Second constraint
SDP(2).Q{1} = diag( [0 1] );
SDP(2) .Q{2} = diag( [1 -1] );
SDP(2).Q{3} = diag( [3 -3]1 );
SDP(2) .Qidx [0; 1; 21;

x_0 = [1;
Prob = sdpAssign(c, SDP, A, b_L, b_U, x_L, x_U, x_0, Name);

Result = tomRun(’pensdp’, Prob, 1);
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15 Linear Semi-Definite Programming Problem with Bilinear Matrix
Inequalities: bmi prob

In bmi_prob there is 1 linear semi-definite programming problem with bilinear matrix inequalities with 3 variables.
In order to define this problem and solve it execute the following in Matlab:

Prob
Result

probInit(’bmi_prob’,1);
tomRun(’’,Prob);

An example of a problem of this class, (that is also found in the TOMLAB quickguide) is glbQG:

n n

n
Qb+ Y Qure+ Y > Ky <0 (17)
k=1

k=11=1
The following file illustrates how to define and solve a problem of this category in TOMLAB.
File: tomlab/quickguide/bmiQG.m

% bmiQG is a small example problem for defining and solving
% semi definite programming problems with bilinear matrix
% inequalities using the TOMLAB format.

Name=’bmi.ps example 3’;

A = [];
b_U = [];
b_L = [1;
c =[0011; % cost vector

% One matrix constraint, set linear part first
SDP = [];

% The constant matrix is stored as
% SDP(i).Q{j} when SDP(i).Qidx(j) ==
SDP(1).Q{1} = [-10 -0.5 -2 ;-0.5 4.5 0 ;-2 0 0 1;

SDP(1) .Q{2}
SDP (1) .Q{3}

[90.50 ; 0.5 0 -3; 0 -3-11;
[-1.8 -0.1 -0.4 ; -0.1 1.2 -1 ; -0.4-101;

% Sparse is fine, too. Eventually, all the matrices are
% converted to sparse format.

SDP(1) .Q{4} = -speye(3);

SDP(1) .Qidx = [0; 1; 2; 3];

% Now bilinear part
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% K_12 of constraint 1 (of 1) is nonzero, so set in SDP(i) .K{1}.
SDP(1) .K{1} = [0 02 ; 0 -5.53 ; 23 0 1;
SDP(1) .Kidx = [1 2];

n = length(c);

x_.L = [-56 ; -3 ; -Inf];
xU=[2; 7 ; 1Infl;
x0=[0; 0; 0 1;
f Low = [];

Prob = bmiAssign([], ¢, SDP, A, b_L, b_U, x_L, x_U, x.0,...
Name, f_Low);

Result = tomRun(’penbmi’, Prob, 1);
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16 Constrained Goal Attainment Problems: goals prob and mco prob

The TOMLAB bundle testprob provides two sets of problems for constrained goal attainment problems: goals_prob
and mco_prob.

16.1 An example of a constrained goal attainment problems

The basic structure of a constrained goal attainment problems is the following:

min max lam:r(z) —w=*lam <g
x
subject to zp < x < Ty (18)
by < Axr < by
co < @) < cu

where x, 7,1y € R, r(x) € RN, ¢(x),cp,cy € R™, by, by € R™2, A € R™2X" g € R™, and w € R™.
An example of a problem of this class, (that is also found in the TOMLAB quickguide) is goalsQG:
File: tomlab/quickguide/goalsQG_r.m, goalsQG_J.m, goalsQG_c, goalsQG_dc

r: Residual vector
Jacobian matrix
Nonlinear constraint vector
dc: Nonlinear constraint gradient matrix

The following file illustrates how to define and solve a problem of this category in TOMLAB.
File: tomlab/quickguide/goalsQG.m

% goalsQG is a small example problem for defining and solving
% multi criteria optimization problems using the TOMLAB format.

Name=’EASY-TP355°;
% Constrained least squares problem, four quadratic terms and local solutions
% Hock W., Schittkowski K. (1981):

x_0 = zeros(4,1); % Lower bounds for x.
x_L = zeros(4,1); % Upper bounds for x.
x_U = leb*ones(4,1); % Starting point.
x_min = []; % For plotting.

x_max = []; % For plotting.

