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Chapter 1

Changes and new features in
MOSEK

The section presents improvements and new features added to MOSEK in version 5.0.

1.1 File formats

e The 0SiL XML format for linear problems is now supported as output-only format.

e The new Optimization Problem file Format (OPF) is now available. It incorporates linear,
quadratic, and conic problems in a single format, as well as parameter settings and solutions.

e The OBJNAME section is now supported in the MPS format.

1.2 Optimizers
e The interior-point solver is about 20% faster on average for large linear problems, compared to
MOSEK 4.0.
e The dual simplex solver is about 40% faster on average compared to MOSEK 4.0.
e For the primal simplex solver, handling of problems with long slim structure has been improved.

e For both simplex optimizers numerical stability, hot-start efficiency and degeneracy handling has
been improved substantially.

e A simplex network flow optimizer is now available. In many cases the specialized simplex opti-
mizer can solve a pure network flow optimization problem up to 10 times faster than the standard
simplex optimizer.

e Presolve is now by default turned on for hot-start with the simplex optimizers.

3
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e The mixed integer optimizer now includes the feasibility pump heuristic to find a good initial
feasible solution.

e Full support for setting branching priorities on integer constrained variables.

1.3 API changes

e The function Task.putobjsense has been introduced. This should be used to define objective
sense instead of the parameter Env.iparam.objective_sense.

1.4 License system

e The Flexlm license software has been upgraded to version 11.4.

e Dongles are supported in 64 bit Windows.

1.5 Other changes

e The documentation has been improved. Each interface now have a complete dedicated manual,
and many code examples have been added. The HTML version has been subject to heavy
cosmetical changes.

1.6 Interfaces

e A complete Python interface is now available.
e The MATLAB interface supports the MATLAB versions R2006a, R2006b, and R2007a.
e The general convex interface has been disabled in the Java and .NET interfaces.

e The Java API provides an interface to the native scopt functionality.

1.7 Supported platforms

e Mac OSX 32 bit for x86 version has been added.
e Solaris 32 bit for x86 version has been added

e Solaris 64 bit for x86 version has been added.



Chapter 2

About this manual

This manual covers the general functionality of MOSEK and the usage of the MOSEK Java API.

The MOSEK Java Application Programming Interface makes it possible to access the MOSEK solver
from any Java application running on Sun Java, versions 1.4 and 1.5 (and possibly other Java im-
plementations). The whole functionality of the native C API is available through a thin, class-based
interface using native Java types and exceptions. All methods in the interface are thin wrappers for
functions in the native C API, keeping the overhead induced by the API to a minimum.

The Java interface can be used from compiled Java applications or from an interactive command-line
through languages like Jython.

The Java interface consists the class library mosek. jar and a library mosekjava (mosekjava.dll on
Microsoft Windows, 1libmosekjava.so on Linux). All classes are defined in the package mosek.

New users of the MOSEK Java API are encouraged to read:

e Chapter 4 on compiling and running the distributed examples.

e The relevant parts of Chapter 5, i.e. at least the general introduction and the linear optimization
section.

e Chapter 12 for a set of guidelines about developing, testing, and debugging applications employ-
ing MOSEK.
This should introduce most of the data structures and functionality necessary to implement and solve
an optimization problem.

Chapter 6 contains general material about the mathematical formulations of optimization problems
compatible with MOSEK, as well as common tips and tricks for reformulating problems so that they
can be solved by MOSEK.

Hence, Chapter 6 is useful when trying to find a good formulation of a specific model.

More advanced examples of modelling and model debugging are located in

e Chapter 10 which deals with analysis of infeasible problems,
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e Chapter 11 about the sensitivity analysis interface, and
Finally, the Java API reference material is located in

e Chapter 13 which lists all types and functions,
e Chapter 14 which lists all available parameters,
e Chapter 15 which lists all response codes, and

e Chapter 16 which lists all symbolic constants.



Chapter 3

Getting support and help

3.1 MOSEK documentation

For an overview of the available MOSEK documentation please see
mosek\5\help\index.html

in the distribution.

3.2 Additional reading

In this manual it is assumed the reader is familiar with mathematics and in particular mathematical
optimization. Some introduction to linear programming can be found in books such as “Linear pro-
gramming” by Chvétal [13] or “Computer Solution of Linear Programs” by Nazareth [18]. For more
theoretical aspects see for example “Nonlinear programming: Theory and algorithms” by Bazaraa,
Shetty, and Sherali [11]. Finally the book “Model building in mathematical programming” by Williams
[23] provides an excellent introduction to modelling issues in optimization.

Another useful resource is “Mathematical Programming Glossary” available at

http://glossary.computing.society.informs.org


http://glossary.computing.society.informs.org
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Chapter 4

API installation and compiling
examples

This chapter describes how to compile and run the Java examples distributed with MOSEK.

To use the MOSEK Java API you must have a working installation of MOSEK. See the MOSEK
Installation manual for instructions.

4.1 Microsoft Windows Platform

The MOSEK Java API consists of two files:

e mosekjavab5_0.d1ll which is the binary interface to MOSEK.

e mosek. jar which contains the Java classes for the API.

4.1.1 Compiling and executing a program

We will show how to compile the example lol. java distributed with MOSEK. We assume that MO-
SEK is installed in the directory denoted <base>.

1. Open a DOS prompt.

2. Change directory to where the program source files are located, for example by typing

C:
cd <base>\mosek\5\tools\examp

3. To compile a Java program, placing the class files in the current directory, type

9



10 CHAPTER 4. API INSTALLATION AND COMPILING EXAMPLES

javac -classpath <base>\mosek\5\tools\platform\win\bin\mosek.jar -d . lol.java

where <base> is the location of the MOSEK installation. By default the installer will place
MOSEK in ’C:\Program Files’ or a similar location, depending on the language setup.

4. To run the compiled program when it has been compiled, type
java -classpath <base>\mosek\5\tools\platform\win\bin\mosek.jar;. lol.lol
If the environment variable CLASSPATH has been set to contain mosek. jar, then the part
<base>\mosek\5\tools\platform\win\bin\mosek. jar

may be left out of the ~classpath argument.

For more information about specifying class libraries and compiling applications, see the full Java
documentation at

http://java.sun.com/

4.1.1.1 Compiling with Microsoft NMake

The distributed examples can also be compiled using Microsoft NMake.

This requires that paths and environment is set up for Visual Studio tools (usually, the sub-menu
containing Visual Studio also contains a Visual Studio Command Prompt which take care of all the
necessary setup).

To build the examples, open a DOS box and change directory to the examples directory. For English
Windows with default installation directories, this is the directory

c:\Program Files\mosek\5\tools\examples\java

The directory contains several makefiles. You should use either Makefile.win32x86 or Makefile.win64x86,
depending on your installation. For 32-bit Windows type

nmake /f Makefile.win32x86 all
and similarly for 64-bit Windows, type
nmake /f Makefile.win64x86 all

To build a single example instead of all examples, replace “all” by the corresponding executable name.
For example, to build lol.exe on 32-bit Windows, type

nmake /f Makefile.win32x86 lol.exe


http://java.sun.com/
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4.1.2 Common problems
o When executing a Java program I get
java.lang.UnsatisfiedLinkError: no mosek5_0 in java.library.path
The Java Virtual Machine was unable to find the dll mosekjava5_0.d11. This probably means

that the path environment variable does not contain the location of the dll. See MOSEK instal-
lation manual on how to set paths correctly.

o When executing a Java program I get a message box saying “The application failed to start because
mosek5_0 was not found”.

This means that the location of the dll mosek5.0 was not included in the PATH environment
variable. See how to do this above.

o When compiling a Java example I get “package mosek does not exist”. The Java archive mosek. jar
was not included in the classpath. The classpath may be specified in three ways. It can be
specified on the command line using the '~classpath’ option for java and javac. For example

javac -classpath C:\mosek\5\tools\platform\win\bin\mosek.jar -d . lol.java

Alternatively, the classpath may be set as an environment variable. See how to do this above.

4.2 Linux Platform

The MOSEK Java API consists of two files:

e libmosekjava5_0.so which is the binary interface to MOSEK.

e mosek. jar which contains the Java classes for the APIL

4.2.1 Setting PATH and CLASSPATH
Before the MOSEK Java API can be used, the system environment must be set correctly up:

e The environment variable LD_LIBRARY_PATH must contain the path to the mosek library.

e The environment variable CLASSPATH must contain the path to mosek. jar.
You can verify that this is the case as follows: Open a shell and type
echo $PATH
This prints a “:”-separated list of paths which should contain the path to MOSEK. Then type

echo $CLASSPATH



12 CHAPTER 4. API INSTALLATION AND COMPILING EXAMPLES

W@, ”

This prints a “:”-separated list of paths which should contain mosek. jar. If one of the above was
missing, they must be set up. This can be done either temporarily or permanently:

e The variables can be temporarily set in current shell. In Bash this can be done by typing

export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:"<base>/mosek/5/tools/platform/<arch>/bin"
export CLASSPATH=$CLASSPATH: "<base>/mosek/5/tools/platform/<arch>/bin/mosek.jar"

where <base> is the directory where MOSEK is installed and <arch> is either “1inux32x86” (on
32-bit Linux) or “linux64x86” (on 64-bit linux). Note that other shells may require a different
syntax.

e The variables can be permanently set by including following lines in /.bashrc

if [ -z "$LD_LIBRARY_PATH" ]; then
export LD_LIBRARY_PATH="<base>/mosek/5/tools/platform/<arch>/bin"
else

export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:"<base>/mosek/5/tools/platform/<arch>/bin"

fi

if [ -z "$CLASSPATH" ]; then

export CLASSPATH="<base>/mosek/5/tools/platform/<arch>/bin/mosek. jar"
else

export CLASSPATH=$CLASSPATH: "<base>/mosek/5/tools/platform/<arch>/bin/mosek.jar"
fi

where <base> is the directory where MOSEK is installed and <arch> is either “linux32x86”

(on 32-bit systems), “linux64x86” (on AMD64 or EM64T) or “linuxia64” (on Itanium). Note
that other shells may require a different syntax.

4.2.2 Compiling and executing a program

We will show how to compile the example lol. java distributed with MOSEK. We assume that MO-
SEK is installed in the directory denoted <base>.

1. Open a shell.

2. Change directory to where the program source files are located, for example by typing
cd <base>/mosek/5/tools/examp

3. To compile a Java program, placing the class files in the current directory, type

javac -classpath <base>/mosek/5/tools/platform/<arch>/bin/mosek.jar -d . lol.java

where <base> is the location of the MOSEK installation and <arch> is 1inux32x86, 1inux64x86
or linuxia64 depending in the machine architecture.
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4. To run the program when it has been compiled, type
java -classpath <base>/mosek/5/tools/platform/<arch>/bin/mosek.jar;. lol
If the environment variable CLASSPATH has been set to contain mosek. jar, then the part
<base>/mosek/5/tools/platform/<arch>/bin/mosek. jar

may be left out of the ~classpath argument.

For more information about specifying class libraries and compiling applications, see the full Java
documentation at

http://java.sun.com/

4.2.2.1 Compiling examples using GMake

The example directory contains makefiles for use with GNU Make.

To build the examples, open a prompt and change directory to the examples directory. For Linux with
default installation directories, this is the directory

mosek/5/tools/examples/java

The directory contains several makefiles. You should use either Makefile.1nx32x86 or Makefile.1lnx64x86,
depending on your installation. For 32-bit Linux type

gmake -f Makefile.lnx32x86 all
and similarly for 64-bit Windows, type
gmake -f Makefile.lnx64x86 all

To only build a single example instead of all examples, replace “all” by the corresponding executable
name. For example, to build 1ol on 32-bit Linux, type

gmake -f Makefile.lnx64x86 lol

4.2.3 Common problems
o When executing a Java program I get
java.lang.NoClassDefFoundError: mosek/XYZ

where XYZ is some MOSEK Java class. The mosek. jar library was not found. Make sure that
the classpath is defined either on the command line or in the environment variable CLASSPATH,
and that it contains the location of mosek. jar.


http://java.sun.com/
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e When executing a Java program I get
java.lang.UnsatisfiedLinkError: no mosek5_0 in java.library.path

The Java Virtual Machine was unable to find the dll 1ibmosekjava5_0.so. This probably means
that the LD_LIBRARY_PATH environment variable does not contain the location of the dll. See MO-
SEK installation manual on how to set paths correctly.

o When executing a Java program I get

java.lang.UnsatisfiedLinkError:
/home/ulfw/mosekprj/dev/examples/tools/java/libmosekjavad_0.so:

or similar. This means that the the location of the dll libmosek.so0.5.0 or some library
libmosek it depends on was not included in the LD_LIBRARY PATH environment variable. See
MOSEK installation manual on how to set paths correctly.

o When compiling a Java example I get “package mosek does not exist”.
The Java archive mosek. jar was not included in the classpath. The classpath may be specified
in three ways. It can be specified on the command line using the '~classpath’ option for java
and javac. For example

javac -classpath $HOME/mosek/5/tools/platform/1inux32x86/bin/mosek.jar -d . lol.java

Alternatively, the classpath may be given as an environment variable. This variable can be
temporarily specified on the command line, for example in bash

export CLASSPATH=$HOME/mosek/5/tools/platform/1inux32x86/bin/mosek.jar

You may add this line to a startup script (e.g. $H0ME/.bashrc or $HOME/ . tcshre depending on
which shell is used).



Chapter 5

Basic API tutorial

In this chapter the reader will learn how to build a simple application that uses MOSEK.

A number of examples is provided to demonstrate the functionality required for solving linear, quadratic,
and conic problems as well as mixed integer problems.

Please note that the section on linear optimization also describes most of the basic functionality that
is not specific to linear problems. Hence, it is recommended to read Section 5.2 before reading the rest
of this chapter.

5.1 The basics

A typical program using the MOSEK Java interface can be described shortly:

1. Create an environment (mosek.Env) object.

2. Set up some environment specific data and initialize the environment object.
3. Create a task (mosek.Task) object.

4. Load a problem into the task object.

5. Optimize the problem.

6. Fetch the result.

7. Dispose of the environment and task.

5.1.1 The environment and the task

The first MOSEK related step in any program that employs MOSEK is to create an environment
(mosek.Env) object. The environment contains environment specific data such as information about

15
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the license file, streams for environment messages etc. Before creating any task objects, the environ-
ment must be initialized using Env.initenv. When this is done one or more task (mosek.Task) objects
can be created. Each task is associated with a single environment and defines a complete optimization
problem as well as task message streams and optimization parameters.

When done, all task and environments created must be explicitly disposed of using the dispose
method. As tasks depend on their environment, a task must be disposed of before its environment;
not doing so will cause memory leaks or fatal errors.

In Java creation of an environment and a task would look something like this:

mosek.Env env = new mosek.Env ();

// input environment data here

env.initenv ();

mosek.Task task = new mosek.Task (env, num_con, num_var);

// input some task data, optimize etc.

task.Dispose ()
env.Dispose ()

Please note that an environment should, if possible, be shared between multiple tasks.

5.1.2 A simple working example
The following simple example shows a working Java program which

e creates an environment and a task,
e reads a problem from a file,
e optimizes the problem, and

e writes the solution to a file.

Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark. All rights reserved.
File: simple. java

Purpose: Demonstrates a very simple example using MOSEK by

reading a problem file, solving the problem and

writing the solution to a file.

*/

package simple;
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import mosek.*;

public class simple

{
public static void main (Stringl[] args)
{
if (args.length == 0)
{

System.out.println ("Missing argument. The syntax is:");
System.out.println (" simple inputfile [ solutionfile ]1");
}
else
{
mosek . Env
env = null;
mosek.Task
task = null;
try
{

// Make mosek environment.

env = new mosek.Env ();
// Initialize the environment.

env.init ();

// Create a task object linked with the environment env.
// We create it initially with O variables and O columns,
// since we don’t know the size of the problem.

task = new mosek.Task (env, 0,0);

// We assume that a problem file was given as the first command
// line argument (received in ‘args’)
task.readdata (args[0]);

// Solve the problem
task.optimize ();

// Print a summary of the solution
task.solutionsummary (mosek.Env.streamtype.log);

// If an output file was specified, write a solution
if (args.length > 1)
{
// We define the output format to be OPF, and tell MOSEK to
// leave out parameters and problem data from the output file.
task.putintparam (mosek.Env.iparam.write_data_format,
mosek.Env.Val.data_format_op);
task.putintparam (mosek.Env.iparam.opf_write_solutions,
mosek.Env.Val.on);
task.putintparam (mosek.Env.iparam.opf_write_hints,
mosek.Env.Val.off);
task.putintparam (mosek.Env.iparam.opf_write_parameters,
mosek.Env.Val.off);
task.putintparam (mosek.Env.iparam.opf_write_problem,
mosek .Env.Val.off);
task.writedata(args[1]);

17
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}

catch (mosek.Exception e)
/* Catch both mosek.Error and mosek.Warning */

{
System.out.println ("An error or warning was encountered");
System.out.println (e.getMessage ());

}

// Dispose of task end environment
if (task != null) task.dispose ();
if (env !'= null) env.dispose ();

5.1.2.1 Writing a problem to a file

Use the Task.writedata function to write a problem to a file. By default MOSEK will determine the
output file format by the extension of the filename, for example to write an OPF file:

task.writedata("problem.opf");

5.1.2.2 Inputting and outputting problem data
An optimization problem consists of several components; objective, objective sense, constraints, vari-

able bounds etc. Therefore, the task (mosek.Task) provides a number of methods to operate on the
task specific data, all of which are listed in Section 13.10.

5.1.2.3 Setting parameters

Apart from the problem data, the task contains a number of parameters defining the behavior of MO-
SEK. For example the Env.iparam.optimizer parameter defines which optimizer to use. A complete
list of all parameters are listed in Chapter 14.

5.1.3 Compiling and running examples

All examples presented in this chapter are distributed with MOSEK and are available in the directory
mosek/5/tools/examples/

in the MOSEK installation. Chapter 4 describes how to compile and run the examples.

It is recommended to copy examples to a different directory before modifying and compiling them.




5.2. LINEAR OPTIMIZATION 19
5.2 Linear optimization
The simplest optimization problem is a purely linear problem. A linear optimization problem is a

problem of the following form:

Minimize or maximize the objective function

n—1
chmj +cf (5.1)
j=0
subject to the linear constraints
n—1
<> am; <uf, k=0,...,m—1, (5.2)
§=0
and the bounds
I <z;<uj, j=0,...,n—1, (5.3)

where we have used the problem elements

m and n, which are the number of constraints and variables respectively,
x, which is the variable vector of length n,
¢, which is a coefficient vector of size n
co
Cp—1
¢/, which is a scalar constant,
A, which is a m x n matrix of coefficients is given by

ao,0 T ao,(n—1)
A= : . : ;

A(m-1),0 " O(m-1),(n-1)
[¢ and u®, which specify the lower and upper bounds on constraints respectively, and

[* and u®, which specifies the lower and upper bounds on variables respectively.

Please note the unconventional notation using 0 as the first index rather than 1. Hence, x is the first
element in variable vector x. This convention has been adapted from Java arrays which are indexed
from O.
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5.2.1 Example: lol

The following is an example of a linear optimization problem:

maximize 3rg + lx; + bdxs + lxg
subject to 3xp + lxz; + 2x9

21’0 —+ 1.’L‘1 + 31’2 —+ 1£C3 Z 15, (54)
221 + 3z3 < 25,
having the bounds
0 < Zo < 00,
0 < z; < 10,
0 < 1, < oo (5.5)
0 < z3 < oo

5.2.1.1 Source code

The data structures used in the following example will be explained in detail in 5.8.

The Java program included below, which solves this problem, is distributed with MOSEK and can be
found in the directory

mosek\5\tools\examp\

package lol;

/*
Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark. All rights reserved.
File: lol. java
Purpose: Demonstrates how to solve a small linear
optimization problem using the MOSEK Java API.
*/

import mosek.*;

class msgclass extends mosek.Stream {
public msgclass ()

{
super ();
}
public void print (String msg)
{
System.out.print (msg);
}
}
public class 1lol
{
static final int NUMCON = 3;
static final int NUMVAR = 4;




5.2. LINEAR OPTIMIZATION

static final int NUMANZ = 9;

public static void main (Stringl[] args)
{
// Since the value infinity is never used,
// ’infinity’ symbolic purposes only
double
infinity = 0;

double c[] = {3.0, 1.0, 5.0, 1.0};
int ptrb[]l = {0, 2, 5, 7};
int ptrell = {2, 5, 7, 9};
int asub[]l] = { 0, 1,

o, 1, 2,

0o, 1,

1, 2};
double aval[]l] = { 3.0, 2.0,

1.0, 1.0, 2.0,

2.0, 3.0,

1.0, 3.0};

int bkec [] {mosek.Env.boundkey.fx,
mosek.Env.boundkey.1lo,
mosek .Env.boundkey.up};
{30.0,

15.0,

-infinityl};
{30.0,

+infinity,

25.0};

double Dblcl[]

double bucl[]

int bkx []

{mosek.Env.boundkey.1lo,
mosek .Env.boundkey.ra,
mosek.Env.boundkey.lo,
mosek .Env.boundkey.lo};

{0.0,

0.0,
0.0,
0.0};

{+infinity,
10.0,
+infinity,
+infinity};

double blxI[]

double buxl[]

double[] xx = new double [NUMVAR];

mosek.Env

env = null;
mosek . Task

task = null;

try
{
// Make mosek environment.
env = new mosek.Env ();

we define

// Direct the env log stream to the user specified

// method env_msg_obj.print

21
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msgclass env_msg_obj = new msgclass ();
env.set_Stream (mosek.Env.streamtype.log,env_msg_obj);
// Initialize the environment.
env.init ();
// Create a task object linked with the environment env.
task = new mosek.Task (env, NUMCON, NUMVAR);
// Directs the log task stream to the user specified
// method task_msg_obj.print
msgclass task_msg_obj = new msgclass ();
task.set_Stream (mosek.Env.streamtype.log,task_msg_obj);
task.inputdata (NUMCON , NUMVAR,

c,

0.0,

ptrb,

ptre,

asub,

aval,

bkc,

blc,

buc,

bkx,

blx,

bux);
/* A maximization problem */
task.putobjsense (mosek.Env.objsense.maximize) ;

/* Solve the problem x*/

try
{
task.optimize ();
}
catch (mosek.Warning e)
{
System.out.println ("Mosek warning:");
System.out.println (e.toString ());
}

task.solutionsummary (mosek.Env.streamtype.msg) ;

task.getsolutionslice (mosek.Env.soltype.bas, // Basic solution.
mosek .Env.solitem.xx, // Which part of solution.
0, // Index of first variable.
NUMVAR, // Index of last variable+1
XX) ;
for(int j = 0; j < NUMVAR; ++j)
System.out.println ("x[" + j + "I:" + xx[jl);

}
catch (mosek.ArraylLengthException e)
{
System.out.println ("Error: An array was too short");
System.out.println (e.toString ());
}

catch (mosek.Exception e)
/* Catch both mosek.Error and mosek.Warning x*/
{
System.out.println ("An error or warning was encountered");
System.out.println (e.getMessage ());
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}
if (task '= null) task.dispose ();
if (env != null) env.dispose ();

5.2.1.2 Example code comments

The MOSEK environment: Before setting up the optimization problem, a MOSEK environment
must be created and initialized. This is done on the lines:

// Make mosek environment.

env = new mosek.Env ();

// Direct the env log stream to the user specified

// method env_msg_obj.print

msgclass env_msg_obj = new msgclass ();

env.set_Stream (mosek.Env.streamtype.log,env_msg_obj);
// Initialize the environment.

env.init ();

We connect a call-back function to the environment log stream. In this case the call-back function
simply prints messages to the standard output stream.

MOSEK optimization task: Next, an empty task object is created:

// Create a task object linked with the environment env.
task = new mosek.Task (env, NUMCON, NUMVAR);

// Directs the log task stream to the user specified

// method task_msg_obj.print

msgclass task_msg_obj = new msgclass ();

task.set_Stream (mosek.Env.streamtype.log,task_msg_obj);

We also connect a call-back function to the task log stream. Messages related to the task are
passed to the call-back function. In this case the stream call-back function writes its messages
to the standard output stream.

Inputting the problem data: When the task has been created, data can be loaded into it. This
happens here:

task.inputdata (NUMCON , NUMVAR,

C,
0.0,
ptrb,
ptre,
asub,
aval,
bkc,
blc,
buc,
bkx ,
blx,
bux);
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Symbolic constant Lower bound  Upper bound

Env.boundkey.fx finite identical to the lower bound
Env.boundkey.fr minus infinity plus infinity
Env.boundkey.lo finite plus infinity
Env.boundkey.ra finite finite

Env.boundkey.up minus infinity finite

Table 5.1: Interpretation of the bound keys.

There are several different ways to set up an optimization problem; in this case we loaded the
whole problem using a single function, Task.inputdata.

The ptrb, ptre, asub, and aval arguments define the constraint matrix A in the column ordered
sparse format (for details, see Section 5.8.3.2).

The ¢ argument is a full vector defining the objective function.
The precise relation between the arguments and the mathematical expressions in (5.1)...(5.3) is

as follows.

e The linear terms in the constraints:

Qsub[t],j :Val[t]a t:ptrb[j}w")ptre[j] 717 (5 6)
7 =0,...,numvar — 1. )
For an illustrated example of the meaning of ptrb and ptre see Section 5.8.3.2.
e The linear terms in the objective:
¢; =clj], 7=0,...,numvar — 1 (5.7)

e The bounds for the constraints are specified using the bkc, blc, and buc variables. The
components of the bkc integer array specify the type of the bounds according to Table 5.1.
For instance bkc[2]= Env.boundkey.lo means that —oo < [§ and u§ = oco. Finally, the
numerical values of the bounds are given by

I =blclk], k=0,...,numcon — 1 5.8
k

and
uf, = buclk], £ =0,...,numcon — 1. (5.9)

e The bounds on the variables are specified using the bkx, blx, and bux variables. The
components in the bkx integer array specifies the type of the bounds according to Table 5.1.
The numerical values for the lower bounds on the variables are given by

I7 =blx[j], j =0,... ,numvar — 1. (5.10)
The numerical values for the upper bounds on the variables are given by

uj = bux[j], j =0,...,numvar — 1. (5.11)
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Optimization: After set-up the task can be optimized.

task.optimize ();

Outputting the solution: Finally, the primal solution is retrieved and printed.

task.getsolutionslice (mosek.Env.soltype.bas, // Basic solution.

mosek.Env.solitem.xx, // Which part of solution.
0, // Index of first variable.

NUMVAR, // Index of last variable+1

XX) ;

The Task.getsolutionslice function obtains a “slice” of the solution. In fact MOSEK may
compute several solutions depending on the optimizer employed. In this example the basic
solution is requested, specified by Env.soltype.bas. The Env.solitem.xx specifies that we
want the variable values of the solution, and the following 0 and NUMVAR specifies the range of
variable values we want.

The range specified is the first index (here “0”) up to but not including the second index (here
< NUMVAR’’).

Catching exceptions: We cache any exceptions thrown by mosek in the lines:

catch (mosek.ArrayLengthException e)
{
System.out.println ("Error: An array was too short");
System.out.println (e.toString ());
}
catch (mosek.Exception e)
/* Catch both mosek.Error and mosek.Warning */
{
System.out.println ("An error or warning was encountered");
System.out.println (e.getMessage ());

The types of exceptions that MOSEK can throw can be seen in 13.5 and 13.11.

5.2.2 An alternative implementation: lo2

In the previous example the problem data is loaded in one chunk. It is often more convenient to add
one constraint or one variable at a time — this is possible using the following approach:

e Before a constraint or a variable can be used it has to be added with Task.append or a similar
function. By default the appended constraints will be empty and the bounds of the appended
constraints are infinite. Variables are fixed at zero.

e The objective function is specified using Task.putcfix and Task.putcj.
e The lower and upper bounds on the constraints and variables are specified using Task.putbound.

e The non-zero entries in A are added one column at a time using Task.putavec.
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package 1lo2;

/*
Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark. All rights reserved.
File: lo2. java
Purpose: Demonstrates how to solve a small linear
optimization problem using the MOSEK Java API.
*/

import mosek.*;

class msgclass extends mosek.Stream {
public msgclass ()

{
super ();
}
public void print (String msg)
{
System.out.print (msg);
+
}
public class 1lo2
{
static final int NUMCON = 3;
static final int NUMVAR = 4;
static final int NUMANZ = 9;

public static void main (Stringl[] args)

{

// Since the value infinity is never used, we define
// ’infinity’ symbolic purposes only
double

infinity = 0;

double c[] = {3.0, 1.0, 5.0, 1.0};
int asub[1[] = { {0, 1},
{0, 1, 2},
{0, 1%},
{1, 2} };
double avall[l[]l] = { {3.0, 2.0},
{1.0, 1.0, 2.0},
{2.0, 3.0},
{1.0, 3.0} };
int bkc[] = {mosek.Env.boundkey.fx,

mosek .Env.boundkey.1lo,
mosek .Env.boundkey.up};

double blcl[] = {30.0,
15.0,
-infinity};
double Dbuc[] = {30.0,

+infinity,
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25.0};

int bkx [] {mosek.Env.boundkey.1lo,
mosek.Env.boundkey.ra,
mosek.Env.boundkey.1lo,
mosek .Env.boundkey.lo};
{0.0,
0.0,
0.0,
0.0};
double bux[] = {+infinity,
10.0,
+infinity,
+infinity};

double blxI[]

double[] xx = new double [NUMVAR];

mosek.Env

env = null;
mosek.Task

task = null;

try
{

// Make mosek environment.
env = new mosek.Env ();
// Initialize the environment.
env.init ();
// Create a task object linked with the environment env.
task = new mosek.Task (env, NUMCON, NUMVAR);

/* Give MOSEK an estimate on the size of
the data to input. This is done to increase
the speed of inputing data and is optional.*/

task.putmaxnumvar (NUMVAR) ;
task.putmaxnumcon (NUMCON) ;
task.putmaxnumanz (NUMANZ) ;

/* Append the constraints. */
task.append (mosek.Env.accmode.con, NUMCON) ;

/* Append the variables. */
task.append (mosek.Env.accmode.var , NUMVAR) ;

/* Put C. */

task.putcfix (0.0);

for (int j=0; j<NUMVAR; ++j)
task.putcj (j,cl[jl);

/* Put constraint bounds. */
for (int i=0; i<NUMCON; ++i)
task.putbound (mosek.Env.accmode.con,i,bkc[i],blc[i],bucl[i]);

/* Put variable bounds. */
for (int j=0; j<NUMVAR; ++j)
task.putbound (mosek.Env.accmode.var,j,bkx[j]l,blx[j],bux[jl);
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/* Put A. */
if ( NUMCON>O0 )

{
for(int j=0; j<NUMVAR; ++j)
task.putavec (mosek.Env.accmode.var,
s
asub[j],
avall[jl);
}

/* A maximization problem */
task.putobjsense (mosek.Env.objsense.maximize) ;

/* Solve the problem */

try
{
task.optimize ();
}
catch (mosek.Warning e)
{
System.out.println ("Mosek warning:");
System.out.println (e.toString ());
}

task.solutionsummary (mosek.Env.streamtype.msg) ;

task.getsolutionslice(mosek.Env.soltype.bas,
/* Basic solution. *x/
mosek .Env.solitem.xx,
/* Which part of solution. */

0,

/* Index of first variable. x*/
NUMVAR ,

/* Index of last variable+1l x*/
XX) ;

for(int j = 0; j < NUMVAR; ++j)
System.out.println ("x[" + j + "I:" + xx[jl);

}
catch (mosek.ArraylLengthException e)
{
System.out.println ("Error: An array was too short");
System.out.println (e.toString ());
}

catch (mosek.Exception e)
/* Catch both Error and Warning x*/

{
System.out.println ("An error was encountered");
System.out.println (e.getMessage ());
}
if (task != null) task.dispose ();
if (env != null) env.dispose ();
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5.3 Quadratic optimization

It is possible to solve quadratic and quadratically constrained convex problems using MOSEK. This
class of problems can be formulated as follows:

minimize %xTQOx +clr+cf
n—1
subject to 1§ < FaTQFr+ Y apjz; < wuf, k=0,...,m—1, (5.12)
§=0
r < x < v j=0,....,n—1

Without loss of generality it is assumed that Q° and Q* are all symmetric because
2T Qr = 0.527(Q + Q7).
This implies that a non-symmetric @) can be replaced by the symmetric matrix %(Q + Q7).

A very important restriction in MOSEK is that the problem should be convex. This implies that the
matrix Q° should be positive semi-definite and that the kth constraint must be of the form

n—1

c 1 T "k
Ip < 7% Q%z + Za;wa:j (5.13)
7=0
with a negative semi-definite Q¥, or of the form
1 n—1
T Nk c
PN Q%x + JZ:O ar;T; < ug. (5.14)

with a positive semi-definite Q*. This implies that quadratic equalities are specifically not allowed.

5.3.1 Example: Quadratic objective

The following is an example if a quadratic, linearly constrained problem:

minimize 2?2 +0.123 + 23 — 2123 — T2
subject to 1 < 1+ To + 23 (5.15)
x>0

This can be written equivalently as

minimize  1/227Q°%x + Tz

subject to Az > b (5.16)
T > 0,
where
2 0 -1 0
Q° = 0 02 0 |, ¢c=| —-11, A:[l 1 1],andb:1. (5.17)
-1 0 2 0

Please note that MOSEK always assumes that there is a 1/2 in front of the z7'Qx term in the objective.
Therefore, the 1 in front of 3 becomes 2 in Q, i.e. Q50 =2.
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package qol;

All rights reserved.

/*
Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark.
File: qol. java
Purpose: Demonstrate how to solve a quadratic
optimization problem using the MOSEK Java API.
*/

import mosek.

public class qol
{
static final int NUMCON = 1; /* Number of constraints. */
static final int NUMVAR = 3; /* Number of variables. */
static final int NUMANZ = 3; /* Number of numzeros in A. */
static final int NUMQNZ = 4; /* Number of nonzeros in Q. */
public static void main (Stringl[] args)
{
// Since the value infinity is never used, we define
// ’infinity’ symbolic purposes only
double infinity = 0;
double[] ¢ = {0.0, -1.0, 0.0};
int [] bkc = {mosek.Env.boundkey.lol};
double[] blc = {1.0};
double [] buc = {infinityl;

bkx

{mosek.Env
mosek . Env
mosek.Env

int [] .boundkey.1lo,
.boundkey.lo,

.boundkey.lo};

double[] blx = {0.0,
0.0,
0.0};
double [] bux = {infinity,
infinity,
infinity};
int [] ptrb {0, 1, 2 };
int [] ptre = {1, 2, 3};
int [] asub = { 0, 0, 0 };
double[] aval = { 1.0, 1.0, 1.0 };

double [] xx = new double [NUMVARI];
mosek .Env

env;
mosek.Task

task;
env = new mosek.Env ();
try

{

env.init ();
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task = new mosek.Task (env, NUMCON,NUMVAR);

task.inputdata (NUMCON , NUMVAR,
c,0.0,
ptrb,
ptre,
asub,
aval,
bkc,
blc,
buc,
bkx,
blx,
bux) ;
/%
* The lower triangular part of the Q
* matrix in the objective is specified.

x/

int [] gsubi = {0, 1, 2, 2 };
int [] gsubj = {0, 1, 0, 2 };
double[] gqval = {2.0, 0.2, -1.0, 2.0};

/* Input the Q for the objective. */
task.putqobj (gqsubi,qsubj,qval);

task.optimize ();
task.solutionsummary (mosek.Env.streamtype.msg) ;
task.getsolutionslice(mosek.Env.soltype.itr,
mosek .Env.solitem.xx,
0,
NUMVAR ,
XX) ;

System.out.println ("Primal solution");
for ( int j=0; j<NUMVAR; ++j )
System.out.println("x[" + j + "]: " + xx[jl);

task.cleanup ();
env.cleanup ();
}
catch (mosek.ArrayLengthException e)
/* Catch both Error and Warning */

{
System.out.println ("An error/warning was encountered");
System.out.println (e.toString ());

}

catch (mosek.Exception e)

{
System.out.println ("An error/warning was encountered");
System.out.println (e.msg);

}

} /* Main */
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5.3.1.2 Example code comments

Most of the functionality in this example has already been explained for the linear optimization example
in Section 5.2 and it will not be repeated here.

This example introduces one new function, Task.putqobj, which is used to input the quadratic terms
of the objective function.

Since Q° is symmetric only the lower triangular part of @° is inputted. The upper part of Q° is
computed by MOSEK using the relation

o o

ij = Wi
Entries from the upper part may not appear in the input.

The lower triangular part of the matrix Q° is specified using an unordered sparse triplet format (for
details, see Section 5.8.3):

int [] gsubi = {0, 1, 2, 2 };
int [] gqsubj = {0, 1, 0, 2 )
double[] qval = {2.0, 0.2, -1.0, 2.0};

Please note that

e only non-zero elements are specified (any element not specified is 0 by definition),
e the order of the non-zero elements is insignificant, and

e only the lower triangular part should be specified.

Finally, the matrix Q° is loaded into the task:

task.putqobj (gqsubi,gqsubj,qval);

5.3.2 Example: Quadratic constraints

In this section describes how to solve a problem with quadratic constraints. Please note that quadratic
constraints are subject to the convexity requirement (5.13).

Consider the problem:

minimize 22 +0.123 + 23 — x123 — T2
subject to 1 < a1+ a9+ 23 — 2% — 23 — 0.123 + 0.2 73, (5.18)
x> 0.

This is equivalent to

minimize  1/227Q°x + ¢

subject to  1/227Q% + Az > b, (5.19)
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where
2 0 -1 0
Q=] 0 02 0 |, ¢c=|-11], A=[1 1 1], b=1 (5.20)
-1 0 2 0
-2 0 02
Q=10 -2 0 |. (5.21)
02 0 —0.2

5.3.2.1 Source code

package qcqol;

/*
Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark. All rights reserved.
File: qcqol. java
Purpose: Demonstrate how to solve a quadratic

optimization problem using the MOSEK API.

minimize x0"2 + 0.1 x1°2 + x272 - x0 x2 - x1
s.t 1 <= x0 + x1 + x2 - x072 - x1°2 - 0.1 x2°2 + 0.2 x0 x2
x >= 0

*/

import mosek.*;

public class qcqol

{
static final int NUMCON = 1; /* Number of constraints. */
static final int NUMVAR = 3; /* Number of variables. */
static final int NUMANZ = 3; /* Number of numzeros in A. */
static final int NUMQNZ = 4; /* Number of nonzeros in Q. */
public static void main (Stringl[] args)

{
// Since the value infinity is never used, we define
// ’infinity’ symbolic purposes only
double infinity = O0;
double[] ¢ = {0.0, -1.0, 0.0};

int [] bkc = {mosek.Env.boundkey.lol};
double[] blc = {1.0};
double [] buc = {infinityl;

int [] bkx

{mosek.Env.boundkey.lo,
mosek.Env.boundkey.lo,
mosek .Env.boundkey.lo};

double[] blx = {0.0,

0.0,

0.0};
double [] bux = {infinity,
infinity,
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infinity};
int [] ptrb = {0, 1, 2 };
int [] ptre = {1, 2, 3};
int [] asub = { 0, 0, 0 };
double[] aval = { 1.0, 1.0, 1.0 };
double [] xx = new double [NUMVAR];

mosek.Env
env;

mosek.Task
task;

env = new mosek.Env ();
try

env.init ();
task = new mosek.Task (env, NUMCON,NUMVAR);

task.inputdata (NUMCON , NUMVAR,
c,0.0,
ptrb,
ptre,
asub,
aval ,
bkc,
blc,
buc,
bkx,
blx,
bux) ;
/%
* The lower triangular part of the Q
* matrix in the objective is specified.

*/

int [] qosubi = { 0, 1, 2, 2 1}
int [] qosubj = { 0, 1, 0, 2 };
double [] qoval = { 2.0, 0.2, -1.0, 2.0 };

/* Input the Q for the objective. x*/
task.putqobj (qosubi, qosubj,qoval);

/*

* The lower triangular part of the Q70

* matrix in the first constraint is specified.
This corresponds to adding the term

- x072 - x1°2 - 0.1 x272 + 0.2 x0 x2

*/

int [] gsubi = {0, 1, 2, 2 };
int [] gsubj = {0, 1, 2, 0 I}
double[] qval = {-2.0, -2.0, -0.2, 0.2};

/* put Q"0 in constraint with index 0. */
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task.putqconk (O,
gsubi,
qsubj,
qval);

task.putobjsense (mosek.Env.objsense.min) ;
task.optimize ();

task.getsolutionslice (mosek.Env.soltype.itr,
mosek.Env.solitem.xx,
0,

NUMVAR ,

XX) ;

System.out.println ("Primal solution");
for ( int j=0; j<NUMVAR; ++j )
System.out.println("x[" + j + "]: " + xx[jl);

task.cleanup ();
env.cleanup ();
}
catch (mosek.ArrayLengthException e)
/* Catch both Error and Warning */

{
System.out.println ("An error/warning was encountered");
System.out.println (e.toString ());

}

catch (mosek.Exception e)

{
System.out.println ("An error/warning was encountered");
System.out.println (e.msg);

}

} /* Main */

The only new function introduced in this example is Task.putqconk, which is used to add quadratic
terms to the constraints. While Task.putqconk add quadratic terms to a specific constraint, it is also
possible to input all quadratic terms in all constraints in one chunk using the Task.putqcon function.

5.4 Conic optimization

Conic problems are a generalization of linear problems, allowing constraints of the type
zel

where C is a convex cone.

MOSEK can solve conic optimization problems of the following form

minimize e+ of
subject to ¢ < Ax < uc,
r < x < u” (5'22)

rzel
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where C is a cone. C can be a product of cones, i.e.
C=Cyx--xCph

in which case z € C means x! € C; C R™. Please note that the set of real numbers R is itself a cone,
so linear variables are still allowed.

MOSEK supports two specific cones apart from the real numbers:
e The quadratic cone:

Ci=(zcR"™: 2, >

e The rotated quadratic cone:

Ci=<Kxe€R™:2x120 > x?, 1,22 >0
When creating a conic problem in MOSEK, each cone is defined by a cone type (quadratic or rotated
quadratic cone) and a list of variable indexes. To summarize:

e In MOSEK all variables belong to the set R of reals, unless they are explicitly declared as
belonging to a cone.

e Each variable may belong to one cone at most.

5.4.1 Example: cqol

The problem

minimize T4 + x5
subject to zg+x1 +x2+x3 = 1,
o, L1,T2,T3 Z 07 (523)

Ty > \/ak + 23,
x5 > /23 + 23

is an example of a conic quadratic optimization problem. The problem includes a set of linear con-
straints and two quadratic cones.

5.4.1.1 Source code

package cqol;

/*
Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark. All rights reserved.

File: cqol. java
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Purpose: Demonstrates how to solve a small conic qaudratic
optimization problem using the MOSEK API.
*/

import mosek.*;

class msgclass extends mosek.Stream {
public msgclass ()

{
super ();
}
public void print (String msg)
{
System.out.print (msg);
}
}
public class cqol
{
static final int NUMCON = 1;
static final int NUMVAR = 6;
static final int NUMANZ = 4;

public static void main (Stringl[] args)

{
// Since the value infinity is never used, we defimne
// ’infinity’ symbolic purposes only
double infinity = 0;

int [] bkc = { mosek.Env.boundkey.fx };
double[] blc = { 1.0 };
double[] buc = { 1.0 };

int bkx[] = {mosek.Env.boundkey.lo,
mosek.Env.boundkey.1lo,
mosek.Env.boundkey.1lo,
mosek.Env.boundkey.1lo,
mosek.Env.boundkey.fr,
mosek .Env.boundkey.fr};

double[] blx = { 0.0,

0.0,

0.0,

0.0,

-infinity,

-infinityl};

0.0,

0.0,

0.0,

0.0,

+infinity,

+infinityl};

double [] bux

([
-~

double[] c

([
~

o O O o
o O O o

37
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1.0,
1.0};
double [] aval = {1.0,

1.0,

1.0,

1.0};
int [] asub = {0,

O’

o,

0};
int [] ptrb = {0,1,2,3,5,5};
int [] ptre = {1,2,3,4,5,5};
int[] csub = new int[3];
double[] xx = new double [NUMVAR];
mosek.Env

env = null;

mosek.Task
task = null;

// create a new environment object

env
try
{

new mosek.Env ();

// if you like, do some pre-initialization here

// (e.g. setting up exit or stream callback)

// then initialize the environment for use

env.init ();

// create a task object attached to the environment
task = new mosek.Task (env, NUMCON, NUMVAR);
msgclass msgobj = new msgclass ();

task.inputdata (NUMCON , NUMVAR,

c,

0.0,

ptrb,

ptre,

asub,

aval,

bkc,

blc,

buc,

bkx,

blx,

bux);
csub [0]
csub [1]
csub [2] ;
task.appendcone (mosek.Env.conetype.quad,

0.0, /*x For future use only, can be set to 0.0 */

B

s

"
N O B

csub) ;
csub [0] = 5;
csub[1] = 1;
csub[2] = 3;

task.appendcone (mosek.Env.conetype.quad,0.0,csub);

System.out.println ("putintparam");
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task.putobjsense (mosek.Env.objsense.min) ;

System.out.println ("optimize");

try
{
task.optimize ();
}
catch (mosek.Warning e)
{
System.out.println ("Mosek warning:");
System.out.println (e.toString ());
}

System.out.println ("solutionsummary");
task.solutionsummary (mosek.Env.streamtype.msg) ;

System.out.println ("getsolutionslice");
task.getsolutionslice (mosek.Env.soltype.itr,
/* Interior solution. */
mosek .Env.solitem.xx,
/* Which part of solution. */

o,
/* Index of first variable. x*/
NUMVAR ,
/* Index of last variable+1l x*/
XX) ;
for(int j = 0; j < NUMVAR; ++3)
System.out.println ("x[" + j + "]1:" + xx[jl);

}
catch (mosek.ArrayLengthException e)
/* Catch both Error and Warning */
{
System.out.println ("Error: An array was too short");
System.out.println (e.toString ());
}
catch (mosek.Exception e)
/* Catch both Error and Warning */

{
System.out.println ("An error was encountered");
System.out.println (e.getMessage ());
}
if (task != null) task.dispose ();
if (env != null) env.dispose ();

39

5.4.1.2 Source code comments

The only new function introduced in the example is Task.appendcone, which is called here:

task.appendcone (mosek.Env.conetype.quad,
0.0, /* For future use only, can be set to 0.0 */
csub);
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Here Env.conetype.quad defines the cone type, in this case it is a quadratic cone. The cone parameter
0.0 is currently not used by MOSEK — simply passing 0.0 will work. ¢ ¢

5.5 Integer optimization

An optimization problem where one or more of the variables are constrained to integer values is denoted
an integer optimization problem.

5.5.1 Example: milol

In this section the example

maximize xg + 0.64x,

subject to 50xg + 31z; < 250,
3xg — 221 > —4, (524)
To,2x1 >0 and integer

is used to demonstrate how to solve a problem with integer variables.

5.5.1.1 Source code

The example (5.24) is almost identical to a linear optimization problem except for some variables being
integer constrained. Therefore, only the specification of the integer constraints requires something new
compared to the linear optimization problem discussed previously. In MOSEK these constraints are
specified using the function Task.putvartype as shown in the code:

for(int j=0; j<NUMVAR; ++j)
task.putvartype (j,mosek.Env.variabletype.type_int);

The complete source for the example is listed below.

package milol;

/*
Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark. All rights reserved.
File: milol. java
Purpose: Demonstrates how to solve a small mixed

integer linear optimization problem using the MOSEK Java API.

*/
import mosek.*;

class msgclass extends mosek.Stream {
public msgclass ()
{

super ();
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}
public void print (String msg)
{
System.out.print (msg);

}

}

public class milol

{
static final int NUMCON = 2;
static final int NUMVAR = 2;
static final int NUMANZ = 4;

public static void main (Stringl[] args)

{

// Since the value infinity is never used, we define

// ’infinity’ symbolic purposes only

double infinity = O0;

int [1 bkc { mosek.Env.boundkey.up, mosek.Env.boundkey.lo };
double[] blc = { -infinity, -4.0 };
double[] buc = { 250.0, infinity };
int [] bkx = { mosek.Env.boundkey.lo, mosek.Env.boundkey.lo 1};
double[] blx = { 0.0, 0.0 };
double [] bux = { infinity, infinity };
double[] c = {1.0, 0.64 };
int [] asub ={ o, 1, 0, 1 ks
double[] aval = { 50.0, 3.0, 31.0, -2.0 };
int[] ptrb = { 0, 2 };
int [1 ptre = { 2, 4 };
double[] xx = new double [NUMVAR];
mosek.Env env = null;
mosek.Task task = null;
try
{

// Make mosek environment.

env = new mosek.Env ();

// Direct the env log stream to the user specified

// method env_msg_obj.print

msgclass env_msg_obj = new msgclass ();

env.connectStream (env_msg_obj, mosek.Env.streamtype.log);
// Initialize the environment.

env.init ();

// Create a task object linked with the environment env.
task = new mosek.Task (env, NUMCON, NUMVAR);

// Directs the log task stream to the user specified

// method task_msg_obj.print

msgclass task_msg_obj = new msgclass ();
task.connectStream (task_msg_obj, mosek.Env.streamtype.log);

41




42

CHAPTER 5. BASIC API TUTORIAL

task.inputdata (NUMCON , NUMVAR,

C,
0.0,
ptrb,
ptre,
asub,
aval ,
bkc,
blc,
buc,
bkx ,
blx,
bux) ;

/* Specify integer variables. x*/
for(int j=0; j<NUMVAR; ++j)
task.putvartype (j,mosek.Env.variabletype.type_int);

/* A maximization problem */
task.putobjsense (mosek.Env.objsense.maximize) ;
/* Solve the problem */

try
{
task.optimize ();
}
catch (mosek.Warning e)
{
System.out.println ("Mosek warning:");
System.out.println (e.toString ());
}

task.solutionsummary (mosek.Env.streamtype.msg);

task.getsolutionslice (mosek.Env.soltype.itg,
/* Integer solution. */
mosek .Env.solitem.xx,
/* Which part of solution. */

0,

/* Index of first variable. x*/
NUMVAR ,

/* Index of last variable+1 */
XX) ;

for(int j = 0; j < NUMVAR; ++j)
System.out.println ("x[" + j + "]1:" + xx[jl);

}
catch (mosek.ArraylLengthException e)
{
System.out.println ("Error: An array was too short");
System.out.println (e.toString ());
}

catch (mosek.Exception e)
/* Catch both mosek.Error and mosek.Warning x*/

{
System.out.println ("An error or warning was encountered");
System.out.println (e.getMessage ());
}
if (task != null) task.dispose ();

if (env !'= null) env.dispose ();
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5.5.1.2 Code comments

Please note that when Task.getsolutionslice is called, the integer solution is requested by using
Env.soltype.itg. No dual solution is defined for integer optimization problems.

5.5.2 Specifying an initial solution

Integer optimization problems are generally hard to solve, but the solution time can often be reduced
by providing an initial solution for the solver. Solution values can be set using Task.putsolution (for
inputting a whole solution) or Task.putsolutioni (for inputting solution values related to a single
variable or constraint).

It is not necessary to specify the whole solution. By setting the Env.iparam.mio_construct_sol
parameter to Env.onoffkey.on and inputting values for the integer variables only, will force MOSEK
to compute the remaining continuous variable values.

If the specified integer solution is infeasible or incomplete, MOSEK will simply ignore it.

5.5.3 Example: Specifying an integer solution

Consider the problem

maximize Txg+ 10z + 29 + 53
subject to xg + x1 + 22 + 23 < 2.5 (5.25)
X0, T1, %2 integer, o, x1,T2,r3 >0

The following example demonstrates how to optimize the problem using a feasible starting solution
generated by selecting the integer values as g = 0,21 = 2,29 = 0.

package mioinitsol;

*

/ Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark. All rights reserved.
File: mioinitsol.c
Purpose: Demonstrates how to solve a MIP with a start guess.
Syntax: mioinitsol mioinitsol.lp

*/

import mosek.*;

class msgclass extends mosek.Stream {
public msgclass ()
{
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super ();
}
public void print (String msg)
{
System.out.print (msg);
}

}

public class mioinitsol
{
public static void main (Stringl[] args)
{
mosek . Env
env = null;
mosek.Task
task = null;
// Since the value infinity is never used, we define
// ’infinity’ symbolic purposes only
double
infinity = 0;

int NUMVAR = 4;
int NUMCON = 1;
int NUMINTVAR = 3;

double[] ¢ = { 7.0, 10.0, 1.0, 5.0 };

int [] bkc = {mosek.Env.boundkey.up};
double[] blc = {-infinity};
double[] buc = {2.5};
int [] bkx = {mosek.Env.boundkey.lo,
mosek.Env.boundkey.1lo,
mosek .Env.boundkey.1lo,
mosek .Env.boundkey.lo};
double[] blx = {0.0,
0.0,
0.0,
0.0};
double [] bux = {infinity,
infinity,
infinity,
infinity};

int [] ptrb = {0, 1, 2, 3};

int[] ptre = {1, 2, 3, 4};

double [] aval = {1.0, 1.0, 1.0, 1.0};
int [] asub = {0, 0, 0, 0 };
int [] intsub = {0, 1, 2};

int j;

try{
// Make mosek environment.
env = new mosek.Env ();
// Direct the env log stream to the user specified
// method env_msg_obj.print
msgclass env_msg_obj = new msgclass ();
env.connectStream (env_msg_obj, mosek.Env.streamtype.log);
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// Initialize the environment.

env.init ();

// Create a task object linked with the environment env.
task = new mosek.Task (env, 0, 0);

// Directs the log task stream to the user specified

// method task_msg_obj.print

msgclass task_msg_obj = new msgclass ();

task.connectStream (task_msg_obj, mosek.Env.streamtype.log);

task.inputdata (NUMCON , NUMVAR ,
C,
0.0,
ptrb,
ptre,
asub,
aval,
bkc,
blc,
buc,
bkx,
blx,
bux) ;

for (j=0 ; j<NUMINTVAR ; ++j)
task.putvartype (intsub[j] ,mosek.Env.variabletype.type_int);

/* A maximization problem */
task.putobjsense (mosek.Env.objsense.maximize);

// Construct an initial feasible solution from the

// values of the integer valuse specified

task.putintparam(mosek.Env.iparam.mio_construct_sol,
mosek.Env.Val.on);

// Set status of all variables to unknown
task.makesolutionstatusunknown (mosek.Env.soltype.itg);

// Assign values 1,1,0 to integer variables
task.putsolutioni (
mosek .Env.accmode.var,
0 s
mosek.Env.soltype.itg,
mosek.Env.stakey.supbas,
0.0,

>

o O O

.0
.0,
.0);
task.putsolutioni (
mosek .Env.accmode.var,
1,
mosek.Env.soltype.itg,
mosek.Env.stakey.supbas,
2.0,

3

.0
.0
.0

o O O

) g
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task.putsolutioni (
mosek .Env.accmode.var,
2,
mosek.Env.soltype.itg,
mosek.Env.stakey.supbas,

0.0,
0.0,
0.0,
0.0);
// solve
task.optimize ();
}
catch (mosek.ArrayLengthException e)
{
System.out.println ("Error: An array was too short");
System.out.println (e.toString ());
}

catch (mosek.Exception e)
/* Catch both Error and Warning */

{
System.out.println ("An error was encountered");
System.out.println (e.getMessage ());
}
if (task != null) task.dispose ();
if (env != null) env.dispose ();

5.6 Problem modification and reoptimization

Often one might want to solve not just a single optimization problem, but a sequence of problem, each
differing only slightly from the previous one. This section demonstrates how to modify and reoptimize
an existing problem. The example we study is a simple production planning model.

5.6.1 A production planning problem

A company manufactures three types of products. Suppose the stages of manufacturing can be split
into three parts, namely Assembly, Polishing and Packing. In the table below we show the time
required for each stage as well as the profit associated with each product.

Product no.  Assembly (minutes) Polishing (minutes) Packing (minutes) Profit ($)

0 2 3 2 1.50
1 4 2 3 2.50
2 3 3 2 3.00

With the current resources available, the company has 100,000 minutes of assembly time, 50,000
minutes of polishing time and 60,000 minutes of packing time available per year.
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Now the question is how many items of each product the company should produce each year in order
to maximize profit?

Denoting the number of items of each type by x,x; and zs, this problem can be formulated as the
linear optimization problem:

maximize 1.5z9 + 2.5x1 + 3.0x2
subject to 2z + 4x; + 3z < 100000, (5.26)
3xrg + 2z + 3z, < 50000, ’
200 4+  3x1 + 2z < 60000,
and
o, T1,T2 2 0. (5.27)

The following code loads this problem into the optimization task.

// Since the value infinity is never used, we define
// ’infinity’ symbolic purposes only
double

infinity = O;

double cI[] = {1.5,
2.5,
3.0};
int bkc[] = {mosek.Env.boundkey.up,

mosek.Env.boundkey.up,
mosek .Env.boundkey.upl;
{-infinity,

-infinity,

-infinityl};

{100000,

50000,

600007 ;
{mosek.Env.boundkey.1lo,

mosek.Env.boundkey.lo,

mosek .Env.boundkey.lo};

double blc[]

double buc[]

int bkx[]

double blx[] = {0.0,

0.0,

0.0};
double bux[] = {+infinity,

+infinity,
+infinity};

int asub[][] = {{0, 1, 2},

{0, 1, 2},
{0, 1, 2}};
double avall[][] ={ { 2.0, 3.0, 2.0 },
{ 4.0, 2.0, 3.0 },
{ 3.0, 3.0, 2.0 } };
double[] xx = new double [NUMVAR];

mosek . Env

env = null;
mosek . Task

task = null;
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// Create mosek environment.

env = new mosek.Env ();

// Initialize the environment.

env.init ();

// Create a task object linked with the environment env.
task = new mosek.Task (env, NUMCON, NUMVAR);

/* Give MOSEK an estimate on the size of
the data to input. This is done to increase
the speed of inputting data and is optional.*/

task.putmaxnumvar (NUMVAR) ;
task.putmaxnumcon (NUMCON) ;
task.putmaxnumanz (NUMANZ) ;

/* Append the constraints. */
task.append (mosek.Env.accmode.con, NUMCON) ;

/* Append the variables. */
task.append (mosek.Env.accmode.var ,NUMVAR) ;

/* Put C. */

task.putcfix (0.0);

for (int j=0; j<NUMVAR; ++3)
task.putcj(j,cl[jl);

/* Put constraint bounds. */
for (int i=0; i<NUMCON; ++i)
task.putbound (mosek.Env.accmode.con,i,bkc[i],blc[i],bucl[il]);

/* Put variable bounds. */
for(int j=0; j<NUMVAR; ++j)
task.putbound (mosek.Env.accmode.var,j,bkx[j],blx[j]l,bux[jl);

/* Put A. x/

if ( NUMCON>O )

{

for(int j=0; j<NUMVAR; ++j)
task.putavec (mosek.Env.accmode.var,

i
asub[j],
aval[jl);

}

/* A maximization problem */
task.putobjsense (mosek.Env.objsense.maximize);

/* Solve the problem */

try
{
task.optimize ();
}
catch (mosek.Warning e)
{

System.out.println ("Mosek warning:");
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System.out.println (e.toString ());
}

task.solutionsummary (mosek.Env.streamtype.msg);

task.getsolutionslice (mosek.Env.soltype.bas,
/* Basic solution. */
mosek.Env.solitem.xx,
/* Which part of solution. */

0,

/* Index of first variable. */
NUMVAR ,

/* Index of last variable+1 x*/
XX) ;

for(int j = 0; j < NUMVAR; ++j)
System.out.println ("x[" + j + "I:" + xx[jl);

5.6.2 Changing the A matrix

Suppose we want to change the time required for assembly of product 0 to 3 minutes. This corresponds
to setting ag,0 = 3, which is done by calling the function Task.putaij as shown below.

task.putaij (0, 0, 3.0);

The problem now has the form:

maximize 1.5zg + 2.52x1 + 3.0x2
subject to  3z9 + 41 + 3z < 100000, (5.28)
3rg + 21 + 3z < 50000, ’
209 + 3x1 + 2z < 60000,
and
o, T1,T2 2 0. (5.29)

After changing the A matrix we can find the new optimal solution by calling Task.optimize again.

5.6.3 Appending variables

We now want to add a new product with the following data:

Product no. Assembly (minutes) Polishing (minutes) Packing (minutes) Profit ($)
3 4 0 1 1.00

This corresponds to creating a new variable x3, appending a new column to the A matrix and setting
a new value in the objective. We do this in the following code.
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/* Append a new varaible x_3 to the problem */
task.append (mosek.Env.accmode.var,1);

/* Get index of new variable, this should be 3 x/
int [] numvar = new int[1];
task.getnumvar (numvar) ;

/* Set bounds on new varaible */
task.putbound (mosek.Env.accmode.var,
numvar [0] -1,
mosek.Env.boundkey.lo,
0 s
+infinity);

/* Change objective */
task.putcj (numvar [0]-1,1.0);

/* Put new values in the A matrix */
int [] acolsub = mnew int[] {0, 2};
double[] acolval = new double[] {4.0, 1.0};
task.putavec (mosek.Env.accmode.var,

numvar [0]-1, /* column index */

acolsub,

acolval);

After this operation the problem looks this way:

maximize 1.5z9 + 2.5z1 + 3.0x9
subject to  3zg + 41 + 3o
3z +  2x +  3xy
200 4+ 31 4+ 220

and

Zo,T1, T2, 23 > 0.

5.6.4 Reoptimization

+ 1‘O$3
+ 4$3
+  lx3

100000,
50000,
60000,

(5.30)

(5.31)

When Task.optimize is called MOSEK will store the optimal solution internally. After a task has
been modified and Task.optimize is called again the solution will automatically be used to reduce

solution time of the new problem, if possible.

In this case an optimal solution to problem (5.28) was found and then added a column was added
to get (5.30). The simplex optimizer is well suited for exploiting an existing primal or dual feasible
solution. Hence, the subsequent code instructs MOSEK to choose the simplex optimizer freely when

optimizing.

/* Change optimizer to simplex free and reoptimize */
task.putintparam(mosek.Env.iparam.optimizer ,mosek.Env.optimizertype.free_simplex);

task.optimize ();
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5.6.5 Appending constraints

Now suppose we want to add a new stage to the production called “Quality control” for which 30000
minutes are available. The time requirement for this stage is shown below:

Product no.  Quality control (minutes)
0 1

1 2
2 1
3 1

This corresponds to adding the constraint
To + 221 + x2 + x3 < 30000 (5.32)

to the problem which is done in the following code:

/* Append a new constraint x/
task.append (mosek.Env.accmode.con,1);

/* Get index of new constraint, this should be 4 */
int [] numcon = new int[1];
task.getnumcon (numcon) ;

/* Set bounds on new constraint */
task.putbound (
mosek .Env.accmode.con,
numcon [0] -1,
mosek.Env.boundkey.up,
-infinity,
30000) ;

/* Put new values in the A matrix */

int [] arowsub = new int[] {0, 1, 2, S
double[] arowval = new double[] {1.0, 2.0, 1.0, 1.0};

task.putavec (mosek.Env.accmode.con,
numcon [0] -1, /* row index */
arowsub ,
arowval);

5.7 Efficiency considerations

Although MOSEK is implemented to handle memory efficiently, the user may have valuable knowledge
about a problem, which could be used to improve the performance of MOSEK. This section discusses
some tricks and general advice that hopefully make MOSEK process your problem faster.

Avoid memory fragmentation: MOSEK stores the optimization problem in internal data struc-
tures in the memory. Initially MOSEK will allocate structures of a certain size, and as more
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items are added to the problem the structures are reallocated. For large problems the same
structures may be reallocated many times causing memory fragmentation. One way to avoid
this is to give MOSEK an estimated size of your problem using the functions:

e Task.putmaxnumvar. Estimate for the number of variables.

e Task.putmaxnumcon. Estimate for the number of constraints.

e Task.putmaxnumcone. Estimate for the number of cones.

e Task.putmaxnumanz. Estimate for the number of non-zeros in A.

e Task.putmaxnumgnz. Estimate for the number of non-zeros in the quadratic terms.

None of these functions change the problem, they only give hints to the eventual dimension of
the problem. If the problem ends up growing larger than this, the estimates are automatically
increased.

Tune the reallocation process: It is possible to obtain information about how often MOSEK real-
locates storage for the A matrix by inspecting Env.iinfitem.sto num a realloc. A large value
indicates that maxnumanz has been reestimated many times and that the initial estimate should
be increased.

Do not mix put- and get- functions: For instance, the functions Task.putavec and Task.getavec.
MOSEK will queue put- commands internally until a get- function is called. If every put- func-
tion call is followed by a get- function call, the queue will have to be flushed often, decreasing
efficiency.

In general get- commands should not be called often during problem setup.

Use the LIFO principle when removing constraints and variables: MOSEK can more efficiently
remove constraints and variables with a high index than a small index.

An alternative to removing a constraint or a variable is to fix it at 0, and set all relevant
coefficients to 0. Generally this will not have any impact on the optimization speed.

Add more constraints and variables than you need (now): The cost of adding one constraint
or one variable is about the same as adding many of them. Therefore, it may be worthwhile to
add many variables instead of one. Initially fix the unused variable at zero, and then later unfix
them as needed. Similarly, you can add multiple free constraints and then use them as needed.

Use one environment (env) only: If possible share the environment (env) between several tasks.
For most applications you need to create only a single env.

Do not remove basic variables: When doing reoptimizations, instead of removing a basic variable
it may be more efficient to fix the variable at zero and then remove it when the problem is
reoptimized and it has left the basis. This makes it easier for MOSEK to restart the simplex
optimizer.
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5.7.1 API overhead

The Java interface is a thin wrapper around a native MOSEK library. The layer between the Java
application and the native MOSEK library is made as thin as possible to minimize the overhead from
function calls.

The methods in mosek.Env and mosek.Task are all written in C and resides in the library mosekjava.
Each method converts the call parameter data structures (i.e. creates a complete copy of the data),
calls a native MOSEK function and converts the returned values back into Java structures.

All data are copied at least once. For larger problems this may mean, that fetching or inputting large
chunks of data is less expensive than fetching/inputting the same data as single values.

5.8 Conventions employed in the API

5.8.1 Naming conventions for arguments

In the definition of the MOSEK Java API a consistent naming convention has been used. This implies
that whenever for example numcon is an argument in a function definition it indicates the number of
constraints.

In Table 5.2 the variable names used to specify the problem parameters are listed.

The relation between the variable names and the problem parameters is as follows:

e The quadratic terms in the objective:

Gqosubi[t],qosubj[¢] = dovallt], t =0,... numqonz — 1. (5.33)
e The linear terms in the objective:
¢; =clj], j=0,...,numvar — 1 (5.34)
e The fixed term in the objective:
¢/ =cfix. (5.35)
e The quadratic terms in the constraints:
gfzﬁsl;[[f]],qcsubj = qcvallt], t =0,...,numgcnz — 1. (5.36)
e The linear terms in the constraints:
Uasublt],j = avallt], t. = ptrb[j],...,ptre[j] — 1, (5.37)
7 =0,...,numvar — 1.

The bounds on the constraints are specified using the variables bkc, blc, and buc. The com-
ponents of the integer array bkc specify the bound type according to Table 5.3. For instance
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Java name Java type Dimension Related problem
parameter

numcon int m

numvar int n

numcone int t

numqonz int 4i;

gosubi int[] numgonz a5;

gosubj int[] numgonz a5

qoval double[] numqgonz a5

c double[] numvar c;j

cfix double cf

numqgcnz int qu

gcsubk int[] qcnz qu

gcsubi int[] qcnz qu

qcsubj int[] qcnz qu

qcval double[] qcnz qu

aptrb int[] numvar ai;

aptre int[] numvar a;j

asub int[] aptre [numvar-1] a;;

aval double[] aptrel[numvar-1] a;;

bkc int[] numcon I and uf

blc double[] numcon :

buc double[] numcon ug,

bkx int[] numvar ¥ and uf

blx double[] numvar i

bux double[] numvar Uy,

Table 5.2: Naming convention used in MOSEK

Symbolic constant Lower bound

Upper bound

Env.boundkey.fx finite

Env.boundkey.fr minus infinity

Env.boundkey.lo finite
Env.boundkey.ra finite

identical to the lower bound

plus infinity

plus infinity

finite

Env.boundkey.up minus infinity finite

Table 5.3: Interpretation of the bound keys.
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bkc [2]=Env.boundkey.lo means that —oo < I§ and u§ = oco. Finally, the numerical values of
the bounds are given by

I =blclk], k=0,...,numcon — 1 (5.38)

and
uj, = buclk], k=0,...,numcon — 1. (5.39)

e The bounds on the variables are specified using the variables bkx, blx, and bux. The components
in the integer array bkx specify the bound type according to Table 5.3. The numerical values for
the lower bounds on the variables are given by

Ij =vlx[j], j =0,...,nunvar — 1. (5.40)

The numerical values for the upper bounds on the variables are given by

uj = bux[j], j=0,...,numvar — 1. (5.41)

5.8.1.1 Bounds

A bound on a variable or on a constraint in MOSEK consists of a bound key, as defined in Table 5.3,
a lower bound value and an upper bound value. Even if a variable or constraint is bounded only from
below, e.g. = > 0, both bounds are inputted or extracted; the value inputted as upper bound for
(z > 0) is ignored.

5.8.2 Vector formats

Three different vector formats are used in the MOSEK API:

Full vector: This is simply an array where the first element corresponds to the first item, the second
element to the second item etc. For example to get the linear coefficients of the objective in
task, one would write

double[] ¢ = new double[numvar];
task.getc(c);

where numvar is the number of variables in the problem.

Vector slice: A vector slice is a range of values. For example, to get the bounds associated constraint
3 through 10 (both inclusive) one would write

double [] upper_bound = new double[8];

double[] lower_bound = new double[8];

int bound_key[] = new int[8];

task.getboundslice (mosek.Env.accmode.con, 2,10,
bound_key,lower_bound,upper_bound);

Please note that items in MOSEK are numbered from 0, so that the index of the first item is 0,
and the index of the n’th item is n — 1.
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Sparse vector: A sparse vector is given as an array of indexes and an array of values. For example,
to input a set of bounds associated with constraints number 1, 6, 3, and 9, one might write

{1, 6, 3, 9 };

{ mosek.Env.boundkey.fr,
mosek.Env.boundkey.lo,
mosek.Env.boundkey.up,
mosek.Env.boundkey.fx };

double [] upper_bound { 0.0, -10.0, 0.0, 5.0 };

double[] lower_bound { 0.0, 0.0, 6.0, 5.0 };
task.putboundlist (mosek.Env.accmode.con, bound_index,
bound_key ,lower_bound ,upper_bound) ;

int [] bound_index
int[] bound_key

Note that the list of indexes need not be ordered.

5.8.3 Matrix formats

The coefficient matrices in a problem are inputted and extracted in a sparse format, either as complete
or a partial matrices. Basically there are two different formats for this.

5.8.3.1 Unordered triplets

In unordered triplet format each entry is defined as a row index, a column index and a coefficient. For
example, to input the A matrix coefficients for a; o = 1.1, a3 3 = 4.3, and as 4 = 0.2, one would write
as follows:

int [] subi = { i 3P 5 };
int [] subj = { 2, 3, 4 3}
double[] cof = { 1.1, 4.3, 0.2 };
task.putaijlist (subi,subj,cof);

Please note that in some cases (like Task.putaijlist) only the specified indexes remain modified —
all other are unchanged. In other cases (such as Task.putqconk) the triplet format is used to modify
all entries — entries that are not specified are set to 0.

5.8.3.2 Row or column ordered sparse matrix

In a sparse matrix format only the non-zero entries of the matrix are stored. MOSEK uses a sparse
matrix format ordered either by rows or columns. In the column-wise format the position of the non-
zeros are given as a list of row indexes. In the row-wise format the position of the non-zeros are given
as a list of column indexes. Values of the non-zero entries are given in column or row order.

A sparse matrix in column ordered format consists of:

asub: List of row indexes.
aval: List of non-zero entries of A ordered by columns.

ptrb: Where ptrb[j] is the position of the first value/index in aval / asub for column j.
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ptre: Where ptre[j] is the position of the last value/index plus one in aval / asub for column j.

The values of a matrix A with numcol columns are assigned so that for

j=0,...,numcol — 1.
We define
Uasun[k],j = avallk], k= ptrb[j],...,ptre[j] — 1. (5.42)
ptrol S L] °]° <.
ptr ( f 5|7 o o .

\\

asub\f’Z‘1 o s o 1 | 2

1.1 3.1 2.2 1.3 4.4 1.4 3.4 2.5
aval .« o .

Column 0 Column1

Figure 5.1: The matrix A (5.43) represented in column ordered sparse matrix format.

As an example consider the matrix
A= ' 2. (5.43)

which can be represented in the column ordered sparse matrix format as

ptrb = [0,2,3,5,7],

ptre = [2,3,5,7,8],

asub = [0,2,1,0,3,0,2,1],

aval — [1.1,3.1,2.2,1.3,4.4,1.4,3.4,2.5].

Fig. 5.1 illustrates how the matrix A (5.43) is represented in column ordered sparse matrix format.

5.8.3.3 Row ordered sparse matrix

The matrix A (5.43) can also be represented in the row ordered sparse matrix format as:
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Chapter 6

Modelling

In this chapter we will discuss the following issues:

e The formal definitions of the problem types that MOSEK can solve.

The solution information produced by MOSEK.

The information produced by MOSEK if the problem is infeasible.

e A set of examples showing different ways of formulating commonly occurring problems so that

they can be solved by MOSEK.

6.1 Linear optimization

A linear optimization problem can be written as

minimize
subject to ¢
lﬂf

where

e m is the number of constraints.
e 1 is the number of decision variables.

e r € R" is a vector of decision variables.

o A c R™*™ is the constraint matrix.

INIA
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Tz + et
Az
T

c € R™ is the linear part of the objective function.

Recommendations for formulating optimization problems.

INIA

(6.1)
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e [° € R™ is the lower limit! on the activity for the constraints.
e u° € R™ is the upper limit on the activity for the constraints.
e [ € R" is the lower limit on the activity for the variables.

e y” € R™ is the upper limit on the activity for the variables.

A primal solution () is (primal) feasible if it satisfies all constraints in (6.1). If (6.1) has at least one
primal feasible solution, then (6.1) is said to be (primal) feasible.

In case (6.1) does not have a feasible solution, the problem is said to be (primal) infeasible.

6.1.1 Duality for linear optimization

Corresponding to the primal problem (6.1), there is a dual problem

maximize (19)Ts8 — (u)TsS
+(1%)Ts¥ — (u®)TsZ + ¢/
subject to ATy + s7 — % = ¢ (6.2)
—y + s8] — s = 0,

C C xT xT
87,585,578, = 0.

If a bound in the primal problem is plus or minus infinity, the corresponding dual variable is fixed at
0, and we use the convention that the product of the bound value and the corresponding dual variable

is 0. For example
I =-00 = (s7);=0and ] (s]); =0.

This is equivalent to removing variable (s7); from the dual problem.
A solution
(¥, 85 80 5T 50)

to the dual problem is feasible if it satisfies all the constraints in (6.2). If (6.2) has at least one feasible
solution, then (6.2) is (dual) feasible, otherwise the problem is (dual) infeasible.

We will denote a solution

(1‘7 y’ 5;:7 Sfu Slx7 Si)
so that z is a solution to the primal problem (6.1), and
(Y, 87,80 815 54)

is a solution to the corresponding dual problem (6.2). A solution which is both primal and dual feasible
is denoted a primal-dual feasible primal-dual solution.

We will use the words “bound” and “limit” interchangeably.
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6.1.1.1 A primal-dual feasible solution

Let
(@, 9", (s1)", (s0)", (s1)", (s2)")

be a primal-dual feasible solution, and let

(z)" = Ax™.

For a primal-dual feasible solution we define the optimality gap as the difference between the primal
and the dual objective value,

cTar +cf —((19Tsf — (u)T's

((s)7 (@)™ = 1) + (s9)7 (uff — (27)"

(1) sf = (u?)T'st +f)
3 (s s — 1) + (525 (uF = 7))

|

&
Il
-

where the first relation can be obtained by multiplying the dual constraints (6.2) by x and x° respec-
tively, and the second relation comes from the fact that each term in each sum is nonnegative. It
follows that the primal objective will always be greater than or equal to the dual objective.

We then define the duality gap as the difference between the primal objective value and the dual
objective value, i.e.

a4 ef — (1) sf = ()T sg + (1) st — (u*) sl +¢7)
Please note that the duality gap will always be nonnegative.
6.1.1.2 An optimal solution
It is well-known that a linear optimization problem has an optimal solution if and only if there ex-

ist feasible primal and dual solutions such that the duality gap is zero, or, equivalently, that the
complementarity conditions

sp)i((xf) =1§) = 0, i=1,....m,
(sg)i(ug —(z£)*) = 0, i=1,...,m,
(s0)j(@; —15) = 0, j=1,....n,
(su)j(uj —a3) = 0, j=1,....n

are satisfied.

If (6.1) has an optimal solution and MOSEK solves the problem successfully, both the primal and dual
solution are reported, including a status indicating the exact state of the solution.

6.1.1.3 Primal infeasible problems

If the problem (6.1) is infeasible (has no feasible solution), MOSEK will report a primal certificate of
the infeasibility: The dual solution reported is a certificate of infeasibility, and the primal solution is
undefined.
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A primal certificate (certificate of primal infeasibility) is a feasible solution to the modified dual problem

maximize (1¢)7s¢ — (u®)TsS + (1%)Ts¥ — (u®)Ts®
subject to ATy + s7 — % = 0,
—y + 87 — s = 0,

87,585,578, = 0.

(6.3)

so that the objective is strictly positive, i.e. a solution
(", (s0)", (s0)" (1), (5%)7)
to (6.3) so that
)T (sP)" = (u) T (s2)™ + ()T (s7)" = (™) (s)" > 0.
Such a solution implies that (6.3) is unbounded, and that its dual is infeasible.

We note that the dual of (6.3) is a problem whose constraints are identical to the constraints of the
original primal problem (6.1): If the dual of (6.3) is infeasible, so is the original primal problem.

6.1.1.4 Dual infeasible problems

If the problem (6.2) is infeasible (has no feasible solution), MOSEK will report a dual certificate of
the infeasibility: The primal solution reported is a certificate of infeasibility, and the dual solution is
undefined.

A certificate of dual infeasibility is a feasible solution to the problem

minimize T
; ¢ _
subject to o Aa:x—c x ; 227 (6.4)
< T < a®
where - £ e
l;C :{ (}oo i)tfliefwi_sgo’ and ::{ gé :)t}zf(ialrv<vi(sxe)7
and

- 0 if 1% > -0 0, ifu? <o
T — ’ J ’ 7T — 9 J 9
! { —o0o otherwise and Uy { oo otherwise

so that the objective value ¢’z is negative. Such a solution implies that (6.4) is unbounded, and that
dual of (6.4) is infeasible.

We note that the dual of (6.4) is a problem whose constraints are identical to the constraints of the
original dual problem (6.2): If the dual of (6.4) is infeasible, so is the original dual problem.

6.1.2 Primal and dual infeasible case

In case that both the primal problem (6.1) and the dual problem (6.2) are infeasible, MOSEK will
report only one of the two possible certificates — which one is not defined (MOSEK returns the first
certificate found).
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6.2 Linear network flow problems

Network flow problems are a special class of linear optimization problems which has many applications.
The class of network flow problems can be specified as follows. Let G = (N, .A) be a directed network.
Associated with every arc (i,7) € A is a cost ¢;; and a capacity [If;,uf;]. Moreover, associated with
each node ¢« € A in the network is a lower limit [§ and an upper limit u$ on the demand(supply) of
the node. Now the minimum cost of a network flow problem can be stated as follows

minimize > cijxi
(1,7)€A
subject to lZC < Z Tij — Z i < Uf Vi € N, (65)
GDEAT  GDEA} N
i < Zij < uy Y(i,j) € A.

A classical example of a network flow problem is the transportation problem, where the objective is
to distribute goods from warehouses to customers at lowest possible total cost, see [2] for a detailed
application reference.

It is well-known that problems with network flow structure can be solved efficiently with a specialized
version of the simplex method. MOSEK includes a highly tuned network simplex implementation, see
Section 7.3.1 for further details on how to invoke the network optimizer.

6.3 Quadratic and quadratically constrained optimization

A convex quadratic optimization problem is an optimization problem of the form

minimize %ITQOx +cTr+¢f
subject to [, < %xTQkJ; + ni:; arix; < uf, k=0,...,m—1, (6.6)
" < a?ji < v j=0,...,n—1,
where the convexity requirement implies that
e (Q° is a symmetric positive semi-definite matrix.
e If I¢ = —o0, then QF is a symmetric positive semi-definite matrix.

o If uf = oo, then QF is a symmetric negative semi-definite matrix.

e If [, > —oo0 and uf < oo, then Q* is a zero matrix.
The convexity requirement is very important and it is strongly recommended that MOSEK is applied
to convex problems only.
6.3.1 A general recommendation

Any convex quadratic optimization problem can be reformulated as a conic optimization problem.
It is our experience that for the majority of practical applications it is better to cast them as conic
problems because
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e the resulting problem is convex by construction, and

e the conic optimizer is more efficient than the optimizer for general quadratic problems.

See Section 6.4.4.1 for further details.

6.3.2 Reformulating as a separable quadratic problem

The simplest quadratic optimization problem is

minimize  1/227Qx + T
subject to Ax = b, (6.7)
xz > 0.

The problem (6.7) is said to be a separable problem if @ is a diagonal matrix or, in other words, that
the quadratic terms in the objective all have this form

2
Zj

instead of this form
TjLi-

The separable form has the following advantages:

e It is very easy to check the convexity assumption, and

e the simpler structure in a separable problem usually makes it easier to solve.

It is well-known that a positive semi-definite matrix ) can always be factorized, i.e. a matrix F' exists
so that
Q=F"F (6.8)

In many practical applications of quadratic optimization F' is known explicitly; for example if @Q is a
covariance matrix, F' would be the set of observations producing it.

Using (6.8), the problem (6.7) can be reformulated as

minimize  1/2y7 Ty + cT'x

subject to Ax = b,
Fa—y _ 0 (6.9)
x > 0.

The problem (6.9) is also a quadratic optimization problem and has more constraints and variables
than (6.7). However, the problem is separable. Normally, if F' has fewer rows than columns, it is
worthwhile to reformulate as a separable problem. Indeed consider the extreme case where F' has one
dense row and hence ) will be dense matrix.

The idea presented above is applicable to quadratic constraints too. Now consider the constraint

1/2e7(FTF)z <b (6.10)
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where F' is a matrix and b is a scalar. (6.10) can be reformulated as
1/2yTIy < b,
Fz—y = 0.
It should be obvious how to generalize this idea to make any convex quadratic problem separable.

Next, consider the constraint
1/22"(D+F'F)z <b

where D is a positive semi-definite matrix, F' is a matrix, and b is a scalar. We assume that D has a
simple structure, i.e. D is for instance a diagonal or a block diagonal matrix. If this is the case, then
it may be worthwhile performing the reformulation

1/2((z"Dz) + y"Iy) < b,
Fz—y = 0.

Now the question may arise: When should a quadratic problem be reformulated to make it separable
or near separable? The simplest rule of thumb is that it should be reformulated if the number of
non-zeros used to represent the problem decreases when reformulating the problem.

6.4 Conic optimization

Conic optimization can be seen as a generalization of linear optimization. Indeed a conic optimization
problem is a linear optimization problem plus a constraint of the form

reC

where C is a convex cone. A complete conic problem has the form

minimize e+ cf
; ¢ c
subject to llr i /;.T § ZTZ (6.11)
xeC.
The cone C can be a Cartesian product of p convex cones, i.e.
C=Cx---x(p
in which case x € C can be written as
r=(21,...,2p), 1 €C1,...,Tp €Cp

where each x; € R™t. Please note that the n-dimensional Euclidean space R" is a cone itself, so simple
linear variables are still allowed.

MOSEK supports only a limited number of cones, specifically
C=Ci x-xCp

where each C; has one of the following forms
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o R set:

e Quadratic cone:

e Rotated quadratic cone:

t
Ci=KzxzeR" 221}1,@222%?7 r1,22 >0
=3

Although these cones may seem to provide only limited expressive power they can be used to model a
large range of problems as demonstrated in Section 6.4.4.

6.4.1 Duality for conic optimization

The dual problem corresponding to the conic optimization problem (6.11) is given by

maximize (ZC)TSIC - (UC)TSZ
() s — ()" st 4 of
. T T _ T z =
subJect to A Y+ . Su j’ Sh 6 (612)
-y + Sl — Su = 03
7,85, 87, st > 0,
sk eC*

where the dual cone C* is a product of cones
Cr=Cyx---Cp,

where each C} is the dual cone of C;. For the cone types MOSEK can handle, the relation between the
primal and dual cone is given as follows:

o I set:
Ctz{a:ER"t} & C;‘::{SER"t: s:O}.

e Quadratic cone:

e Rotated quadratic cone:

n
t
Coo={zE€R" :2mmy > Y a?, 2, 2220p. & Cf =Ch.
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6.4.2 The dual of the dual

The dual problem corresponding to the dual problem is the primal problem.

6.4.3 Infeasibility

In case MOSEK finds a problem to be infeasible it will report a certificate of the infeasibility. This
works exactly as for linear problems (see sections 6.1.1.3 and 6.1.1.4).

6.4.4 Examples

This section contains several examples of inequalities and problems that can be cast as conic optimiza-
tion problems.

6.4.4.1 Quadratic objective and constraints
From Section 6.3.2 we know that any convex quadratic problem can be stated on the form

minimize 0.5 ||Fz|* + Tz,

6.13
subject to 0.5 |Gzl +a”z < b, (6.13)

where F' and G are matrices and ¢ and a are vectors. For simplicity we assume that there is only
one constraint, but it should be obvious how to generalize the methods to an arbitrary number of
constraints.

Problem (6.13) can be reformulated as

minimize 0.5 ||t||> + Tz,
subject to 0.5 |z]* +aTz < b,
Fz—t =
Gx — 2

(6.14)

I
o

after the introduction of the new variables ¢t and z. It is easy to convert this problem to a conic
quadratic optimization problem, i.e.

minimize v+ T,

subject to p+aTr = b,
Fr—t = 0,
Gex—2z = 0,
w " (6.15)
q = 1
||t||2 < 2vw, v,w >0,
121> < 2pg, p.g>0.

In this case we can model the last two inequalities using rotated quadratic cones.
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If we assume that F' is a non-singular matrix — for instance a diagonal matrix — then
r=F"1t.
and hence we can eliminate x from the problem to obtain:

minimize v+ T F~ ¢,

subject to p+aTF7't = b,
VF~1t—z2 = 0,
w = 1, (6.16)
q = 1
||t||2 < 2vw, wv,w >0,
[Ell < 2pg, p,q>0.

In most cases MOSEK will perform this reduction automatically during the presolve phase before the
optimization is performed.

6.4.4.2 Minimizing a sum of norms

The next example is the problem of minimizing a sum of norms i.e. the problem

k
minimize Y ||2¢|

i=1 (617)
subject to Az = b,
where
2!
X =
ok
This problem is equivalent to
k
minimize ) z;
i=1 b (6.18)

subject to A:p
I

which in turn is equivalent to

k
minimize >z
i=1 6.19
subject to Az = b, ( )
(zi,xi)eci, i=1,...,k

where all C* are of the quadratic type, i.e.

Ci = {(z“xl) Doz > HzZH}



6.4. CONIC OPTIMIZATION 69

The dual problem corresponding to (6.19) is

maximize by
subject to ATy +s = g
t; = 1, i=1,...,k, (6.20)
(ti,sl)eci, i=1,...,k
where
sl
§ 1=
sk
This problem is equivalent to
maximize by
subject to ATy+s = ¢, (6.21)
sl < 1, i=1,... .k

Please note that the dual problem can be reduced to an “ordinary” convex quadratically constrained
optimization problem in this case due to the special structure of the primal problem. In some cases
it turns out that it is much better to solve the dual problem (6.20) rather than the primal problem
(6.19).

6.4.4.3 Modelling polynomial terms using conic optimization

Generally an arbitrary polynomial term of the form

fa?

cannot be represented with conic quadratic constraints, however in the following we will demonstrate
some special cases where it is possible.

A particular simple polynomial term is the reciprocal, i.e.
1
=

Now, a constraint of the form

S R
IN
NS

where it is required that z > 0 is equivalent to
1<zyand x>0

which in turn is equivalent to

The last formulation is a conic constraint plus a simple linear equality.
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For example, consider the problem

T

minimize c'x
n

subject to > g]:—J < b,
le J
x>0

)

where it is assumed that f; > 0 and b > 0. This problem is equivalent to

T

minimize c'x
n
subject to > z; = b,
j=1
. 6.22
v = \/i, 7=1...,n, ( )
v]2- < 2zjz;, j=1,...,n,
z,2>0

) — )

because
2 e . .
vj = 2 < 2z;x;

implies that
— < zj and Z—JSijzjzb.
Zj it

The problem (6.22) is a conic quadratic optimization problem having n 3 dimensional rotated quadratic
cones.

The next example is the constraint

Ve =t

z > 0,

where both t and x are variables. This set is identical to the set

2 < 2xz,
z = 0.5, (6.23)
z,z, > 0.