A =[1000;0100]; Y% Linear constraints.
b_L = [0.1;0.1]; % Lower bounds.
b_U = [0.1;0.1]; % Upper bounds.
c_L = 0; % Lower bounds.
c_U = 0; % Upper bounds.
y = zeros(2,1); % Residuals

Prob = clsAssign(’goalsQG_r’, ’goalsQG_J’, [], x_L, x_U, Name, x_0,...
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y, O, 00, 00, a, 0,...
A, b_L, b_U, ’goalsQG_c’, ’goalsQG_dc’, [], c_L, c_U,...
X_min, X_max);

Prilev
Result

2;
tomRun(’goalSolve’, Prob, Prilev);

16.2 mco_prob

In glb_prob there are 9 Multi-Criterium unconstrained and constrained nonlinear test problems with up to 10
variables and few constrains. In order to define the problem n and solve it execute the following in Matlab:

Prob
Result

probInit(’mco_prob’,n);
tomRun(’’,Prob) ;

16.3 goals_prob

In goals_prob there are 9 constrained goal attainment test problems with sizes to 9 variables and about 10
constrains. In order to define the problem n and solve it execute the following in Matlab:

Prob = probInit(’goals_prob’,n);
Result = goalSolve(Prob,1);

36



17 Geometric programming problems: gp prob

In gp_prob there are 14 geometric programming test problems with sizes to 12 variables and about 10 constrains.
In order to define the problem n and solve it execute the following in Matlab:

Prob
Result

probInit(’gp_prob’,n);
tomRun(’’,Prob);

The primal geometric programming problem is defined below (the dual is used internally).

(GP) Vgp:= minimize go(t)

subject to gr(t) <1, k=1,2,...,p (19)
t; >0, 1=1,2,....m
where
no
golt) = S ettt (20)
j=1
N
ge(t) = > gtyvoti, k=1,2,...p. (21)
j=ng_1+1
Given exponents a;; for the 7th variable in the jth product term, ¢ =1,...,m and j =1,...,n,, are arbitrary real
constants and term coefficients c; are positive.
Example problem:
(P1) min 5x1 4+ 5000027t 4 2029 + 7200025 + 1023 + 14400025 *

subject to 4xy ! 4 32ry ' + 12025t <=1
x>0

The following file illustrates how to define and solve a problem of this category in TOMLAB.
File: tomlab/quickguide/gpQG.m

% gpQG is a small example problem for defining and solving
% geometric programming problems using the TOMLAB format.

nterm = [6;3];
coef = [.Bel;.5e5;.2e2;.72e5;.1e2;.144e6; .4el;.32e2;.12e3];
A =sparse([1 -1 0 O O O0-1 0 O;...

0O 01 -1 0 0 O0-1 O0;...

0O 0 0 0 1-1 0 0-11)’;

Name = ’GP Example’; 7% File gpQG.m
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% Assign routine for defining a GP problem.
Prob = gpAssign(nterm, coef, A, Name);

% Calling driver routine tomRun to run the solver.
% The 1 sets the print level after optimization.

Result = tomRun(’GP’, Prob, 1);

18 Fitting of positive sums of Exponentials: exp_prob

In exp_prob there are 51 Fitting of positive sums of Exponentials test problems with up to 6 variables. In order
to define the problem n and solve it execute the following in Matlab:

Prob = probInit(’exp_prob’,n);
Result = expSolve(Prob);
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Part 11
The modellib collection

19 Introduction to modellib

The bundle modellib is a collection of linear and mixed-integer programming problems. For each problem there
are two m-files. One that formulate and define the problem with words and tables, and a second that interpret
the tables into the standard TOMLAB prob format and solves it. In order to interpret the results a large amount
of text is displayed explaining the x_k vector.

The problems in modellib are originally from a translation by Hickpe of the text “Programmation linare” by
Gueret, Prins and Seveaux with the english title “Applications of optimization...”.
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20 Mining and Processing

20.1 Production of alloys

% function Result = productionofalloysEx(PriLev)

b

% Creates a TOMLAB LP problem for production design of alloys

h

% PRODUCTION OF ALLOYS

b

% The company Steel has received an order for 500 tonnes of steel to
% be used in shipbuilding. This steel must have the following

% characteristics (grades).

b

% Characteristics of steel ordered

Y% +————————— +o————— o +
% |Chemical |Minimum |Maximum|
% |Element |Grade |Grade |
b +——mmmm Fo—————— o +
% |Carbon (C) | 2.0 | 3.0 |
% |Copper (Cu) | 0.4 | 0.6 |
% |Manganese (Mn) | 1.2 | 1.65 |
% +——————————— +——— o +

b

% The company has seven different raw materials in stock that may be
% used for the production of this steel. The table below lists the

% grades, available amounts and prices for all raw materials.