Occasionally when modelling the market impact term in portfolio optimization, the polynomial term
3 . . oy
22 occurs. Therefore, consider the set defined by the inequalities

at t,
. (6.24)

INIA

5
0
We will exploit that x> = 22 /y/z . First define the set

2 < 2st,
st > 0. (6.25)

Now, if we can make sure that

2s <V,
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then we have the desired result since this implies that

2

1.5 _

<<t

215

S8
IS 3]

Please note that s can be chosen freely and that \/x = 2s is a valid choice.

Let
x? < 2st,
w? < 2o,
xr = v
! 2
s = w, (6.26)
_ 1
r = 3
57 t7 /U7 r Z 07
then
2 = w?
< 2or
< g
_ x
= £
Moreover,
z? < 2st,
< 2/3t
leading to the conclusion
10 <t

(6.26) is a conic reformulation which is equivalent to (6.24). Please note that the x > 0 constraint
does not appear explicitly in (6.25) and (6.26), but implicitly since z = v > 0.

Finally, it should be mentioned that any polynomial term of form x9 where g is a positive rational
number can be represented using conic quadratic constraints [3, pp. 12-13]

6.4.4.4 Further reading

If you want to know more about what can be modelled as a conic optimization problem we recommend
the references [16, 12, 3].

6.4.5 Potential pitfalls in conic optimization

While a linear optimization problem either has a bounded optimal solution or is infeasible, the conic
case is not as simple as that.
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6.4.5.1 Non-attainment in the primal problem

Consider the example

which corresponds to the problem

minimize z
subject to 2yz
x
Y, 2

minimize

QL <=

subject to

AN

v
o

CHAPTER 6. MODELLING

(6.27)

(6.28)

Clearly, the optimal objective value is zero but it is never attained because implicitly we assume that

the optimal y should be finite.

6.4.5.2 Non-attainment in the dual problem

Next, consider the example

which has the optimal solution

minimize T4
subject to x3 + x4
x
T
23?1.’[72
T1X9

implying that the optimal primal objective value is 1.

Now, the dual problem corresponding to (6.29) is

Therefore,

and

This implies that

maximize Y1 + Y3
subject to Y2 + s1
Y3 + S2
Y1 + 83
Y1
25189
5152

yr =1
sy =—1.

25785 > (s5)°

VIVl

VIVl

] =0,25=1, z3=0and z; =1

(6.29)

(6.30)
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and hence s3 > 0. Given this fact we can conclude that

yit+y; = 1—s5
< 1

implying that the optimal dual objective value is 1, however this is never attained. Hence, there no
primal and dual bounded optimal solution that has zero duality gap exists. Of course it is possible to
find a primal and dual feasible solution such that the duality gap is close to zero, however, sj will be
very large (unless a large duality gap is allowed). This is likely to make the problem (6.29) hard to
solve.

An inspection of problem (6.29) reveals the constraint 1 = 0, which implies that x3 = 0. If we either
add the redundant constraint
Ir3 — 0

to the problem (6.29) or eliminate x; and x3 from the problem it becomes easy to solve.

6.5 Recommendations

Often an optimization problem can be formulated in several different ways, and the exact formulation
used may have a significant impact on the solution time and the quality of the solution. In some cases
the difference between a “good” and a “bad” formulation means the ability to solve the problem or
not.

Below is a list of several issues that you should be aware of when developing a good formulation.

1. Sparsity is very important. The constraint matrix A is assumed to be a sparse matrix, where
sparse means that it contains many zeros (typically less than 10% non-zeros). Normally, when
A is sparser, less memory is required to store the problem and it can be solved faster.

2. Avoid large bounds as these can introduce all sorts of numerical problems. Assume that a variable
x; has the bounds
0.0 < z; <1.0el6.

The number 1.0el6 is large and it is very likely that the constraint x; < 1.0el6 is non-binding
at optimum, and therefore that the bound 1.0e16 will not cause problems. Unfortunately, this is
a naive assumption because the bound 1.0el16 may actually affect the presolve, the scaling, the
computation of the dual objective value, etc. In this case the constraint x; > 0 is likely to be
sufficient, i.e. 1.0e16 is just a way of representing infinity.

3. Avoid large penalty terms in the objective, i.e. do not have large terms in the linear part of the
objective function. They will most likely cause numerical problems.

4. On a computer all computations are performed in finite precision, which implies that
1=1+¢

where ¢ is about 107'6. This means that the results of all computations are truncated leading
to the introduction of rounding errors. The upshot is that very small numbers and very large
numbers should be avoided, e.g. it is recommended that all elements in A are either zero or
belong to the interval [107¢,10°%]. The same holds for the bounds and the linear objective.
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5. Decreasing the number of variables or constraints does not necessarily make it easier to solve a

problem. In certain cases, i.e. in nonlinear optimization, it might be a good idea to introduce
more constraints and variables if it makes the model separable. Also a big but sparse problem
might be advantageous compared to a smaller but denser problem.

. Try to avoid linearly dependent rows among the linear constraints. Network flow problems

and multi-commodity network flow problems, for example, often contain one or more linearly
dependent rows.

. Finally, it is recommended to consult some of the papers about preprocessing to get some ideas

about efficient formulations. See e.g. [4, 5, 14, 15].

6.5.1 Avoid nearly infeasible models

Consider the linear optimization problem

minimize
subject to r+y < 10710 4 @,
-6 (6.31)
1.0edx + 2.0edy > 107°,
z,y > 0.
Clearly, the problem is feasible for a = 0. However, for a = —1.0e — 10 the problem is infeasible.

This implies that an insignificant change in the right side of the constraints makes the problem status
switch from feasible to infeasible. Such a model should be avoided.

6.6 Examples continued

6.6.1 The absolute value

Assume we have a constraint for the form

[Tz +gl<b (6.32)

where x € R” is a vector of variables, and f € R™ and g,b € R are constants.

Tt is easy to verify that the constraint (6.32) is equivalent to

—b< ffe+g—t<b (6.33)

which is a set of ordinary linear inequality constraints.

Please note that equalities involving and absolute value such as

|z[ =1

cannot be formulated as a linear or even a convex optimization problem. It requires integer optimiza-

tion.
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6.6.2 The Markowitz portfolio model

In this section we will show how to model several versions of the Markowitz portfolio model using conic
optimization.

The Markowitz portfolio model deals with the problem of selecting a portfolio of assets i.e. stocks,
bonds, etc. The goal is to find a portfolio such that for a given return the risk is minimized. The
assumptions are:

e A portfolio can consist of n traded assets numbered 1,2, ... held over a period of time.
e w) is the initial holding of asset j where ) i wd > 0.

e r; is the return on asset j and is assumed to be a random variable. r has known mean 7 and
covariance .

The variable z; denotes the amount of asset j traded in the given period of time and has the following
meaning:

o If x; > 0, then the amount of asset j is increased (by purchasing).
e If z; <0, then the amount of asset j is decreased (by selling).

The model deals with two central quantities:

e Expected return:
ElrT(w® + 2)] = 77 (w° + ).

e Variance (Risk):
V[rt (w® + 2)] = (w® + 2)"S(w® + ).

By definition ¥ is positive semi-definite and

Std. dev. = ||Z2(w® + )
= |z +a)
where L is any matrix such that
Y =LL"

A low rank of ¥ is advantageous from a computational point of view. A valid L can always be computed
as the Cholesky factorization of X.

6.6.2.1 Minimizing variance for a given return

In our first model we want to minimize the variance while selecting a portfolio with a specified expected
target return ¢. Additionally the portfolio must satisfy the budget (self-financing) constraint asserting
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that the total amount of assets sold must equal the total amount of assets purchased. This is expressed
in the model

minimize  V[r?(w° + z)]
subject to E[rT(w®+2)] = ¢, (6.34)
eTx = 0,
where e := (1,...,1)T. Using the definitions above this may be formulated as a quadratic optimization
problem:
minimize  (w® + )78 (w® + z)
subject to 7T (w® + ) = t, (6.35)
eTx = 0,

6.6.2.2 Conic quadratic reformulation.

An equivalent conic quadratic reformulation is given by:

minimize f
subject to Y2 (w’+2)—g = 0,
7T (w® + = = t, (6.36)
elx = 0,
=19l

Here we minimize the standard deviation instead of the variance. Please note that £% can be replaced
by any matrix L where ¥ = LL”. A low rank L is computationally advantageous.

6.6.2.3 Transaction costs with market impact term

We will now expand our model to include transaction costs as a fraction of the traded volume. [, pp.
445-475] argues that transaction costs can be modelled as follows

bid trade vol
commission + —— — spread + 6 7@ evo ume’ (6.37)
ask daily volume

and that these are important to incorporate into the model.

In the following we deal with the last of these terms denoted the market impact term. If you sell (buy)
a lot of assets the price is likely to go down (up). This can be captured in the market impact term

0 trade volume ~ . \/m
daily volume I

The 6 and “daily volume” have to be estimated in some way, i.e.

0
M= v/daily volume
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7

has to be estimated. The market impact term gives the cost as a fraction of daily traded volume (|z;]).
Therefore, the total cost when trading an amount z; of asset j is given by

This leads us to the model:
minimize
subject to

Now, defining the variable transformation

we obtain
minimize
subject to

As shown in Section 6.4.4.3 the set

can be modelled by

q5,55,Y5,Vj,4;

6.6.2.4 Further reading

For further reading please see the reader to |

relevant material.

1
|| (mylz;]?2).
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i +a)—g

7T (w® + )
eTx + eTy

1

|75 (|22
f=lgll-
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] and [1], which also contain
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Chapter 7

The optimizers for continuous
problems

The most essential part of MOSEK is the optimizers. Each optimizer is designed to solve a particular
class of problems i.e. linear, conic, or general nonlinear problems. The purpose of the present chapter
is to discuss which optimizers are available for the continuous problem classes and how the performance
of an optimizer can be tuned, if needed.

This chapter deals with the optimizers for continuous problems with no integer variables.

7.1 How an optimizer works

When the optimizer is called, it roughly performs the following steps:

Presolve: Preprocessing to reduce the size of the problem.
Dualizer: Choosing whether to solve the primal or the dual form of the problem.
Scaling: Scaling the problem for better numerical stability.

Optimize: Solving the actual optimization.
The first three preprocessing steps are transparent to the user, but useful to know about for tuning

purposes. In general, the purpose of the preprocessing steps is to make the actual optimization more
efficient and robust.

7.1.1 Presolve

Before an optimizer actually performs the optimization the problem is normally preprocessed using
the so-called presolve. The purpose of the presolve is to

79
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e remove redundant constraints,
e climinate fixed variables,
e remove linear dependencies,
e substitute out free variables, and
e reduce the size of the optimization problem in general.
After the presolved problem has been optimized the solution is automatically postsolved so that the

returned solution is valid for the original problem. Hence, the presolve is completely transparent. For
further details about the presolve phase, please see [4, 5].

It is possible to fine-tune the behavior of the presolve or to turn it off entirely. If the presolve is known
to be unable to reduce the size of a problem significantly, then turning off the presolve is beneficial.
This is done by setting the parameter Env.iparam.presolve_use to Env.presolvemode.off.

The two most time-consuming steps of the presolve are usually

e the eliminator, and

e the linear dependency check.

Therefore, in some cases it is worthwhile to disable one or both of these.

The purpose of the eliminator is to eliminate free and implied free variables from the problem using
substitution. For instance, given the constraints

y =
y,x > 0,

y is an implied free variable that can be substituted out of the problem, if deemed worthwhile. By
implied free variable is meant that the constraint y > 0 is redundant and hence y can be treated as a
free variable.

For large scale problems the eliminator usually removes many constraints and variables. However,
in some cases few or no eliminations can be performed and moreover, the eliminator may consume a
lot of memory and time. If this is the case it is worthwhile to disable the eliminator by setting the
parameter Env.iparam.presolve_eliminator_use to Env.onoffkey.off.

The purpose of the linear dependency check is to remove linear dependencies among the linear equal-
ities. For instance, the three linear equalities

T+ T+ 23 = 1,
1+ 0525 = 0.5,
0529 +23 = 0.5

contain exactly one linear dependency. This implies that one of the constraints can be dropped
without changing the set of feasible solutions, i.e. one of the constraints is redundant. Removing
linear dependencies is in general a good idea since it reduces the size of the problem. Moreover,
the linear dependencies are likely to introduce numerical problems in the optimization phase, and
therefore it is strongly recommended to build models without linear dependencies. In case the linear
dependencies are removed at the modelling stage, the linear dependency check can safely be disabled
by setting the parameter Env.iparam.presolve_lindep_use to Env.onoffkey.off.
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7.1.2 Dualizer

It is well-known that all linear, conic, and convex optimization problems have an associated dual
problem. Moreover, even if the dual instead of the primal problem is solved, it is possible to recover
the solution to the original primal problem.

In general, it is very hard to say whether it is easier to solve the primal or the dual problem but
MOSEK has some heuristics for deciding which of the two problems to solve. Which form of the
problem (primal or dual) that is solved is displayed in the MOSEK log. Please note that the dualizer
is transparent, and all solution values returned by the optimizer refer to the original primal problem.

The dualizer can be controlled manually by setting the parameters:

e Env.iparam.intpnt_solve_form: In case of the interior-point optimizer.

e Env.iparam.sim solve form: In case of the simplex optimizer.

Finally, please note that currently only linear problems may be dualized.

7.1.3 Scaling

Problems containing data with large and/or small coefficients, say 1.0e+9 or 1.0e-7, are often hard
to solve. Significant digits might be truncated in calculations with finite precision, which can result
in the optimizer relying on inaccurate calculations. Since computers work in finite precision, extreme
coefficients should be avoided. In general, data around the same “order of magnitude” is preferred,
and we will refer to a problem, satisfying this loose property, as being well-scaled. If the problem is
not well scaled, MOSEK will try to scale (multiply) constraints and variables by suitable constants.
MOSEK solves the scaled problem to improve the numerical properties.

The scaling process is transparent, i.e. the solution to the original problem is reported. It is important
to be aware that the optimizer terminates when the termination criterion is met on the scaled problem,
therefore significant primal or dual infeasibilities may occur after unscaling for badly scaled problems.
The best solution to this problem is to reformulate it, making it better scaled.

By default MOSEK heuristically chooses a suitable scaling. The scaling for interior-point and simplex
optimizers can be controlled with the parameters

Env.iparam.intpnt_scaling and Env.iparam.sim_scaling

respectively.

7.1.4 Using multiple CPU’s

The interior-point optimizers in MOSEK have been parallelized. This means that if you solve linear,
quadratic, conic, or general convex optimization problem using the interior-point optimizer, you can
take advantage of multiple CPU’s.
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By default MOSEK uses one thread to solve the problem, but the number of threads (and thereby
CPUs) employed can be changed by setting the parameter Env.iparam.intpnt num threads This
should never exceed the number of CPU’s on the machine.

The speed-up obtained when using multiple CPUs is highly problem and hardware dependent, and
consequently, it is advisable to compare single threaded and multi threaded performance for the given
problem type to determine the optimal settings.

For small problems, using multiple threads will probably not be worthwhile.

7.2 Linear optimization

7.2.1 Optimizer selection

For linear optimization problems two different types of optimizers are available. The default for
linear problems is an interior-point optimizer, however, as an alternative the simplex optimizer can be
employed.

The curious reader can consult [21] for a discussion about interior-point and simplex algorithms.

7.2.2 The interior-point optimizer

The MOSEK interior-point optimizer is an implementation of the homogeneous and self-dual algorithm.
For a detailed description of the algorithm, please see [10].

7.2.2.1 Basis identification

It is well-known that an interior-point optimizer does not return an optimal basic solution unless the
problem has a unique primal and dual optimal solution. Therefore, the interior-point optimizer has

an optional post-processing step that computes an optimal basic solution starting from the optimal
interior-point solution. More information about the basis identification procedure is found in [7].

Please note that a basic solution is often more accurate than an interior-point solution.

By default MOSEK performs a basis identification, however, if a basic solution is not needed, the basis
identification procedure can be turned off. The parameters

e Env.iparam.intpnt_basis,
e Env.iparam.bi_ignore max_iter, and

e Env.iparam.bi_ignore num_error

controls when basis identification is performed.
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Parameter name Purpose

Env.dparam.intpnt_tol_pfeas Controls primal feasibility.

Env.dparam.intpnt_tol_dfeas Controls dual feasibility.

Env.dparam.intpnt_tol_rel_gap Controls relative gap.

Env.dparam.intpnt_tol_infeas  Controls when the problem is declared primal or dual infeasible.
Env.dparam.intpnt_tol mured  Controls when the complementarity is reduced enough.

Table 7.1: Parameters employed in termination criterion.

7.2.2.2 Interior-point termination criterion

The parameters in Table 7.1 control when the interior-point optimizer terminates.

7.2.3 The simplex based optimizer

An alternative to the interior-point optimizer is the simplex optimizer. The simplex optimizer employs
a different approach than the interior-point optimizer when solving a problem. Contrary to the interior-
point optimizer the simplex optimizer can exploit a guess for the optimal solution to reduce solution
time. Depending on the problem it may be faster or slower to exploit a guess for the optimal solution.
See Section 7.2.4 for a discussion.

MOSEK provides both a primal and a dual variant of the simplex optimizer — we will return to this
later.

7.2.3.1 Simplex termination criterion

The simplex optimizer terminates when it finds an optimal basic solution or an infeasibility certificate.
A basic solution is optimal when it is primal and dual feasible, see (6.1) and (6.2) for a definition
of the primal and dual problem. Due the fact that to computations are performed in finite preci-
sion MOSEK allows violation of primal and dual feasibility within certain tolerances. The user can
control the allowed primal and dual infeasibility with the parameters Env.dparam.basis_tol_x and
Env.dparam.basis_tol_s.

7.2.3.2 Starting from an existing solution

When using the simplex optimizer it may be possible to reuse an existing solution and thereby reduce
the solution time significantly. When a simplex optimizer starts from an existing solution it is said
to perform a “hot-start”. If the user is solving a sequence of optimization problems by solving the
problem, making modifications, and solving again, MOSEK will hot-start automatically.

Setting the parameter Env.iparam.optimizer to Env.optimizertype.free simplex instructs MO-
SEK to select automatically between the primal and the dual simplex optimizers. Hence, MOSEK
tries to choose the best optimizer given the problem and the available solution.

By default MOSEK uses presolve when performing a hot-start. If the optimizer only needs very few
iterations to find the optimal solution it may be better to turn off the presolve.
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7.2.3.3 Numerical difficulties in the simplex optimizers

MOSEK is designed to minimize numerical difficulties, however, in rate cases the optimizer may have
a hard time solving a problem. MOSEK counts a numerical unexpected behavior inside the optimizer
as a “set-back”. The user can define how many set-backs the optimizer accepts, and if that number is
exceeded, the optimization will be aborted. Set-Backs are implemented to avoid long sequences where
the optimizer tries to recover from an unstable situation.

What counts as a set-back? It is hard to say without getting very technical but obvious cases are re-
peated singularities when factorizing the basis matrix, repeated loss of feasibility, degeneracy problems
(no progress in objective) or other events indicating numerical difficulties. If the simplex optimizer
encounters a lot of set-backs the problem is usually badly scaled. In such a situation try to reformulate
into a better scaled problem. If a lot of set-backs still occur, then trying one or more of the following
suggestions may be worthwhile.

e Raise tolerances for allowed primal or dual feasibility: Hence, increase the value of

— Env.dparam.basis_tol_x, and

— Env.dparam.basis_tol_s.
e Raise or lower pivot tolerance: Change the Env.dparam.simplex_abs_tol_piv parameter.
e Switch optimizer: Try another optimizer.

e Switch off crash: Set both Env.iparam.sim primal_crash and Env.iparam.sim_dual_crash to

0.
e Experiment with other pricing strategies: Try different values for the parameters

— Env.iparam.sim_primal_selection and
— Env.iparam.sim_dual_selection.

e If you are using hot-starts, in rare cases switching off this feature may improve stability. This is
controlled by the Env.iparam.sim hotstart parameter.

e Increase maximum set-backs allowed controlled by Env.iparam.sim max num setbacks.

e If the problem repeatedly becomes infeasible try switching off the special degeneracy handling.
See the parameter Env.iparam.sim degen for details.

7.2.4 The interior-point or the simplex optimizer?

Given a linear optimization problem, which optimizer is the best: The primal simplex, the dual simplex
or the interior-point optimizer?

It is impossible to provide a general answer to this question, however, the interior-point optimizer
behaves more predictably — it tends to use between 20 and 100 iterations, almost independently of
problem size — but cannot perform hot-start, while simplex can take advantage of an initial solution,
but is less predictable for cold-start. The interior-point optimizer is used by default.
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7.2.5 The primal or the dual simplex variant?

MOSEK provides both a primal and a dual simplex optimizer. Predicting which simplex optimizer
is faster is simply impossible, however, in recent years the dual optimizer has experienced several
algorithmic and computational improvements, which, in our experience, makes it faster on average
than the primal simplex optimizer. Still, it depends much on the problem structure and size.

Setting the Env.iparam.optimizer parameter to Env.optimizertype.free simplex instructs MO-
SEK to choose which simplex optimizer to use automatically.

To summarize, if you want to know which optimizer is faster for a given problem type, you should try
all the optimizers.

Alternatively, use the concurrent optimizer presented in Section 7.6.3.

7.3 Linear network optimization

7.3.1 Network flow problems

Linear optimization problems with the network flow structure specified in Section 6.2 can in most cases
be solved significantly faster with a specialized version of the simplex method [2], rather than with the
general solvers.

MOSEK includes a network simplex solver, which usually solves network problems 10 to 100 times
faster than the standard simplex optimizers implemented by MOSEK.

To use the network simplex optimizer, do the following
e Input the network flow problem as an ordinary linear optimization problem.
e Set

— the Env.iparam.sim network detect parameter to 0, and

— the Env.iparam.optimizer parameter to Env.optimizertype.free_simplex.

e Optimize the problem.

MOSEK will automatically detect the network structure and apply the specialized simplex optimizer.

7.3.2 Embedded network problems

Often problems contains both large parts with network structure and some non-network constraints
or variables — such problems are said to have embedded network structure. If the procedure described
above is applied, MOSEK will try to exploit this structure to speed up the optimization.

This is done by heuristically detecting the largest network embedded in the problem, solving this using
the network simplex optimizer, and using this solution to hot-start a normal simplex optimizer.
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Parameter name Purpose

Env.dparam.intpnt_co_tol_pfeas Controls primal feasibility
Env.dparam.intpnt_co_tol_dfeas Controls dual feasibility
Env.dparam.intpnt_co_tol_rel_gap Controls relative gap

Env.dparam.intpnt_tol_infeas Controls when the problem is declared infeasible
Env.dparam.intpnt_co_tol mured  Controls when the complementarity is reduced enough

Table 7.2: Parameters employed in termination criterion.

The Env.iparam.sim network detect parameter defines how large a percentage of the problem should
be a network before the specialized solver is applied. In general, it is recommended to use the network
optimizer only on problems containing a substantial embedded network.

7.4 Conic optimization

7.4.1 The interior-point optimizer

For conic optimization problems only an interior-point type optimizer is available. The interior-point
optimizer is an implementation of the so-called homogeneous and self-dual algorithm. For a detailed
description of the algorithm, please see [0].

7.4.1.1 Interior-point termination criteria

The parameters controlling when the conic interior-point optimizer terminates are shown in Table 7.2.

7.5 Nonlinear convex optimization

7.5.1 The interior-point optimizer

For quadratic, quadratically constrained, and general convex optimization problems only an interior-
point type optimizer is available. The interior-point optimizer is an implementation of the homogeneous
and self-dual algorithm. For a detailed description of the algorithm, please see [8, 9].

7.5.1.1 Interior-point termination criteria

The parameters controlling when the general convex interior-point optimizer terminates are shown in
Table 7.3.
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Parameter name Purpose

Env.dparam.intpnt nl _tol_pfeas Controls primal feasibility
Env.dparam.intpnt_nl_tol_dfeas Controls dual feasibility
Env.dparam.intpntnl_tol_rel_gap Controls relative gap

Env.dparam.intpnt_tol_infeas Controls when the problem is declared infeasible
Env.dparam.intpnt nl tol mured  Controls when the complementarity is reduced enough

Table 7.3: Parameters employed in termination criteria.

7.6 Solving problems in parallel

If a computer has multiple CPUs, or has a CPU with multiple cores, it is possible for MOSEK to take
advantage of this to speed up solution times.

7.6.1 Thread safety

The MOSEK API is thread-safe provided that a task is only modified or accessed from one thread at
any given time — accessing two separate tasks from two separate threads at the same time is safe.
Sharing an environment between threads is safe.

7.6.2 The parallelized interior-point optimizer

The interior-point optimizer is capable of using multiple CPUs or cores. This implies that whenever
the MOSEK interior-point optimizer solves an optimization problem, it will try to divide the work so
that each CPU gets a share of the work. The user decides how many CPUs MOSEK should exploit.

It is not always possible to divide the work equally, and often parts of the computations and the
coordination of the work is processed sequentially, even if several CPUs are present. Therefore, the
speed-up obtained when using multiple CPUs is highly problem dependent. However, as a rule of
thumb, if the problem solves very quickly, i.e. in less than 60 seconds, it is not advantageous to use
the parallel option.

The Env.iparam.intpnt _num threads parameter sets the number of threads (and therefore the num-
ber of CPUs) that the interior point optimizer will use.

7.6.3 The concurrent optimizer

An alternative to the parallel interior-point optimizer is the concurrent optimizer. The idea of the
concurrent optimizer is to run multiple optimizers on the same problem concurrently, for instance,
it allows you to apply the interior-point and the dual simplex optimizers to a linear optimization
problem concurrently. The concurrent optimizer terminates when the first of the applied optimizers
has terminated successfully, and it reports the solution of the fastest optimizer. In that way a new
optimizer has been created which essentially performs as the fastest of the interior-point and the
dual simplex optimizers.Hence, the concurrent optimizer is the best one to use if there are multiple
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Optimizer Associated Default

parameter priority
Env.optimizertype.intpnt Env.iparam.concurrent_priority_intpnt 4
Env.optimizertype.free_simplex Env.iparam.concurrent_priority_free_simplex 3
Env.optimizertype.primal_simplex | Env.iparam.concurrent_priority_primal_simplex 2
Env.optimizertype.dual_simplex Env.iparam.concurrent_priority_dual_simplex 1

Table 7.4: Default priorities for optimizer selection in concurrent optimization.

optimizers available in MOSEK for the problem and you cannot say beforehand which one will be
faster.

Note in particular that any solution present in the task will also be used for hot-starting the simplex
algorithms. One possible scenario would therefore be running a hot-start dual simplex in parallel with
interior point, taking advantage of both the stability of the interior-point method and the ability of
the simplex method to use an initial solution.

By setting the
Env.iparam.optimizer
parameter to
Env.optimizertype.concurrent

the concurrent optimizer chosen.

The number of optimizers used in parallel is determined by the
Env.iparam.concurrent_num_optimizers.

parameter. Moreover, the optimizers are selected according to a preassigned priority with optimizers
having the highest priority being selected first. The default priority for each optimizer is shown in
Table 7.6.3. For example, setting the Env.iparam.concurrent num optimizers parameter to 2 tells

the concurrent optimizer to the apply the two optimizers with highest priorities: In the default case
that means the interior-point optimizer and one of the simplex optimizers.

7.6.3.1 Concurrent optimization through the API

The following example shows how to call the concurrent optimizer through the API.

/*
Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark. All rights reserved.
File: concurrentl. java
Purpose: To demonstrate how to solve a problem

with the concurrent optimizer.
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*/
package concurrentl;
import mosek.*;

class msgclass extends mosek.Stream {
public msgclass ()

{
super ();
}
public void print (String msg)
{
System.out.print (msg);
}

}

public class concurrentl
{
public static void main (Stringl[] args)
{
mosek.Env
env = null;
mosek . Task
task = null;

try
{
// Create mosek environment.
env = new mosek.Env ();
// Direct the env log stream to the user specified
// method env_msg_obj.print
msgclass env_msg_obj = new msgclass ();
env.connectStream (env_msg_obj, mosek.Env.streamtype.log);
// Initialize the environment.
env.init ();
// Create a task object linked with the environment env.
task = new mosek.Task (env, 0, 0);
// Directs the log task stream to the user specified
// method task_msg_obj.print
msgclass task_msg_obj = new msgclass ();
task.connectStream (task_msg_obj, mosek.Env.streamtype.log);
task.readdata (args [0]);
task.putintparam(mosek.Env.iparam.optimizer,
mosek.Env.Val.optimizer_concurrent);
task.putintparam(mosek.Env.iparam.concurrent_num_optimizers,
2);

task.optimize ();

task.solutionsummary (mosek.Env.streamtype.msg) ;
System.out.println ("Done.");
}
catch (mosek.Exception e)
/* Catch both mosek.Error and mosek.Warning x*/
{

System.out.println ("An error or warning was encountered");
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System.out.println (e.getMessage ());

}
if (task != null) task.dispose ();
if (env != null) env.dispose ();

7.6.4 A more flexible concurrent optimizer

MOSEK also provides a more flexible method of concurrent optimization by using the function
Task.optimizeconcurrent. The main advantages of this function are that it allows the calling ap-
plication to assign arbitrary values to the parameters of each tasks, and that call-back functions can
be attached to each task. This may be useful in the following situation: Assume that you know the
primal simplex optimizer to be the best optimizer for your problem, but that you do not know which
of the available selection strategies (as defined by the Env.iparam.sim primal _selection parameter)
is the best. In this case you can solve the problem with the primal simplex optimizer using several
different selection strategies concurrently.

An example demonstrating the usage of the Task.optimizeconcurrent function is included below.
The example solves a single problem using the interior-point and primal simplex optimizers in parallel.

package concurrent2;

/ *

* Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark. All rights reserved.

*

* File: concurrent2. java

*

* Purpose: To demonstrate a more flexible interface for concurrent optimization.
*/

import mosek.*;

class msgclass extends mosek.Stream {
String prefix;
public msgclass (String prfx)

{
super ();
prefix = prifx;
}
public void print (String msg)
{
System.out.print (prefix + msg);
}

}

public class concurrent2

{

public static void main (Stringl[] args)

{
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mosek . Env

env = null;
mosek.Task

task = null;
mosek.Task []

task_list = { null } ;

try
{
// Create mosek environment.
env = new mosek.Env ();
// Direct the env log stream to the user specified
// method env_msg_obj.print
msgclass env_msg_obj = new msgclass ("[env]");
if (false)
env.connectStream (env_msg_obj, mosek.Env.streamtype.log);
// Initialize the environment.
env.init ();

// Create a task object linked with the environment env.
task = new mosek.Task (env, 0, 0);

task_list [0] = new mosek.Task (env, 0, 0);

// Directs the log task stream to the user specified

// method task_msg_obj.print

task.connectStream (new msgclass ("simplex: "),
mosek.Env.streamtype.log);
task_list [0].connectStream (new msgclass ("intrpnt: "),

mosek .Env.streamtype.log);
task.readdata(args [0]);

// Assign different parameter values to each task.

// In this case different optimizers.

task.putintparam(mosek.Env.iparam.optimizer,
mosek.Env.optimizertype.primal_simplex);

task_list [0].putintparam(mosek.Env.iparam.optimizer,
mosek .Env.optimizertype.intpnt);

// Optimize task and task_list[0] in parallel.
// The problem data i.e. C, A, etc.

// is copied from task to task_list[0].
task.optimizeconcurrent (task_list);

task.solutionsummary (mosek.Env.streamtype.log);
}
catch (mosek.Exception e)
// Catch both mosek.Error and mosek.Warning
{
System.out.println ("An error or warning was encountered");
System.out.println (e.getMessage ());
}
catch (mosek.ArrayLengthException e)
// Catch both mosek.Error and mosek.Warning
{
System.out.println ("An error or warning was encountered");
System.out.println (e.getMessage ());
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//
if
if
if
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We make sure to dispose of all tasks we created
(task != null) task.dispose ();
(task_list [0]

(env

'= null)

!'= null) task_list[0].dispose ();
env.dispose ();




Chapter 8

The optimizer for mixed integer
problems

A problem is a mixed integer optimization problem when one or more of the variables are constrained
to be integers. The integer optimizer available in MOSEK can solve integer optimization problems
involving

e linear,
e quadratic and
e conic
constraints. However, a problem is not allowed to have both conic constraints and quadratic objective

or constraints.

Readers unfamiliar with integer optimization are strongly recommended to consult some relevant
literature, e.g. the book [24] by Wolsey is a good introduction to integer optimization.
8.1 Some notation

In general, an integer optimization problem has the form

T

z*¥ = 1minimize cx
subject to ¢ < Ax <
r < Ax < u® (8.1)
T; € Z, Vi eJ,
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where J is an index set specifying which variables are integer constrained. Frequently we talk about
the continuous relaxation of an integer optimization problem defined as

Z = Ininimize Tz
subject to ¢ < Azx < S (8.2)
r < Az < u*

i.e. we ignore the constraint
;€ Z,Vjed.

Moreover, let & be any feasible solution to (8.1) and define

zZ:=c' 7.
It should be obvious that
2<2"<Z

holds. This is an important observation since if we assume that it is not possible to solve the mixed
integer optimization problem within a reasonable time frame, but that a feasible solution can be found,
then the natural question is: How far is the obtained solution from the optimal solution? The answer
is that no feasible solution can have an objective value smaller than z, which implies that the obtained
solution is no further away from the optimum than z — z.

8.2 An important fact about integer optimization problems

It is important to understand that in a worst-case scenario, the time required to solve integer optimiza-
tion problems grows exponentially with the size of the problem. For instance, assume that a problem
contains n binary variables, then the time required to solve the problem in the worst case may be
proportional to 2”. It is a simple exercise to verify that 2™ is huge even for moderate values of n.

In practice this implies that the focus should be on computing a near optimal solution quickly rather
than at locating an optimal solution.

8.3 How the integer optimizer works

The process of solving an integer optimization problem can be split in three phases:

Presolve: In this phase the optimizer tries to reduce the size of the problem using preprocessing
techniques. Moreover, it strengthens the continuous relaxation, if possible.

Heuristic: Using heuristics the optimizer tries to guess a good feasible solution.

Optimization: The optimal solution is located using a variant of the branch-and-cut method.

In some cases the integer optimizer may locate an optimal solution in the preprocessing stage or
conclude that the problem is infeasible. Therefore, the heuristic and optimization stages may never be
performed.
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8.3.1 Presolve

In the preprocessing stage redundant variables and constraints are removed. The presolve stage can
be turned off using the Env.iparam.mio _presolve_use parameter .

8.3.2 Heuristic

Initially, the integer optimizer tries to guess a good feasible solution using different heuristics:

e First a very simple rounding heuristic is employed.
e Next, if deemed worthwhile, the feasibility pump heuristic is used.

e Finally, if the two previous stages did not produce a good initial solution, more sophisticated
heuristics are used.

The following parameters can be used to control the effort made by the integer optimizer to find an
initial feasible solution.

e Env.iparam.mio heuristic_level: Controls how sophisticated and computationally expensive
a heuristic to employ.

e Env.dparam.mio_heuristic_time: The minimum amount of time to spend in the heuristic
search.

e Env.iparam.mio_feaspump_level: Controls how aggressively the feasibility pump heuristic is
used.

8.3.3 The optimization phase

This phase solves the problem using the branch and cut algorithm.

8.4 Termination criterion

In general, it is impossible to find an exact feasible and optimal solution to an integer optimization
problem in a reasonable amount of time, though in many practical cases it may be possible. There-
fore, the integer optimizer employs a relaxed feasibility and optimality criterion to determine when a
satisfactory solution is located.

A candidate solution, i.e. a solution to (8.2), is said to be an integer feasible solution if the criterion
min([a;| — (2], [2;] = |2;]) < max(dy, dofa]) Vi € T

is satisfied. Hence, such a solution is defined as a feasible solution to (8.1).
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Tolerance Parameter name

01 Env.dparam.mio_tol_abs_relax_int
O Env.dparam.mio_tol_rel_relax_int
03 Env.dparam.mio_tol_abs_gap

04 Env.dparam.mio_tol_rel_gap

05 Env.dparam.mio_near_tol_abs_gap
de Env.dparam.mio_near_tol_rel_gap

Table 8.1: Integer optimizer tolerances.

Parameter name Delayed Explanation
Env.iparam.mio max num branches Yes Maximum number of branches allowed.
Env.iparam.mio_max num relaxs Yes Maximum number of relaxations allowed.

Table 8.2: Parameters affecting the termination of the integer optimizer.

Whenever the integer optimizer locates an integer feasible solution it will check if the criterion
Z — z < max(d3, 64 max(1,|z]))

is satisfied. If this is the case, the integer optimizer terminates and reports the integer feasible solution
as an optimal solution. Please note that z is a valid lower bound determined by the integer optimizer
during the solution process, i.e.

z<z".

The lower bound z normally increases during the solution process.

The ¢ tolerances can are specified using parameters — see Table 8.1. If an optimal solution cannot be
located within a reasonable time, it may be advantageous to employ a relaxed termination criterion
after some time. Whenever the integer optimizer locates an integer feasible solution and has spent at
least the number of seconds defined by the Env.dparam.mio disable_term_time parameter on solving
the problem, it will check whether the criterion

z — z < max(ds, 0 max(1, [Z]))

is satisfied. If it is satisfied, the optimizer will report that the candidate solution is near optimal and
then terminate. All ¢ tolerances can be adjusted using suitable parameters — see Table 8.1. In Table
8.2 some other parameters affecting the integer optimizer termination criterion are shown. Please note
that if the effect of a parameter is delayed, the associated termination criterion is applied only after
some time, specified by the Env.dparam.mio_disable_term time parameter.

8.5 How to speed up the solution process

As mentioned previously, in many cases it is not possible to find an optimal solution to an integer
optimization problem in a reasonable amount of time. Some suggestions to reduce the solution time
are:
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e Relax the termination criterion: In case the run time is not acceptable, the first thing to do is
to relax the termination criterion — see Section 8.4 for details.

e Specify a good initial solution: In many cases a good feasible solution is either known or easily
computed using problem specific knowledge. If a good feasible solution is known, it is usually
worthwhile to use this as a starting point for the integer optimizer.

e Improve the formulation: A mixed integer optimization problem may be impossible to solve
in one form and quite easy in another form. However, it is beyond the scope of this manual
to discuss good formulations for mixed integer problems. For discussions on this topic see for
example [24].
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Chapter 9

Analyzing infeasible problems

When developing and implementing a new optimization model, the first attempts will often be either
infeasible, due to specification of inconsistent constraints, or unbounded, if important constraints have
been left out.

In this chapter we will
e 2o over an example demonstrating how to locate infeasible constraints using the MOSEK infea-
sibility report tool,
e discuss in more general terms which properties that may cause infeasibilities, and
e present the more formal theory of infeasible and unbounded problems.
Furthermore, chapter 10 contains a discussion on a specific method for repairing infeasibility prob-

lems where infeasibilities are caused by model parameters rather than errors in the model or the
implementation.

9.1 Example: Primal infeasibility

A problem is said to be primal infeasible if no solution exists that satisfy all the constraints of the
problem.

As an example of a primal infeasible problem consider the problem of minimizing the cost of trans-
portation between a number of production plants and stores: Each plant produces a fixed number of
goods, and each store has a fixed demand that must be met. Supply, demand and cost of transportation
per unit are given in figure 9.1.

The problem represented in figure 9.1 is infeasible, since the total demand
2300 = 1100 + 200 + 500 + 500 (9.1)
exceeds the total supply
2200 = 200 + 1000 + 1000 (9.2)
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Supply Demand

1100
200

200

1000

500

1000
500

Figure 9.1: Supply, demand and cost of transportation.

If we denote the number of transported goods from plant i to store j by x;;, the problem can be
formulated as the LP:

minimize 11 + 21’12 + 51’23 + 21’24 + x31 + 21’33 + 34
subject to T11 + T2 < 200,
Toz +  Tog < 1000,
r31 + w3z + w3 < 1000,
T11 + 31 = 1100,
T12 = 200,
T23 + 33 = 500,
Tog + z34 = 9500,
Tij > 0.
9.3)

Solving the problem (9.3) using MOSEK will result in a solution, a solution status and a problem
status. Among the log output from the execution of MOSEK on the above problem are the lines:

Basic solution
Problem status : PRIMAL_INFEASIBLE
Solution status : PRIMAL_INFEASIBLE_CER

The first line indicates that the problem status is primal infeasible. The second line says that a
certificate of the infeasibility was found. The certificate is returned in place of the solution to the
problem.
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9.1.1 Locating the cause of primal infeasibility

Usually a primal infeasible problem status is caused by a mistake in formulating the problem and
therefore the question arises: “What is the cause of the infeasible status?” When trying to answer this
question, it is often advantageous to follow these steps:

e Remove the objective function. This does not change the infeasible status but simplifies the
problem, eliminating any possibility of problems related to the objective function.

e Consider whether your problem has some necessary conditions for feasibility and examine if these
are satisfied, e.g. total supply should be greater than or equal to total demand.

e Verify that coefficients and bounds are reasonably sized in your problem.

If the problem is still primal infeasible, some of the constraints must be relaxed or removed completely.
The MOSEK infeasibility report (Section 9.1.3) may assist you in finding the constraints causing the
infeasibility.

Possible ways of relaxing your problem include:
e Increasing (decreasing) upper (lower) bounds on variables and constraints.

e Removing suspected constraints from the problem.

Returning to the transportation example, we discover that removing the fifth constraint
T12 = 200 (94)

makes the problem feasible.

9.1.2 Locating the cause of dual infeasibility

A problem may also be dual infeasible. In this case the primal problem is often unbounded, mening
that feasbile solutions exists such that the objective tends towards infinity. An example of a dual
infeasible and primal unbounded problem is:

minimize T

subject to =1 <5 (9-5)

To resolve a dual infeasibility the primal problem must be made more restricted by

e Adding upper or lower bounds on variables or constraints.
e Removing variables.

e Changing the objective.



102 CHAPTER 9. ANALYZING INFEASIBLE PROBLEMS

9.1.2.1 A cautious note

The problem

minimize 0

subject to 0 < xq,
r; <zjp1, j=1,...,n—1, (9.6)
Ty, < —1

is clearly infeasible. Moreover, if any one of the constraints are dropped, then the problem becomes
feasible.

This illustrates the worst case scenario that all, or at least a significant portion, of the constraints are
involved in the infeasibility. Hence, it may not always be easy or possible to pinpoint a few constraints
which are causing the infeasibility.

9.1.3 The infeasibility report

MOSEK includes functionality for diagnosing the cause of a primal or a dual infeasibility. It can be
turned on by setting the Env.iparam.infeas report_auto to Env.onoffkey.on. This causes MOSEK
to print a report on variables and constraints involved in the infeasibility.

The Env.iparam.infeas report_level parameter controls the amount of information presented in
the infeasibility report. The default value is 1.

9.1.3.1 Example: Primal infeasibility

We will reuse the example (9.3) located in infeas.1p:

\
\ An example of an infeasible linear problem.
\
minimize
obj: + 1 x11 + 2 x12 + 1 x13
+ 4 x21 + 2 x22 + 5 x23
+ 4 x31 + 1 x32 + 2 x33

st
sO: + x11 + x12 <= 200
sl: + x23 + x24 <= 1000
s2: + x31 +x33 + x34 <= 1000
dl: + x11 + x31 = 1100
d2: + x12 = 200
d3: + x23 + x33 = 500
d4: + x24 + x34 = 500

bounds

end
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Using the command line

mosek -d MSK_IPAR_INFEAS_REPORT_AUTO MSK_ON infeas.lp
MOSEK produces the following infeasibility report

MOSEK PRIMAL INFEASIBILITY REPORT.

Problem status: The problem is primal infeasible

The following constraints are involved in the primal infeasibility.

Index Name Lower bound Upper bound Dual lower Dual upper

0 s0 NONE 2.000000e+002 0.000000e+000 1.000000e+000
2 s2 NONE 1.000000e+003 0.000000e+000 1.000000e+000
3 d1 1.100000e+003 1.100000e+003 1.000000e+000 0.000000e+000
4 d2 2.000000e+002 2.000000e+002 1.000000e+000 0.000000e+000

The following bound constraints are involved in the infeasibility.

Index Name Lower bound Upper bound Dual lower Dual upper
8 x33 0.000000e+000 NONE 1.000000e+000 0.000000e+000
10 x34 0.000000e+000 NONE 1.000000e+000 0.000000e+000

The infeasibility report is divided into two sections where the first section shows which constraints that
are important for the infeasibility. In this case the important constraints are the ones named s0, s2, d1,
and d2. The values in the columns “Dual lower” and “Dual upper” are also useful,since a non-zero
dual lower value for a constraint implies that the lower bound on the constraint is important for the
infeasibility. Similarly, a non-zero dual upper value implies that the upper bound on the constraint is
important for the infeasibility.

It is also possible to obtain the infeasible subproblem. The executing the command
mosek -d MSK_IPAR_INFEAS_REPORT_AUTO MSK_ON infeas.lp -info rinfeas.lp

produces the files rinfeas.bas.inf.1lp. In this case the content of the file rinfeas.bas.inf.1p is

minimize
Obj: + CFIXVAR
st
sO: + x11 + x12 <= 200
s2: + x31 + x33 + x34 <= 1e+003
di: + x11 + x31 = 1.1e+003
d2: + x12 = 200
bounds
x11 free

x12 free
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x13 free

x21 free

x22 free

x23 free

x31 free

x32 free

x24 free

CFIXVAR = 0e+000
end

which is an optimization problem. Please note that this optimization problem is identical to (9.3),
except that the objective and some of the constraints and bounds have been removed. Executing the
command

mosek -d MSK_IPAR_INFEAS_REPORT_AUTO MSK_ON rinfeas.bas.inf.lp
demonstrates that the reduced problem is primal infeasible. However, since the reduced problem is

usually smaller, it should be easier to locate the cause of the infeasibility in this rather than in the
original problem (9.3).

9.1.3.2 Example: Dual infeasibility
The example problem

minimize - 200 yl1 - 1000 y2 - 1000 y3
- 1100 y4 - 200 y5 - 500 y6

- 500 y7

subject to

x11l: yl+y4 < 1

x12: yil+yb < 2

x23: y2+y6 < 5

x24: y2+y7 < 2

x31: y3+y4 < 1

x33: y3+y6 < 2

x44: y3+y7 < 1
bounds

yl1 <0

y2 <0

y3 <0

y4 free

y5 free

y6 free

y7 free
end

is dual infeasible. This can be verified by proving that
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yl=-1, y2=-1, y3=0, y4=1, yb=1

is a certificate of dual infeasibility. In this example the following infeasibility report is produced
(slightly edited):

he following constraints are involved in the infeasibility.

Index Name Activity Objective Lower bound Upper bound
0 x11 -1.000000e+00 NONE 1.000000e+00
4 x31 -1.000000e+00 NONE 1.000000e+00

The following variables are involved in the infeasibility.

Index Name Activity Objective Lower bound Upper bound

3 y4 -1.000000e+00 -1.100000e+03 NONE NONE

Interior-point solution

Problem status : DUAL_INFEASIBLE

Solution status : DUAL_INFEASIBLE_CER

Primal - objective: 1.1000000000e+03 eq. infeas.: 0.00e+00 max bound infeas.: 0.00e+00 cone infeas.: 0.00e+00
Dual - objective: 0.0000000000e+00 eq. infeas.: 0.00e+00 max bound infeas.: 0.00e+00 cone infeas.: 0.00e+00

Let «* denote the reported primal solution. MOSEK states

e that the problem is dual infeasible,
e that the reported solution is a certificate of dual infeasibility, and

e that the infeasibility measure for x* is approximately zero.

Since it was an maximization problem, this implies that
cz* > 0. (9.7)

For a minimization problem this inequality would have been reversed — see (9.19).

From the infeasibility report we see that the variable y4, and the constraints x11 and x33 are involved
in the infeasibility since these appear with non-zero values in the “Activity” column.

One possible strategy to “fix” the infeasibility is to modify the problem so that the certificate of
infeasibility becomes invalid. In this case we might do one the the following things:
e Put a lower bound in y3. This will directly invalidate the certificate of dual infeasibility.

e Increase the object coefficient of y3. Changing the coefficients sufficiently will invalidate the
inequality (9.7) and thus the certificate.

e Put lower bounds on x11 or x31. This will directly invalidate the certificate of infeasibility.

Please note that modifying the problem to invalidate the reported certificate does not imply that the
problem becomes dual feasible — the infeasibility may simply “move”, resulting in a new infeasibility.

More often, the reported certificate can be used to give a hint about errors or inconsistencies in the
model that produced the problem.
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9.2 Theory concerning infeasible problems

This section discusses the theory of infeasibility certificates and how MOSEK uses a certificate to
produce an infeasibility report. In general, MOSEK solves the problem

minimize o+ cf
subject to ¢ < Az < (9.8)
r < T < u*
where the corresponding dual problem is
maximize (19)Ts8 — (ue)Ts,
+()Tsp — (u) sy + o
subject to ATy + s7 — % = ¢ (9.9)
—y + 5] — s, = 0,

(& (& xr xr
sy, 85,81 ,85 > 0.

We use the convension that for any bound that is not finite, the corresponding dual variable is fixed
at zero (and thus will have no influence on the dual problem). For example

Ij =—00 = (s7); =0 (9.10)

9.2.1 Certificat of primal infeasibility

A certificate of primal infeasibility is any solution to the homogenized dual problem

maximize  (1¢)Ts§ — (u®)T's¢
(V) "” - (UI) H
subject to ATy —|— s — 85 = 0, (9.11)
—y + 5] — s, = 0,

(& C xT xr
sy, 85,87 ,85 > 0.

Tk

%) is a certificat of primal infeasibility if

with a positive objective value. That is, (s{*, sS", s7*, s

(lc)TS;:* _ (U )TSC* (Zm)T Tx (u )T Tk >0 (912)
and
ATy + s7* — 52 = 0,
_y + SZC* — a* = 0, (9.13)

si*, 8o sy, syt > 0.

The well-known Farkas Lemma tells us that (9.8) is infeasible if and only if a certificat of primal
infeasibility exists.

Let (s§*, s*, s7*, s%*) be a certificate of primal infeasibility then
(57)i >0 ((s77)i >0) (9.14)

implies that the lower (upper) bound on the ith constraint is important for the infeasibility. Further-
more,

(s77); >0 ((s37)i > 0) (9.15)
implies that the lower (upper) bound on the jth variable is important for the infeasibility.
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9.2.2 Certificat of dual infeasibility

A certificate of dual infeasibility is any solution to the problem

minimize '
subject to [¢ < Ar < af,
r < z < @”
with negative objective value, where we use the definitions
. 0, I§ > —o0, 7€ — 0, uf <oo,
v —o00, otherwise, v oo, otherwise,
and
. 0, 7> —o0, and @¢ — 0, uf <oo,
v —o00, otherwise, v oo, otherwise.

Stated differently, a certificate of dual infeasibility is any x* such that

- e < 0,
© < Az* < @,
rFo< ozt <
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(9.16)

(9.17)

(9.18)

(9.19)

The well-known Farkas Lemma tells us that (9.9) is infeasible if and only if a certificat of dual infea-

sibility exists.

Observe that if x* is a certificate of dual infeasibility then for any j such that
1 #0,

variable j is involved in the dual infeasibility.

(9.20)
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Chapter 10
Primal feasibility repair

Section 9.1.1 discusses how MOSEK treats infeasible problems. In particular, it is discussed which
information MOSEK returns when a problem is infeasible and how this information can be used to
pinpoint the elements causing the infeasibility.

In this section we will discuss a method for repairing a primal infeasible problem by relaxing the
constraints in a controlled way. For the sake of simplicity we discuss the method in the context
of linear optimization. MOSEK can also repair infeasibilities in quadratic and conic optimization
problems possibly having integer constrained variables. Please note that infeasibilities in nonlinear
optimization problems can’t be repaired using the method described below.

10.1 The main idea

Consider the linear optimization problem with m constraints and n variables

minimize e+ of
subject to ¢ < Ax < s, (10.1)
r < T < u®,
which we assume is infeasible. Moreover, we assume that
(9 < (u), Vi (10.2)
and
(I%); < (u®);, Vi (10.3)

because otherwise the problem (10.1) is trivially infeasible.

One way of making the problem feasible is to reduce the lower bounds and increase the upper bounds.
If the change is sufficiently large the problem becomes feasible.

One obvious question is: What is the smallest change to the bounds that will make the problem
feasible?

We associate a weight with each bound:

109
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e wi € R™ (associated with (),
o wt € R™ (associated with u®),
e wi € R™ (associated with ("),

e w¥ € R" (associated with u®),

Now, the problem

minimize P
subject to ¢ < Az 4+ vf — v, <
< z+of — ol < ot (10.4)
(wp)of + (wi)Tvg + (wi)of + (wi) vy —p < 0,

[ c x x
vy, g, vf, vy 2> 0

minimizes the weighted sum of changes to the bounds that makes the problem feasible. The variables
(vf)i, (v5)s, (vF)i and (vg); are elasticity variables because they allow a constraint to be violated and
hence add some elasticity to the problem. For instance, the elasticity variable (v{); shows how much
the lower bound (1¢); should be relaxed to make the problem feasible. Since p is minimized and

(wi) "o + (wg) vg + (wi)"of + (wi) vl —p <0, (10.5)

a large (wf); tends to imply that the elasticity variable (vf); will be small in an optimal solution.

The reader may want to verify that the problem (10.4) is always feasible given the assumptions (10.2)
and (10.3).

Please note that if a weight is negative then the resulting problem (10.4) is unbounded.

The weights wf, wg, wf, and w] can be regarded as a costs (penalties) for violating the associated
constraints. Thus a higher weight implies that higher priority is given to the satisfaction of the

associated constraint.

The main idea can now be presented as follows. If you have an infeasible problem, then form the
problem (10.4) and optimize it. Next inspect the optimal solution (vf)*, (vS)*, (vf)*, and (vi)* to
problem (10.4). This solution provides a suggested relaxation of the bounds that will make the problem
feasible.

Assume that p* is an optimal objective value to (10.4). An extension of the idea presented above is to
solve the problem

T

minimize c'x
subject to ¢ < Az 4+ vf — v, < wuf
o< 7+ of — o SR (XD
() of + (W) g + (wi)Tof + (W)™ —p <0, '
p = p,

c c xT xT
Upy Uy U5 Uy ZO

which minimizes the true objective while making sure that total weighted violations of the bounds is
minimal, i.e. equals to p*.
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10.2 Feasibility repair in MOSEK

MOSEK includes functionality that help you construct the problem (10.4) simply by passing a set of
weights to MOSEK. This can be used for linear, quadratic, and conic optimization problems, possibly
having integer constrained variables.

10.2.1 Usage of negative weights

As the problem (10.4) is presented it does not make sense to use negative weights since that makes
the problem unbounded. Therefore, if the value of a weight is negative MOSEK fixes the associated
elasticity variable to zero, e.g. if

(wi)i <0

then MOSEK imposes the bound
(vf)i <0.

This implies that the lower bound on the ith constraint will not be violated. (Clearly, this could
also imply that the problem is infeasible so negative weight should be used with care). Associating a
negative weights with a constraint tells MOSEK that the constraint should not be relaxed.

10.2.2 Automatical naming

MOSEK can automatically create a new problem of the form (10.4) starting from an existing problem
by adding the elasticity variables and the extra constraints. Specificly, the variables v, vg, v, vi, and
p are appended to existing variable vector x in their natural order. Moreover, the constraint (10.5) is
appended to the constraints.

The new variables and constraints are automatically given names as follows:

e The names of the variables (vf); and (vg); are constructed from the name of the ith constraint.
For instance, if the 9th original constraint is named c9, then by default (vf)e and (vS)g are given
the names LO*c9 and UPxc9 respectively. If necessary, the character “*” can be replaced by a
different string by changing the
Env.sparam.feasrepair name_separator
parameter.

e The additional constraints
*<z+of —vl <u”

are given names as follows. There is exactly one constraint per variable in the original problem,
and thus the ith of these constraints is named after the i¢th variable in the original problem.
For instance, if the first original variable is named “x0”, then the first of the above constraints
is named “MSK-x1”. If necessary, the prefix “MSK-" can be replaced by a different string by
changing the

Env.sparam.feasrepair _name prefix

parameter.
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e The variable p is by default given the name WSUMVIOLVAR, and the constraint (10.5) is given the
name WSUMVIOLCON.

The substring “WSUMVIOL” can be replaced by a different string by changing the
Env.sparam.feasrepair_name_wsumviol
parameter.

10.2.3 Feasibility repair using the API

The Task.relaxprimal function takes an existing problem as input and creates a new task containing
the problem (10.4). Moreover, if requested this function can solve the problems (10.4) and (10.6)
automatically.

The parameter Env.iparam.feasrepair_optimize controls which problem is solved. Its value is used
as follows:

e Env.feasrepairtype.optimize none: The problem (10.4) is constructed, but not solved.
e Env.feasrepairtype.optimize penalty: The problem (10.4) is constructed and solved.

e Env.feasrepairtype.optimize combined: The problem (10.6) is constructed and solved.

For further details, please see the description of the function Task.relaxprimal in the reference.

10.2.4 An example

Consider this example of linear optimization

minimize  —10z; —9x9,
subject to  7/10x; + lzs < 630,
1/2$1 + 5/6$2 S 600,
1z, + 2/3x9 < 708, (10.7)
1/10z, + 1/4zo < 135,
I, T2 Z 0.
To > 650

This is an infeasible problem. Suppose that we want MOSEK to suggest a modification to the bounds
such that the problem becomes feasible. The following example performs this task:

package feasrepairexl;

/*
Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark. All rights reserved.
File: feasrepairexl. java
Purpose: To demonstrate how to use the MSK_relaxprimal function to

locate the cause of an infeasibility.

Syntax: On command line
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java feasrepairexl.feasrepairexl feasrepair.lp
feasrepair.lp is located in mosek\<version>\tools\examples.

*/
import mosek.*;

class msgclass extends mosek.Stream {
public msgclass ()

{
super ();
}
public void print (String msg)
{
System.out.print (msg);
}

public class feasrepairexl

{

public static void main (Stringl[] args)
{
mosek.Env
env = null;
mosek.Task
task = null;
mosek.TaskContainer

task_relaxprimal_container = new mosek.TaskContainer ();
mosek.Task
task_relaxprimal = null;
double[] wlc = {1.0,1.0,1.0,1.0};
double[] wuc = {1.0,1.0,1.0,1.0};
double[] wlx = {1.0,1.0};
double[] wux = {1.0,1.0};

double[] sum_violation new double[1];
// Since the value infinity is never used, we define
// ’infinity’ symbolic purposes only
double
infinity = 0;

try
{
// Make mosek environment.
env = new mosek.Env ();
// Direct the env log stream to the user specified
// method env_msg_obj.print
msgclass env_msg_obj = new msgclass ();
env.connectStream (env_msg_obj,
mosek .Env.streamtype.log);
// Initialize the environment.
env.init ();
// Create a task object linked with the environment env.
task = new mosek.Task (env, 0, 0);
// Directs the log task stream to the user specified
// method task_msg_obj.print

113
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msgclass task_msg_obj = new msgclass ();
task.connectStream (task_msg_obj, mosek.Env.streamtype.log);
/* read file from current dir */
task.readdata(args [0]);
task.putintparam(mosek.Env.iparam.feasrepair_optimize,
mosek .Env.Val.feasrepair_optimize_penalty);
System.out.println ("Start relax primal");
task.relaxprimal (task_relaxprimal_container,
wlc,
wuc,
wlx,
wux) ;
System.out.println ("End relax primal");
task_relaxprimal = task_relaxprimal_container.get();
task_relaxprimal.getprimalobj (mosek.Env.soltype.bas,
sum_violation);
System.out.println ("Minimized sum of violations = "
+ sum_violation[0]);

/* modified bound returned in wlc,wuc,wlx,wux */

for (int i=0;i<4;++1i)

{
if (wlc[i] == -infinity)
System.out.println("lbc[" + i + "] = -inf, ");
else
System.out.println("1lbc[" + i + "] = " + wlc[il);
if (wuc[i] == infinity)
System.out.println("ubc[" + i + "] = inf");
else
System.out.println ("ubc[" + i + "] = " + wucl[il]);
}
for (int i=0;i<2;++1i)
{
if (wlx[i] == -infinity)
System.out.println ("1lbx [" "] -inf");
else
System.out.println ("1bx [" "] "o+ wlx[il);
if (wux[i] == infinity)
System.out.println ("ubx[" "] inf");
else
System.out.println ("ubx [" "] "+ wux[il);
}

catch (mosek.ArrayLengthException e)

{

}

System.out.println
System.out.println

catch (mosek.Exception e)

/* Catch both mosek.Error and mosek.Warning */

{

("Error: An array was too short");

(e.toString ());

System.out.println ("An error or warning was encountered");

System.out.println

(e.getMessage ());
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if (task != null) task.dispose ();
if (task_relaxprimal
if (env !'= null) env.dispose ();

'= null) task_relaxprimal.dispose ();

115

The output from the program above is:

Minimized sum of violations = 4.250000e+01
-inf, ubc[0] = 6.300000e+02
6.000000e+02
7.080000e+02
-inf, ubc[3] = 1.575000e+02

1bc [0]
1bc[1]
1bc[2]
1bc[3]
1bx [0]
1bx[1]

-inf, ubc[1]
-inf, ubc[2]

= 0.000000e+00, ubx[0]

6.300000e+02, ubx[1]

inf
inf

To make the problem feasible it is suggested increasing the upper bound on the activity of the fourth

constraint from 134 to 157.5 and decreasing the lower bound on the variable zo to 630.
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Chapter 11

Sensitivity analysis

11.1 Introduction

Given an optimization problem it is often useful to obtain information about how the optimal objec-
tive value changes when the problem parameters are perturbed. For instance, assume that a bound
represents a capacity of a machine. Now, it may be possible to expand the capacity for a certain cost
and hence it is worthwhile knowing what the value of additional capacity is. This is precisely the type
of questions the sensitivity analysis deals with.

Analyzing how the optimal objective value changes when the problem data is changed is called sensi-
tivity analysis.

11.2 Restrictions

Currently, sensitivity analysis is only available for continuous linear optimization problems. Moreover,
MOSEK can only deal with perturbations in bounds and objective coefficients.

11.3 References

The book [13] discusses the classical sensitivity analysis in Chapter 10 whereas the book [19, Chapter
19] presents a modern introduction to sensitivity analysis. Finally, it is recommended to read the short
paper [22] to avoid some of the pitfalls associated with sensitivity analysis.
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11.4 Sensitivity analysis for linear problems

11.4.1 The optimal objective value function

Assume that we are given the problem

z2(I% w1, u*,¢) = minimize Tz
subject to ¢ < Az < (11.1)
I <z<u®,

and we want to know how the optimal objective value changes as [{ is perturbed. To answer this
question we define the perturbed problem for [{ as follows

fie(B) = minimize Tz
subject to ¢+ Be; < Ax < uf, (11.2)
*<z<u®,

where e; is the ith column of the identity matrix. The function

fiz(3) (11.3)

shows the optimal objective value as a function of 8. Please note that a change in § corresponds to a
perturbation in § and hence (11.3) shows the optimal objective value as a function of [¢.

It is possible to prove that the function (11.3) is a piecewise linear and convex function, i.e. the
function may look like the illustration in Figure 11.1.

(B) ()

Figure 11.1: The optimal value function fie(3). Left: 8 = 0 is in the interior of linearity interval.
Right: 8 =0 is a breakpoint.

Clearly, if the function fi-(3) does not change much when f is changed, then we can conclude that
the optimal objective value is insensitive to changes in [{. Therefore, we are interested in the rate of
change in fie(3) for small changes in 3 — specificly the gradient

f1=(0), (11.4)

which is called the shadow price related to [{. The shadow price specifies how the objective value
changes for small changes in 8 around zero. Moreover, we are interested in the linearity interval

B € [B1, Ba] (11.5)
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for which

fie(B) = fi(0). (11.6)

Since fie is not a smooth function fl- may not be defined at 0, as illustrated by the right example in
figure 11.1. In this case we can define a left and a right shadow price and a left and a right linearity
interval.

The function fje considered only changes in [f. We can define similar functions for the remaining
parameters of the z defined in (11.1) as well:

Jue(B) = 2(1%u° + fe, 1%, u",¢c), i=1,...,m,

fiz(B) = 2(%us1" + Bej,u”c), j=1,....m, (L)
fuz(B) = 2(1°,us, 1%, u” 4+ Bej,c), j=1,....n, ‘
Je;(B) = =z(%us 1% u” c+ Pej), j=1,...,n.

Given these definitions it should be clear how linearity intervals and shadow prices are defined for the
parameters u; etc.

11.4.1.1 Equality constraints

In MOSEK a constraint can be specified as either an equality constraint or a ranged constraint. If
constraint ¢ is an equality constraint, we define the optimal value function for this as

fee(B) = 2(I° + Bei, u® + Bei, 1", u”, c) (11.8)

Thus for an equality constraint the upper and the lower bounds (which are equal) are perturbed
simultaneously. Therefore, MOSEK will handle sensitivity analysis differently for a ranged constraint
with I = uf and for an equality constraint.

11.4.2 The basis type sensitivity analysis

The classical sensitivity analysis discussed in most textbooks about linear optimization, e.g. [13,
Chapter 10], is based on an optimal basic solution or, equivalently, on an optimal basis. This method
may produce misleading results [19, Chapter 19] but is computationally cheap. Therefore, and for
historical reasons this method is available in MOSEK.

We will now briefly discuss the basis type sensitivity analysis. Given an optimal basic solution which
provides a partition of variables into basic and non-basic variables, the basis type sensitivity analysis
computes the linearity interval [3;, 82] so that the basis remains optimal for the perturbed problem.
A shadow price associated with the linearity interval is also computed. However, it is well-known that
an optimal basic solution may not be unique and therefore the result depends on the optimal basic
solution employed in the sensitivity analysis. This implies that the computed interval is only a subset
of the largest interval for which the shadow price is constant. Furthermore, the optimal objective value
function might have a breakpoint for § = 0. In this case the basis type sensitivity method will only
provide a subset of either the left or the right linearity interval.

In summary, the basis type sensitivity analysis is computationally cheap but does not provide complete
information. Hence, the results of the basis type sensitivity analysis should be used with care.
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11.4.3 The optimal partition type sensitivity analysis

Another method for computing the complete linearity interval is called the optimal partition type
sensitivity analysis. The main drawback of the optimal partition type sensitivity analysis is that it
is computationally expensive compared to the basis type analysts. This type of sensitivity analysis is
currently provided as an experimental feature in MOSEK.

Given the optimal primal and dual solutions to (11.1), i.e. =* and ((s{)*, (s5)*, (s7)*, (s%)*) the optimal
objective value is given by
2% = cla*. (11.9)

The left and right shadow prices o; and o5 for [§ are given by this pair of optimization problems:

01 = minimize eTSZC
subject to AT (sf = s5) + 57 — s, = 6 (11.10)
(1) (s7) = (ue)™(s5) + (l )T (st) = (ue) " (s5) = 2%, '
Slvsuaslﬂ u > 0
and
oy = maximize @Tsl'
. T _ =
subject to A (31 su) T 5] — s, & (11.11)

(L) (s7) — (ue) " (s5) + () $7) — (us) (s2) 2",

slvsuvsh u ZO

These two optimization problems make it easy to interpret the shadow price. Indeed, if ((s7)*, (s5)*, (s7)*, (s

is an arbitrary optimal solution then
(s7); € [o1,02]. (11.12)

Next, the linearity interval [y, 8z] for I is computed by solving the two optimization problems

[$1 = minimize I6)
subject to ¢+ fBe; < Azx < uf,
To—of = 2 (11.13)
F <x<u®,
and
B2 = maximize I)
subject to ¢+ fBe; < Ax < uc,
Tr—0sf = 2 (11.14)
<z <u®.

The linearity intervals and shadow prices for uf, [7, and uj are computed similarly to [f.

The left and right shadow prices for ¢; denoted o; and o respectively are computed as follows:

T

01 = minimize €; T
b c . < A <
subject to ¢+ Be; < chc = : (11.15)

8

F<zr< u

xr
u

)%)
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and
o9 = maximize e;*-rm
: c i < c
subject to ¢+ fBe; < /%x < u*7 (11.16)
cx = z¥
*<x< u”.

Once again the above two optimization problems make it easy to interpret the shadow prices. Indeed,
if * is an arbitrary primal optimal solution, then

(E; S [0'1,0'2]. (1117)
The linearity interval [31, 2] for a ¢; is computed as follows:
(/1 = minimize I}
subject to AT (56 —s8) + s — s = ¢+ fej, (11.18)
1) (57) = (ue)"(s5) + (L) (s7) = (ua) " (s5) =B < 2%, '
s7,85,87,55 >0
and
(B2 = maximize
subject to AT (8§ — s8) + sF — s = ¢+ ey, (11.19)
L) (57) = (ue)T(s5) + (L) (s7) = (ua)T(s]) — 028 < 2%, '

C C C xT
87,585,587, 85 > 0.

11.4.4 Example: Sensitivity analysis

As an example we will use the following transportation problem. Consider the problem of minimizing
the transportation cost between a number of production plants and stores. Each plant supplies a
number of goods and each store has a given demand that must be met. Supply, demand and cost of
transportation per unit are shown in Figure 11.2.

If we denote the number of transported goods from location ¢ to location j by x;;, the problem can be
formulated as the linear optimization problem

minimize
1x11 + 2%12 + 51’23 + 21’24 + 11’31 + 21’33 + 11’34 (1120)
subject to
r11  + T2 < 400,
T2z +  Toq < 1200,
x31 + w33 + w34 < 1000,
Tr11 + I31 = 800,
- _ 100 (11.21)
Toz + 33 = 500,
Tog + x34 = 500,
11, T12, Z23, To4, 31, 33, T34 = 0.

The basis type and the optimal partition type sensitivity results for the transportation problem are
shown in Table 11.1 and 11.2 respectively.
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Supply

400

1200

1000

Figure 11.2: Supply, demand and cost of transportation.



11.4. SENSITIVITY ANALYSIS FOR LINEAR PROBLEMS

123

Optimal partition type

COH. ﬂl ﬁg g1 ()

1 —300.00 500.00 3.00 1.00
2 —700.00 +o00 —0.00 —-0.00
3 —500.00 500.00 3.00 1.00
4 —500.00 500.00 2.00 4.00
5 —100.00 300.00 3.00 5.00
6 —500.00 700.00 3.00 5.00
7 —500.00 700.00 2.00 2.00
Var. B1 B2 o1 09

T11 —00 300.00 0.00 0.00
T12 —00 100.00 0.00 0.00
To3 —00 500.00 0.00 2.00
Toy —00 500.00 0.00 0.00
T31 —00 500.00 0.00 0.00
T33 —00 500.00 0.00 0.00
T34 —00 500.00 0.00 2.00

Basis type
Con. b1 Bo 01 g2
1 —300.00 0.00 3.00 3.00
2 —700.00 400 0.00 0.00
3 —500.00 0.00  3.00 3.00
4 —0.00 500.00 4.00 4.00
5 —0.00 300.00 5.00 5.00
6 —0.00 700.00 5.00 5.00
7 —500.00 700.00 2.00 2.00
Var. B1 B2 o1 02
T11 —00 300.00 0.00 0.00
T1o —00 100.00 0.00 0.00
T3 —00 0.00 0.00 0.00
Tog —00 500.00 0.00 0.00
T31 —00 500.00 0.00 0.00
33 —00 500.00 0.00 0.00
T34 —0.000000 500.00 2.00 2.00
Table 11.1:

Ranges and shadow prices related to bounds on constraints and variables. Left: Results

for the basis type sensitivity analysis. Right: Results for the optimal partition type sensitivity analysis.

Basis type

Var. 51 ﬂg o1 g2
c1 —oo  3.00 300.00 300.00
) —00 oo 100.00 100.00
cs3 —2.00 oo 0.00 0.00
Cy4 —oo  2.00 500.00 500.00
Ccs —3.00 oo 500.00 500.00
Cce —oo  2.00 500.00 500.00
cr —2.00 oo 0.00 0.00

Optimal partition type

Var. B1 B2 01 02
c1 —00 3.00 300.00 300.00
Co —00 00 100.00 100.00
c3 —2.00 00 0.00 0.00
Cq —00 2.00 500.00 500.00
cs —3.00 00 500.00 500.00
Cg —00 2.00 500.00 500.00
cr —2.00 00 0.00 0.00

Table 11.2: Ranges and shadow prices related to the objective coefficients. Left: Results for the basis
type sensitivity analysis. Right: Results for the optimal partition type sensitivity analysis.
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Examining the results from the optimal partition type sensitivity analysis we see that for constraint
number 1 we have o1 # 04 and (31 # [2. Therefore, we have a left linearity interval of [—300, 0] and a
right interval of [0, 500]. The corresponding left and right shadow prices are 3 and 1 respectively. This
implies that if the upper bound on constraint 1 increases by

B €[0,4] = [0,500]

then the optimal objective value will decrease by the value

0'2/6 = 1ﬁ.

Correspondingly, if the upper bound on constraint 1 is decreased by

3 € [0, 300]

then the optimal objective value will increase by the value

Ulﬁ = 3ﬁ

11.5 Sensitivity analysis from the MOSEK API

(11.22)

(11.23)

(11.24)

(11.25)

MOSEK provides the functions Task.primalsensitivity and Task.dualsensitivity for performing
sensitivity analysis. The code below gives an example of its use.

Example code from:

mosek/5/tools/examp/sensitivity.java

/ *

*/

Copyright: Copyright (c) 1998-2007 MOSEK ApS, Denmark. All rights

File: sensitivity.java

Purpose: To demonstrate how to perform sensitivity
analysis from the API on a small problem:

minimize

obj: +1 x11 + 2 x12 + 5 x23 + 2 x24 + 1 x31 + 2 x33 + 1 x34

st

cl: + x11 +
c2:

c3:

c4: + x11
ch: +
c6:

c7:

The example uses

x12
+ x23 + x24

x12
+ x23
+ x24

basis type sensitivity

x31 + x33 + x34
x31

+ x33
+ x34

analysis.

A AN A

reserved.

400

1200

1000
800
100
500
500
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package sensitivity;
import mosek.*;

class msgclass extends mosek.Stream {
public msgclass ()

{
super ();
}
public void print (String msg)
{
System.out.print (msg);
}

}

public class sensitivity
{
public static void main (Stringl[] args)
{
mosek .Env
env = null;
mosek.Task
task = null;
// Since the value infinity is never used, we defimne
// ’infinity’ symbolic purposes only
double
infinity = O0;

try
{
// Create mosek environment.
env = new mosek.Env ();
// Direct the env log stream to the user specified
// method env_msg_obj.print
msgclass env_msg_obj = new msgclass ();
env.connectStream (env_msg_obj, mosek.Env.streamtype.log);
// Initialize the environment.
env.init ();
}
catch (mosek.Exception e)
/* Catch both mosek.Error and mosek.Warning */

{
System.out.println ("An error or warning was encountered");
System.out.println (e.getMessage ());
}
int [] bkc = {mosek.Env.boundkey.up, mosek.Env.boundkey.up,
mosek.Env.boundkey.up, mosek.Env.boundkey.fx,
mosek .Env.boundkey.fx, mosek.Env.boundkey.fx,
mosek .Env.boundkey.fx};
int [] bkx = {mosek.Env.boundkey.lo, mosek.Env.boundkey.lo,

mosek.Env.boundkey.lo, mosek.Env.boundkey.lo,
mosek.Env.boundkey.lo, mosek.Env.boundkey.lo,
mosek .Env.boundkey.lo};

int [] ptrb= {0,2,4,6,8,10,12};

int [] ptre= {2,4,6,8,10,12,14%};
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int [1 sub

= {0,3,0,4,1,5,1,6,2,3,2,5,2,6};
double [] blc = {-

infinity,-infinity,
-infinity ,800,100,500,500};
double [] buc {400,1200,1000,800,100,500,500};
double[] c {1.0,2.0,5.0,2.0,1.0,2.0,1.0};
double[] blx = {0.0,0.0,0.0,0.0,0.0,0.0,0.0};
double [] bux = {infinity,infinity,
infinity,infinity,
infinity,infinity,
infinity};

double[] val = {1.0,1.0,1.0,1.0,1.0,1.0,1.0,
1.0,1.0,1.0,1.0,1.0,1.0,1.0};
int NUMCON = 7; /* Number of constraints. */
int NUMVAR = 7; /* Number of variables. */
int NUMANZ = 14; /* Number of non-zeros in A. */
try
{

// Create a task object linked with the environment env.
task = new mosek.Task (env, NUMCON, NUMVAR);

// Directs the log task stream to the user specified

// method task_msg_obj.print

msgclass task_msg_obj = new msgclass ();

task.connectStream (task_msg_obj, mosek.Env.streamtype.log);

task.inputdata (NUMCON , NUMVAR,

c,
0.0,
ptrb,
ptre,
sub,
val,
bkc,
blc,
buc,
bkx,
blx,
bux) ;

/* A maximization problem */
task.putobjsense (mosek.Env.objsense.minimize);

try
{
task.optimize ();
}
catch (mosek.Warning e)
{
System.out.println ("Mosek warning:");
System.out.println (e.toString ());
}
/* Analyze upper bound on cl and the equality constraint on c4 */
int subil[]l = {0,3};
int marki[] = {mosek.Env.mark.up,mosek.Env.mark.upl;

/* Analyze lower bound on the variables x12 and x31 x/
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{1,43;

{mosek.

int subj[]
int markj[] =

double [] leftpricei
double [] rightpricei
double [] leftrangei
double [] rightrangei
double[] leftpricej
double [] rightpricej
double [] leftrangej
double [] rightrangej

Env.mark.lo,mosek.Env.mark.lo};

= new doublel[2];
= new doublel[2];
= new doublel[2];
= new doublel[2];
= new double[2];
= new doublel[2];
= new doublel[2];
= new doublel[2];

task.primalsensitivity( subi,

marki,

subj,

markj,
leftpricei,
rightpricei,
leftrangei,
rightrangei,
leftpricej,
rightpricej,
leftrangej,
rightrangej);

System.out.println("Results from sensitivity analysis on

System.out.println("F
for (int i=0;i<2;++1i)
System.out.print (

System.out.print ("For
for (int i=0;i<2;++1i)
System.out.print (

double [] leftprice =
double[] rightprice =
double [] leftrange =
double[] rightrange =

{2,5};

int subc[] =

task.dualsensitivity (

System.out.println(

:\n");

or constraints

"leftprice = " + leftpriceil[i] +
" rightprice = " + rightpriceil[i]
" leftrange = " + leftrangeil[i] +
" rightrange = " + rightrangeil[i]

variables:\n");

+ leftpricej[i] +

" + rightpricej[il]
" + leftrangej[i] +

" + rightrangej[il]

"leftprice = "
" rightprice =
" leftrange =
" rightrange

double [2];
double [2];
double [2];
double [2];

new
new
new
new

subc ,

leftprice,
rightprice,
leftrange,
rightrange

) g

+
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bounds:\n");

"\Il") ;

"\Il") ;

"Results from sensitivity analysis on objective coefficients:"
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);

for (int i=0;i<2;++1i)

System.out.print ("leftprice = " + leftpricel[i] +
" rightprice = " + rightpricel[i] +
" leftrange = " + leftrangel[i] +
" rightrange = " + rightrangel[i] + "\n");
}
catch (mosek.ArrayLengthException e)
{
System.out.println ("Error: An array was too short");
System.out.println (e.toString ());
}

catch (mosek.Exception e)
/* Catch both mosek.Error and mosek.Warning */
{
System.out.println ("An error or warning was encountered");
System.out.println (e.getMessage ());

if (task != null) task.dispose ();
if (env != null) env.dispose ();

11.6 Sensitivity analysis with the command line tool

A sensitivity analysis can be performed with the MOSEK command line tool using the command
mosek myproblem.mps -sen sensitivity.ssp

where sensitivity.ssp is a file in the format described in the next section. The ssp file describes
which parts of the problem the sensitivity analysis should be performed on.

By default results are written to a file named myproblem.sen. If necessary, this filename can be
changed by setting the

MSK_SPAR_SENSITIVITY RES_FILE_NAME

parameter By default a basis type sensitivity analysis is performed. However, the type of sensitivity
analysis (basis or optimal partition) can be changed by setting the parameter
MSK_TPAR_SENSITIVITY_TYPE

appropriately. Following values are accepted for this parameter:

e MSK_SENSITIVITY_TYPE BASIS

e MSK_SENSITIVITY_TYPE OPTIMAL_PARTITION

It is also possible to use the command line
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mosek myproblem.mps -d MSK_IPAR_SENSITIVITY_ALL MSK_ON

in which case a sensitivity analysis on all the parameters is performed.

11.6.1 Sensitivity analysis specification file

MOSEK employs an MPS like file format to specify on which model parameters the sensitivity anal-
ysis should be performed. As the optimal partition type sensitivity analysis can be computationally
expensive it is important to limit the sensitivity analysis.

* A comment
BOUNDS CONSTRAINTS
UIL|UL [cnamei]

U|L|UL [cname2]-[cname3]
BOUNDS VARIABLES

UIL|UL [vnamel]

U|L|UL [vname2]-[vname3]
OBJECTIVE VARIABLES
[vname1]
[vname2] - [vname3]

Figure 11.3: The sensitivity analysis file format.

The format of the sensitivity specification file is shown in figure 11.3, where capitalized names are
keywords, and names in brackets are names of the constraints and variables to be included in the
analysis.

The sensitivity specification file has three sections, i.e.

e BOUNDS CONSTRAINTS: Specifies on which bounds on constraints the sensitivity analysis should
be performed.

e BOUNDS VARIABLES: Specifies on which bounds on variables the sensitivity analysis should be
performed.

e OBJECTIVE VARIABLES: Specifies on which objective coefficients the sensitivity analysis should
be performed.

A line in the body of a section must begin with a whitespace. In the BOUNDS sections one of the keys
L, U, and LU must appear next. These keys specify whether the sensitivity analysis is performed on
the lower bound, on the upper bound, or on both the lower and the upper bound respectively. Next,
a single constraint (variable) or range of constraints (variables) is specified.

Recall from Section 11.4.1.1 that equality constraints are handled in a special way. Sensitivity analysis
of an equality constraint can be specified with either L, U, or LU, all indicating the same, namely that
upper and lower bounds (which are equal) are perturbed simultaneously.

As an example consider
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BOUNDS CONSTRAINTS
L "consil"
U '"cons2"
LU "cons3"-"cons6"

which requests that sensitivity analysis is performed on the lower bound of the constraint named
consl, on the upper bound of the constraint named cons2, and on both lower and upper bound on
the constraints named cons3 to cons6.

It is allowed to use indexes instead of names, for instance

BOUNDS CONSTRAINTS

L "consi"
U 2
LU 3 -6

Wk

The character indicates that the line contains a comment and is ignored.

11.6.2 Example: Sensitivity analysis from command line

As an example consider the sensitivity.ssp file shown in Figure 11.4.

* Comment 1

BOUNDS CONSTRAINTS

U "c1" * Analyze upper bound for constraint named cil
U2 * Analyze upper bound for the second constraint
U 3-5 * Analyze upper bound for constraint number 3 to number 5

BOUNDS VARIABLES

L 2-4 * This section specifies which bounds on variables should be analyzed

L "x11"

OBJECTIVE VARIABLES

"x11" * This section specifies which objective coefficients should be analyzed
2

Figure 11.4: Example of the sensitivity file format.
The command

mosek transport.lp -sen sensitivity.ssp -d MSK_IPAR_SENSITIVITY_TYPE MSK_SENSITIVITY_TYPE_BASIS

produces the transport.sen file shown below.

BOUNDS CONSTRAINTS

INDEX NAME BOUND LEFTRANGE RIGHTRANGE LEFTPRICE RIGHTPRICE

0 cl up -6.574875e-18 5.000000e+02 1.000000e+00 1.000000e+00
2 c3 up -6.574875e-18 5.000000e+02 1.000000e+00 1.000000e+00
3 cd FIX -5.000000e+02 6.574875e-18 2.000000e+00 2.000000e+00
4 cb FIX -1.000000e+02 6.574875e-18 3.000000e+00 3.000000e+00
5 cé FIX -5.000000e+02 6.574875e-18 3.000000e+00 3.000000e+00

BOUNDS VARIABLES
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INDEX NAME BOUND LEFTRANGE RIGHTRANGE LEFTPRICE RIGHTPRICE

2 x23 Lo -6.574875e-18 5.000000e+02 2.000000e+00 2.000000e+00
3 x24 Lo —inf 5.000000e+02 0.000000e+00 0.000000e+00
4 x31 L0 —-inf 5.000000e+02 0.000000e+00 0.000000e+00
0 x11 L0 -inf 3.000000e+02 0.000000e+00 0.000000e+00

OBJECTIVE VARIABLES

INDEX NAME LEFTRANGE RIGHTRANGE LEFTPRICE RIGHTPRICE
0 x11 —-inf 1.000000e+00 3.000000e+02 3.000000e+02
2 x23 -2.000000e+00 +inf 0.000000e+00 0.000000e+00

11.6.3 Controlling log output
Setting the parameter
MSK_IPAR_LOG_SENSITIVITY

to 1 or 0 (default) controls whether or not the results from sensitivity calculations are printed to the
message stream.

The parameter
MSK_TIPAR_LOG_SENSITIVITY_OPT

controls the amount of debug information on internal calculations from the sensitivity analysis.



132 CHAPTER 11. SENSITIVITY ANALYSIS



Chapter 12

API developer guidelines

The purpose of this chapter is to present some guidelines for developing an application which uses the
MOSEK API.

12.1 Turn on logging

While developing a new application it is beneficial to turn on logging so that error and diagnostics
messages are displayed.

See the explained example in section 5.2 for instructions on turning log output on. You should also
always cache and handle any exceptions thrown by MOSEK.

More log information can be obtained by modifying one or more of the parameters:

e Env.

e Env.

e Env.

e Env.

e Env.

e Env.

iparam.
iparam.
iparam.
iparam.
iparam.

iparam.

log,

log_intpnt,
logmio,
log_cut_second_opt,
log_sim, and

log_sim minor.

By default MOSEK will reduce the amount of log information after the first optimization on a given
task. To get full log output on subsequent optimizations set:

Env.iparam.log_cut_second_opt O
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12.2 Turn on data checking

In the development phase it is useful to use the parameter setting

Env.iparam.data_check Env.onoffkey.on

which forces MOSEK to check the input data. For instance, MOSEK looks for NANs in double
numbers and outputs a warning if any are found.

12.3 Debugging an optimization task

If something is wrong with a problem or a solution, one option is to output the problem to an OPF
file and inspect it by hand. Use the Task.writedata function to write a task to a file immediately
before optimizing, for example as follows:

task.Task.writedata("taskdump.opf");
task.Task.optimize();

This will write the problem in task to the file taskdump.opf. Inspecting the text file taskdump. opf
may reveal what is wrong in the problem setup.

12.4 Error handling

12.5 Check the problem status and solution status

If a problem is primal or dual infeasible and MOSEK detects this, it is not reported as an error. There-
fore, it is important to check the problem status and solution status after the optimization optimization
ended using the Task.getsolutionstatus function or the Task.getsolutioninf. function.

12.6 Important API limitations

12.6.1 Thread safety

The MOSEK API is thread safe in the sense that any number of threads may use it simultaneously.
However, the individual tasks and environments may only be accessed from at most one thread at a
time.
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12.7 Bug reporting

If you think MOSEK is solving your problem incorrectly, please contact MOSEK support at sup-
port@mosek.com providing a detailed description of the problem. MOSEK support may ask for the
task file which is produced as follows

task.Task.writedata("taskfile.mbt");
task.Task.optimize();

The task data will then be written to the taskfile.mbt file in binary form which is very useful when
reproducing a problem.


mailto:support@mosek.com
mailto:support@mosek.com
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Chapter 13

API reference

This chapter lists all functionality in the MOSEK Java API.

13.1 API Functionality

Functions in the interface grouped by functionality.

13.1.1 Reading and writing data files.

Reading and writing data files.

mosek.Task.readbranchpriorities (page 230)
Reads branching priority data from a file.

mosek.Task.readdata (page 230)
Reads problem data from a file.

mosek.Task.readparamfile (page 231)
Reads a parameter file.

mosek.Task.readsolution (page 231)
Reads a solution from a file.

mosek.Task.readsummary (page 231)
Prints information about last file read.

mosek.Task.writebranchpriorities (page 240)
Writes branching priority data to a file.

mosek.Task.writeparamfile (page 241)
Writes all the parameters to a parameter file.
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mosek.Task.writesolution (page 241)
Write a solution to a file.