h

% Raw material grades, availabilities, and prices

Y% +————————————— e B s st e +-———+
% |Raw material IC %ICu %IMn %|Availability|Cost|
Y% +-————————— s S B +————+
% |Iron alloy 1 [2.5] 0 1.3 | 400 [200 |
% |Iron alloy 2 | 310 0.8 300 [250 |
% |Iron alloy 3 | 0| 0.3l0 | 600 [150 |
% |Copper alloy 1 | 0 | 90 |0 | 500 220 |
% |Copper alloy 2 | 0 | 96 |4 | 200 [240 |
% |Aluminum alloy 1| O | 0.4]1.2 | 300 [200 |
% |Aluminum alloy 2| O | 0.6/0 | 250 165 |
Y% +————————————— e +-———+

t

% The objective is to determine the composition of the steel that
% minimizes the production cost.

b

% VARIABLES

t

% compsize Amount of steel to produce
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% mincomp Minimal contents of each component.

% maxcomp Maximal contents of each component.
% rawcompmat Contents of raw material.

% rawavail Amount available of raw material.

% rawcost Cost of raw material.

b

% RESULTS

b

% Result.x_k has the same length as there are raw material. In it we
% find how much of each component we should buy. For an

% interpretation of the results, use Prilev > 1, for example:
% Result = productionofalloysEx(2);

b

% REFERENCES

b

% Applications of optimization... Gueret, Prins, Seveaux

% http://web.univ-ubs.fr/lester/ sevaux/pl/index.html

b

% INPUT PARAMETERS

% Prilev Print Level

b

% OUTPUT PARAMETERS

% Result Result structure.

% Marcus Edvall, Tomlab Optimization Inc, E-mail: tomlab@tomlab.biz
% Copyright (c) 2005-2005 by Tomlab Optimization Inc., $Release: 5.0.0%
% Written Oct 7, 2005. Last modified Oct 7, 2005.

function Result = productionofalloysEx(Prilev)

if nargin < 1

Prilev = 1;
end
compsize = 500;
mincomp = [2;.4;1.2];
maxcomp = [3;.6;1.65];
rawcompmat = [[2.5; 3; 0; O0; O0; O0; 0],...

[ 0; 0; .3; 90; 96; .4; .6],...
[1.3; .8; 0; 0; 4;1.2; 0171;

[ 400;300;600;500;200;300;250];
[ 200;250;150;220;240;200;165];

rawavail

rawcost

Prob = productionofalloys(compsize, mincomp, maxcomp, rawcompmat, rawavail, rawcost);
Result = tomRun(’cplex’, Prob, Prilev);

if Prilev > 1,
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names = [ ’Iron 1’ ; ’Iron 2’ ; ’Iron 3’ ; ’Copp 1’ ;
’Copp 2° ; ’Alum 1’ ; ’Alum 2°];
disp([’the optimal steel contains:’])
for i = 1:length(Result.x_k),
if Result.x_k(i) > O,
disp([’ > num2str(Result.x_k(i)) ’ tonnes of ’ names(i,:) 1)
end
end
end

% MODIFICATION LOG

h

% 051007 med Created.

% 060110 per  Added documentation.
% 060125 per Moved disp to end
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20.2 Animal food Production
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function Result = animalfoodproductionEx(Prilev)
Creates a TOMLAB LP problem for animal food production
ANIMAL FOOD PRODUCTION

The company CowFood produces food for farm animals that is sold in
two forms: powder and granules. The raw materials used for the
production of the food are: oat, maize and molasses. The raw
materials (with the exception of molasses) first need to be ground,
and then all raw materials that will form a product are blended. In
the last step of the production process the product mix is either
transformed to granules or sieved to obtain food in the form of
powder.

Molasses -+
[
v +---> Granulating --> Granules
Oat ----+ |
+-> Grinding --> Blending --+
Maize --+ |

+---> Sieving --————- > Powder
Animal food production process

Every food product needs to fulfill certain nutritional
requirements. The percentages of proteins, lipids and fibers
contained in the raw materials and the required percentages in the
final products are listed in the table below.

Contents of nutritional components in percent

o Fmm— e o o +
|Raw material |Proteins|Lipids |Fiber|
it e fm——— o o +
|Oat | 13.6 | 7.1 1 7.0 |
[Maize | 4.1 | 2.4 | 3.7 |
|[Molasses | 5.0 | 0.3 | 25 |
|Required contents| >=9.5 | >=2 | <=6 |
Fomm fmmm— o o +

There are limits on the availability of raw materials. The table
below displays the amount of raw material that is available every
day and the respective prices.