13.1.2 Solutions.
Obtain or define a solution.

mosek.Task.deletesolution (page 176)
Undefines a solution and frees the memory it uses.

mosek.Task.getdualobj (page 185)
Obtains the dual objective value.

mosek.Task.getprimalobj (page 194)
Obtains the primal objective value.

mosek.Task.getreducedcosts (page 196)
Obtains the difference of slx-sux for a sequence of variables.

mosek.Task.getsolution (page 196)
Obtains the complete solution.

mosek.Task.getsolutioni (page 198)
Obtains the solution for a single constraint or variable.

mosek.Task.getsolutioninf (page 199)
Obtains information about a solution.

mosek.Task.getsolutionslice (page 200)
Obtains a slice of the solution.

mosek.Task.getsolutionstatus (page 201)
Obtains information about the problem and solution statuses.

mosek.Task.getsolutionstatuskeyslice (page 202)
Obtains a slice of the solution status keys.

mosek.Task.makesolutionstatusunknown (page 208)
Sets the solution status to unknown.

mosek.Task.putsolution (page 226)
Inserts a solution.

mosek.Task.putsolutioni (page 227)
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Sets the primal and dual solution information for a single constraint or variable.

mosek.Task.readsolution (page 231)
Reads a solution from a file.

mosek.Task.solstatostr (page 236)
Obtains a solution status string.
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mosek.Task.solutiondef (page 237)
Checks whether a solution is defined.

mosek.Task.solutionsummary (page 237)
Prints a short summary of a solution.

mosek.Task.undefsolution (page 239)
Undefines a solution.

mosek.Task.writedata (page 240)
Writes problem data to a file.

13.1.3 Memory allocation and deallocation.
Memory allocation and deallocation.

mosek.Task.checkmemtask (page 174)
Checks the memory allocated by the task.

mosek.Task.getmemusagetask (page 189)
Obtains information about the amount of memory used by a task.

13.1.4 Changing problem specification.
Input or change problem specification

mosek.Task.append (page 171)
Appends a number of variables or constraints to the optimization task.

mosek.Task.appendcone (page 171)
Appends a new cone constraint to the problem.

mosek.Task.appendcons (page 171)
Appends one or more constraints and specifies bounds and A coefficients.

mosek.Task.appendvars (page 172)
Appends one or more variables and specifies bounds on variables, ¢ coeflicients and A coefficients.

mosek.Task.chgbound (page 174)
Changes the bounds for one constraint or variable.

mosek.Task.clonetask (page 175)
Creates a clone of an existing task.

mosek.Task.commitchanges (page 175)
Commits all cached problem changes.

mosek.Task.inputdata (page 206)
Input the linear part of an optimization task in one function call.
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mosek.Task.putaij (page 212)
Changes a single value in the linear coefficient matrix.

mosek.Task.putaijlist (page 213)
Changes one or more coefficients in A.

mosek.Task.putavec (page 214)
Replaces all elements in one row or column of A.

mosek.Task.putaveclist (page 214)
Replaces all elements in one or more rows or columns in A by new values.

mosek.Task.putbound (page 215)
Changes the bound for either one constraint or one variable.

mosek.Task.putboundlist (page 216)
Changes the bounds of constraints or variables.

mosek.Task.putboundslice (page 217)
Modifies bounds.

mosek.Task.putcfix (page 217)
Replaces the fixed term in the objective.

mosek.Task.putcj (page 218)
Modifies one linear coefficient in the objective.

mosek.Task.putclist (page 218)
Modifies a part of c.

mosek.Task.putcone (page 218)
Replaces a conic constraint.

mosek.Task.putobjsense (page 223)
Sets the objective sense.

mosek.Task.putqcon (page 223)
Replaces all quadratic terms in constraints.

mosek.Task.putqconk (page 224)
Replaces all quadratic terms in a single constraint.

mosek.Task.putqobj (page 225)
Replaces all quadratic terms in the objective.

mosek.Task.putqobjij (page 226)
Replaces one of the coefficients in the quadratic term in the objective.

mosek.Task.putvartype (page 229)
Sets the variable type of one variable.

mosek.Task.putvartypelist (page 230)
Sets the variable type for one or more variables.
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13.1.5 Delete problem elements (variables,constraints,cones).

Functionality for deleting problem elements such as variables, constraints or cones.

mosek.Task.remove (page 234)
The function removes a number of constraints or variables.

mosek.Task.removecone (page 234)
Removes a conic constraint from the problem.

13.1.6 Add problem elements (variables,constraints,cones).

Functionality for adding problem elements such as variables, constraints or cones.

mosek.Task.append (page 171)
Appends a number of variables or constraints to the optimization task.

mosek.Task.appendcone (page 171)
Appends a new cone constraint to the problem.

13.1.7 Inspect problem specification.

Functionality for inspecting the problem specification (A,Q, bounds, objective e.t.c).

mosek.Task.getaij (page 177)
Obtains a single coefficient in A.

mosek.Task.getaslice (page 178)
Obtains a sequence of rows or columns from A.

mosek.Task.getaslicetrip (page 179)
Obtains a sequence of rows or columns from A in triplet format.

mosek.Task.getavec (page 180)
Obtains one row or column of A.

mosek.Task.getavecnumnz (page 180)
Obtains the number of non-zero elements in one row or column of A.

mosek.Task.getbound (page 181)
Obtains bound information for one constraint or variable.

mosek.Task.getboundslice (page 181)
Obtains bounds information for a sequence of variables or constraints.

mosek.Task.getc (page 182)
Obtains all objective coeflicients c.
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mosek.Task.getcfix (page 182)
Obtains the fixed term in the objective.

mosek.Task.getcone (page 182)
Obtains a conic constraint.

mosek.Task.getconeinfo (page 183)
Obtains information about a conic constraint.

mosek.Task.getcslice (page 183)
Obtains a part of c.

mosek.Task.getnumanz (page 190)
Obtains the number of non-zeros in A.

mosek.Task.getnumcon (page 190)
Obtains the number of constraints.

mosek.Task.getnumcone (page 190)
Obtains the number of cones.

mosek.Task.getnumconemem (page 191)
Obtains the number of members in a cone.

mosek.Task.getnumintvar (page 191)
Obtains the number of integer constrained variables.

mosek.Task.getnumqgconnz (page 192)
Obtains the number of non-zero quadratic terms in a constraint.

mosek.Task.getnumqgobjnz (page 192)
Obtains the number of non-zero quadratic terms in the objective.

mosek.Task.getnumvar (page 192)
Obtains the number of variables.

mosek.Task.getobjsense (page 193)
Gets the objective sense.

mosek.Task.getprobtype (page 194)
Obtains the problem type.

mosek.Task.getqconk (page 194)
Obtains all the quadratic terms in a constraint.

mosek.Task.getqobj (page 195)
Obtains all the quadratic terms in the objective.

mosek.Task.getqobjij (page 196)
Obtains one coefficient from the quadratic term of the objective

mosek.Task.getvartype (page 205)
Gets the variable type of one variable.

API REFERENCE



13.1. API FUNCTIONALITY

mosek.Task.getvartypelist (page 205)
Obtains the variable type for one or more variables.

13.1.8 Conic constraints.

Functionality related to conic terms in the problem.

mosek.Task.appendcone (page 171)
Appends a new cone constraint to the problem.

mosek.Task.getcone (page 182)
Obtains a conic constraint.

mosek.Task.getconeinfo (page 183)
Obtains information about a conic constraint.

mosek.Task.getnumcone (page 190)
Obtains the number of cones.

mosek.Task.putcone (page 218)
Replaces a conic constraint.

mosek.Task.removecone (page 234)
Removes a conic constraint from the problem.

13.1.9 Bounds.

Functionality related to changing or inspecting bounds on variables or constraints.

mosek.Task.chgbound (page 174)
Changes the bounds for one constraint or variable.

mosek.Task.getbound (page 181)
Obtains bound information for one constraint or variable.

mosek.Task.getboundslice (page 181)

Obtains bounds information for a sequence of variables or constraints.

mosek.Task.putbound (page 215)
Changes the bound for either one constraint or one variable.

mosek.Task.putboundlist (page 216)
Changes the bounds of constraints or variables.

mosek.Task.putboundslice (page 217)
Modifies bounds.
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13.1.10 Output stream functions.

Output stream functions.

mosek.Env.echointro (page 153)
Prints an intro to message stream.

mosek.Env.linkfiletoenvstream (page 155)
Directs all output from a stream to a file.

mosek.Task.linkfiletotaskstream (page 208)
Directs all output from a task stream to a file.

mosek.Task.readsummary (page 231)
Prints information about last file read.

mosek.Task.solutionsummary (page 237)
Prints a short summary of a solution.

13.1.11 Objective function.

Change or inspect objective function.

mosek.Task.getc (page 182)
Obtains all objective coefficients c.

mosek.Task.getcfix (page 182)
Obtains the fixed term in the objective.

mosek.Task.getcslice (page 183)
Obtains a part of c.

mosek.Task.getdualobj (page 185)
Obtains the dual objective value.

mosek.Task.getnumqgobjnz (page 192)
Obtains the number of non-zero quadratic terms in the objective.

mosek.Task.getobjname (page 192)
Obtains the name assigned to the objective function.

mosek.Task.getobjsense (page 193)
Gets the objective sense.

mosek.Task.getprimalobj (page 194)
Obtains the primal objective value.

mosek.Task.getqobj (page 195)
Obtains all the quadratic terms in the objective.
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mosek.Task.getqobjij (page 196)
Obtains one coefficient from the quadratic term of the objective

mosek.Task.putcfix (page 217)
Replaces the fixed term in the objective.

mosek.Task.putcj (page 218)
Modifies one linear coefficient in the objective.

mosek.Task.putclist (page 218)
Modifies a part of c.

mosek.Task.putobjsense (page 223)
Sets the objective sense.

mosek.Task.putqobj (page 225)
Replaces all quadratic terms in the objective.

mosek.Task.putqobjij (page 226)
Replaces one of the coefficients in the quadratic term in the objective.

13.1.12 Inspect statistics from the optimizer.

Inspect statistics from the optimizer.

mosek.Task.appendstat (page 172)
Appends a record the statistics file.

mosek.Task.getdouinf (page 184)
Obtains a double information item.

mosek.Task.getinfindex (page 185)
Obtains the index of a named information item.

mosek.Task.getinfmax (page 186)
Obtains the maximum index of an information of a given type inftype plus 1.

mosek.Task.getinfname (page 186)
Obtains the name of an information item.

mosek.Task.getintinf (page 186)
Obtains an integer information item.

mosek.Task.startstat (page 238)
Starts the statistics file.

mosek.Task.stopstat (page 239)
Stops the statistics file.
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13.1.13 Parameters (set/get).

Setting and inspecting solver parameters.

mosek.Task.getdouparam (page 184)
Obtains a double parameter.

mosek.Task.getintparam (page 187)
Obtains an integer parameter.

mosek.Task.getnumparam (page 191)
Obtains the number of parameters of a given type.

mosek.Task.getparammax (page 193)
Obtains the maximum index of a parameter of a given type plus 1.

mosek.Task.getparamname (page 193)
Obtains the name of a parameter.

mosek.Task.getstrparam (page 202)
Obtains the value of a string parameter.

mosek.Env.getsymbcondim (page 153)
Obtains dimensional information for the defined symbolic constants.

mosek.Env.iparvaltosymnam (page 154)
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Obtains the symbolic name corresponding to a value that can be assigned to an integer parameter.

mosek.Task.isdouparname (page 207)
Checks a double parameter name.

mosek.Task.isintparname (page 207)
Checks an integer parameter name.

mosek.Task.isstrparname (page 207)
Checks a string parameter name.

mosek.Task.putdouparam (page 219)
Sets a double parameter.

mosek.Task.putintparam (page 219)
Sets an integer parameter.

mosek.Task.putnadouparam (page 221)
Sets a double parameter.

mosek.Task.putnaintparam (page 222)
Sets an integer parameter.

mosek.Task.putnastrparam (page 222)
Sets a string parameter.
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mosek.Task.putparam (page 223)
Modifies the value of parameter.

mosek.Task.putstrparam (page 228)
Sets a string parameter.

mosek.Task.setdefaults (page 236)
Resets all parameters values.

13.1.14 Naming.
Functionality related to naming.

mosek.Task.getconname (page 183)
Obtains a name of a constraint.

mosek.Task.getmaxnamelen (page 187)

Obtains the maximum length of any objective, constraint, variable or cone name.

mosek.Task.getname (page 189)
Obtains the name of a cone, a variable or a constraint.

mosek.Task.getnameindex (page 189)
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Checks whether a name has been assigned and returns the index corresponding to the name.

mosek.Task.getobjname (page 192)
Obtains the name assigned to the objective function.

mosek.Task.gettaskname (page 203)
Obtains the task name.

mosek.Task.getvarname (page 204)
Obtains a name of a variable.

mosek.Task.putname (page 222)

Assigns the name name to a problem item such as a constraint.

mosek.Task.putobjname (page 223)
Assigns a new name to the objective.

mosek.Task.puttaskname (page 229)
Assigns a new name to the task.

13.1.15 Preallocating space for problem data.
Functionality related to preallocating space for problem data.

mosek.Task.getmaxnumanz (page 187)
Obtains number of preallocated non-zeros for A.
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mosek.Task.getmaxnumcon (page 187)
Obtains the number of preallocated constraints in the optimization task.

mosek.Task.getmaxnumcone (page 188)
Obtains the number of preallocated cones in the optimization task.

mosek.Task.getmaxnumqgnz (page 188)
Obtains the number of preallocated non-zeros for @ (both objective and constraints).

mosek.Task.getmaxnumvar (page 188)
Obtains the maximum number variables allowed.

mosek.Task.putmaxnumanz (page 219)
The function changes the size of the preallocated storage for linear coefficients.

mosek.Task.putmaxnumcon (page 220)
Sets the number of preallocated constraints in the optimization task.

mosek.Task.putmaxnumcone (page 220)
Sets the number of preallocated conic constraints in the optimization task.

mosek.Task.putmaxnumqnz (page 221)
Changes the size of the preallocated storage for Q.

mosek.Task.putmaxnumvar (page 221)
Sets the number of preallocated variables in the optimization task.

13.1.16 Integer variables.
Functionality related to integer variables.

mosek.Task.getnumintvar (page 191)
Obtains the number of integer constrained variables.

mosek.Task.getvarbranchdir (page 203)
Obtains the branching direction for a variable.

mosek.Task.getvarbranchorder (page 204)
Obtains the branching priority for a variable.

mosek.Task.getvarbranchpri (page 204)
Obtains the branching priority for a variable.

mosek.Task.getvartype (page 205)
Gets the variable type of one variable.

mosek.Task.getvartypelist (page 205)
Obtains the variable type for one or more variables.

mosek.Task.putvarbranchorder (page 229)
Assigns a branching priority and direction to a variable.
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mosek.Task.putvartype (page 229)
Sets the variable type of one variable.

mosek.Task.putvartypelist (page 230)
Sets the variable type for one or more variables.

13.1.17 Quadratic terms.

Functionality related to quadratic terms.

mosek.Task.getqconk (page 194)
Obtains all the quadratic terms in a constraint.

mosek.Task.getqobj (page 195)
Obtains all the quadratic terms in the objective.

mosek.Task.getqobjij (page 196)
Obtains one coefficient from the quadratic term of the objective

mosek.Task.putqcon (page 223)
Replaces all quadratic terms in constraints.

mosek.Task.putqgconk (page 224)
Replaces all quadratic terms in a single constraint.

mosek.Task.putqobj (page 225)
Replaces all quadratic terms in the objective.

mosek.Task.putqobjij (page 226)

Replaces one of the coefficients in the quadratic term in the objective.

13.1.18 Diagnosing infeasibility.
Functions for diagnosing infeasibility.

mosek.Task.getinfeasiblesubproblem (page 185)
Obtains an infeasible sub problem.

mosek.Task.relaxprimal (page 232)
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Creates a problem that finds the minimal change to the bounds that makes an infeasible problem

feasible.

13.1.19 Optimization.

Functions for optimization.
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mosek.Task.checkdata (page 174)
Checks data of the task.

mosek.Task.optimize (page 208)
Optimizes the problem.

mosek.Task.optimizeconcurrent (page 209)
Optimize a given task with several optimizers concurrently.

mosek.Task.optimizetrm (page 209)
Optimizes the problem.
13.1.20 Sensitivity analysis.

Functions for sensitivity analysis.

mosek.Task.dualsensitivity (page 176)
Performs sensitivity analysis on objective coefficients.

mosek.Task.primalsensitivity (page 210)
Perform sensitivity analysis on bounds.

mosek.Task.sensitivityreport (page 235)
Creates a sensitivity report.

13.1.21 Testing data validity.

Functions for testing data validity.

mosek.Task.checkconvexity (page 173)
Checks if a quadratic optimization problem is convex.
13.1.22 Solving with the basis.

Functions for solving linear systems with the basis matrix.

mosek.Task.initbasissolve (page 205)
Prepare a task for use with the Task.solvewithbasis function.

mosek.Task.solvewithbasis (page 237)
Solve a linear equation system involving a basis matrix.
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13.1.23 Initialization of environment.

Creation and initialization of environment.

mosek.Env.initenv (page 154)
Initialize a MOSEK environment.

mosek.Env.putlicensedefaults (page 156)

Set defaults used by the license manager.

13.1.24 Change A.

Change elements in the coefficient (A) matrix.

mosek.Task.appendcons (page 171)
Appends one or more constraints and specifies bounds and A coefficients.

mosek.Task.appendvars (page 172)
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Appends one or more variables and specifies bounds on variables, ¢ coefficients and A coefficients.

mosek.Task.commitchanges (page 175)
Commits all cached problem changes.

mosek.Task.putaij (page 212)
Changes a single value in the linear coefficient matrix.

mosek.Task.putaijlist (page 213)
Changes one or more coefficients in A.

mosek.Task.putavec (page 214)
Replaces all elements in one row or column of A.

mosek.Task.putaveclist (page 214)

Replaces all elements in one or more rows or columns in A by new values.

13.2 Class mosek.ArrayLengthException

Derived from:

system.Exception

Description:

This exception is raised is an input or output array was shorter than required.
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13.3 Class mosek.Callback

Description:
Base class for all call-back objects used in MOSEK

13.4 Class mosek.Env

Description:

A Mosek Environment

13.4.1 Constructors

e mosek.Env
Syntax:
public Env ()

Description:
Create a MOSEK environment object.

e mosek.Env
Syntax:
public Env (String dbgfile)

Description:
Create a MOSEK environment object.

Arguments:
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dbgfile A file which will be used to log memory debugging information from MOSEK

13.4.2 Attributes

e set _CtrlC(mosek.CtrlC) Control-c call-back object.

e set_Exit(mosek.Exit) Exit handler call-back object.

13.4.3 Methods

® MosSek.Env.eChointro. ... .o e et e e

Prints an intro to message stream.

e mosek.Env.getsymbcondim.......... ... ...

Obtains dimensional information for the defined symbolic constants.
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MOoSek.ENv. getverSion . ... e 154
Obtains MOSEK version information.

MOSEK. BNV, Al OV . oot e e 154
Initialize a MOSEK environment.

mosek.Env.iparvaltoSYmnam ..........ouuuuiiii i e 154
Obtains the symbolic name corresponding to a value that can be assigned to an integer parameter.

mosek.Env.1inkfiletoenvstream. .. ...ttt 155
Directs all output from a stream to a file.

mosek.Env.putcpudefaults. ... ... 155
Set defaults default CPU type and cache sizes.

mosek.Env.putdllpath ... ..o 155
Sets the path to the DLL/shared libraries that MOSEK is loading.

mosek.Env.putkeepdlls ... ... 156
Controls whether explicitly loaded DLLs should be kept.

mosek.Env.putlicensedefaults ... ... 156
Set defaults used by the license manager.

MOSEK.ENV. St _Stream. .. .ot e e 156
Attach a stream call-back handler.

mosek.Env.echointro

Syntax:

public void echointro (int longver)
throws mosek.Error,
mosek.Warning;

Arguments:
longver (input) If non-zero, then the intro is slightly longer.

Description: Prints an intro to message stream.
mosek.Env.getsymbcondim

Syntax:

public void getsymbcondim (
int[] num,
int[] maxlen)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
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num (output) Number of symbolic constants defined by MOSEK.
maxlen (output) Maximum length of the name of any symbolic constants.

Description: Obtains the number of symbolic constants defined by MOSEK and the maximum
length of the name of any symbolic constant.

e mosek.Env.getversion

Syntax:

public void getversion (

int[] major,

int[] minor,

int[] build,

int[] revision)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
major (output) Major version number. Modified only if a non-null pointer.
minor (output) Minor version number. Modified only if a non-null pointer.
build (output) Build number. Modified only if a non-null pointer.
revision (output) Revision number. Modified only if a non-null pointer.

Description: Obtains MOSEK version information.
e mosek.Env.initenv

Syntax:

public void initenv ()
throws mosek.Error,
mosek.Warning;

Description: This function initializes the MOSEK environment. Among other things the license
server will be contacted. Error messages from the license manager can be captured by linking
to the environment message stream before calling this function.

e mosek.Env.iparvaltosymnam

Syntax:

public void iparvaltosymnam (
int whichparam,
int whichvalue,
StringBuffer symbolicname)
throws mosek.Error,
mosek.Warning;

Arguments:

whichparam (input) Which parameter.
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whichvalue (input) Which value.
symbolicname (output) The symbolic name corresponding to whichvalue.

Description: Obtains the symbolic name corresponding to a value that can be assigned to an
integer parameter.

e mosek.Env.linkfiletoenvstream

Syntax:

public void linkfiletoenvstream (
int whichstream,
String filename,
int append)
throws mosek.Error,
mosek.Warning;

Arguments:

whichstream (input) Index of the stream.

filename (input) Sends all output from the stream defined by whichstream to the file
given by filename.

append (input) If this argument is non-zero, the output is appended to the file.

Description: Directs all output from a stream to a file.
e mosek.Env.putcpudefaults

Syntax:

public void putcpudefaults (
int cputype,
int sizell,
int sizel2)
throws mosek.Error,
mosek.Warning;

Arguments:
cputype (input) The CPU ID.
sizell (input) Size of the L1 cache.
sizel2 (input) Size of the L2 cache.

Description: Sets default CPU type and cache sizes. This function should be called before
Env.initenv.

e mosek.Env.putdllpath

Syntax:

public void putdllpath (String dllpath)
throws mosek.Error,
mosek.Warning;
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Arguments:

dllpath (input) A path to where the MOSEK dynamic link/shared libraries are located.
If d1lpath is NULL, then MOSEK assumes that the operating system can locate the
libraries.

Description: Sets the path to the DLL/shared libraries that MOSEK are loading. If needed,
then it should normally be called before Env.initenv.

e mosek.Env.putkeepdlls
Syntax:

public void putkeepdlls (int keepdlls)
throws mosek.Error,
mosek.Warning;

Arguments:
keepdlls (input) Controls whether explicitly loaded DLLs should be kept.

Description: Controls whether explicitly loaded DLLs should be kept when they no longer are
in use.

e mosek.Env.putlicensedefaults

Syntax:

public void putlicensedefaults (

String licensefile,

int[] licensebuf,

int licwait,

int licdebug)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

licensefile (input) Either NULL or the path to a valid MOSEK license file.

licensebuf (input) This is the license string authorizing the use of MOSEK in the runtime
version of MOSEK. Therefore, most frequently this string is a NULL pointer.

licwait (input) If this argument is non-zero, then MOSEK will wait for a license if no
license is available. Moreover, licwait-1 is used as the default value for

Env.iparam.license_pause_time

licdebug (input) If this argument is non-zero, then MOSEK will print debug info regard-
ing the license checkout.

Description: Sets default values for the license manager. This function should be called before
Env.initenv.

e mosek.Env.set_Stream
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Syntax:

public void set_Stream (
int whichstream,
mosek.Stream stream)

Arguments:

whichstream Index of the stream.
stream The stream object to attach. To detach all objects, let this be null.

Description: Attach a stream call-back handler.

13.5 Class mosek.Error

Derived from:

mosek.Exception

Description:

This is an exception class representing MOSEK errors.

13.5.1 Constructors

e mosek.Error

Syntax:
public Error (int code)

Description:
Construct an error from a MOSEK error code.
Arguments:
code The MOSEK response code to create the exception from.

e mosek.Error

Syntax:

public Error (
int code,
String msg)

Description:

Construct an error from a MOSEK error code and a message.

Arguments:
code The MOSEK response code to create the exception from.

msg A message describing the error situation.
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13.6 Class mosek.Exception

Derived from:

system.Exception

Description:

This is the base class for exceptions based on MOSEK response codes.

13.6.1 Constructors

e mosek.Exception

Syntax:
public Exception (int code)

Description:
Construct an exception from a MOSEK error code.

Arguments:

code The MOSEK response code to create the exception from.

13.7 Class mosek.Exit

Derived from:

mosek.Callback

Description:

Base class for MOSEK exit call-back handler. An object of this type can be attached to a
MOSEK environment.

If MOSEK encounters a fatal error, for example if memory corrupted, a certain member of the
class is called before the program terminates.

13.7.1 Constructors

e mosek.Exit
Syntax:
public Exit ()

Description:
Construct an Exit object.
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13.7.2 Methods

@ MOSEKR.EXIL. XAt i 159
This method is called when a fatal error situation is encountered.

e mosek.Exit.exit

Syntax:

public void exit (
String file,
int line,
String msg)

Arguments:

file (input) The source file in which the fatal error was detected.
line The line on which the fatal error was detected.

msg (input) A string describing the error.

Description: This method is called when a fatal error situation is encountered. To intercept
the message, override this function.

13.8 Class mosek.Progress

Derived from:

mosek.Callback

Description:

This is the base class for user-defined progress call-back objects. An object of this type can be
attached to a MOSEK task in order to receive frequent calls with a progress indicator during
long optimizations. The calls are received by overriding a certain member of this class.

The call-back method is called at the beginning of each iteration in the interior-point optimizer.
For the simplex optimizers the parameter Env.iparam.log sim freq controls how frequent the
call-backs are.

Typically, the user-defined call-back method displays information about the solution process. The
call-back function can also be used to terminate the optimization process: If the method returns
a non-zero value when called, MOSEK will abort optimization and perform proper cleanup of
the task.

It is important that the user-defined call-back function does not modify the opti-
mization task, this will lead to undefined behavior and incorrect results. The only
MOSEK functions that can be called safely from within the user-defined call-back function are
Task.getdouinf and Task.getintinf which access the task information database. The items
in task information database are updated during the optimization process.
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13.8.1 Constructors

e mosek.Progress
Syntax:
public Progress ()

Description:
Construct a Progress object.

13.8.2 Methods

® MOSEK . PTOg eSS . PrOG S S .ttt ettt ettt 160
The method called during optimization.

e mosek.Progress.progress

Syntax:
public void progress (int caller)

Arguments:
caller A value indicating the point from where the function was called.

Description: The method called during optimization. Override this function to receive the
progress indicators.

13.9 Class mosek.Stream

Derived from:

mosek.Callback

Description:

Base class for stream printer classes which can be attached to MOSEK tasks and environments
to intercept output.

13.9.1 Constructors

e mosek.Stream
Syntax:
public Stream ()

Description:
Construct a MOSEK Stream printer object.
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13.9.2 Methods

® MOSEK. STream. Praint . .o e e e 161
The method which receives output strings from MOSEK.

e mosek.Stream.print

Syntax:
public void print (String str)

Arguments:
str A string to be outputted.
Description: The method which receives output strings from MOSEK.

13.10 Class mosek.Task

Description:

A Mosek Optimization task

13.10.1 Constructors

e mosek.Task

Syntax:

public Task (
mosek.Env env,
int maxnumcon,
int maxnumvar)

Description:
Create a new MOSEK task and reserve space for constraints and variables. Please note
that it is perfectly legal to specify 0 constraint or 0 variables: The values may be specified
later with Task.putmaxnumcon and Task.putmaxnumvar. Even without doing so, the task
will automatically resize when exceeding the maximum, but if this happens often, there will
be some overhead when resizing.

Arguments:

env The environment the task should belong to.
maxnumcon Initially reserve space for this many constraints.

maxnumvar Initially reserve space for this many variables.
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13.10.2 Attributes

e set _ErrorHandler (mosek.ErrorHandler) Error handler call-back object
e set_Nonlinear (mosek.Nonlinear) Nonlinear sparsity and value computation call-back object.

e set_Progress(mosek.Progress) Progress call-back object

13.10.3 Methods

mosek.Task. apPend . ... 171
Appends a number of variables or constraints to the optimization task.

mosek.Task.apPendCome ... ...t e 171
Appends a new cone constraint to the problem.

mosek.Task.apPendCOoms ... ...ttt 171
Appends one or more constraints and specifies bounds and A coefficients.

mosek.Task.appendstat ... ... 172
Appends a record the statistics file.

mosek.Task.apPendvars ... ...t 172
Appends one or more variables and specifies bounds on variables, ¢ coefficients and A coefficients.

mosek.Task.cheCkconvexity ... ... 173
Checks if a quadratic optimization problem is convex.

MOSEK . TasSK . CheCKRAAT A oottt ittt et ettt e e 174
Checks data of the task.

mosek.Task.CheCKmemtask .. ....ouuuut ittt e e 174
Checks the memory allocated by the task.

mosek.Task.ChgbOUNA. .. ... 174
Changes the bounds for one constraint or variable.

MOSEK . TasK. CLONETASK ...ttt e e e 175
Creates a clone of an existing task.

mosek.Task.commitchanges.............. . 175
Commits all cached problem changes.

mosek.Task.conetypetostr. ... ... . 175
Obtains a cone type string identifier.

mosek.Task.deletesolution ... ... 176
Undefines a solution and frees the memory it uses.

mosek.Task.dualsensitivity ....... ... 176
Performs sensitivity analysis on objective coefficients.
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e mosek.Task.getad ... 177
Obtains a single coefficient in A.

o mosek.Task.getapileCenUmNZ .. ...ttt ettt ettt e 177
Obtains the number non-zeros in a rectangular piece of A.

e mosek.Task.getaslicCe ... ...t 178
Obtains a sequence of rows or columns from A.

o mosek.Task.getasliCenUMNZ ... ..ouuuttttn ettt ettt ettt e nae s 179
Obtains the number of non-zeros in a row or column slice of A.

e mosek.Task.getasliCetrip. ..ot 179
Obtains a sequence of rows or columns from A in triplet format.

® MOSEK.TaSK. GO EAVEC . oottt e 180
Obtains one row or column of A.

e mosek.Task.getaveCnUINZ . ... ...ttt ittt et 180
Obtains the number of non-zero elements in one row or column of A.

e mosek.Task.getbound. ... ... .. i 181
Obtains bound information for one constraint or variable.

e mosek.Task.getboundslice. . ...oo.uuiiiii i 181
Obtains bounds information for a sequence of variables or constraints.

o mosek.Task. GetC .o .. 182
Obtains all objective coefficients c.

e mosek.Task. GetCEdm. o .. 182
Obtains the fixed term in the objective.

e mosek.Task.GetCome . . ... 182
Obtains a conic constraint.

e mosek.Task.getconeinfo . ... ..o 183
Obtains information about a conic constraint.

e mosek.Task.getConname . ... ... .ot 183
Obtains a name of a constraint.

@ MOoSeK.Task.GetCsLliCe vttt e 183
Obtains a part of c.

e mosek.Task.getdouinf .. ... ... 184
Obtains a double information item.

e mosek.Task.getdouparam......... ... 184
Obtains a double parameter.

e mosek.Task.getdualobj ... .o 185
Obtains the dual objective value.



164

CHAPTER 13. API REFERENCE

mosek.Task.getinfeasiblesubproblem. ... ...ttt 185
Obtains an infeasible sub problem.

mosek.Task.getinfindexX ... 185
Obtains the index of a named information item.

mosek.Task.getinfmax . ...t e 186
Obtains the maximum index of an information of a given type inftype plus 1.

mosek.Task.getinfname ... ... i 186
Obtains the name of an information item.

mosek.Task.getinting . ... o 186
Obtains an integer information item.

mosek.Task.getintparam. ... .. 187
Obtains an integer parameter.

mosek.Task.getmaxnamelen. . ... ...ttt ettt e e 187
Obtains the maximum length of any objective, constraint, variable or cone name.

mosek.Task.getmaxnuUmanZ . ... ... ...uutt ittt ettt 187
Obtains number of preallocated non-zeros for A.

mosek.Task. ZetmaRnUmMCOI . . ...ttt et ettt ettt et e ettt e ettt et e e s 187
Obtains the number of preallocated constraints in the optimization task.

mosek.Task.getmaxnuUmCONE. .. ... ..ttt et 188
Obtains the number of preallocated cones in the optimization task.

mosek.Task. ZetmaxnUmMQNZ . . . ..ottt ettt ettt ettt e et 188
Obtains the number of preallocated non-zeros for @ (both objective and constraints).

mosek.Task.getmaxnUmMVaT . . .... ...ttt ettt et it 188
Obtains the maximum number variables allowed.

mosek.Task. getmemusagetask . ...ttt e e 189
Obtains information about the amount of memory used by a task.

mosek.Task.getname. ... ... ... . .. 189
Obtains the name of a cone, a variable or a constraint.

mosek.Task.getnamedlndeX .. ....uu ittt e 189
Checks whether a name has been assigned and returns the index corresponding to the name.

mosek.Task.GetnUmMANZ . ... ... ... i i 190
Obtains the number of non-zeros in A.

mosek.Task.GeTNUMCON . .. ..o i 190
Obtains the number of constraints.

mosek.Task.getnUmMCONE ... ... o . 190
Obtains the number of cones.
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e mosek.Task.getNUMCONEMEM. . ...t ouutt ittt ettt ettt et 191
Obtains the number of members in a cone.

e mosek.Task. etnUmMINtEVAT . . ...ttt ettt e e e 191
Obtains the number of integer constrained variables.

e mosek.Task.GetnUmMPATAm . .. ...ttt ettt ettt e e 191
Obtains the number of parameters of a given type.

e mosek.Task. etnUMQCONIIZ . . ...ttt ettt ettt et ettt e e e e et 192
Obtains the number of non-zero quadratic terms in a constraint.

e mosek.Task.getnuUmQODJIZ . .. ...t 192
Obtains the number of non-zero quadratic terms in the objective.

e Mosek.Task. GetnUMVAT . ...ttt ittt ittt ettt e e 192
Obtains the number of variables.

e mosek.Task.getobjname ... ...t 192
Obtains the name assigned to the objective function.

e mosek.Task.getobjsense . ... 193
Gets the objective sense.

e mosek.Task.getParammMax ... ..uuu ettt ettt e et 193
Obtains the maximum index of a parameter of a given type plus 1.

e mosek.Task.getparamname. ... ... ...ttt 193
Obtains the name of a parameter.

e mosek.Task.getprimalob] ... ...ttt e 194
Obtains the primal objective value.

e mosek.Task.getprobtype . .. ..o 194
Obtains the problem type.

e mosek.Task.getqComK. ..o 194
Obtains all the quadratic terms in a constraint.

e mosek.Task.getqob .. ... 195
Obtains all the quadratic terms in the objective.

e mosek.Task.getqob i oottt 196
Obtains one coefficient from the quadratic term of the objective

e mosek.Task.getreducedCoSts ... 196
Obtains the difference of slx-sux for a sequence of variables.

e mosek.Task.getsolution.. ... 196
Obtains the complete solution.

e mosek.Task.getsolutioni.... ... 198
Obtains the solution for a single constraint or variable.
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mosek.Task.getsolutioninf ... ... ...
Obtains information about a solution.

mosek.Task.getsolutionslice ... ... i i e
Obtains a slice of the solution.

mosek.Task.getsolutionstatus........ ..o
Obtains information about the problem and solution statuses.

mosek.Task.getsolutionstatuskeyslice ....... ... .o
Obtains a slice of the solution status keys.

mosek.Task.getstrparam. ... ... ..o
Obtains the value of a string parameter.

mosek.Task.getsymbcon ... ... ..
Obtains a cone type string identifier.

mosek.Task.gettaskname ... ... ... i
Obtains the task name.

mosek.Task.getvarbranchdir ........ ..
Obtains the branching direction for a variable.

mosek.Task.getvarbranchorder...... ... ... i
Obtains the branching priority for a variable.

mosek.Task.getvarbranchpri ..... ... i
Obtains the branching priority for a variable.

mosek.Task.getvarname ....... ...
Obtains a name of a variable.

mosek.Task.getvartype ...
Gets the variable type of one variable.

mosek.Task.getvartypelist .. ... e
Obtains the variable type for one or more variables.

mosek.Task. Initbasissolve ... o e
Prepare a task for use with the Task.solvewithbasis function.

mosek.Task.inputdata ...
Input the linear part of an optimization task in one function call.

mosek.Task.isdouparname. ....... ...ttt i i e
Checks a double parameter name.

mosek.Task.isintparname. ...... ..ottt
Checks an integer parameter name.

mosek.Task.isstrparname. ... ... ... i i e
Checks a string parameter name.



13.10. CLASS MOSEK.TASK 167

o mosek.Task.linkfiletotasSkStream ... .ovuuiiiiiiinnnnnt ittt eeee 208
Directs all output from a task stream to a file.

e mosek.Task.makesolutionStatUSUNKNOWIL ..ottt ettt et ettt ettt ettt i 208
Sets the solution status to unknown.

e mosek.Task.optimize. ... ... i 208
Optimizes the problem.

e mosek.Task.optimizZeConCUTrTent . .. ..ottt e e 209
Optimize a given task with several optimizers concurrently.

e mosek.Task.optimizetrm. ... ..o i 209
Optimizes the problem.

e mosek.Task.primalsensitivity . ..ouuuuoiinn i e 210
Perform sensitivity analysis on bounds.

e mosek.Task. ProbtyPetosStr. ..o 212
Obtains a string containing the name of a problem type given.

® MOSEK.TasK. ProStatoS t L . ottt e e 212
Obtains a string containing the name of a problem status given.

@ MOSeK.TasK. PULAL ..o vttt 212
Changes a single value in the linear coefficient matrix.

@ MosSek.Task. puUtaiJlaist «uuunn e e e 213
Changes one or more coefficients in A.

@ MOSEK.TaSK. PULAVEC . oottt e 214
Replaces all elements in one row or column of A.

® mosek.Task. pUtaveClist . oottt e 214
Replaces all elements in one or more rows or columns in A by new values.

e mosek.Task.putbound. ... ... 215
Changes the bound for either one constraint or one variable.

e Mmosek.Task. putboundlist ... ... e e e e 216
Changes the bounds of constraints or variables.

e mosek.Task.putboundslice. .. ...t 217
Modifies bounds.

@ MOSEK. TaSK . PUECE IR . ottt e e 217
Replaces the fixed term in the objective.

@ mosek.Task. PULC] .o 218
Modifies one linear coefficient in the objective.

® MOSEK.Task. PULCLIS . oottt et e 218
Modifies a part of c.
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@ MOSEK.TasSK. PULCOME . ...ttt e 218
Replaces a conic constraint.

® MOoSek.Task. PULAOUPATAM . . ...ttt ettt ettt e ettt e e a e nae s 219
Sets a double parameter.

e mosek.Task.putintparam. ...... ...t e 219
Sets an integer parameter.

e mosek.Task. PUtMAKNUMANIZ . . . ...ttt ettt ettt e ettt ettt e e e e e naeees 219
The function changes the size of the preallocated storage for linear coefficients.

e mosek.Task. PUtMAXIIUMCOIL. . . ...ttt ettt ettt ettt e et et et 220
Sets the number of preallocated constraints in the optimization task.

e mosek.Task. PULMAKIUMCOIIE . . .« vttt ettt ettt et ettt e et e e naiee s 220
Sets the number of preallocated conic constraints in the optimization task.

e mosek.Task. PUtMAXNUMGILZ . . . ottt ettt ettt ettt e et et e e e e e e 221
Changes the size of the preallocated storage for Q.

® MOSeKk.Task. PULMAXNUIVAT . . .. .uutttt ettt ettt ettt ettt ettt ettt e e e e e eeeeeennaanaennnn 221
Sets the number of preallocated variables in the optimization task.

e mosek.Task.putNadOUPATAmM. . ..o vuuttt ettt ettt ettt et e 221
Sets a double parameter.

e mosek.Task.putnaintparam. ... ..o 222
Sets an integer parameter.

@ MOoSek.Task. PULDAME . . ...\ttt ettt e e 222
Assigns the name name to a problem item such as a constraint.

® Mmosek.Task. PUtNASEIPATAM. . ..ottt ettt et 222
Sets a string parameter.

e mosek.Task.pUtobJname ... ...t e 223
Assigns a new name to the objective.

e mosek.Task.putobjsense . ... ..o i 223
Sets the objective sense.

@ MOSEK.TasSK. PULPATAM. ..ttt ettt ettt e e et 223
Modifies the value of parameter.

® MOSEK. TaSK . PULGCOM. .« ottt e 223
Replaces all quadratic terms in constraints.

e Mmosek.Task. PUbQCOMK. ..o e 224
Replaces all quadratic terms in a single constraint.

o mosek.Task. pUtqob ] .. ... 225
Replaces all quadratic terms in the objective.
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e mosek.Task. putqob i oottt 226
Replaces one of the coefficients in the quadratic term in the objective.

® Mosek.Task. pUtSOLULION . .ottt e 226
Inserts a solution.

e mosek.Task.putsolutioni.... ... e 227
Sets the primal and dual solution information for a single constraint or variable.

e mosek.Task.putsolutionyi.........c.oiiiiii i 228
Inputs the dual variable of a solution.

e mosek.Task.putstrparam........ ... 228
Sets a string parameter.

o mosek.Task.puttaskname . ... ..o oiiiiiii ittt e 229
Assigns a new name to the task.

e mosek.Task.putvarbranchorder . ... ... .ottt e 229
Assigns a branching priority and direction to a variable.

e mosek.Task.putvartype ... ..o 229
Sets the variable type of one variable.

o MmoSek.Task. putvartyPeLlist ..ottt et e 230
Sets the variable type for one or more variables.

e mosek.Task.readbranchpriorities .........ouiiiiiiiiiiiii i 230
Reads branching priority data from a file.

@ MOSEK.TasK.TeAAAata . .ottt ittt ettt e e e e e e 230
Reads problem data from a file.

e mosek.Task.readparamfile. .. ...ttt e 231
Reads a parameter file.

@ MOoSeEK.Task.readsSo Ut oM. ..ttt e e e 231
Reads a solution from a file.

e mosek.Task.readSUumMmary ........ouuuut it i i 231
Prints information about last file read.

o mosek.Task.relaxprimal ... ..ottt ittt e e 232
Creates a problem that finds the minimal change to the bounds that makes an infeasible problem
feasible.

® MOSEK.TASK.TOMOVE . ..ttt t ittt ettt ettt et e ettt e e e e 234

The function removes a number of constraints or variables.

® MOSEK.TASK . TOMOVECOIIE v ottt ettt ettt e e e e et et e e e e e et e e ettt 234
Removes a conic constraint from the problem.
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MOSeK . TasKk . resSizetask oo i i e e e e e
Resizes an optimization task.

mosek.Task.sensitivityreport ... ... i
Creates a sensitivity report.

mosSek. Task. Set Stream . ..o e e e
Attach a stream call-back handler.

mosek.Task.setdefaults .. ... e
Resets all parameters values.

mosek.Task.SKEOSTr . ..
Obtains a status key string.

mosek.Task.s0lstatostr . ... e
Obtains a solution status string.

mosek.Task.solutiondef .. ... . e e e e e
Checks whether a solution is defined.

mosek.Task.SolutionSUMMATY .. ...ttt e e i s
Prints a short summary of a solution.

mosek.Task.solvewithbasis ..... ... i
Solve a linear equation system involving a basis matrix.

mosek.TasKk. startstat ... i e e e e
Starts the statistics file.

mosek.Task.stopstat. .. ..o
Stops the statistics file.

mosek.Task.strtoconetype. ... ..o
Obtains a cone type code.

mosek. Task. SErtosSK. ..o e
Obtains a status key.

mosek.Task. Undefsolutiom. ... ot i e e e e e
Undefines a solution.

mosek.Task.writebranchpriorities...... ..o e
Writes branching priority data to a file.

mosek.Task.Writedata .. ..o i et e e e
Writes problem data to a file.

mosek.Task.writeparamfile ... ...
Writes all the parameters to a parameter file.

mosek.TasKk . Writesolutdiom. ..o it i et e et e et et e
Write a solution to a file.
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e mosek.Task.append

Syntax:

public void append (
int accmode,
int num)
throws mosek.Error,
mosek.Warning;

Arguments:
accmode (input) Defines if operations are performed row-wise (constraint-oriented) or
column-wise (variable-oriented).
nunm (input) Number of constraints or variables which should be appended.
Description: Appends a number of constraints or variables to the model. Appended constraints
will be declared free and appended variables will be fixed at the level zero. Please note that

MOSEK will automatically expand the problem dimension to accommodate the additional
constraints and variables.

See also:

Task.remove The function removes a number of constraints or variables.
e mosek.Task.appendcone

Syntax:

public void appendcone (
int conetype,
double conepar,
int[] submem)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

conetype (input) Specifies the type of the cone.
conepar (input) This argument is currently not used. Can be set to 0.0.
submen (input) Variable subscripts of the members in the cone.

Description: Appends a new conic constraint to the problem. Hence, add a constraint
el
to the problem where C is a convex cone. z! is a subset of the variables which will be specified

by the argument submem. Please note that the sets of variables appearing in different conic
constraints must be disjoint.

For an explained code example see section 5.4.

e mosek.Task.appendcons
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Syntax:

public void appendcons (

int[] aptrb,

int[] aptre,

int[] asub,

double[] aval,

int[] bkc,

double[] blc,

double[] buc)

throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:
aptrb (input) See (13.2).
aptre (input) See (13.2).
asub (input) Variable subscripts of the new A coefficients. See (13.2).
aval (input) A coefficients of the new constraints. See (13.2).
bkc (input) Bound keys for constraints to be appended. See (13.1).
blc (input) Lower bounds on constraints to be appended. See (13.1).
buc (input) Upper bounds on constraints to be appended. See (13.1).

Description: The function appends one or more constraints to the optimization task. The
bounds and A are modified as follows

lgumconJrk = blC[k], k= 0, ...,num — 17
Uﬁumcon+k = buc[kL k = O, ...,num — 17 (131)
and
anumcon-}-k,asub[l] = aval[l]a k= 07 ..., num — ]-a | = aptrb[k}, ceey aptre[k} — 1.
(13.2)
See also:

Task.putmaxnumcon Sets the number of preallocated constraints in the optimization task.
e mosek.Task.appendstat

Syntax:

public void appendstat ()
throws mosek.Error,
mosek.Warning;

Description: Appends a record to the statistics file.
e mosek.Task.appendvars

Syntax:
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public void appendvars (

double[] cval,

int[] aptrb,

int[] aptre,

int[] asub,

double[] aval,

int[] bkx,

double[] blx,

double[] bux)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
cval (input) Values of ¢ for the variables to be appended. See (13.3).
aptrb (input) See (13.4).
aptre (input) See (13.4).
asub (input) Constraint subscripts of the A coefficients to be added. See (13.4).
aval (input) The A coeflicients corresponding to the appended variables. See (13.4).
bkx (input) Bound keys on variables to be appended. See (13.3).
blx (input) Lower bounds on variables to be appended. See (13.3).
bux (input) Upper bounds on variables to be appended. See (13.3).

Description: The function appends one or more variables to the optimization problem. More-
over, the function initializes ¢, A and the bounds corresponding to the appended variables

as follows
Cnumvar4+k = — Cval[ ], k:O,...,numfl,
lrﬂfumvarJrk = le[kL k= 07 ..., num — ]., (133)
USmvarsx = bux(k], k=0,...,num— 1,
and
Qasub[l],numvar+x = avalll], k=0,...,num—1, [=aptrblk],...,aptre[k] —1

(13.4)
where numvar is the number variables before the new variables are appended.

See also:
Task.putmaxnumvar Sets the number of preallocated variables in the optimization task.

e mosek.Task.checkconvexity

Syntax:

public void checkconvexity ()
throws mosek.Error,
mosek.Warning;

Description: This function checks if a quadratic optimization problem is convex. The amount of
checking is controlled by Env. iparam.check_convexity. The function returns Env.rescode.err nonconvex

if the problem is not convex.
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See also:

Env.iparam.check_convexity
e mosek.Task.checkdata

Syntax:

public void checkdata ()
throws mosek.Error,
mosek.Warning;

Description: Checks the data of the optimization task.
e mosek.Task.checkmemtask

Syntax:

public void checkmemtask (
String file,
int line)
throws mosek.Error,
mosek.Warning;

Arguments:
file (input) File from which the function is called.
line (input) Line in the file from which the function is called.

Description: Checks the memory allocated by the task.
e mosek.Task.chgbound

Syntax:

public void chgbound (
int accmode,
int 1,
int lower,
int finite,
double value)
throws mosek.Error,
mosek.Warning;

Arguments:

API REFERENCE

accmode (input) Defines if operations are performed row-wise (constraint-oriented) or

column-wise (variable-oriented).

i (input) Index of the constraint or variable for which the bounds should be changed.

lower (input) If non-zero, then the lower bound is changed, otherwise the upper bound is

changed.
finite (input) If non-zero, then value is assumed to be finite.

value (input) New value for the bound.
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Description: Changes a bound for one constraint or variable. If accmode equals Env.accmode. con,
a constraint bound is changed, otherwise a variable bound is changed.

If lower is non-zero, then the lower bound is changed as follows:

—00, finite =0,

new lower bound = .
value otherwise.

Otherwise if lower is zero, then

00, finite =0,

new upper bound = { value otherwise.

Please note that this function automatically updates the bound key for bound, in particular,
if the lower and upper bounds are identical, the bound key is changed to fixed.

See also:

Task.putbound Changes the bound for either one constraint or one variable.
Env.dparam.data_tol_bound_inf

Env.dparam.data_tol_bound_wrn
e mosek.Task.clonetask

Syntax:

public void clonetask (TaskContainer clonedtask)
throws mosek.Error,
mosek.Warning;

Arguments:
clonedtask (output) The cloned task.

Description: Creates a clone of an existing task copying all problem data and parameter settings
to a new task. Call-back functions are not copied, so a task containing nonlinear functions
cannot be cloned.

e mosek.Task.commitchanges

Syntax:

public void commitchanges ()
throws mosek.Error,
mosek.Warning;

Description: Commits all cached problem changes to the task. It is usually not necessary
explicitly to call this function since changes will be committed automatically when required.

e mosek.Task.conetypetostr

Syntax:
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public void conetypetostr (
int conetype,
StringBuffer str)
throws mosek.Error,
mosek.Warning;

Arguments:

conetype (input) Specifies the type of the cone.
str (output) String corresponding to the cone type code codetype.

Description: Obtains the cone string identifier corresponding to a cone type.
e mosek.Task.deletesolution

Syntax:

public void deletesolution (int whichsol)
throws mosek.Error,
mosek.Warning;

Arguments:
whichsol (input) Selects a solution.

Description: Undefines a solution and frees the memory it uses.
e mosek.Task.dualsensitivity

Syntax:

public void dualsensitivity (

int[] subj,

double[] leftpricej,

double[] rightpricej,

double[] leftrangej,

double[] rightrangej)

throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

subj (input) Index of objective coefficients to analyze.

leftpricej (output) leftpricej[j] is the left shadow price for the coefficients with index
subjl[j].

rightpricej (output) rightpricej[j] is the right shadow price for the coefficients with
index subj[j].

leftrangej (output) leftrangej[j| is the left range (; for the coefficient with index
subj ]

rightrangej (output) rightrangej[j] is the right range (2 for the coefficient with index
subjl[j].
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Description: Calculates sensitivity information for objective coefficients. The indexes of the
coefficients to analyze are
{subj[i]li € 0,...,numj — 1}
The results are returned so that e.g leftprice[j] is the left shadow price of the objective
coefficient with index subjlj].

The type of sensitivity analysis to perform (basis or optimal partition) is controlled by the
parameter Env.iparam.sensitivity_type.

For an example, please see section 11.5.
See also:

Task.primalsensitivity Perform sensitivity analysis on bounds.
Task.sensitivityreport Creates a sensitivity report.
Env.iparam.sensitivity_type

Env.iparam.log sensitivity

Env.iparam.log sensitivity_opt
e mosek.Task.getaij

Syntax:

public void getaij (
int 1,
int j,
double[] aij)
throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

i (input) Row index of the coefficient to be returned.
j (input) Column index of the coefficient to be returned.
aij (output) The required coefficient a; ;.

Description: Obtains a single coefficient in A.
e mosek.Task.getapiecenumnz

Syntax:

public void getapiecenumnz (

int firsti,

int lasti,

int firstj,

int lastj,

int[] numnz)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;



178 CHAPTER 13. API REFERENCE

Arguments:

firsti (input) Index of the first row in the rectangular piece.

lasti (input) Index of the last row plus one in the rectangular piece.
firstj (input) Index of the first column in the rectangular piece.

lastj (input) Index of the last column plus one in the rectangular piece.
numnz (output) Number of non-zero A elements in the rectangular piece.

Description: Obtains the number non-zeros in a rectangular piece of A, i.e. the number
H(4,7) : a;; #0, firsti <i<lasti —1, firstj < j < lastj — 1}

where |Z| means the number of elements in the set Z.

This function is not an efficient way to obtain the number of non-zeros in one row or column.
In that case use the function Task.getavecnumnz.

See also:

Task.getavecnumnz Obtains the number of non-zero elements in one row or column of A.

Task.getaslicenumnz Obtains the number of non-zeros in a row or column slice of A.
e mosek.Task.getaslice

Syntax:

public void getaslice (

int accmode,

int first,

int last,

int[] surp,

int[] ptrb,

int[] ptre,

int[] sub,

double[] val)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

accmode (input) Defines whether a column-slice or a row-slice is requested.

first (input) Index of the first row or variable in the sequence.

last (input) Index of the last row or variable plus one in the sequence plus one.

surp (input/output) The required rows and columns are stored sequentially in sub and
val starting from position maxnumnz-surp[0]. Upon return surp has been decremented
by the total number of non-zero elements in the rows and columns obtained.

ptrb (output) ptrb[t] is an index pointing to the first element in the ¢tth row or column
obtained.

ptre (output) ptrelt] is an index pointing to the last element plus one in the tth row or
column obtained.
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sub (output) Contains the row or column subscripts.
val (output) Contains the numerical elements.

Description: Obtains a sequence of rows or columns from A in sparse format.
See also:

Task.getaslicenumnz Obtains the number of non-zeros in a row or column slice of A.
e mosek.Task.getaslicenumnz

Syntax:

public void getaslicenumnz (

int accmode,

int first,

int last,

int[] numnz)

throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

accmode (input) Defines whether non-zeros are counted in a column-slice or a row-slice.
first (input) Index of the first row or variable in the sequence.

last (input) Index of the last row or variable plus one in the sequence plus one.
numnz (output) Number of non-zeros in the slice.

Description: Obtains the number of non-zeros in a row or column slice of A.
e mosek.Task.getaslicetrip

Syntax:

public void getaslicetrip (

int accmode,

int first,

int last,

int[] surp,

int[] subi,

int[] subj,

double[] val)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

accmode (input) Defines whether a column-slice or a row-slice is requested.
first (input) Index of the first row or variable in the sequence.
last (input) Index of the last row or variable in the sequence plus one.
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surp (input/output) The required rows and columns are stored sequentially in subi and
val starting from position maxnumnz-surp[0]. On return surp has been decremented
by the total number of non-zero elements in the rows and columns obtained.

subi (output) Constraint subscripts.
subj (output) Variable subscripts.
val (output) Values.

Description: Obtains a sequence of rows or columns from A in a sparse triplet format.

See also:

Task.getaslicenumnz Obtains the number of non-zeros in a row or column slice of A.
o mosek.Task.getavec

Syntax:

public void getavec (

int accmode,

int i,

int[] nzi,

int[] subi,

double[] vali)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
accmode (input) Defines if operations are performed row-wise (constraint-oriented) or
column-wise (variable-oriented).
i (input) Index of the row or column.
nzi (output) Number of non-zeros in the vector obtained.
subi (output) Index of the non-zeros in the vector obtained.
vali (output) Numerical values of the vector to be obtained.
Description: Obtains one row or column of A in a sparse format. If accmode equals Env.accmode. con
a row is returned and hence:

valilk] = a; suifk), k=0,...,0nzi[0] —1
If accmode equals Env.accmode.var a column is returned, that is:
valilk] = aswifk),i» Kk =0,...,0zi[0] — 1.

e mosek.Task.getavecnumnz

Syntax:

public void getavecnumnz (
int accmode,
int 1,
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int[] nzj)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

accmode (input) Defines whether non-zeros are counted by columns or by rows.

i (input) Index of the row or column.

nzj (output) Number of non-zeros in the ith row or column of A.

Description: Obtains the number of non-zero elements in one row or column of A.

e mosek.Task.getbound

Syntax:

public void getbound (

int accmode,

int i,

int[] bk,

double[] bl,

double[] bu)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

181

accmode (input) Defines if operations are performed row-wise (constraint-oriented) or

column-wise (variable-oriented).

i (input) Index of the constraint or variable for which the bound information should be

obtained.
bk (output) Bound keys.
bl (output) Values for lower bounds.
bu (output) Values for upper bounds.

Description: Obtains bound information for one constraint or variable.

e mosek.Task.getboundslice

Syntax:

public void getboundslice (

int accmode,

int first,

int last,

int[] bk,

double[] bl,

double[] bu)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;
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Arguments:
accmode (input) Defines if operations are performed row-wise (constraint-oriented) or
column-wise (variable-oriented).
first (input) First index in the sequence.
last (input) Last index plus 1 in the sequence.
bk (output) Bound keys.
bl (output) Values for lower bounds.
bu (output) Values for upper bounds.
Description: Obtains bounds information for a sequence of variables or constraints.

e mosek.Task.getc

Syntax:

public void getc (double[] c)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
¢ (output) Linear terms of the objective as a dense vector. The lengths is the number of
variables.

Description: Obtains all objective coefficients c.
e mosek.Task.getcfix

Syntax:

public void getcfix (double[] cfix)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
cfix (output) Fixed term in the objective.

Description: Obtains the fixed term in the objective.
e mosek.Task.getcone

Syntax:

public void getcone (

int k,

int[] conetype,

double[] conepar,

int[] nummemn,

int[] submem)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;
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Arguments:
k (input) Index of the cone constraint.
conetype (output) Specifies the type of the cone.
conepar (output) This argument is currently not used. Can be set to 0.0.
nummen (output) Number of member variables in the cone.
submen (output) Variable subscripts of the members in the cone.

Description: Obtains a conic constraint.
e mosek.Task.getconeinfo

Syntax:

public void getconeinfo (
int k,
int[] conetype,
double[] conepar,
int[] nummem)
throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;
Arguments:
k (input) Index of the conic constraint.
conetype (output) Specifies the type of the cone.
conepar (output) This argument is currently not used. Can be set to 0.0.
nummem (output) Number of member variables in the cone.

Description: Obtains information about a conic constraint.
e mosek.Task.getconname

Syntax:
public void getconname (
int 1,
StringBuffer name)

throws mosek.Error,
mosek.Warning;

Arguments:
i (input) Index.
name (output) Is assigned the required name.
Description: Obtains a name of a constraint.
See also:
Task.getmaxnamelen Obtains the maximum length of any objective, constraint, variable

or cone name.

e mosek.Task.getcslice
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Syntax:

public void getcslice (
int first,
int last,
double[] c)
throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:
first (input) First index in the sequence.
last (input) Last index plus 1 in the sequence.

¢ (output) Linear terms of the objective as a dense vector. The lengths is the number of
variables.

Description: Obtains a sequence of elements in c.
o mosek.Task.getdouinf

Syntax:

public void getdouinf (
int whichdinf,
double[] dvalue)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

whichdinf (input) A double information item. See section 16.11 for the possible values.
dvalue (output) The value of the required double information item.

Description: Obtains a double information item from the task information database.
e mosek.Task.getdouparam

Syntax:

public void getdouparam (
int param,
double[] parvalue)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

param (input) Which parameter.
parvalue (output) Parameter value.

Description: Obtains the value of a double parameter.
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e mosek.Task.getdualobj

Syntax:

public void getdualobj (
int whichsol,
double[] dualobj)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

whichsol (input) Selects a solution.
dualobj (output) Objective value corresponding to the dual solution.

Description: Obtains the current objective value of the dual problem for whichsol.
e mosek.Task.getinfeasiblesubproblem

Syntax:

public void getinfeasiblesubproblem (
int whichsol,
TaskContainer inftask)
throws mosek.Error,
mosek.Warning;

Arguments:

whichsol (input) Which solution to use when determining the infeasible subproblem.
inftask (output) A new task containing the infeasible subproblem.

Description: Obtains an infeasible subproblem. The infeasible subproblem is a problem con-
sisting of a subset of the original constraints such that the problem is still infeasible. For
more information see section 9.

See also:

Env.iparam.infeas prefer_primal

Task.relaxprimal Creates a problem that finds the minimal change to the bounds that
makes an infeasible problem feasible.

e mosek.Task.getinfindex

Syntax:

public void getinfindex (
int inftype,
String infname,
int[] infindex)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;
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Arguments:
inftype (input) Type of the information item.
infname (input) Name of the information item.
infindex (output) The item index.

Description: Obtains the index of a named information item.
e mosek.Task.getinfmax

Syntax:

public void getinfmax (
int inftype,
int[] infmax)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
inftype (input) Type of the information item.
infmax (output)

Description: Obtains the maximum index of an information of a given type inftype plus 1.
e mosek.Task.getinfname

Syntax:

public void getinfname (
int inftype,
int whichinf,
StringBuffer infname)
throws mosek.Error,
mosek.Warning;

Arguments:

inftype (input) Type of the information item.

whichinf (input) An information item. See section 16.11 and section 16.14 for the possible
values.

infname (output) Name of the information item.

Description: Obtains the name of an information item.
e mosek.Task.getintinf

Syntax:

public void getintinf (
int whichiinf,
int[] ivalue)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;
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Arguments:

whichiinf (input) Specifies an information item.
ivalue (output) The value of the required integer information item.

Description: Obtains an integer information item from the task information database.
e mosek.Task.getintparam

Syntax:

public void getintparam (
int param,
int[] parvalue)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

param (input) Which parameter.
parvalue (output) Parameter value.

Description: Obtains the value of an integer parameter.
e mosek.Task.getmaxnamelen

Syntax:

public void getmaxnamelen (int[] maxlen)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
maxlen (output) The maximum length of any name.

Description: Obtains the maximum length of any objective, constraint, variable or cone name.
e mosek.Task.getmaxnumanz

Syntax:

public void getmaxnumanz (int[] maxnumanz)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
maxnumanz (output) Number of preallocated non-zero elements in A.

Description: Obtains number of preallocated non-zeros for A. When this number of non-zeros
is reached MOSEK will automatically allocate more space for A.

e mosek.Task.getmaxnumcon
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Syntax:

public void getmaxnumcon (int[] maxnumcon)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
maxnumcon (output) Number of preallocated constraints in the optimization task.

Description: Obtains the number of preallocated constraints in the optimization task. When
this number of constraints is reached MOSEK will automatically allocate more space for
constraints.

e mosek.Task.getmaxnumcone

Syntax:

public void getmaxnumcone (int[] maxnumcone)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
maxnumcone (output) Number of preallocated conic constraints in the optimization task.

Description: Obtains the number of preallocated cones in the optimization task. When this
number of cones is reached MOSEK will automatically allocate space for more cones.

e mosek.Task.getmaxnumgnz

Syntax:

public void getmaxnumqgnz (int[] maxnumqnz)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

maxnumqnz (output) Number of non-zero elements preallocated in quadratic coefficient
matrices.

Description: Obtains the number of preallocated non-zeros for @ (both objective and con-
straints). When this number of non-zeros is reached MOSEK will automatically allocate
more space for Q.

e mosek.Task.getmaxnumvar

Syntax:

public void getmaxnumvar (int[] maxnumvar)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;
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Arguments:
maxnumvar (output) Number of preallocated variables in the optimization task.

Description: Obtains the number of preallocated variables in the optimization task. When
this number of variables is reached MOSEK will automatically allocate more space for
constraints.

e mosek.Task.getmemusagetask

Syntax:

public void getmemusagetask (
int[] meminuse,
int[] maxmemuse)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

meminuse (output) Amount of memory currently used by the task.
maxmemuse (output) Maximum amount of memory used by the task until now.

Description: Obtains information about the amount of memory used by a task.
e mosek.Task.getname

Syntax:

public void getname (

int whichitemn,

int i,

int[] len,

StringBuffer name)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
whichitem (input) Problem item, i.e. a cone, a variable or a constraint name..
i (input) Index.
len (output) Is assigned the length of the required name.
name (output) Is assigned the required name.
Description: Obtains a name of a problem item, i.e. a cone, a variable or a constraint.
See also:
Task.getmaxnamelen Obtains the maximum length of any objective, constraint, variable
or cone name.

e mosek.Task.getnameindex

Syntax:
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public void getnameindex (

int whichitem,

String name,

int[] asgn,

int[] index)

throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

whichitem (input) Problem item, i.e. a cone, a variable or a constraint name..

name (input) The name which should be checked.

asgn (output) Is non-zero if name is assigned.

index (output) If the name identifies an item in the task, then index is assigned the index
of that item.

Description: Checks if a given name identifies a cone, a constraint or a variable in the task.
If it does, the index of that item is assigned to index, and a non-zero value is assigned to
asgn. If the name does not identify a problem item, asgn is assigned a zero.

e mosek.Task.getnumanz

Syntax:

public void getnumanz (int[] numanz)
throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:
numanz (output) Number of non-zero elements in A.
Description: Obtains the number of non-zeros in A.

e mosek.Task.getnumcon

Syntax:

public void getnumcon (int[] numcon)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
numcon (output) Number of constraints.

Description: Obtains the number of constraints.
e mosek.Task.getnumcone

Syntax:
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public void getnumcone (int[] numcone)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
numcone (output) Number conic constraints.

Description: Obtains the number of cones.
e mosek.Task.getnumconemem

Syntax:

public void getnumconemem (
int k,
int[] nummem)
throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;
Arguments:
k (input) Index of the cone.
nummen (output) Number of member variables in the cone.

Description: Obtains the number of members in a cone.
e mosek.Task.getnumintvar

Syntax:

public void getnumintvar (int[] numintvar)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
numintvar (output) Number of integer variables.

Description: Obtains the number of integer constrained variables.
e mosek.Task.getnumparam

Syntax:

public void getnumparam (
int partype,
int[] numparam)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
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partype (input) Parameter type.
numparam (output) Identical to the number of parameters of the type partype.

Description: Obtains the number of parameters of a given type.

e mosek.Task.getnumqconnz

Syntax:
public void getnumgconnz (
int i,
int[] numqcnz)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

i (input) Index of the constraint for which the quadratic terms should be obtained.
numgcnz (output) Number of quadratic terms. See (5.36).

Description: Obtains the number of non-zero quadratic terms in a constraint.

e mosek.Task.getnumqobjnz

Syntax:

public void getnumqobjnz (int[] numgonz)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
numgonz (output) Number of non-zero elements in Q°.

Description: Obtains the number of non-zero quadratic terms in the objective.

e mosek.Task.getnumvar

Syntax:

public void getnumvar (int[] numvar)
throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:
numvar (output) Number of variables.

Description: Obtains the number of variables.
mosek.Task.getobjname

Syntax:
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public void getobjname (
int[] 1len,
StringBuffer objname)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

len (output) Assigned the length of the objective name.

objname (output) Assigned the objective name.

Description: Obtains the name assigned to the objective function.
e mosek.Task.getobjsense

Syntax:

public void getobjsense (int[] sense)
throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

sense (output) The returned objective sense.
Description: Gets the objective sense of the task.
See also:

Task.putobjsense Sets the objective sense.
e mosek.Task.getparammax

Syntax:

public void getparammax (
int partype,
int[] parammax)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;
Arguments:
partype (input) Parameter type.
parammax (input)

Description: Obtains the maximum index of a parameter of a given type plus 1.
e mosek.Task.getparamname

Syntax:
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public void getparamname (
int partype,
int param,
StringBuffer parname)
throws mosek.Error,
mosek.Warning;

Arguments:

partype (input) Parameter type.
param (input) Which parameter.

parname (output) Parameter name.

Description: Obtains the name for a parameter param of type partype.
e mosek.Task.getprimalob]j

Syntax:

public void getprimalobj (
int whichsol,
double[] primalobj)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

whichsol (input) Selects a solution.

primalobj (output) Objective value corresponding to the primal solution.

Description: Obtains the primal objective value for a solution.
e mosek.Task.getprobtype

Syntax:

public void getprobtype (int[] probtype)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
probtype (output) The problem type.
Description: Obtains the problem type.

e mosek.Task.getqconk

Syntax:
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public void getqconk (

int k,

int[] qcsurp,

int[] numqgcnz,

int[] qcsubi,

int[] qcsubj,

double[] qgcval)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

k (input) Which constraint.

qcsurp (input/output) When entering the function it is assumed that the last gcsurp [0]
positions in gcsubi, qcsubj, and gcval are free. Hence, the quadratic terms are stored
in this area, and upon return qcsurp is number of free positions left in qcsubi, qcsubj,
and gcval.

numgcnz (output) Number of quadratic terms. See (5.36).

qcsubi (output) ¢ subscripts for qu See (5.36).

qcsubj (output) j subscripts for ¢;. See (5.36).

qcval (output) Numerical value for ¢f;.

Description: Obtains all the quadratic terms in a constraint. The quadratic terms are stored
sequentially qcsubi, gcsubj, and qcval.

e mosek.Task.getqobj

Syntax:

public void getqobj (

int[] qosurp,

int[] numqonz,

int[] qosubi,

int[] qosubj,

double[] qoval)

throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

qosurp (input/output) When entering the function gqosurp[0] is the number of free po-
sitions at the end of the arrays qosubi, qosubj, and qoval, and upon return qosurp
is the updated number of free positions left in those arrays.

numgonz (output) Number of non-zero elements in Q°.
gosubi (output) ¢ subscript for gf;.

gosubj (output) j subscript for gf;.

goval (output) Numerical value for gf;.
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Description: Obtains the quadratic terms in the objective. The required quadratic terms are
stored sequentially in qosubi, qosubj, and qoval.

e mosek.Task.getqobjij

Syntax:
public void getqobjij (

int i,

int j,

double[] qoij)

throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:
i (input) Row index of the coefficient.
j (input) Column index of coefficient.
qoij (output) The required coefficient.

Description: Obtains one coefficient ¢f; in the quadratic term of the objective.
e mosek.Task.getreducedcosts

Syntax:

public void getreducedcosts (

int whichsol,

int first,

int last,

double[] redcosts)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

whichsol (input) Selects a solution.
first (input) See formula (13.5) for the definition.
last (input) See formula (13.5) for the definition.

redcosts (output) The reduced costs in the required sequence of variables are stored
sequentially in redcosts starting at redcosts[0].

Description: Computes the reduced costs for a sequence of variables and return them in the
variable redcosts i.e.

redcosts[j — first +0] = (s7); — (si);, j = first,...,last — 1. (13.5)
e mosek.Task.getsolution

Syntax:
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public void getsolution (
int whichsol,
int[] prosta,
int[] solsta,
int[] skc,
int[] skx,
int[] skn,

double[]
double[]
double[]
double[]
double[]
double[]
double[]
double[]

xc,
XX,
e
slc,
suc,
slx,
sux,
snx)

throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

whichsol (input) Selects a solution.

prosta (output) Problem status.

solsta (output) Solution status.
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skc (output) Status keys for the constraints.

skx (output) Status keys for the variables.

skn (output) Status keys for the conic constraints.

xc (output) Primal constraint solution.

xx (output) Primal variable solution (z).

y (output) Vector of dual variables corresponding to the constraints.

slc (output) Dual variables corresponding to the lower bounds on the constraints (sf).

suc (output) Dual variables corresponding to the upper bounds on the constraints (s¢).

slx (output) Dual variables corresponding to the lower bounds on the variables (s7).

sux (output) Dual variables corresponding to the upper bounds on the variables (s%).

snx (output) Dual variables corresponding to the conic constraints on the variables (s%).

Description: Obtains the complete solution.

Consider the case of linear programming.

minimize
subject to

lC
lw

The primal problem is given by

Tr+cf
< Az < S, (13.6)
< T < U
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and the corresponding dual problem is

maximize (19)Ts8 — (u)T'sS
() s — (u) sy + cf
subject to ATy + s7 — 5% = ¢ (13.7)
—y + 8] — 55, = 0,

c C i x
sy,85,87,8, > 0.

In this case the mapping between variables and arguments to the function is as follows:
xx: Corresponds to variable x.
y: Corresponds to variable y.
slc: Corresponds to variable sj.
suc: Corresponds to variable s¢,.
slx: Corresponds to variable sj.
sux: Corresponds to variable si .
xc: Corresponds to Ax.

The meaning of the values returned by this function depend on the solution status returned
in the argument solsta. The most important possible values of solsta are:

Env.solsta.optimal An optimal solution satisfying the optimality criteria for continuous
problems is returned.

Env.solsta.integer_optimal An optimal solution satisfying the optimality criteria for
integer problems is returned.

Env.solsta.prim infeas _cer A primal certificate of infeasibility is returned.

Env.solsta.dual_infeas cer A dual certificate of infeasibility is returned.

See also:

Task.getsolutioni Obtains the solution for a single constraint or variable.
Task.getsolutionslice Obtains a slice of the solution.

e mosek.Task.getsolutioni

Syntax:

public void getsolutioni (

int accmode,

int i,

int whichsol,

int[] sk,

double[] x,

double[] s1,

double[] su,

double[] sn)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
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accmode (input) Defines if operations are performed row-wise (constraint-oriented) or
column-wise (variable-oriented).

i (input) Index of the constraint or variable.

whichsol (input) Selects a solution.

sk (output) Status key of the constraint of variable.

x (output) Solution value of the primal variable.

sl (output) Solution value of the dual variable associated with the lower bound.

su (output) Solution value of the dual variable associated with the upper bound.

sn (output) Solution value of the dual variable associated with the cone constraint.

Description: Obtains the primal and dual solution information for a single constraint or vari-

able.

See also:

Task.getsolution Obtains the complete solution.

Task.getsolutionslice Obtains a slice of the solution.

e mosek.Task.getsolutioninf

Syntax:

public void getsolutioninf (
int whichsol,
int[] prosta,
int[] solsta,

double[]
double[]
double[]
double[]
double[]
double[]
double[]
double[]
double[]

primalobj,
maxpbi,
maxpcni,
maxpedqi,
maxinti,
dualobj,
maxdbi,
maxdcni,
maxdeqi)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

whichsol (input) Selects a solution.

prosta (output) Problem status.

solsta (output) Solution status.

primalobj (output) Objective value corresponding to the primal solution.

maxpbi (output) Maximum primal bound infeasibility.

maxpcni (output) Maximum infeasibility in the primal conic constraints.

maxpeqi (output) Maximum infeasibility in the primal equality constraints.

maxinti (output) Maximum infeasibility in integer constraints.



200 CHAPTER 13. API REFERENCE

dualobj (output) Objective value corresponding to the dual solution.
maxdbi (output) Maximum dual bound infeasibility.

maxdcni (output) Maximum infeasibility in the dual conic constraints.
maxdeqi (output) Maximum infeasibility in the dual equality constraints.

Description: Obtains information about a solution.
e mosek.Task.getsolutionslice

Syntax:

public void getsolutionslice (

int whichsol,

int solitem,

int first,

int last,

double[] values)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

whichsol (input) Selects a solution.
solitem (input) Which part of the solution is required.
first (input) Index of the first value in the slice.

last (input) Value of the last index+1 in the slice, eh. if zx[5,...,9] is required last

should be 10.

values (output) The values in the required sequence are stored sequentially in values

starting at values[0].

Description: Obtains a slice of the solution.
Consider the case of linear programming. The primal problem is given by

minimize o+ cf
subject to ¢ < Ax < wuf,
r < T < U
and the corresponding dual problem is
maximize (19)Ts8 — (u)T's¢
+(17) sp = (uh) sy + ¢
subject to ATy + s7 — s¢ = ¢
-y + s — s, = 0,

c c x x
51y 8us 81y Sy > 0.

The solitem argument determines which part of the solution is returned:

Env.solitem.xx: The variable values return x.

Env.solitem.y: The variable values return y.

(13.8)

(13.9)
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Env.solitem.slc: The variable values return sj.
Env.solitem.suc: The variable values return s¢.
Env.solitem.slx: The variable values return sj.

Env.solitem.sux: The variable values return si,.

A conic optimization problem has the same primal variables
that the dual of a conic optimization problem is given by:

maximize (19)Tsg — (u) TS

+()Tsp = (um) sy + ¢

subject to ATy + s7 — sZ + s
—Y+ 5] — sy
S7+Sus 1+ Su
sy eC*

as

AVAN|

201

in the linear case. Recall

(13.10)

This introduces one additional dual variable s¥. This variable can be acceded by selecting

solitem as Env.solitem.snx.

The meaning of the values returned by this function also depends on the solution status
which can be obtained with Task.getsolutionstatus. Depending on the solution status

value will be:

Env.solsta.optimal A part of the optimal solution satisfying the optimality criteria for

continuous problems.

Env.solsta.integer optimal A part of the optimal solution satisfying the optimality

criteria for integer problems.

Env.solsta.prim_infeas cer A part of the primal certificate of infeasibility.

Env.solsta.dual _infeas cer A part of the dual certificate of infeasibility.

See also:

Task.getsolution Obtains the complete solution.

Task.getsolutioni Obtains the solution for a single constraint or variable.

e mosek.Task.getsolutionstatus

Syntax:

public void getsolutionstatus (
int whichsol,
int[] prosta,
int[] solsta)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

whichsol (input) Selects a solution.
prosta (output) Problem status.
solsta (output) Solution status.
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Description: Obtains information about the problem and solution statuses.
e mosek.Task.getsolutionstatuskeyslice

Syntax:

public void getsolutionstatuskeyslice (

int accmode,

int whichsol,

int first,

int last,

int[] sk)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
accmode (input) Defines if operations are performed row-wise (constraint-oriented) or
column-wise (variable-oriented).
whichsol (input) Selects a solution.
first (input) Index of the first value in the slice.

last (input) Value of the last index+1 in the slice, e.g. if xz[5,...,9] is required last
should be 10.

sk (output) The status keys in the required sequence are stored sequentially in sk starting
at sk[0].

Description: Obtains a slice of the solution status keys.
See also:

Task.getsolution Obtains the complete solution.
Task.getsolutioni Obtains the solution for a single constraint or variable.

e mosek.Task.getstrparam

Syntax:

public void getstrparam (
int param,
int[] 1len,
StringBuffer parvalue)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

param (input) Which parameter.
len (output) The length of the parameter value.
parvalue (output) If this is not NULL, the parameter value is stored here.

Description: Obtains the value of a string parameter.
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e mosek.Task.getsymbcon

Syntax:

public void getsymbcon (

int i,

int maxlen,

StringBuffer name,

int[] value)

throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:
i (input) Index.
maxlen (input) The length of the buffer pointed to by the value argument.
name (output) Name of the ith symbolic constant.
value (output) The corresponding value.

Description: Obtains the name and corresponding value for the ith symbolic constant.

e mosek.Task.gettaskname

Syntax:

public void gettaskname (
int[] 1len,
StringBuffer taskname)
throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

len (output) Is assigned the length of the task name.
taskname (output) Is assigned the task name.

Description: Obtains the name assigned to the task.
e mosek.Task.getvarbranchdir

Syntax:

public void getvarbranchdir (
int j,
int[] direction)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

j (input) Index of the variable.

203
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direction (output) The branching direction assigned to variable j.

Description: Obtains the branching direction for a given variable j.
e mosek.Task.getvarbranchorder

Syntax:

public void getvarbranchorder (
int j,
int[] priority,
int[] direction)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

j (input) Index of the variable.
priority (output) The branching priority assigned to variable j.
direction (output) The preferred branching direction for variable j.

Description: Obtains the branching priority and direction for a given variable j.
e mosek.Task.getvarbranchpri

Syntax:
public void getvarbranchpri (
int j,
int[] priority)
throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;
Arguments:
j (input) Index of the variable.
priority (output) The branching priority assigned to variable j.

Description: Obtains the branching priority for a given variable j.
e mosek.Task.getvarname

Syntax:

public void getvarname (
int i,
StringBuffer name)
throws mosek.Error,
mosek.Warning;

Arguments:

i (input) Index.
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name (output) Is assigned the required name.
Description: Obtains a name of a variable.
See also:
Task.getmaxnamelen Obtains the maximum length of any objective, constraint, variable
or cone name.

e mosek.Task.getvartype

Syntax:

public void getvartype (
int j,
int[] vartype)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

j (input) Index of the variable.
vartype (output) Variable type of variable j.

Description: Gets the variable type of one variable.
e mosek.Task.getvartypelist

Syntax:

public void getvartypelist (
int[] subj,
int[] vartype)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

subj (input) A list of variable indexes.
vartype (output) The variables types corresponding to the variables specified by subj.

Description: Obtains the variable type of one or more variables.
Upon return vartype [k] is the variable type of variable subj [k].
e mosek.Task.initbasissolve

Syntax:

public void initbasissolve (int[] basis)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
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basis (output) The array of basis indexes to use.
The array is interpreted as follows: If basis[i] < numcon — 1, then Tiasis)i]
basis at position 4, otherwise Tpasis[i]—nuncon 15 in the basis at position 4.

is in the

Description: Prepare a task for use with the Task.solvewithbasis function.
This function should be called

— immediately before the first call to Task.solvewithbasis, and

— immediately before any subsequent call to Task.solvewithbasis if the task has been
modified.

e mosek.Task.inputdata

Syntax:

public void inputdata (

int maxnumcon,

int maxnumvar,

double[] c,

double cfix,

int[] aptrb,

int[] aptre,

int[] asub,

double[] aval,

int[] bkc,

double[] blc,

double[] buc,

int[] bkx,

double[] blx,

double[] bux)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

maxnumcon (input) Number of preallocated constraints in the optimization task.
maxnumvar (input) Number of preallocated variables in the optimization task.

¢ (input) Linear terms of the objective as a dense vector. The lengths is the number of
variables.

cfix (input) Fixed term in the objective.

aptrb (input) Pointer to the first element in the rows or the columns of A. See (5.37) and
section 5.8.3.

aptre (input) Pointers to the last element + 1 in the rows or the columns of A. See (5.37)
and section 5.8.3

asub (input) Coefficient subscripts. See (5.37) and section 5.8.3.
aval (input) Coefficient values. See (5.37) and section 5.8.3.
bkc (input) Bound keys for the constraints.
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blc (input) Lower bounds for the constraints.
buc (input) Upper bounds for the constraints.
bkx (input) Bound keys for the variables.

blx (input) Lower bounds for the variables.

bux (input) Upper bounds for the variables.

Description: Input the linear part of an optimization problem.

The non-zeros of A are inputted column-wise in the format described in section 5.8.3.2.

For an explained code example see section 5.2 and section 5.8.3.
e mosek.Task.isdouparname

Syntax:

public void isdouparname (
String parname,
int[] param)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

parname (input) Parameter name.

param (output) Which parameter.

Description: Checks whether parname is a valid double parameter name.
e mosek.Task.isintparname

Syntax:

public void isintparname (
String parname,
int[] param)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

parname (input) Parameter name.

param (output) Which parameter.

Description: Checks whether parname is a valid integer parameter name.
e mosek.Task.isstrparname

Syntax:

207
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public void isstrparname (
String parname,
int[] param)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;
Arguments:
parname (input) Parameter name.
param (output) Which parameter.

Description: Checks whether parname is a valid string parameter name.
e mosek.Task.linkfiletotaskstream

Syntax:

public void linkfiletotaskstream (
int whichstreamn,
String filename,
int append)
throws mosek.Error,
mosek.Warning;
Arguments:

whichstream (input) Index of the stream.

filename (input) The name of the file where text from the stream defined by whichstream
is written.

append (input) If this argument is 0 the output file will be overwritten, otherwise text is
append to the output file.

Description: Directs all output from a task stream to a file.
e mosek.Task.makesolutionstatusunknown

Syntax:

public void makesolutionstatusunknown (int whichsol)
throws mosek.Error,
mosek.Warning;

Arguments:
whichsol (input) Selects a solution.

Description: Sets the solution status to unknown. Also all the status keys for the constraints
and the variables are set to unknown.

e mosek.Task.optimize

Syntax:
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public void optimize ()
throws mosek.Error,
mosek.Warning;

Description: Calls the optimizer. Depending on the problem type and the selected solver this
will call one of the solvers in MOSEK.

See also:

Task.optimizeconcurrent Optimize a given task with several optimizers concurrently.
Task.getsolution Obtains the complete solution.

Task.getsolutioni Obtains the solution for a single constraint or variable.
Task.getsolutioninf Obtains information about a solution.

Env.iparam.optimizer

e mosek.Task.optimizeconcurrent
Syntax:

public void optimizeconcurrent (Task[] taskarray)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
taskarray (input) An array of num tasks.

Description: Solves several instances of the same problem in parallel, with unique parameter
settings for each task. The argument task contains the problem to be solved. taskarray
is a pointer to an array of num empty tasks. The task task and the num tasks pointed to by
taskarray are solved in parallel. That is num 4 1 threads are started with one optimizer in
each. Each of the tasks can be initialized with different parameters, e.g different selection
of solver.

All the concurrently running tasks are stopped when the optimizer successfully terminates
for one of the tasks. After the function returns task contains the solution found by the task
that finished first.

After Task.optimizeconcurrent returns task holds the optimal solution of the task which
finished first. If all the concurrent optimizations finished without providing an optimal
solution the error code from the solution of the task task is returned.

In summary a call to Task.optimizeconcurrent does the following:
1. All data except task parameters (Env.iparam, Env.dparam and Env.sparam) in task

is copied to each of the tasks in taskarray. In particular this means that any solution
in task is copied to the other tasks. Call-back functions are not copied.

2. The tasks task and the num tasks in taskarray are started in parallel.

3. When a task finishes providing an optimal solution (or a certificate of infeasibility) its
solution is copied to task and all other tasks are stopped.

For an explained code example see section 7.6.4.

e mosek.Task.optimizetrm
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Syntax:

public void optimizetrm (int[] trmcode)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
trmcode (output) Is either Env.rescode.ok or a termination response code.

Description: This function is equivalent to Task.optimize except in the case where Task.optimize
would have returned a termination response code such as

— Env.rescode.trm max_iterations or

— Env.rescode.trm_stall.
e mosek.Task.primalsensitivity

Syntax:

public void primalsensitivity (

int[] subi,

int[] marki,

int[] subj,

int[] markj,

double[] leftpricei,

double[] rightpricei,

double[] leftrangei,

double[] rightrangei,

double[] leftpricej,

double[] rightpricej,

double[] leftrangej,

double[] rightrangej)

throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

subi (input) Indexes of bounds on constraints to analyze.

marki (input) The value of marki[i] specifies for which bound (upper or lower) on con-
straint subi[i] sensitivity analysis should be performed.

subj (input) Indexes of bounds on variables to analyze.

markj (input) The value of markj[j] specifies for which bound (upper or lower) on vari-
able subj [j] sensitivity analysis should be performed.

leftpricei (output) leftpriceil[i] is the left shadow price for the upper/lower bound
(indicated by marki[i]) of the constraint with index subil[i].

rightpricei (output) rightpriceilil is the right shadow price for the upper/lower
bound (indicated by marki[i]) of the constraint with index subi[i].
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leftrangei (output) leftrangeili] is the left range for the upper/lower bound (indi-
cated by marki[il) of the constraint with index subil[il.

rightrangei (output) rightrangeili] is the right range for the upper/lower bound (in-
dicated by marki[i]) of the constraint with index subi[i].

leftpricej (output) leftpricej[j] is the left shadow price for the upper/lower bound
(indicated by marki[j]) on variable subj [j].

rightpricej (output) rightpricej[j] is the right shadow price for the upper/lower
bound (indicated by marki[j]) on variable subj[j] .

leftrangej (output) leftrangej[j] is the left range for the upper/lower bound (indi-
cated by marki[j]) on variable subj[j].

rightrangej (output) rightrangej[j] is the right range for the upper/lower bound (in-
dicated by marki[j]) on variable subj[j].

Description: Calculates sensitivity information for bounds on variables and constraints.
For details on sensitivity analysis and the definitions of shadow price and linearity interval
see chapter 11.

The constraints for which sensitivity analysis is performed are given by the data structures:

1. subi Index of constraint to analyze.

2. marki Indicate for which bound of constraint subi [i] sensitivity analysis is performed.
If marki[i] = Env.mark.up the upper bound of constraint subi[i] is analyzed, and
if marki[i] = Env.mark.lo the lower bound is analyzed. If subil[i] is an equality
constraint, either Env.mark.lo or Env.mark.up can be used to select the constraint for
sensitivity analysis.

Consider the problem:

minimize 1+ X9
subject to — 1 < T, — To
Z1
X1 Z 07£C2 Z 0

’ (13.11)

I IA

Suppose that

numi = 1;
subi = [0];
marki = [Env.mark.up]

then

leftpricei[0], rightpricei[0], leftrangei[0] and rightrangei[0] will contain the
sensitivity information for the upper bound on constraint 0 given by the expression:

X1 — T2 S 1 (1312)

Similarly, the variables for which to perform sensitivity analysis are given by the structures:

1. subj Index of variables to analyze.
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2. markj Indicate for which bound of variable subi[j] sensitivity analysis is performed.

If markj[j] = Env.mark.up the upper bound of constraint subi[j] is analyzed, and
if markj[j] = Env.mark.lo the lower bound is analyzed. If subi[j] is an equality
constraint, either Env.mark.1lo or Env.mark.up can be used to select the constraint for
sensitivity analysis.

For an example, please see section 11.5.

The type of sensitivity analysis to be performed (basis or optimal partition) is controlled

by the parameter Env.iparam.sensitivity_type.