Raw material availabilities and prices
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fmmm e Fomm +

|Raw materiall|Available amount in kg|Cost in $/kgl

e e e +
| Dat | 11900 | 0.13 |
|Maize | 23500 | 0.17 |
|[Molasses | 750 | 0.12 |
e e e +

The cost of the different production steps are given in the

following tab

Production co

le.

sts in $/kg

o o Fom— o +

|Grinding|Blending|Granulating|Sieving]|

With a daily demand of nine tonnes of granules and twelve tonnes of

powder, which quantities of raw materials are required and how
should they be blended to minimize the total cost?

VARIABLES

compsize
mincomp
maxcomp
rawcompmat
rawavail
rawcost
prodcostsraw
prodcostsprod

RESULTS

For an interpretation of the results, use Prilev > 1, for example:

animalfoodpro

REFERENCES

ductionEx(2);

Amount of different food to produce
Minimal content of nutrients
Maximal content of nutrients
Content of nutrients in raw sources
Available raw sources

Cost of raw material

Cost to process raw material

Cost to produce products

Applications of optimization... Gueret, Prins, Seveaux

http://web.univ-ubs.fr/lester/ sevaux/pl/index.html

INPUT PARAMET
PrilLev

ERS
Print Level
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% OUTPUT PARAMETERS
% Result Result structure.

% Marcus Edvall, Tomlab Optimization Inc, E-mail: tomlab@tomlab.biz
% Copyright (c) 2005-2005 by Tomlab Optimization Inc., $Release: 5.0.0%
% Written Oct 7, 2005. Last modified Oct 7, 2005.

function Result = animalfoodproductionEx(Prilev)

if nargin < 1

Prilev = 1;

end

compsize = [9000;12000];

mincomp = [9.5;2;0];

maxcomp = [100;100;6];

rawcompmat = [[13.6;4.1;5],...
[7.1;2.4;.3],...
[7;3.7;2511;

rawavail = [11900;23500;750] ;

rawcost = [.13;.17;.12];

prodcostsraw = [[.25;.05;0;0],...
[.25;.05;0;0],...
[0;.05;0;01];

prodcostsprod = [[0;0;.42;0],...
[0;0;0;.1711;

% .25;.05;.42;.17
% grind, blend, gran, siev

Prob = animalfoodproduction(compsize, mincomp, maxcomp, rawcompmat,...
rawavail, rawcost, prodcostsraw, prodcostsprod);
Result = tomRun(’cplex’, Prob, Prilev);

if Prilev > 1,
raws = length(rawavail);
length(compsize) ;

prods

for prod = 1:prods,
disp([’produce ’ num2str(Result.x_k(end-prods+prod))
> of product ’ num2str(prod) ’,’])
disp(’ and use the following ingredients:’)

for raw = 1l:raws,
disp([’ > num2str (Result.x_k(raws*(prod-1) + raw))
> units of ingredient ’ num2str(raw) ])
end
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end

end

h
h
h
h
h

MODIFICATION LOG

051007 med
060110 per
060125 per

Created.

Added documentation.

Moved disp to end
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20.3 Refinery
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function Result = refineryEx(PrilLev)
Creates a TOMLAB LP problem for refinery production
REFINERY

A refinery produces butane, petrol, diesel o0il, and heating oil
from two crudes. Four types of operations are necessary to obtain
these products: separation, conversion, upgrading, and blending.

The separation phase consists of distilling the raw product into,
among others, butane, naphtha, gasoil, and a residue. The residue
subsequently undergoes a conversion phase (catalytic cracking) to
obtain lighter products. The different products that come out of
the distillation are purified (desulfurization or sweetening) or
upgraded by a reforming operation that augments their octane value.
Finally, to obtain the products that will be sold, the refinery
blends several of the intermediate products in order to fulfill the
prescribed characteristics of the commercial products. The
following drawing gives a simplified overview on the production
processes in this refinery.

After the distillation, crude 1 gives 3} butane, 15% naphtha, 40%
gasoil, and 15% residue. Crude 2 results in 5% butane, 20% naphtha,
35, gasoil, and 10} residue. The reforming of the naphtha gives 15%
butane and 85J of reformate (reformed naphtha). The catalytic
cracking of the residue results in 40% of cracked naphtha and 35%
of cracked gasoil (note that these percentages do not add up to
100% because the process also produces 15% of gas, 5 coke and
another type of residue that are not taken into consideration in
our example). The petrol is produced with three ingredients:
reformed naphtha (reformate), butane, and cracked naphtha. The
diesel o0il is obtained by blending sweetened gasoil, cracked
gasoil, and cracked naphtha. The heating oil may contain gasoil and
cracked naphtha without any restrictions on their proportions.

Crudes
|
\Y
Distillation - -————————-——--—————————— +
I I
+o————— o o +
| | | |
Gasoil Residue Nap