See also:

Task.dualsensitivity Performs sensitivity analysis on objective coefficients.
Task.sensitivityreport Creates a sensitivity report.
Env.iparam.sensitivity_type

Env.iparam.log sensitivity

Env.iparam.log sensitivity_opt
e mosek.Task.probtypetostr

Syntax:

public void probtypetostr (
int probtype,
StringBuffer str)
throws mosek.Error,
mosek.Warning;

Arguments:

probtype (input) Problem type.
str (output) String corresponding to the problem type key probtype.

Description: Obtains a string containing the name of a problem type given.
e mosek.Task.prostatostr

Syntax:

public void prostatostr (
int prosta,
StringBuffer str)
throws mosek.Error,
mosek.Warning;
Arguments:
prosta (input) Problem status.
str (output) String corresponding to the status key prosta.

Description: Obtains a string containing the name of a problem status given.

e mosek.Task.putaij
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Syntax:
public void putaij (
int i,
int j,
double aij)
throws mosek.Error,
mosek.Warning;

Arguments:

i (input) Index of the constraint in which the change should occur.
j (input) Index of the variable in which the change should occur.
aij (input) New coefficient for a; ;.

Description: Changes a coefficient in A using the method
aij = alJ .

See also:

Task.putavec Replaces all elements in one row or column of A.

Task.putaijlist Changes one or more coefficients in A.

Comments:
e mosek.Task.putaijlist

Syntax:

public void putaijlist (
int[] subi,
int[] subj,
double[] valij)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

subi (input) Constraint indexes in which the change should occur.
subj (input) Variable indexes in which the change should occur.
valij (input) New coefficient values for a; ;.

Description: Changes one or more coefficients in A using the method
asubi[k]’subj k] = Valij [k}, k= O, ..., num — 1.

If the same a; ; entry appears multiple times only the last one will be used.
See also:

Task.putavec Replaces all elements in one row or column of A.
Task.putaij Changes a single value in the linear coefficient matrix.
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Task.putmaxnumanz The function changes the size of the preallocated storage for linear
coeflicients.

Comments:
e mosek.Task.putavec

Syntax:

public void putavec (

int accmode,

int i,

int[] asub,

double[] aval)

throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

accmode (input) Defines whether to replace a column or a row.

i (input) If accmode equals Env.accmode. con, then i is a constraint index. Otherwise it
is a column index.

asub (input) Index of the a; ; values that should be changed.

aval (input) New qa; ; values.

Description: Replaces all elements in one row or column of A.
Assuming that there are no duplicate subscripts in asub, assignment is performed as follows:

— If accmode is Env.accmode. con, then
3 asuwo[k] = avallk], k=0,...,nzi—1

and all other a; . = 0.

— If accmode is Env.accmode.var, then
Qasub[k],s = avallk], k=0,...,nzi—1

and all other a.; = 0.

If asub contains duplicates, the corresponding coefficients will be added together.

For an explanation of the meaning of ptrb and ptre see 5.8.3.2 and ?7.
See also:

Task.putaij Changes a single value in the linear coefficient matrix.

Task.putmaxnumanz The function changes the size of the preallocated storage for linear
coefficients.

e mosek.Task.putaveclist

Syntax:
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public void putaveclist (

int accmode,

int[] sub,

int[] ptrb,

int[] ptre,

int[] asub,

double[] aval)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
accmode (input) Defines if operations are performed row-wise (constraint-oriented) or
column-wise (variable-oriented).
sub (input) Indexes of rows or columns that should be replaced. sub should not contain
duplicate values.

ptrb (input) Array of pointers to the first element in the rows or columns stored in asub
and aval. For an explanation of the meaning of ptrb see 5.8.3.2 and section 77.

ptre (input) Array of pointers to the last element plus one in the rows or columns stored
in asub and aval. For an explanation of the meaning of ptre see 5.8.3.2 and section
7?7

asub (input) If accmode is Env.accmode. con, then asub contains the new variable indexes,
otherwise it contains the new constraint indexes.
aval (input) Coefficient values. See (5.37) and section 5.8.3.
Description: Replaces all elements in a set of rows or columns of A.

The elements are replaced as follows.

— If accmode is Env.accmode. con, then for 4 =0,...,num — 1
sub[i],asublk] = aval[k], k= aptrb[i],..., aptre[i] — 1.

— If accmode is Env.accmode.var, then for 4 =0,...,num — 1
Qasub[k],suw[i] = aval[k], k = aptrb[i],..., aptre[i] — 1.

If the same row or column appears multiple times only the last one will be used.

See also:

Task.putavec Replaces all elements in one row or column of A.
Task.putaij Changes a single value in the linear coefficient matrix.

Task.putmaxnumanz The function changes the size of the preallocated storage for linear
coeflicients.

e mosek.Task.putbound

Syntax:
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public void putbound (
int accmode,
int 1,
int bk,
double bl,
double bu)
throws mosek.Error,
mosek.Warning;

Arguments:
accmode (input) Defines whether the bound for a constraint or a variable is changed.
i (input) Index of the constraint or variable.
bk (input) New bound key.
bl (input) New lower bound.
bu (input) New upper bound.

Description: Changes the bounds for either one constraint or one variable.
If the a bound value specified is numerically larger than Env.dparam.data_tol bound_inf
it is considered infinite and the bound key is changed accordingly. If a bound value is
numerically larger than Env.dparam.data_tol_bound_wrn, a warning will be displayed, but
the bound is inputted as specified.

See also:

Task.chgbound Changes the bounds for one constraint or variable.
Task.putboundlist Changes the bounds of constraints or variables.

e mosek.Task.putboundlist

Syntax:

public void putboundlist (

int accmode,

int[] sub,

int[] bk,

double[] bl,

double[] bu)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

accmode (input) Defines whether bounds for constraints (Env.accmode.con) or variables
(Env.accmode.var) are changed.

sub (input) Subscripts of the bounds that should be changed.

bk (input) If con is non-zero (zero), then constraint (variable) sub[t] is assigned the key
bk[t].

bl (input) If con is non-zero (zero), then constraint (variable) sub[t] is assigned the lower
bound bl [t].
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bu (input) If con is non-zero (zero), then constraint (variable) sub[t] is assigned the
upper bound bu[t].

Description: Changes the bounds for either some constraints or variables. If multiple bound
changes are specified for a constraint or a variable, only the last change takes effect.

See also:

Task.putbound Changes the bound for either one constraint or one variable.
Env.dparam.data_tol_bound_inf

Env.dparam.data_tol_bound_wrn
e mosek.Task.putboundslice

Syntax:

public void putboundslice (

int con,

int first,

int last,

int[] bk,

double[] bl,

double[] bu)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

con (input) Defines whether bounds for constraints (Env.accmode . con) or variables (Env.accmode. var)
are changed.

first (input) First index in the sequence.

last (input) Last index plus 1 in the sequence.

bk (input) Bound keys.

bl (input) Values for lower bounds.

bu (input) Values for upper bounds.

Description: Changes the bounds for a sequence of variables or constraints.
See also:

Task.putbound Changes the bound for either one constraint or one variable.
Env.dparam.data_tol_bound_inf

Env.dparam.data_tol_bound wrn
e mosek.Task.putcfix

Syntax:

public void putcfix (double cfix)
throws mosek.Error,
mosek.Warning;
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Arguments:
cfix (input) Fixed term in the objective.

Description: Replaces the fixed term in the objective by a new one.

e mosek.Task.putc]j

Syntax:
public void putcj (
int j,
double cj)

throws mosek.Error,
mosek.Warning;

Arguments:
j (input) Index of the variable for which ¢ should be changed.
cj (input) New value of ¢;.

Description: Modifies one coefficient in the linear objective vector c, i.e.

Cj = Cj.

e mosek.Task.putclist

Syntax:

public void putclist (
int[] subj,
double[] val)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

subj (input) Index of variables for which ¢ should be changed.

API REFERENCE

val (input) New numerical values for coefficients in ¢ that should be modified.

Description: Modifies elements in the linear term c in the objective using the principle

Cowpjf¢] = Vallt], ¢=0,...,num— 1.

If a variable index is specified multiple times in subj only the last entry is used.

e mosek.Task.putcone

Syntax:

public void putcone (
int k,
int conetype,
double conepar,
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int[] submem)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

k (input) Index of the cone.
conetype (input) Specifies the type of the cone.

conepar (input) This argument is currently not used. Can be set to 0.0.

submen (input) Variable subscripts of the members in the cone.

Description: Replaces a conic constraint.
e mosek.Task.putdouparam

Syntax:

public void putdouparam (
int param,
double parvalue)
throws mosek.Error,
mosek.Warning;

Arguments:

param (input) Which parameter.
parvalue (input) Parameter value.

Description: Sets the value of a double parameter.
e mosek.Task.putintparam

Syntax:

public void putintparam (

int param,

int parvalue)

throws mosek.Error,

mosek.Warning;
Arguments:

param (input) Which parameter.
parvalue (input) Parameter value.

Description: Sets the value of an integer parameter.
e mosek.Task.putmaxnumanz

Syntax:

public void putmaxnumanz (int maxnumanz)
throws mosek.Error,
mosek.Warning;

219
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Arguments:
maxnumanz (input) New size of the storage reserved for storing A.

Description: MOSEK stores only the non-zero elements in A. Therefore, MOSEK cannot
predict how much storage is required to store A. Using this function it is possible to specify
the number of non-zeros to preallocate for storing A.

If the number of non-zeros in the problem is known, it is a good idea to set maxnumanz
slightly larger than this number, otherwise a rough estimate can be used. In general, if A is
inputted in many small chunks, setting this value may speed up the the data input phase.

It is not mandatory to call this function, since MOSEK will reallocate internal structures
whenever it is necessary.
See also:

Env.iparam.maxnumanz_double_trh

Env.iinfitem.stonum_a_realloc
e mosek.Task.putmaxnumcon

Syntax:

public void putmaxnumcon (int maxnumcon)
throws mosek.Error,
mosek.Warning;

Arguments:
maxnumcon (input) Number of preallocated constraints in the optimization task.

Description: Sets the number of preallocated constraints in the optimization task. When this
number of constraints is reached MOSEK will automatically allocate more space for con-
straints.

It is never mandatory to call this function, since MOSEK will reallocate any internal struc-
tures whenever it is required.

Please note that maxnumcon must be larger than the current number of constraints in the
task.

e mosek.Task.putmaxnumcone

Syntax:

public void putmaxnumcone (int maxnumcone)
throws mosek.Error,
mosek.Warning;

Arguments:
maxnumcone (input) Number of preallocated conic constraints in the optimization task.

Description: Sets the number of preallocated conic constraints in the optimization task. When
this number of conic constraints is reached MOSEK will automatically allocate more space
for conic constraints.

It is never mandatory to call this function, since MOSEK will reallocate any internal struc-
tures whenever it is required.
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Please note that maxnumcon must be larger than the current number of constraints in the
task.

e mosek.Task.putmaxnumgnz

Syntax:

public void putmaxnumgnz (int maxnumqnz)
throws mosek.Error,
mosek.Warning;

Arguments:

maxnumgnz (input) Number of non-zero elements preallocated in quadratic coefficient ma-
trices.

Description: MOSEK stores only the non-zero elements in ). Therefore, MOSEK cannot
predict how much storage is required to store (). Using this function it is possible to specify
the number non-zeros to preallocate for storing @ (both objective and constraints).

It may be advantageous to reserve more non-zeros for A than actually needed since it may
improve the internal efficiency of MOSEK, however, it is never worthwhile to specify more
than the double of the anticipated number of non-zeros in A.

It is never mandatory to call this function, since its only function is to give a hint of the
amount of data to preallocate for efficiency reasons.

e mosek.Task.putmaxnumvar

Syntax:

public void putmaxnumvar (int maxnumvar)
throws mosek.Error,
mosek.Warning;

Arguments:
maxnumvar (input) Number of preallocated variables in the optimization task.

Description: Sets the number of preallocated variables in the optimization task. When this
number of variables is reached MOSEK will automatically allocate more space for variables.

It is never mandatory to call this function, since its only function is to give a hint of the
amount of data to preallocate for efficiency reasons.

Please note that maxnumvar must be larger than the current number of variables in the task.
e mosek.Task.putnadouparam

Syntax:

public void putnadouparam (
String paramname,
double parvalue)
throws mosek.Error,
mosek.Warning;

Arguments:
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paramname (input) Name of a MOSEK parameter.
parvalue (input) Parameter value.

Description: Sets the value of a named double parameter.

e mosek.Task.putnaintparam

Syntax:

public void putnaintparam (
String paramname,
int parvalue)
throws mosek.Error,
mosek.Warning;

Arguments:

paramname (input) Name of a MOSEK parameter.
parvalue (input) Parameter value.

Description: Sets the value of a named integer parameter.

e mosek.Task.putname

Syntax:

public void putname (
int whichitemn,
int i,
String name)
throws mosek.Error,
mosek.Warning;

Arguments:
whichitem (input) Problem item, i.e. a cone, a variable or a constraint name..
i (input) Index.
name (input) New name to be assigned to the item.

Description: Assigns the name defined by name to a problem item (a variable, a constraint or
a cone).

e mosek.Task.putnastrparam

Syntax:

public void putnastrparam (
String paramname,
String parvalue)
throws mosek.Error,
mosek.Warning;

Arguments:

paramname (input) Name of a MOSEK parameter.
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parvalue (input) Parameter value.

Description: Sets the value of a named string parameter.
e mosek.Task.putobjname

Syntax:

public void putobjname (String objname)
throws mosek.Error,
mosek.Warning;

Arguments:
objname (input) Name of the objective.

Description: Assigns the name given by objname to the objective function.
e mosek.Task.putobjsense

Syntax:

public void putobjsense (int sense)
throws mosek.Error,
mosek.Warning;

Arguments:

sense (input) The objective sense of the task. The values Env.objsense.maximize and
Env.objsense.minimize means that the the problem is maximized or minimized re-
spectively. The value Env.objsense.undefined means that the objective sense is taken
from the parameter Env.iparam.objective_sense.

Description: Sets the objective sense of the task.
See also:

Task.getobjsense Gets the objective sense.
e mosek.Task.putparam

Syntax:

public void putparam (
String parname,
String parvalue)
throws mosek.Error,
mosek.Warning;

Arguments:

parname (input) Parameter name.
parvalue (input) Parameter value.

Description: Checks if a parname is valid parameter name. If it is, the parameter is assigned
the value specified by parvalue.

e mosek.Task.putqcon
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Syntax:

public void putqcon (

int[] qcsubk,

int[] qcsubi,

int[] qcsubj,

double[] gcval)

throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:
qcsubk (input) k subscripts for qu See (5.36).
qcsubi (input) ¢ subscripts for qu See (5.36).
qcsubj (input) j subscripts for ¢f;. See (5.36).
qcval (input) Numerical value for qu

Description: Replaces all quadratic entries in the constraints. Consider constraints on the

form:
1 numvar—1 numvar—1 numvar—1
I < 3 Z Z quxixj—&— Z ag;jr; <up, k=0,...,m—1 (13.13)
=0 7=0 7=0

The function assigns values to ¢ such that:

gz:szf[[:]] qcsubj[t] - qcval [t], t= Oa ..., numqcnz — 1. (1314)
and
qcsubk[t] = qcvallt], t =0,...,numqcnz — 1. (13.15)

qcsubj[t],qcsubift]
Values not assigned are set to zero.

See also:

Task.putqconk Replaces all quadratic terms in a single constraint.
Task.putmaxnumgnz Changes the size of the preallocated storage for Q.

e mosek.Task.putqconk

Syntax:

public void putgqconk (

int k,

int[] qcsubi,

int[] qcsubj,

double[] qcval)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;
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Arguments:
k (input) The constraint in which new the @ elements are inserted.
qcsubi (input) i subscripts for ¢f;. See (5.36).
qcsubj (input) j subscripts for ¢;. See (5.36).
qcval (input) Numerical value for qu

Description: Replaces all the quadratic entries in one constraint & of the form:

1 numvar —1 numvar—1 numvar—1
k
I < 3 E E 4;;TiTj + g ak;jr; < uj. (13.16)
=0 j=0 j=0

It is assumed that QF is symmetric, i.e. qu = q;?i, and therefore, only the values of qu
for which ¢ > j should be inputted to MOSEK. To be precise, MOSEK uses the following
procedure

Q¥ =0

for t = 0 to numqonz — 1

k

— 4k
qlcsubi[t],qcsubj [t] — qzcsubi[t],qcsubj [t] + qcval[t]

w W=

Qqcsubj [t],qcsubi[t] qqcsubj [t],qcsubi[t] + qCV&l[t]

Please note that:
— For large problems it is essential for the efficiency that the function Task.putmaxnumgnz
is employed to specify an appropriate maxnumqnz.

— Only the lower triangular part should be specified because Q¥ is symmetric. Specifying
values for qu where ¢ < j will result in an error.

— Only non-zero elements should be specified.
— The order in which the non-zero elements are specified is insignificant.
— Duplicate elements are added together. Hence, it is recommended not to specify the
same element multiple times in qosubi, qosubj, and qoval.
For a code example see section 5.3.2.
See also:

Task.putqcon Replaces all quadratic terms in constraints.
Task.putmaxnumgnz Changes the size of the preallocated storage for Q.

e mosek.Task.putqobj

Syntax:

public void putqobj (
int[] qosubi,
int[] qosubj,
double[] goval)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
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gosubi (input) i subscript for gf;.
gosubj (input) j subscript for gf;.
goval (input) Numerical value for gg;.

Description: Replaces all the quadratic terms in the objective

numvar—1 numvar—1 numvar—1

1
3 Z Z 45 TiTy + Z c;jTy + ef. (13.17)
i=0 j=0 §=0

It is assumed that Q° is symmetric, i.e. ¢f; = ¢j;, and therefore, only the values of ¢f; for
which ¢ > j should be specified. To be precise, MOSEK uses the following procedure

Q=0
for t = 0 to numqonz — 1
qt(;osubi[t] ,qosubj|t]
qgosubj [t],qosubi[t] = qqosubj [t],qosubi[t] + qoval[t]

= qSOSUbi[t],qosubj [t] + qoval[t]
o

W oW

Please note that:

Only the lower triangular part should be specified because Q° is symmetric. Specifying
values for gf; where i < j will result in an error.

— Only non-zero elements should be specified.
— The order in which the non-zero elements are specified is insignificant.
— Duplicate elements are not added to together; only the last value for each entry is used.

For a code example see section 5.3.1.
e mosek.Task.putqobjij

Syntax:
public void putqobjij (
int i,
int j,
double qoij)
throws mosek.Error,
mosek.Warning;

Arguments:
i (input) Row index for the coefficient to be replaced.
j (input) Column index for the coefficient to be replaced.
qoij (input) The new value for gf;.

Description: Replaces one of the coefficients in the quadratic term in the objective. The func-
tion performs the assignment

qu =qoij.
e mosek.Task.putsolution

Syntax:
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public void putsolution (

int whichsol,

int[] skc,

int[] skx,

int[] skn,

double[] xc,

double[] xx,

double[] vy,

double[] slc,

double[] suc,

double[] slx,

double[] sux,

double[] snx)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
whichsol (input) Selects a solution.
skc (input) Status keys for the constraints.
skx (input) Status keys for the variables.
skn (input) Status keys for the conic constraints.
xc (input) Primal constraint solution.
xx (input) Primal variable solution (z).
y (input) Vector of dual variables corresponding to the constraints.
slc (input) Dual variables corresponding to the lower bounds on the constraints (sf).
suc (input) Dual variables corresponding to the upper bounds on the constraints (s).
slx (input) Dual variables corresponding to the lower bounds on the variables (s7).
sux (input) Dual variables corresponding to the upper bounds on the variables (s%).
snx (input) Dual variables corresponding to the conic constraints on the variables (s¥).

Description: Inserts a solution into the task.
e mosek.Task.putsolutioni

Syntax:

public void putsolutioni (
int accmode,
int i,
int whichsol,
int sk,
double x,
double sl,
double su,
double sn)
throws mosek.Error,
mosek.Warning;
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Arguments:
accmode (input) If non-zero, then the solution information for a constraint is modified.
Otherwise for a variable.
i (input) Index of the constraint or variable.
whichsol (input) Selects a solution.
sk (input) Status key of the constraint or variable.
x (input) Solution value of the primal constraint or variable.
sl (input) Solution value of the dual variable associated with the lower bound.
su (input) Solution value of the dual variable associated with the upper bound.
sn (input) Solution value of the dual variable associated with the cone constraint.
Description: Sets the primal and dual solution information for a single constraint or variable.
To define a solution or a significant part of a solution, first call the Task .makesolutionstatusunknown
function, then for each relevant function and variable, call Task.putsolutioni to set the
solution information.
See also:

Task.makesolutionstatusunknown Sets the solution status to unknown.
e mosek.Task.putsolutionyi

Syntax:
public void putsolutionyi (
int i,
int whichsol,
double y)
throws mosek.Error,
mosek.Warning;

Arguments:
i (input) Index of the dual variable.
whichsol (input) Selects a solution.
y (input) Solution value of the dual variable.
Description: Inputs the dual variable of a solution.
See also:
Task.makesolutionstatusunknown Sets the solution status to unknown.
Task.putsolutioni Sets the primal and dual solution information for a single constraint
or variable.

e mosek.Task.putstrparam

Syntax:

public void putstrparam (
int param,
String parvalue)
throws mosek.Error,
mosek.Warning;
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Arguments:

param (input) Which parameter.
parvalue (input) Parameter value.

Description: Sets the value of a string parameter.
e mosek.Task.puttaskname

Syntax:

public void puttaskname (String taskname)
throws mosek.Error,
mosek.Warning;

Arguments:
taskname (input) Name assigned to the task.

Description: Assigns the name taskname to the task.
e mosek.Task.putvarbranchorder

Syntax:

public void putvarbranchorder (
int j,
int priority,
int direction)
throws mosek.Error,
mosek.Warning;

Arguments:
j (input) Index of the variable.
priority (input) The branching priority that should be assigned to variable j.
direction (input) Specifies the preferred branching direction for variable j.

Description: The purpose of the function is to assign a branching priority and direction. The
higher priority that is assigned to an integer variable the earlier the mixed integer optimizer
will branch on the variable. The branching direction controls if the optimizer branches up
or down on the variable.

e mosek.Task.putvartype

Syntax:

public void putvartype (
int j,
int vartype)
throws mosek.Error,
mosek.Warning;

Arguments:

j (input) Index of the variable.
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vartype (input) The new variable type.

Description: Sets the variable type of one variable.

e mosek.Task.putvartypelist

Syntax:

public void putvartypelist (
int[] subj,
int[] vartype)
throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

subj (input) A list of variable indexes for which the variable type should be changed.
vartype (input) A list of variable types that should be assigned to the variables specified
by subj. See section 16.48 for the possible values of vartype.
Description: Sets the variable type for one or more variables, i.e. variable number subj[k] is
assigned the variable type vartype[k].
If the same index is specified multiple times in subj only the last entry takes effect.

e mosek.Task.readbranchpriorities

Syntax:

public void readbranchpriorities (String filename)
throws mosek.Error,
mosek.Warning;

Arguments:

filename (input) Data is written to the file filename.
Description: Reads branching priority data from a file.
See also:

Task.writebranchpriorities Writes branching priority data to a file.

e mosek.Task.readdata

Syntax:

public void readdata (String filename)
throws mosek.Error,
mosek.Warning;

Arguments:

filename (input) Data is read from the file filename if it is a nonempty string. Otherwise
data is read from the file specified by Env.sparam.data_file name.
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Description: Reads an optimization data and associated data from a file.
The data file format is determined by the Env.iparam.read data format parameter. By
default the parameter has the value Env.dataformat.extension indicating that the exten-
sion of the input file should determine the file type, where the extension is interpreted as
follows:
— 7.1p” and ”.1p.gz” are interpreted as an LP file and a compressed LP file respectively.
— 7.opf” and 7 .opf.gz” is interpreted as an OPF file and a compressed OPF file respec-
tively.
— 7.mps” and 7 .mps.gz” is interpreted as an MPS file and a compressed MPS file respec-
tively.
— 7.mbt” is interpreted as an MBT file (MOSEK binary task file).
See also:

Task.writedata Writes problem data to a file.

Env.iparam.read data_format
e mosek.Task.readparamfile

Syntax:

public void readparamfile ()
throws mosek.Error,
mosek.Warning;

Description: Reads a parameter file.
e mosek.Task.readsolution

Syntax:

public void readsolution (
int whichsol,
String filename)
throws mosek.Error,
mosek.Warning;

Arguments:

whichsol (input) Selects a solution.
filename (input) A valid file name.

Description: Reads a solution file and inserts the solution into the solution whichsol.
e mosek.Task.readsummary

Syntax:

public void readsummary (int whichstream)
throws mosek.Error,
mosek.Warning;

Arguments:
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whichstream (input) Index of the stream.

Description: Prints a short summary of last file that was read.
e mosek.Task.relaxprimal

Syntax:

public void relaxprimal (

TaskContainer relaxedtask,

double[] wlc,

double[] wuc,

double[] wlx,

double[] wux)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:

relaxedtask (output) The returned task.

wlc (input/output) Weights associated with lower bounds on the activity of constraints.
If negative, the bound is strictly enforced, i.e. if (wf); < 0, then (vf); is fixed to zero.
On return wlc[i] contains the relaxed bound.

wuc (input/output) Weights associated with upper bounds on the activity of constraints.
If negative, the bound is strictly enforced, i.e. if (w¢); < 0, then (v%); is fixed to zero.
On return wuc [i] contains the relaxed bound.

wlx (input/output) Weights associated with lower bounds on the activity of variables. If
negative, the bound is strictly enforced, i.e. if (w}’); < 0 then (v}); is fixed to zero. On
return wlx[i] contains the relaxed bound.

wux (input/output) Weights associated with upper bounds on the activity of variables.
If negative, the bound is strictly enforced, i.e. if (w]); < 0 then (v); is fixed to zero.
On return wux [i] contains the relaxed bound.

Description: Creates a problem that computes the minimal (weighted) relaxation of the bounds
that will make an infeasible problem feasible.

Given an existing task describing the problem
minimize clx
subject to [¢ Az

< ue, (13.18)
" < =z

INIA

the function forms a new task relaxedtask having the form

minimize P
subject to ¢ < Az +vf = < wuf
< x +vf — vl < wu®,  (13.19)
(wi)Tvf + (wg) vy, + (i) Tof + (wy)Tof —p <0,

(& (& xr xr
Upy Uy U5 Uy 20
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Hence, the function adds so-called elasticity variables to all the constraints which relax
the constraints, for instance (vf); and (vS); relax (I°); and (u°); respectively. It should be
obvious that (13.19) is feasible. Moreover, the function adds the constraint
(wf)Tof + ()75 + (wf)Tof + (wd) v —p < 0

to the problem which makes the variable p bigger than the total weighted sum of the
relaxation to the bounds. wy, w, wf and w; are user-defined weights which normally
should be nonnegative. If a weight is negative, then the corresponding elasticity variable is
fixed to zero.

Hence, when the problem (13.19) is optimized, the weighted minimal change to the bounds
such that the problem is feasible is computed.

One can specify that a bound should be strictly enforced by assigning a negative value to
the corresponding weight, i.e if (wy); < 0 then (vy); is fixed to zero.

Now let p* be the optimal objective value to (13.19), then a natural thing to do is to solve
the optimization problem

T

minimize c'x
subject to ¢ < Az 4+ vf — v, < s,
. AR = 0 (1320
(wi)Tvf + (wi) "oy, + (i) Tof + (wy) ™o —p <0, '
p = P

c ,C T ,,T
Ulavu7vl ,Uu 207

where the original objective function is minimized subject to the constraint that the total
weighted relaxation is minimal.

The parameter Env.iparam.feasrepair_optimize controls whether the function returns
the problem (13.19) or the problem (13.20).The parameter can take one of the following
values.

Env.feasrepairtype.optimize none : The returned task relaxedtask contains problem
(13.19) and is not optimized.

Env.feasrepairtype.optimize_penalty : The returned task relaxedtask contains prob-
lem (13.19) and is optimized.

Env.feasrepairtype.optimize_combined : The returned task relaxedtask contains prob-
lem (13.20) and is optimized.

Please note that the v variables are appended to the x variables ordered as

(Uz)h ('Ulc)lﬁ (UZ)% (Ulc)27 RRE (UZ)m’ (Ulc)mv ('Uz)h (’Uf)h (Uﬁ)% (le)Qv LR (’Uﬁ)n, (vlT)n

in the returned task.
If NAME_CON (NAME_VAR) is the name of the ith constraint (variable) then the new variables
are named as follows:

— The variable corresponding to (v); ((vZ);) is named “NAME_CON*up” (“NAME_VAR*up”).
x
]

— The variable corresponding to (vf); ((v]);) is named “NAME_CON*1lo” (“NAME_VAR¥1o”).
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where “¥” can be replaced by a user-defined string by setting the Env.sparam.feasrepair name_separator
parameter.

Please note that if u$ < I or u7 < [¥ then the feasibility repair problem becomes infeasible.
Such trivial conflicts must therefore be removed manually before using Task.relaxprimal.

The above discussion shows how the function works for a linear optimization problem.
However, the function also works for quadratic and conic optimization problems but it
cannot be used for general nonlinear optimization problems.

See also:
Env.dparam.feasrepair_tol
Env.iparam.feasrepair_optimize
Env.sparam.feasrepair_name_separator

Env.sparam.feasrepair_name_prefix
e mosek.Task.remove

Syntax:

public void remove (
int accmode,
int[] sub)
throws mosek.Error,
mosek.Warning,
mosek.ArraylLengthException;

Arguments:

accmode (input) Defines if operations are performed row-wise (constraint-oriented) or
column-wise (variable-oriented).

sub (input) Indexes of constraints or variables which should be removed.

Description: The function removes a number of constraints or variables from the optimization
task. This implies that the existing constraints and variables are renumbered, for instance
if constraint 5 is removed then constraint 6 becomes constraint 5 and so forth.

See also:

Task.append Appends a number of variables or constraints to the optimization task.
e mosek.Task.removecone

Syntax:

public void removecone (int k)
throws mosek.Error,
mosek.Warning;
Arguments:
k (input) Index of the conic constraint that should be removed.

Description: Removes a conic constraint from the problem. This implies that all the conic
constraints appearing after cone number k are renumbered, decresing their indexes by one.

In general, it is much more efficient to remove a cone with a high index than a low index.
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e mosek.Task.resizetask

Syntax:

public void resizetask (
int maxnumcon,
int maxnumvar,
int maxnumcone,
int maxnumanz,
int maxnumgnz)
throws mosek.Error,
mosek.Warning;

Arguments:

maxnumcon (input) New maximum number of constraints.
maxnumvar (input) New maximum number of variables.
maxnumcone (input) New maximum number of cones.
maxnumanz (input) New maximum number of non-zeros in A.
maxnumgnz (input) New maximum number of non-zeros in all ) matrices.
Description: Sets the amount of preallocated space assigned for each type of data in an opti-
mization task.

It is never mandatory to call this function, since its only function is to give a hint of the
amount of data to preallocate for efficiency reasons.

Please note that the procedure is destructive in the sense that all existing data stored in
the task is destroyed.

See also:
Task.putmaxnumvar Sets the number of preallocated variables in the optimization task.
Task.putmaxnumcon Sets the number of preallocated constraints in the optimization task.

Task.putmaxnumcone Sets the number of preallocated conic constraints in the optimization
task.

Task.putmaxnumanz The function changes the size of the preallocated storage for linear
coefficients.

Task.putmaxnumgnz Changes the size of the preallocated storage for Q.
e mosek.Task.sensitivityreport

Syntax:

public void sensitivityreport (int whichstream)
throws mosek.Error,
mosek.Warning;

Arguments:
whichstream (input) Index of the stream.

Description: Reads a sensitivity format file from a location given by Env.sparam.sensitivity_file name
and writes the result to the stream whichstream. If Env.sparam.sensitivity res_file name
is set to a non-empty string, then the sensitivity report is also written to a file of this name.
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See also:

Task.dualsensitivity Performs sensitivity analysis on objective coefficients.
Task.primalsensitivity Perform sensitivity analysis on bounds.
Env.iparam.log_sensitivity

Env.iparam.log sensitivity_opt

Env.iparam.sensitivity_type
e mosek.Task.set_Stream

Syntax:

public void set_Stream (
int whichstreamn,
mosek.Stream stream)

Arguments:

whichstream Index of the stream.
stream The stream object to attach. To detach all objects, let this be null.

Description: Attach a stream call-back handler.
e mosek.Task.setdefaults

Syntax:

public void setdefaults ()
throws mosek.Error,
mosek.Warning;

Description: Resets all the parameters to their default values.
e mosek.Task.sktostr

Syntax:

public void sktostr (
int sk,
StringBuffer str)
throws mosek.Error,
mosek.Warning;

Arguments:

sk (input) A valid status key.
str (output) String corresponding to the status key sk.

Description: Obtains an explanatory string corresponding to a status key.
e mosek.Task.solstatostr

Syntax:
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public void solstatostr (
int solsta,
StringBuffer str)
throws mosek.Error,
mosek.Warning;
Arguments:
solsta (input) Solution status.
str (output) String corresponding to the solution status solsta.

Description: Obtains an explanatory string corresponding to a solution status.
e mosek.Task.solutiondef

Syntax:

public void solutiondef (
int whichsol,
int[] isdef)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;

Arguments:
whichsol (input) Selects a solution.
isdef (output) Is non-zero if the requested solution is defined.

Description: Checks whether a solution is defined.
e mosek.Task.solutionsummary
Syntax:

public void solutionsummary (int whichstream)
throws mosek.Error,
mosek.Warning;

Arguments:
whichstream (input) Index of the stream.

Description: Prints a short summary of the current solution.
e mosek.Task.solvewithbasis

Syntax:

public void solvewithbasis (

int transp,

int[] numnz,

int[] sub,

double[] val)

throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;
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Arguments:
transp (input) If this argument is non-zero, then (13.22) is solved. Otherwise the system
(13.21) is solved.

numnz (input/output) As input it is the number of non-zeros in b. As output it is the
number of non-zeros in .

sub (input/output) As input it contains the positions of the non-zeros in b, i.e.
b[sublk]] #0, k=0,...,numnz[0] — 1.

As output it contains the positions of the non-zeros in Z. It is important that sub has
room for numcon elements.

val (input/output) As input it is the vector b. Although the positions of the non-zero
elements are specified in sub it is required that val[i] = 0 if b[¢] = 0. As output val is
the vector z.
Please note that val is a dense vector — not a packed sparse vector. This implies that
val has room for numcon elements.

Description: If a basic solution is available, then exactly numcon basis variables are defined.
These numcon basis variables are denoted the basis. Associated with the basis is a basis
matrix denoted B. This function solves either the linear equation system

Bz = (13.21)

or the system
BTz =1 (13.22)
for the unknowns Z, with b being a user-defined vector.

In order to make sense of the solution Z it is important to know the ordering of the vari-
ables in the basis because the ordering specifies how B is constructed. When calling
Task.initbasissolve an ordering of the basis variables is obtained, whicd can be used
to deduce how MOSEK has constructed B. Indeed if the kth basis variable is variable z; it
implies that

Bip=A4A

ij> ©=20,...,numcon — 1.

Otherwise if the kth basis variable is variable z§ it implies that

_ _1a 1= j7
Bik = { 0, i#j.
Given the knowledge of how B is constructed it is possible to interpret the solution Z

correctly.

Please note that this function exploits the sparsity in the vector b to speed up the compu-
tations.

See also:

Task.initbasissolve Prepare a task for use with the Task.solvewithbasis function.
e mosek.Task.startstat

Syntax:
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public void startstat (O
throws mosek.Error,
mosek.Warning;

Description: Starts the statistics file.
e mosek.Task.stopstat

Syntax:

public void stopstat ()
throws mosek.Error,
mosek.Warning;

Description: Stops the statistics file.
e mosek.Task.strtoconetype

Syntax:

public void strtoconetype (
String str,
int[] conetype)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;
Arguments:
str (input) String corresponding to the cone type code codetype.
conetype (output) The cone type corresponding to the string str.

Description: Obtains cone type code corresponding to a cone type string.
e mosek.Task.strtosk

Syntax:

public void strtosk (
String str,
int[] sk)
throws mosek.Error,
mosek.Warning,
mosek.ArrayLengthException;
Arguments:
str (input) Status key string.
sk (output) Status key corresponding to the string.

Description: Obtains the status key corresponding to an explanatory string.
e mosek.Task.undefsolution

Syntax:

239
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public void undefsolution (int whichsol)
throws mosek.Error,
mosek.Warning;

Arguments:
whichsol (input) Selects a solution.

Description: Undefines a solution. Purges all information regarding whichsol.
e mosek.Task.writebranchpriorities

Syntax:

public void writebranchpriorities (String filename)
throws mosek.Error,
mosek.Warning;

Arguments:

filename (input) Data is written to the file filename.
Description: Writes branching priority data to a file.
See also:

Task.readbranchpriorities Reads branching priority data from a file.
e mosek.Task.writedata

Syntax:

public void writedata (String filename)
throws mosek.Error,
mosek.Warning;

Arguments:

filename (input) Data is written to the file filename if it is a nonempty string. Otherwise
data is written to the file specified by Env.sparam.data_file name.

Description: Writes problem data associated with the optimization task to a file in one of four
formats:
LP : A text based row oriented format. File extension .1p. See Appendix C.
MPS : A text based column oriented format. File extension .mps. See Appendix B.

OPF : A text based row oriented format. File extension .opf. Supports more problem
types than MPS and LP. See Appendix D.

MBT : A binary format for fast reading and writing. File extension .mbt.
By default the data file format is determined by the file name extension. This behaviour
can be overridden by setting the Env.iparam.write data_format parameter.

Please note that MPS, LP and OPF files require all variables to have unique names. If a task
contains no names, it is possible to write the file with automaticly generated anonymous
names by setting the Env.iparam.write generic names parameter to Env.onoffkey.on.

See also:
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Task.readdata Reads problem data from a file.

Env.iparam.write_data_format
e mosek.Task.writeparamfile

Syntax:

public void writeparamfile (String filename)
throws mosek.Error,
mosek.Warning;

Arguments:
filename (input) The name of parameter file.

Description: Writes all the parameters to a parameter file.
e mosek.Task.writesolution

Syntax:

public void writesolution (
int whichsol,
String filename)
throws mosek.Error,
mosek.Warning;

Arguments:

whichsol (input) Selects a solution.
filename (input) A valid file name.

Description: Saves the current basic, interior-point, or integer solution to a file.

13.11 Class mosek.Warning
Derived from:
mosek.Exception

Description:

This is an exception class representing MOSEK warnings.

13.11.1 Constructors

e mosek.Warning

Syntax:

public Warning (int code)
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Description:
Construct a warning from a MOSEK error code.

Arguments:

code The MOSEK response code to create the exception from.



Chapter 14

Parameter reference

14.1 Parameter groups

Parameters grouped by meaning and functionality.

14.1.1 Logging parameters.

e mosek.Env.iparam.log ... ...t 313
Controls the amount of log information.

e mosek.Env.iparam.log bl ... ... e 313
Controls the amount of output printed by the basis identification procedure. A higher level
implies that more information is logged.

e mosek.Env.iparam.log bi_freq ... 314
Controls the logging frequency.

e mosek.Env.iparam.log CONCULTENT . ... uutut ettt ettt et et eaiee e eaaeeennn 314
Controls amount of output printed by the concurrent optimizer.

e mosek.Env.iparam.log cut_second_opt ....... ... 314
Controls the reduction in the log levels for the second and any subsequent optimizations.

e mosek.Env.iparam.log factor ... ...ttt e 315
If turned on, then the factor log lines are added to the log.

e mosek.Env.iparam.log feasrepair. ... ...t 315
Controls the amount of output printed when performing feasibility repair.

e mosek.Env.iparam.log file. ... ... 315
If turned on, then some log info is printed when a file is written or read.

243
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e mosek.Env.iparam.log head. ... ... 315
If turned on, then a header line is added to the log.

e mosek.Env.iparam.log infeas_ana............ ... ... 316
Controls log level for the infeasibility analyzer.

e mosek.Env.iparam.log intpnt ..... ... .. .. 316
Controls the amount of log information from the interior-point optimizers.

e mosek.Env.iparam.logmio . ..... .ottt 316
Controls the amount of log information from the mixed-integer optimizers.

e mosek.Env.iparam.logmio freq...... ..o i 316
The mixed integer solver logging frequency.

e mosek.Env.iparam.log NONMCONVEX .. ...ttt ettt ettt ettt 317
Controls amount of output printed by the nonconvex optimizer.

e mosek.Env.iparam.log optimizer....... ... . i 317
Controls the amount of general optimizer information that is logged.

e Mmosek.Env.iparam. log Order. ...ttt ettt e e e 317
If turned on, then factor lines are added to the log.

e MmosSek.Env.iparam. log PaTalll. .. ...uuuu ettt ettt et e e e e 317
Controls the amount of information printed out about parameter changes.

e mosek.Env.iparam. log PreSOLlue ... ...ttt et e 318
Controls amount of output printed by the presolve procedure. A higher level implies that more
information is logged.

e mosek.Env.iparam.log reSPOnSe ... ...ttt 318
Controls amount of output printed when response codes are reported. A higher level implies that
more information is logged.

e mosek.Env.iparam.log sensitivity ....... ... ... 318
Control logging in sensitivity analyzer.

e mosek.Env.iparam.log sensitivity opt............ ... ... 318
Control logging in sensitivity analyzer.

e mosek.Env.iparam.log Sim..........uuiiiii 319
Controls the amount of log information from the simplex optimizers.

e mosek.Env.iparam.log sim freq........co i 319
Controls simplex logging frequency.

e mosek.Env.iparam.log simnetwork freq.......... ... i 320
Controls the network simplex logging frequency.

e mosek.Env.iparam.log Storage ... ..ottt 320
Controls the memory related log information.
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14.1.2 Basis identification parameters.

e mosek.Env.iparam.bi_clean optimizer ...........oiiiuuiiiiiiiii i 300
Controls which simplex optimizer is used in the clean-up phase.

e mosek.Env.iparam.bi_ignoremax_iter ........... ... . i i 300
Turns on basis identification in case the interior-point optimizer is terminated due to maximum
number of iterations.

e mosek.Env.iparam.bi_ignore NUm erTor ..........iiuiiiniiiiiniiiiit i, 301
Turns on basis identification in case the interior-point optimizer is terminated due to a numerical
problem.

e mosek.Env.dparam.bi_ lu tol rel piv........ ... . 273

Relative pivot tolerance used in the LU factorization in the basis identification procedure.

e mosek.Env.iparam.bimax_iterations ........ ... .. i 301
Maximum number of iterations after basis identification.

e mosek.Env.iparam.intpnt basis........oouuiiiiiiiiii 307
Controls whether basis identification is performed.

e mosek.Env.iparam.log bl .. ...t e 313
Controls the amount of output printed by the basis identification procedure. A higher level
implies that more information is logged.

e mosek.Env.iparam.log bi freq .........o i 314
Controls the logging frequency.

14.1.3 The Interior-point method parameters.

Parameters defining the behavior of the interior-point method for linear, conic and convex problems.

e mosek.Env.iparam.bi_ignoremax iter ........... .. 300
Turns on basis identification in case the interior-point optimizer is terminated due to maximum
number of iterations.

e mosek.Env.iparam.bi_ignore num error ......... ... ... 301
Turns on basis identification in case the interior-point optimizer is terminated due to a numerical
problem.

e mosek.Env.iparam.intpnt basis . ......ouuuuiiiiiii e 307

Controls whether basis identification is performed.

e mosek.Env.dparam.intpnt_co_tol dfeas ....... ... . i 276
Dual feasibility tolerance used by the conic interior-point optimizer.

e mosek.Env.dparam.intpnt_co_tol infeas..........ciiiiiiiiiiiiiiii i 276
Infeasibility tolerance for the conic solver.
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mosek.Env.dparam.intpnt_co_tolmu red ........coiuiuiiiiiiiii e 276
Optimality tolerance for the conic solver.

mosek.Env.dparam.intpnt_co_tolmear.rel.......... ...ttt 277
Optimality tolerance for the conic solver.

mosek.Env.dparam.intpnt_co_tol pfeas ..... ...t 277
Primal feasibility tolerance used by the conic interior-point optimizer.

mosek.Env.dparam.intpnt_co tol rel gap .........c.iiiiiiiiiiiiii 277
Relative gap termination tolerance used by the conic interior-point optimizer.

mosek.Env.iparam.intpnt_diff step....... .o 307
Controls whether different step sizes are allowed in the primal and dual space.

mosek.Env.iparam.intpnt max_iterations........... ... .o 308
Controls the maximum number of iterations allowed in the interior-point optimizer.

mosek.Env.iparam.intpnt max NUM COT . ...ttt 308
Maximum number of correction steps.

mosek.Env.iparam.intpnt max num refinement_steps................ ... ..ol 308
Maximum number of steps to be used by the iterative search direction refinement.

mosek.Env.dparam.intpnt nl merit_bal ..... ... 277
Controls if the complementarity and infeasibility is converging to zero at about equal rates.

mosek.Env.dparam.intpnt nl tol dfeas.......... ..ol 278
Dual feasibility tolerance used when a nonlinear model is solved.

mosek.Env.dparam.intpnt nl tolmu.Ted ........ouinnntiiiiiiti e 278
Relative complementarity gap tolerance.

mosek.Env.dparam.intpnt nl tolmear rel........ ... . i 278
Nonlinear solver optimality tolerance parameter.

mosek.Env.dparam.intpnt nl tol pfeas .... ..ottt e 279
Primal feasibility tolerance used when a nonlinear model is solved.

mosek.Env.dparam.intpnt nl tol rel gap.......c.cuuiiiiiiiiiiiiiiiii 279
Relative gap termination tolerance for nonlinear problems.

mosek.Env.dparam.intpnt nl tol rel Step......couiuutiiiiiiiii e 279
Relative step size to the boundary for general nonlinear optimization problems.

mosek.Env.iparam.intpnt off col trh ....... ... . . 309
Controls the aggressiveness of the offending column detection.

mosek.Env.iparam.intpnt_ordermethod........... ... ... i 309
Controls the ordering strategy.

mosek.Env.iparam.intpnt_regularization use............coiiiiiiiiiiiiiiiiiiiiii 310
Controls whether regularization is allowed.
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e mosek.Env.iparam.intpnt_scaling..........oiiiiiiiiiiiii e 310
Controls how the problem is scaled before the interior-point optimizer is used.

e mosek.Env.iparam.intpnt_solve form ....... ... e 310
Controls whether the primal or the dual problem is solved.

e mosek.Env.iparam.intpnt_starting point...........ccoeiiuiiiiiiiiiiiiiiiiii e 311
Starting point used by the interior-point optimizer.

e mosek.Env.dparam.intpnt_tol_dfeas........... ... .. i 279
Dual feasibility tolerance used for linear and quadratic optimization problems.

e mosek.Env.dparam.intpnt_tol.dsafe............ ... .. . 279
Controls the interior-point dual starting point.

e mosek.Env.dparam.intpnt_tol infeas ........ ... 280
Nonlinear solver infeasibility tolerance parameter.

e mosek.Env.dparam.intpnt tol mu red...... ...ttt e 280
Relative complementarity gap tolerance.

e mosek.Env.dparam.intpnt_tol path........coiuuiiiiiiiii e e 280
interior-point centering aggressiveness.

e mosek.Env.dparam.intpnt_tol pfeas........... ... 281
Primal feasibility tolerance used for linear and quadratic optimization problems.

e mosek.Env.dparam.intpnt_tol psafe. ... ... i e 281
Controls the interior-point primal starting point.

e mosek.Env.dparam. intpnt tol Tel @ap .....cuonuuttttmni et 281
Relative gap termination tolerance.

e mosek.Env.dparam.intpnt tol rel STep ......oiiiuutiiiiiii e 281
Relative step size to the boundary for linear and quadratic optimization problems.

e mosek.Env.dparam.intpnt tol Step_SiZe .........uiuiiiiiiiiiiiiii i 282
If the step size falls below the value of this parameter, then the interior-point optimizer assumes
it is stalled. It it does not not make any progress.

e mosek.Env.iparam.log CONCULTENT . ...t uuutt ettt ettt et naieeennn 314
Controls amount of output printed by the concurrent optimizer.

e mosek.Env.iparam.log intpnt ... ... e 316
Controls the amount of log information from the interior-point optimizers.

e mosek.Env.iparam.log presSolve . ... ..ot e 318
Controls amount of output printed by the presolve procedure. A higher level implies that more
information is logged.
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14.1.4 Simplex optimizer parameters.

Parameters defining the behavior of the simplex optimizer for linear problems.

e mosek.Env.dparam.basis rel tol s...... ..o 272
Maximum relative dual bound violation allowed in an optimal basic solution.

o mosek.Env.dparam.basis t0l S ... ... e e 273
Maximum absolute dual bound violation in an optimal basic solution.

e mosek.Env.dparam.basis t0Ll X ... e e e 273
Maximum absolute primal bound violation allowed in an optimal basic solution.

e mosek.Env.iparam. log SIm . ... .ottt e 319
Controls the amount of log information from the simplex optimizers.

e mosek.Env.iparam.log sim freq .......couiuuiiiiiii i e 319
Controls simplex logging frequency.

e mosek.Env.iparam.log Simminor....... ...t 319
Currently not in use.

e mosek.Env.iparam.sensitivity optimizer ....... ... .. i 341
Controls which optimizer is used for optimal partition sensitivity analysis.

e mosek.Env.iparam.sim degen. ... ... 342
Controls how aggressive degeneration is approached.

e mosek.Env.iparam.sim hotstart .......ooiiiiiiii i e 343
Controls the type of hot-start that the simplex optimizer perform.

e mosek.Env.iparam.sim max 1terations .........uuiimitttiii i 344
Maximum number of iterations that can be used by a simplex optimizer.

e mosek.Env.iparam.sim max num Setbacks ..........oeuiintitiiiiiii e 344
Controls how many setbacks that are allowed within a simplex optimizer.

e mosek.Env.iparam.sim network detect method........... .ottt 345
Controls which type of detection method the network extraction should use.

e mosek.Env.iparam.Simnon_singular..........coouuuueteiiniteemnieeniiieeaie., 345
Controls if the simplex optimizer ensures a non-singular basis, if possible.

e mosek.Env.iparam. Sim Save LU .......o.uuitiiinnntttt ittt e 347
Controls if the LU factorization stored should be replaced with the LU factorization corresponding
to the initial basis.

e mosek.Env.iparam.sim Scaling ..........uiiuiiiiiiiiii e 347
Controls how the problem is scaled before a simplex optimizer is used.

e mosek.Env.iparam.sim solve form........ooiiiiiiiiiiiii i e 348
Controls whether the primal or the dual problem is solved by the primal-/dual- simplex optimizer.
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e mosek.Env.iparam.sim_stability priority ....... ..o 348
Controls how high priority the numerical stability should be given.
e mosek.Env.iparam.sim switch optimizer.........ccoouuuiiiiiiiiiiiiii .. 348
Controls the simplex behavior.
e mosek.Env.dparam.simplex_abs_tol piv........coouiiiiiiiiiii 288
Absolute pivot tolerance employed by the simplex optimizers.
14.1.5 Primal simplex optimizer parameters.
Parameters defining the behavior of the primal simplex optimizer for linear problems.
e mosek.Env.iparam.sim primal crash..........coiiiiiiiiiiiiii e 346
Controls the simplex crash.
e mosek.Env.iparam.sim primal _restrict_selection..............ooiiiiiiiiiiiiiiii... 346
Controls how aggressively restricted selection is used.
e mosek.Env.iparam.sim primal SeleCtion.......uuuuuiiiiiiiiiiiiiiiiiii i, 346
Controls the primal simplex strategy.
14.1.6 Dual simplex optimizer parameters.
Parameters defining the behavior of the dual simplex optimizer for linear problems.
e mosek.Env.iparam.sim_dual_crash.............oiiiiiiiiiiiiiiii 342
Controls whether crashing is performed in the dual simplex optimizer.
e mosek.Env.iparam.sim dual_restrict_selection.............. ... o il 342
Controls how aggressively restricted selection is used.
e mosek.Env.iparam.sim_dual_seleCtion ..........oiiiiuuiiiiiiiiiii i 343
Controls the dual simplex strategy.
14.1.7 Network simplex optimizer parameters.
Parameters defining the behavior of the network simplex optimizer for linear problems.
e mosek.Env.iparam.log simnetwork freq.......... ... i i 320
Controls the network simplex logging frequency.
e mosek.Env.iparam.simnetwork_-detect ..........ooiiiiuiiiiiiiiii e 344
Level of aggressiveness of network detection.
e mosek.Env.iparam.sim network detect hotstart...........ccoiiiiiiiiiiiiiiiiii.,. 345

Level of aggressiveness of network detection in a simplex hot-start.
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e mosek.Env.iparam.sim refactor_freq......... ... i 347
Controls the basis refactoring frequency.

14.1.8 Nonlinear convex method parameters.

Parameters defining the behavior of the interior-point method for nonlinear convex problems.
e mosek.Env.iparam.cheCk COnVeXItY ..ottt e 302
Specify the level of convexity check on quadratic problems

e mosek.Env.dparam.intpnt nlmerit bal ..........oiiiiiiiiiiii 277
Controls if the complementarity and infeasibility is converging to zero at about equal rates.

e mosek.Env.dparam.intpnt nl tol dfeas .........oouiiiiiiiiiiii e 278
Dual feasibility tolerance used when a nonlinear model is solved.

e mosek.Env.dparam.intpnt nl tolmured ........ ..o 278
Relative complementarity gap tolerance.

e mosek.Env.dparam.intpnt nl tol near rel ..........uuuutirriiiiiiiiiii e 278
Nonlinear solver optimality tolerance parameter.

e mosek.Env.dparam.intpnt nl tol pfeas ........cooiuiiiiiiiiiiii 279
Primal feasibility tolerance used when a nonlinear model is solved.

e mosek.Env.dparam.intpnt nl tol rel gap .........oouuiiiiiiiiiiiiiiii 279
Relative gap termination tolerance for nonlinear problems.

e mosek.Env.dparam.intpnt nl tol rel step.......c.uuiiiiniiiiiiiiiii i e 279
Relative step size to the boundary for general nonlinear optimization problems.

e mosek.Env.dparam.intpnt_tol infeas ........ ... 280
Nonlinear solver infeasibility tolerance parameter.

14.1.9 The conic interior-point method parameters.

Parameters defining the behavior of the interior-point method for conic problems.
e mosek.Env.dparam.intpnt_co_tol dfeas ...........oiiiiiiiiiiii i 276
Dual feasibility tolerance used by the conic interior-point optimizer.

e mosek.Env.dparam.intpnt_co_tol infeas...........c.iiiiiiiiiiiiii i 276
Infeasibility tolerance for the conic solver.

e mosek.Env.dparam.intpnt_co_tolmured ..... ..ottt e 276
Optimality tolerance for the conic solver.

e mosek.Env.dparam.intpnt_co_tol near rel .........coiiiuiiiiiiiiii e 277
Optimality tolerance for the conic solver.
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mosek.Env.dparam.intpnt_co_tol pfeas ....... ...t 277
Primal feasibility tolerance used by the conic interior-point optimizer.
mosek.Env.dparam.intpnt_co tol rel gap....... ..ottt 277

Relative gap termination tolerance used by the conic interior-point optimizer.

14.1.10 The mixed integer optimization parameters.

mosek.Env.iparam.log mio. ... ... 316
Controls the amount of log information from the mixed-integer optimizers.
mosek.Env.iparam.logmio freq ...... ..o 316
The mixed integer solver logging frequency.

mosek.Env.iparam.mio branch dir....... ... 321
Controls whether the mixed integer optimizer is branching up or down by default.
mosek.Env.iparam.mio_branch prioritiesuse............. ... i 321
Controls whether branching priorities are used by the mixed integer optimizer.
mosek.Env.iparam.mio_construct_sol ........ ... 321
Controls if initial MIP solution should be constructed from value of integer variables.
mosek.Env.iparam.mio_Cont_ S0l ... 322
Controls the meaning of interior-point and basic solutions in MIP problems.
mosek.Env.iparam.mio_cut_level Toot ....... ..o 322

Controls the cut level employed by the mixed integer optimizer at the root node.

mosek.Env.iparam.mio_cut_level tree ........ ... . i 323
Controls the cut level employed by the mixed integer optimizer in the tree.

mosek.Env.dparam.mio_disable_term time............ ... i i 282
Certain termination criterias is disabled within the mixed integer optimizer for period time
specified by the parameter.

mosek.Env.iparam.mio_feaspump_level ............ i 323
Controls the feasibility pump heuristic which is used to construct a good initial feasible solution.

mosek.Env.iparam.mio heuristic_ level.......... ... i 323
Controls the heuristic employed by the mixed integer optimizer to locate an initial integer feasible
solution.

mosek.Env.dparam.mio_heuristic_time.......... ... ... . ... 283
Time limit for the mixed integer heuristics.

mosek.Env.iparam.mio_keep basis ... 324
Controls whether the integer presolve keeps bases in memory.

mosek.Env.iparam.miomax num branches..............ooiiiiiiiiiiiiii 324
Maximum number of branches allowed during the branch and bound search.
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mosek.Env.iparam.miomax NuUmM TeLlaXs ......uuutttnnnnttemnie i, 325
Maximum number of relaxations in branch and bound search.

mosek.Env.iparam.miomax num solutions......... ...t 325
Controls how many feasible solutions the mixed-integer optimizer investigates.

mosek.Env.dparam.miomax_time ....... ... e 283
Time limit for the mixed integer optimizer.

mosek.Env.dparam.mio max_time_aprx opt ....... ... 283
Time limit for the mixed integer optimizer.

mosek.Env.dparam.mio near tol abS_Zap ... ...ttt 284
Relaxed absolute optimality tolerance employed by the mixed integer optimizer.

mosek.Env.dparam.mionear tol rel gap ........ouiuiuiiiiiiiiiii e 284
The mixed integer optimizer is terminated when this tolerance is satisfied.

mosek.Env.iparam.mionode_optimizer ....... ... o i 326
Controls which optimizer is employed at the non-root nodes in the mixed integer optimizer.

mosek.Env.iparam.miomnode_selection ........ ..o 326
Controls the node selection strategy employed by the mixed integer optimizer.

mosek.Env.iparam.mio_presolve _aggregate .. ... .ouuuutiiiiiiii e 327
Controls whether problem aggregation is performed in the mixed integer presolve.

mosek.Env.iparam.mio_presolve_probing.......... ... 327
Controls whether probing is employed by the mixed integer presolve.

mosek.Env. iparam.mio preSolve USE. .. ...ttt ettt ettt 327
Controls whether presolve is performed by the mixed integer optimizer.

mosek.Env.dparam.mio_rel_add_cut_limited..............ooooiiiiiiiiiiiiiiiii il 284
Controls cut generation for MIP solver.

mosek.Env.iparam.mio_root_optimizer ....... ..ot 328
Controls which optimizer is employed at the root node in the mixed integer optimizer.

mosek.Env.iparam.mio_strong branch.............. ... ... ... 328
The depth from the root in which strong branching is employed.

mosek.Env.dparam.mio tol abs_gap .. ....couinuitiiii e 285
Absolute optimality tolerance employed by the mixed integer optimizer.

mosek.Env.dparam.mio_tol_abs_relax int ............cooiiiiiiiiiiiiiiiii i i 285
Integer constraint tolerance.

mosek.Env.dparam.mio tol rel gap.........oiuiiiiiiiii 285
Relative optimality tolerance employed by the mixed integer optimizer.

mosek.Env.dparam.mio_tol rel relax int ..........ccoiiiiiiiiiiiiiiiiiiii i 285
Integer constraint tolerance.
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e mosek.Env.dparam.mio tol X .....oo.uuuiiiii e 286
Absolute solution tolerance used in mixed-integer optimizer.

14.1.11 Presolve parameters.

e mosek.Env.iparam.presolve_elim fill ... ... ... . 332
Maximum amount of fill-in in the elimination phase.

e mosek.Env.iparam.presolve_eliminator USe ......couuuiiiiiiiiiinniieenniieennne. 333
Controls whether free or implied free variables are eliminated from the problem.

e mosek.Env.iparam.presolve _1evel. .. ...ttt e 333
Currently not used.

e mosek.Env.iparam.presolve 1indep USe .. ....couuutttetnniitee e, 333
Controls whether the linear constraints are checked for linear dependencies.

e mosek.Env.iparam.presolve_lindep Work L1im ..........uuuuununnniieneeeeenn. 333
Controls linear dependency check in presolve.

e mosek.Env.dparam.presolve_tol ailj....... ..ot 287
Absolute zero tolerance employed for constraint coefficients in the presolve.

e mosek.Env.dparam.presolve_tol lin dep........ccouiiiiiiiiiiiiiiiiiiiiiiiiiiiii 287
Controls when a constraint is determined to be linearly dependent.

e mosek.Env.dparam. presolve _tol S . ... ..ottt 287
Absolute zero tolerance employed for slack variables in the presolve.

e mosek.Env.dparam.presolve tol X ........oiuiiiiiiiii 287
Absolute zero tolerance employed for variables in the presolve.

® MOSEK.ENV. 1param. PreSOLlVe USE ...ttt ettt ettt ettt e ettt 334
Controls whether the presolve is applied to a problem before it is optimized.

14.1.12 Termination criterion parameters.

Parameters which define termination and optimality criteria and related information.

e mosek.Env.dparam.basis Tel 0Ll S ........uiiiittiii e 272
Maximum relative dual bound violation allowed in an optimal basic solution.

e Mmosek.Env.dparam.basis T0L S ...ttt e 273
Maximum absolute dual bound violation in an optimal basic solution.

o Mmosek.Env.dparam.basis t0Ll X ... e 273
Maximum absolute primal bound violation allowed in an optimal basic solution.
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mosek.Env.iparam.bimax_iterations ........ ... 301
Maximum number of iterations after basis identification.

mosek.Env.dparam.intpnt_co_tol dfeas .......... ... i 276
Dual feasibility tolerance used by the conic interior-point optimizer.

mosek.Env.dparam.intpnt_co_tol_infeas........... i 276
Infeasibility tolerance for the conic solver.

mosek.Env.dparam.intpnt_co_tolmu red ........ ... 276
Optimality tolerance for the conic solver.

mosek.Env.dparam.intpnt_co_tolmear rel......... ..o 277
Optimality tolerance for the conic solver.

mosek.Env.dparam.intpnt_co_tol pfeas ......... ..o 277
Primal feasibility tolerance used by the conic interior-point optimizer.

mosek.Env.dparam.intpnt_co tol rel gap ......ouuutiiiiiiitt i e 277
Relative gap termination tolerance used by the conic interior-point optimizer.

mosek.Env.iparam.intpntmax_iterations........... ... .. . i 308
Controls the maximum number of iterations allowed in the interior-point optimizer.

mosek.Env.dparam.intpnt nl tol dfeas ....... ...ttt e 278
Dual feasibility tolerance used when a nonlinear model is solved.

mosek.Env.dparam.intpnt nl tolmu.red ......... ... .. 278
Relative complementarity gap tolerance.

mosek.Env.dparam.intpnt nl_tolmear rel...........uuuiiiiiiiiii it 278
Nonlinear solver optimality tolerance parameter.

mosek.Env.dparam.intpnt nl tol pfeas ..........coiiiiiiiiiiiiiiiiiiiiiii i 279
Primal feasibility tolerance used when a nonlinear model is solved.

mosek.Env.dparam.intpnt nl tol rel gap ....coouutttiiiii e 279
Relative gap termination tolerance for nonlinear problems.

mosek.Env.dparam.intpnt_tol dfeas........... ... i i 279
Dual feasibility tolerance used for linear and quadratic optimization problems.

mosek.Env.dparam.intpnt_tol_infeas ...... ..ot 280
Nonlinear solver infeasibility tolerance parameter.

mosek.Env.dparam.intpnt_tolmu.red........ ... .. 280
Relative complementarity gap tolerance.

mosek.Env.dparam.intpnt_tol pfeas........ ... ... 281
Primal feasibility tolerance used for linear and quadratic optimization problems.

mosek.Env.dparam.intpnt_tol rel_gap ........ ... 281
Relative gap termination tolerance.
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e mosek.Env.dparam.lower obj_cut .......... . i
Objective bound.

e mosek.Env.dparam.lower_obj_cut_finite trh............. ... ... o il

Objective bound.

e mosek.Env.dparam.mio_disable_term_time............... ... ...l

Certain termination criterias is disabled within the mixed integer optimizer
specified by the parameter.

e mosek.Env.iparam.miomax num branches................ ... ... ool
Maximum number of branches allowed during the branch and bound search.

e mosek.Env.iparam.miomax num solutions.............. ... ...l
Controls how many feasible solutions the mixed-integer optimizer investigates.

e mosek.Env.dparam.miomax_time .......... ... i i
Time limit for the mixed integer optimizer.

e mosek.Env.dparam.miomnear tolrel gap ...........cciiiiiiiiiiiiiiiia,
The mixed integer optimizer is terminated when this tolerance is satisfied.

e mosek.Env.dparam.mio_tol rel gap..........cooiiiiiiiiiiiiiiiiiiii
Relative optimality tolerance employed by the mixed integer optimizer.

e mosek.Env.dparam.optimizer max_time........... ... ... il
Solver time limit.

e mosek.Env.iparam.simmax_iterations................ ...l
Maximum number of iterations that can be used by a simplex optimizer.

e mosek.Env.dparam.upper_obj_cut ....... ... .. i
Objective bound.

e mosek.Env.dparam.upper_obj_cut_finite trh............... ... ... ool

Objective bound.

14.1.13 Progress call-back parameters.

e mosek.Env.dparam.callback freq........... ... i
Controls progress call-back frequency.

e mosek.Env.iparam.solution_callback.............. ... .. il

Indicates whether solution call-backs will be performed during the optimization.
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14.1.14 Non-convex solver parameters.

e mosek.Env.iparam.log NONCONVEX ... ...ttt ettt it et 317
Controls amount of output printed by the nonconvex optimizer.

e mosek.Env.iparam.nonconvex max_iterations............ ... i il 328
Maximum number of iterations that can be used by the nonconvex optimizer.

e mosek.Env.dparam.nonconvex_tol feas ....... ...t 286
Feasibility tolerance used by the nonconvex optimizer.

e mosek.Env.dparam.nonconvex_tol opt .......... i 286
Optimality tolerance used by the nonconvex optimizer.

14.1.15 Feasibility repair parameters.

e mosek.Env.dparam.feasrepair ToLl. .. ...ttt e 276
Tolerance for constraint enforcing upper bound on sum of weighted violations in feasibility repair.

14.1.16 Optimization system parameters.

Parameters defining the overall solver system environment. This includes system and platform related
information and behavior.

e mosek.Env.iparam.cache size 11 ... ... ...ttt i e 301
Specifies the size of the level 1 cache of the processor.

e mosek.Env.iparam.cache_size 12....... ... ... . . . 302
Specifies the size of the level 2 cache of the processor.

e mosek.Env.iparam.check ctrl C........uiiuiiiiniii i 302
Turns ctrl-c check on or off.

® MOoSek.ENv.iparam. CPU LY P .« ottt ittt 304
Specifies the CPU type.

e mosek.Env.iparam.intpnt num_threads............ .. ... . i 309
Controls the number of threads employed by the interior-point optimizer.

e mosek.Env.iparam.license_cache time ...........cciiiuiuiiiiiiiiiiiiiiiiiiiiiieannnn 311
Controls the license manager client behavior.

e mosek.Env.iparam.license check time ..........oiiiiiuniiiiiiiii it 312
Controls the license manager client behavior.

e mosek.Env.iparam.license wait .......couuuuiiiiiit it e 313
Controls if MOSEK should queue for a license if none is available.

e mosek.Env.iparam.log Storage ... ..ottt 320
Controls the memory related log information.
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14.1.17 Output information parameters.

e mosek.Env.iparam.flush_stream freq ....... ..ot 305
Controls the stream flushing frequency.

e mosek.Env.iparam.infeas report_level ...... .ottt 306
Controls the contents of the infeasibility report.

e mosek.Env.iparam.license SUpPresSs_eXPile WITIS. . ...ouuuutteemnneeeennuueeeennnneenn. 312
Controls license manager client behavior.

® MOSEK.ENV.IParam. LOg « oottt ettt ettt et e e 313
Controls the amount of log information.

e mosek.Env.iparam. log bl . ..ottt e 313
Controls the amount of output printed by the basis identification procedure. A higher level
implies that more information is logged.

e mosek.Env.iparam.log bl freq .....coouuuiiiiii e 314
Controls the logging frequency.

e mosek.Env.iparam.log cut_SECONA 0Pt .. .uuuunnnn e 314
Controls the reduction in the log levels for the second and any subsequent optimizations.

e mosek.Env.iparam.log factor ... ... 315
If turned on, then the factor log lines are added to the log.

e mosek.Env.iparam.log feasrepair. ... ...t 315
Controls the amount of output printed when performing feasibility repair.

e mosek.Env.iparam.log file. ... ... 315
If turned on, then some log info is printed when a file is written or read.

e mosek.Env.iparam.log head........coiiiiiiiii 315
If turned on, then a header line is added to the log.

e mosek.Env.iparam.log infeas_ana............ .. 316
Controls log level for the infeasibility analyzer.

e mosek.Env.iparam.log intpnt ... ...ttt e 316
Controls the amount of log information from the interior-point optimizers.

e Mmosek.Env.iparam. log mMio ... ..ottt e 316
Controls the amount of log information from the mixed-integer optimizers.

e mosek.Env.iparam.log mio freq . .......ouiuniiiiii e 316
The mixed integer solver logging frequency.

e mosek.Env.iparam.log NOMCONVEX . ...ttt ittt ettt et ettt e e 317
Controls amount of output printed by the nonconvex optimizer.
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mosek.Env.iparam.log optimizer...... ... .. 317
Controls the amount of general optimizer information that is logged.

mosek.Env.iparam.log order. ... .. ... 317
If turned on, then factor lines are added to the log.

mosek.Env.iparam.log param. ...ttt 317
Controls the amount of information printed out about parameter changes.

mosek.Env.iparam.log reSPOIMSE .. ...ttt e 318
Controls amount of output printed when response codes are reported. A higher level implies that
more information is logged.

mosek.Env.iparam.log sensitivity ........... ... ... 318
Control logging in sensitivity analyzer.

mosek.Env.iparam.log_sensitivity opt....... ... o i i 318
Control logging in sensitivity analyzer.

mosek.Env.iparam.log Sim.......... ... ... 319
Controls the amount of log information from the simplex optimizers.

mosek.Env.iparam.log Sim freq ... ... 319
Controls simplex logging frequency.

mosek.Env.iparam.log simminor ... 319
Currently not in use.

mosek.Env.iparam.log_sim network freq........... ... . i i 320
Controls the network simplex logging frequency.

mosek.Env.iparam.log storage ... ... 320
Controls the memory related log information.

mosek.Env.iparam.max NUM WarnIngS........ooiuuuuiii it 320
Waning level. A higher value results in more warnings.

mosek.Env.iparam.warning level....... ... 350
Warning level.

14.1.18 Extra information about the optimization problem.

e mosek.Env.iparam.objective_sense ...... ... 329

If the objective sense for the task is undefined, then the value of this parameter is used as the
default objective sense.



14.1. PARAMETER GROUPS 259

14.1.19 Overall solver parameters.

e mosek.Env.iparam.bi_clean optimizer......... ... .. i 300
Controls which simplex optimizer is used in the clean-up phase.

e mosek.Env.iparam.concurrent num optimizers........... . ... i il 303
The maximum number of simultaneous optimizations that will be started by the concurrent
optimizer.

e mosek.Env.iparam.concurrent_priority_dual_simpleX............ooiiiiiiiiiiiiiinnn... 303

Priority of the dual simplex algorithm when selecting solvers for concurrent optimization.

e mosek.Env.iparam.concurrent priority free_simplex............ ... ... i 303
Priority of the free simplex optimizer when selecting solvers for concurrent optimization.

e mosek.Env.iparam.concurrent priority intpnt......... ...t 304
Priority of the interior-point algorithm when selecting solvers for concurrent optimization.

e mosek.Env.iparam.concurrent priority primal simpleX ...........ccouiiiiiiininneennn. 304
Priority of the primal simplex algorithm when selecting solvers for concurrent optimization.

e mosek.Env.iparam.data check ...... ... i e e e 305
Enable data checking for debug purposes.

e mosek.Env.iparam.feasrepair optimize. ... ..o 305
Controls which type of feasibility analysis is to be performed.

e mosek.Env.iparam.infeas prefer primal.........c.couiiiiiiiiiiiieiiiiiiiiininaiianiann. 306
Controls which certificate is used if both primal- and dual- certificate of infeasibility is available.

e mosek.Env.iparam.license wait........... ... . 313
Controls if MOSEK should queue for a license if none is available.

e mosek.Env.iparam.mio_cont_sol ...t 322
Controls the meaning of interior-point and basic solutions in MIP problems.

e mosek.Env.iparam.mio_local branch number .............. ... ... .. il 324
Controls the size of the local search space when doing local branching.

e mosek.Env.iparam.miomode . ..... .ottt 325
Turns on/off the mixed integer mode.

e mosek.Env.iparam.optimizer ... ..ottt e 331
Controls which optimizer is used to optimize the task.

e mosek.Env.iparam.presolve _1evel. .. ... ...ttt e 333
Currently not used.

® MOSEK.ENV. iparam. PresSolve TS oottt ittt ittt ettt e e e 334
Controls whether the presolve is applied to a problem before it is optimized.
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Controls the expected number of constraints.

mosek.Env.iparam.sensitivity_all .. ... 341
Controls sensitivity report behavior.

mosek.Env.iparam.sensitivity_optimizer .......... ... ... i 341
Controls which optimizer is used for optimal partition sensitivity analysis.
mosek.Env.iparam.sensitivity type ... oo 341
Controls which type of sensitivity analysis is to be performed.
mosek.Env.iparam.solution_callback.......... ... i 350
Indicates whether solution call-backs will be performed during the optimization.

14.1.20 Behavior of the optimization task.

Parameters defining the behavior of an optimization task when loading data.
mosek.Env.iparam.alloc_add gz ........couuiiiiiii e 300
Controls how the quadratic matrixes are extended.
mosek.Env.sparam.feasrepair name prefix .......... ... . i 360
Feasibility repair name prefix.
mosek.Env.sparam.feasrepair name_separator...........c.uiiiiiiiiiii i 360
Feasibility repair name separator.
mosek.Env.sparam.feasrepair name_wsumviol............. ... i 361
Feasibility repair name violation name.
mosek.Env.iparam.maxnumanz_double trh.......... ... 321
Controls how the constraint matrix is extended.
mosek.Env.iparam.read add_anz ... 334
Controls how the constraint matrix is extended.
mosek.Env.iparam.read -add COom .........uuiiiintiii i e 334
Additional number of constraints that is made room for in the problem.
mosek.Env.iparam.read_add_comne ........ ... i 335
Additional number of conic constraints that is made room for in the problem.
mosek.Env.iparam.read-add qnz ........ ...t e 335
Controls how the quadratic matrixes are extended.
mosek.Env.iparam.read add var ... 335
Additional number of variables that is made room for in the problem.
mosek.Env.iparam.read _anz........ ...ttt e 335
Controls the expected number of constraint non-zeros.
mosek.Env.iparam.read COom....... ..ot 336
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e MmosSek.Env.iparam.read COme. ... ...ttt ettt e e 336
Controls the expected number of conic constraints.

® MoSek.Env.iparam.Tead gIlZ. .. ....ounntttt ettt et e e e 340
Controls the expected number of quadratic non-zeros.

e mosek.Env.iparam.read_task ignore param............ ..ot 340
Controls what information is used from the task files.

® MOSEK.ENV.iparam. Tead VAT .. ...ttt ettt ettt e et 340
Controls the expected number of variables.

e mosek.Env.iparam.write task inc_sol ....... ...t 357
Controls whether the solutions are stored in the task file too.

14.1.21 Data input/output parameters.

Parameters defining the behavior of data readers and writers.

e mosek.Env.sparam.bas sol file Mame........o.uuuuuteinttt et 359
Name of the bas solution file.

e mosek.Env.sparam.data_file mname ....... ...ttt 360
Data are read and written to this file.

e mosek.Env.sparam.debug filename........... ... 360

MOSEK debug file.

e mosek.Env.iparam.infeas report_auto ... ... ...t e 306
Turns the feasibility report on or off.

e mosek.Env.sparam.int_sol file mame...........uuiiuiiiiiiitiiiii i 361
Name of the int solution file.

e mosek.Env.sparam.itr_sol _filemame...........uuiiiiiiniiiiiiii e 361
Name of the itr solution file.

e mosek.Env.iparam.log file. ... ... 315
If turned on, then some log info is printed when a file is written or read.

e mosek.Env.iparam.lp_write_ignore_incompatible_items........... ... .o i, 320
Controls the result of writing a problem containing incompatible items to an LP file.

e mosek.Env.iparam.opf max terms per_l1ine ............uiiiiiiiiiiiiiiiii i 329
The maximum number of terms (linear and quadratic) per line when an OPF file is written.

e mosek.Env.iparam.opf_write header..........coiiuiiiiiiiiiiiii e 329
Write a text header with date and MOSEK version in an OPF file.

e mosek.Env.iparam.opf write hints....... ... 329
Write a hint section with problem dimensions in the beginning of an OPF file.
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e mosek.Env.iparam.opf_write parameters.........coiuiiiiiiiiiii 330
Write a parameter section in an OPF file.

e mosek.Env.iparam.opf Write Problem ... ... oottt e 330
Write objective, constraints, bounds etc. to an OPF file.

e mosek.Env.iparam.opf write S0l bas...... .o 330
Controls what is written to the OPF files.

e mosek.Env.iparam.opf write SOl 1tg. .. ..utuinntiiii e 330
Controls what is written to the OPF files.

e mosek.Env.iparam.opf write SOl itr... ... 331
Controls what is written to the OPF files.

e mosek.Env.iparam.opf write SOLULIionS . .....ceiinntiittiiii i e 331
Enable inclusion of solutions in the OPF files.

e mosek.Env.sparam.param_comment_SIign ....... ... 361
Solution file comment character.

e mosek.Env.iparam.param read CaSE€ MAME ... .....uuuuutereeeeereeteeeeeeeeeeeeeennennnnnn 332
If turned on, then names in the parameter file are case sensitive.

e mosek.Env.sparam.param read filemame ...........oiiuiiiiiiiiiii e 362
Modifications to the parameter database is read from this file.

e mosek.Env.iparam.param read ign error....... ... 332
If turned on, then errors in paramter settings is ignored.

e mosek.Env.sparam.param write_filemame....... ...ttt 362
The parameter database is written to this file.

e mosek.Env.iparam.read add @anzZ ...........oiiiiiii i e 334
Controls how the constraint matrix is extended.

e mosek.Env.iparam.read-add_COm ........uuuuuutiiinnnttti ittt 334
Additional number of constraints that is made room for in the problem.

e mosek.Env.iparam.read add COME ... ......uuuuutuerti it 335
Additional number of conic constraints that is made room for in the problem.

e mosek.Env.iparam.read-add_gnzZ ........ ...ttt e 335
Controls how the quadratic matrixes are extended.

e mosek.Env.iparam.read add Var .........oiiiiiiiiii e 335
Additional number of variables that is made room for in the problem.

e mosek.Env.iparam.read_anz........... ... 335
Controls the expected number of constraint non-zeros.

® MOSEK.ENV. iparam. Tead COM . ...ttt 336
Controls the expected number of constraints.
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e MmosSek.Env.iparam.read COme. ... ...ttt ettt e e 336
Controls the expected number of conic constraints.

e mosek.Env.iparam.read data COmPresSSed. ... ...ueuenntuet ettt enniee e, 336
Controls the input file decompression.

e mosek.Env.iparam.read_data_format......... ..o 336
Format of the data file to be read.

e mosek.Env.iparam.read Keep free COM .. ...t 337
Controls whether the free constraints are included in the problem.

e mosek.Env.iparam.read_lp_dropnew._vars_inbou................ ... .. oo 337
Controls how the LP files are interpreted.

e mosek.Env.iparam.read 1p qUOted MaAMES ... ....uurtuuteeteeeeteeteeeeeeeeeeeennnnannnnn. 337
If a name is in quotes when reading an LP file, the quotes will be removed.

e mosek.Env.sparam.read MPS DOU NAME . . .. .vvttnntttte ettt ettt enaieeeennns 362
Name of the BOUNDS vector used. An empty name means that the first BOUNDS vector is
used.

e mosek.Env.iparam.read mps_fOrmat. .. ... ...ttt e 338

Controls how strictly the MPS file reader interprets the MPS format.

e mosek.Env.iparam.read mps_keep_int........ ... . i i 338
Controls if integer constraints are read.

e mosek.Env.sparam.read mps_objmname.......... ... 362
Objective name in the MPS file.

e mosek.Env.iparam.read mPS 0D SeMSE ..ottt e 338
Controls the MPS format extensions.

e mosek.Env.iparam.read mps_quoted names............ ...l 339
Controls the MPS format extensions.

e mosek.Env.sparam.read MPS TaN NAME . . .. .vvetnnttttetnnntee e nnteee e naneeennans 363
Name of the RANGE vector used. An empty name means that the first RANGE vector is used.

e mosek.Env.iparam.read mMPS _TelaX . ... .o .uuuutttnnttte it 339
Controls the meaning of integer constraints.

e mosek.Env.sparam.read MPS_ ThS NaME. . .....uuutttttii i 363
Name of the RHS used. An empty name means that the first RHS vector is used.

e mosek.Env.iparam.read mps_width............ i 339
Controls the maximal number of chars allowed in one line of the MPS file.

e mosek.Env.iparam.read g mOde .. ... ... e e 339
Controls how the Q matrices are read from the MPS file.
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mosek.Env.iparam.read gnz....... ... 340
Controls the expected number of quadratic non-zeros.

mosek.Env.iparam.read_task_ignore param.............. ... i 340
Controls what information is used from the task files.

mosek.Env.iparam.read Var. ... ...t 340
Controls the expected number of variables.

mosek.Env.sparam.sensitivity filemame.......... .. ... i 363
Sensitivity report file name.

mosek.Env.sparam.sensitivity res filemame............. ... i 363
Name of the sensitivity report output file.

mosek.Env.sparam.sol filter XC LoW. . ...ttt 364
Solution file filter.

mosek.Env.sparam. S0l filter KC UPT. ..ottt 364
Solution file filter.

mosek.Env.sparam.sol filter XX _L1oW...... ... 364
Solution file filter.

mosek.Env.sparam. S0l filter XX UPT .. ..ottt 365
Solution file filter.

mosek.Env.iparam.sol quoted names............coiiiiiiiiiiii i 349
Controls the solution file format.

mosek.Env.iparam.sol_read name width ......... ..o 349
Controls the input solution file format.

mosek.Env.iparam.sol read width....... ... 350
Controls the input solution file format.

mosek.Env.sparam.stat_filemame. ..ottt e 365
Statistics file name.

mosek.Env.sparam.stat Key........ ... 365
Key used when writing the summary file.

mosek.Env.sparam. Stat mame. ... ...t 365
Name used when writing the statistics file.

mosek.Env.iparam.write bas_constraints............ ... . 351
Controls the basic solution file format.

mosek.Env.iparam.write bas_head.......... .. ... 351
Controls the basic solution file format.

mosek.Env.iparam.write bas_variables............. .. i i i i i i 351

Controls the basic solution file format.
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mosek.Env.iparam.write_data_compressed. ... 351
Controls output file compression.

mosek.Env.iparam.write_data_format ........ ... .. 352
Controls the output file problem format.

mosek.Env.iparam.write_data param....... ..ottt e 352
Controls output file data.

mosek.Env.iparam.write free_con........ ... 352
Controls the output file data.

mosek.Env.iparam.write_generic mames ...... ...t e 353
Controls the output file data.

mosek.Env.iparam.write_genericmnames_io............ . i 353
Index origin used in generic names.

mosek.Env.iparam.write_int_constraints......... .. ... i i 353
Controls the integer solution file format.

mosek.Env.iparam.write_int head.......... ..o i i 353
Controls the integer solution file format.

mosek.Env.iparam.write_int_variables ... 354
Controls the integer solution file format.

mosek.Env.sparam.write 1p gen Var Name ........uuutetiititeiierennnnnnniinniniiinnnnns 366

Added variable names in the LP files.

mosek.Env.iparam.write_ lp_ linewidth ...... ... oo 354
Controls the LP output file format.

mosek.Env.iparam.write_lp_quoted names................ i 354
Controls LP output file format.

mosek.Env.iparam.write_lp_strict_format........... .o iiiiiiiiiiiiiii i 354
Controls whether LP output files satisfy the LP format strictly.

mosek.Env.iparam.write lp terms per_line........c.c.uuuiiiiiiiiiiiiiininnin., 395
Controls the LP output file format.

mosek.Env.iparam.write mps_int ..o e 355
Controls the output file data.

mosek.Env.iparam.write mpsS_obj_SenSe ... 395
Controls the output file data.

mosek.Env.iparam.writemps_quoted names............ ... i i 356
Controls the output file data.

mosek.Env.iparam.writemps_strict......... ... i 356
Controls the output MPS file format.
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mosek.Env.iparam.write precision ....... ... 356
Controls data precision employed in when writing an MPS file.

mosek.Env.iparam.write_sol_constraints............ ... i 356
Controls the solution file format.

mosek.Env.iparam.write_sol head.......... ... i 357
Controls solution file format.

mosek.Env.iparam.write_sol_variables........... ... i 357
Controls the solution file format.

mosek.Env.iparam.write_task inc_sol ........... . i 357
Controls whether the solutions are stored in the task file too.

mosek.Env.iparam.write xml mode.........coiiiiiiiiiiiii 358
Controls if linear coefficients should be written by row or column when writing in the XML file
format.

14.1.22 Solution input/output parameters.

Parameters defining the behavior of solution reader and writer.

mosek.Env.sparam.bas_sol_filemname........... ... i 3959
Name of the bas solution file.

mosek.Env.iparam.infeas_ report_auto.......... . ... i i 306
Turns the feasibility report on or off.

mosek.Env.sparam.int_sol filemame........... ... i 361
Name of the int solution file.

mosek.Env.sparam.itr_sol filemame........ ...ttt 361
Name of the itr solution file.

mosek.Env.iparam.sol filter keep basicC.........coooiiiiiiiiiiiiiiiiii i 349
Controls the license manager client behavior.

mosek.Env.iparam.sol _filter keep.ranged.............oiiiiiiiiiiiiii i 349
Control the contents of the solution files.

mosek.Env.sparam.sol filter XC LoW......uuuutiiiiini i 364
Solution file filter.

mosek.Env.sparam.sol filter XC UpPT..... ..ottt 364
Solution file filter.

mosek.Env.sparam.sol filter XX _L1oW...... ..o 364
Solution file filter.
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e mosek.Env.sparam.sol _filter XX upr............ooiiiiiiiiiiii.,

Solution file filter.

e mosek.Env.iparam.sol_quotedmnames............. ... .o,

Controls the solution file format.

e mosek.Env.iparam.sol read name width.................... ... .. ...

Controls the input solution file format.

e mosek.Env.iparam.sol read width................. ... ... ...

Controls the input solution file format.

e mosek.Env.iparam.write_bas_constraints.................. ... ...

Controls the basic solution file format.

e mosek.Env.iparam.write_bas head............. ... ... oo

Controls the basic solution file format.

e mosek.Env.iparam.write_bas_variables................ ... ...l

Controls the basic solution file format.

e mosek.Env.iparam.write_int_constraints...................... ...

Controls the integer solution file format.

e mosek.Env.iparam.write_int head............. ... ... .o ool

Controls the integer solution file format.

e mosek.Env.iparam.write_int_variables................ ... ...

Controls the integer solution file format.

e mosek.Env.iparam.write_sol_constraints..........................

Controls the solution file format.

e mosek.Env.iparam.write_sol head..................... ... ool

Controls solution file format.

e mosek.Env.iparam.write_sol_variables................ ... .. ...

Controls the solution file format.

14.1.23 Infeasibility report parameters.

e mosek.Env.iparam.infeas_genericmnames...........................

Controls the contents of the infeasibility report.

e mosek.Env.iparam.infeas report_level.................. ... ...

Controls the contents of the infeasibility report.

e mosek.Env.iparam.log infeas ana............... ... ..ol

Controls log level for the infeasibility analyzer.
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14.1.24 License manager parameters.

mosek.Env.iparam.license alloW OVeIUSe. . ....uutonnnuteeiiite i i 311
Controls if license overuse is allowed when caching licenses

mosek.Env.iparam.license_cache_time........ ... ... i i 311
Controls the license manager client behavior.

mosek.Env.iparam.license_check time...... ... ... i 312
Controls the license manager client behavior.

mosek.Env.iparam.license debug.......... .. 312
Controls the license manager client debugging behavior.

mosek.Env.iparam.license pause_time.......... .. ... i 312
Controls license manager client behavior.

mosek.Env.iparam.license_suppress_exXpire WINS............coviiiiiiiiiiiiiineenainn 312
Controls license manager client behavior.

mosek.Env.iparam.license wait..... ... 313

Controls if MOSEK should queue for a license if none is available.

14.1.25 Data check parameters.

These parameters defines data checking settings and problem data tolerances, i.e. which values are
rounded to 0 or infinity, and which values are large or small enough to produce a warning.

mosek.Env.iparam.check convexity ....... ..o i 302
Specify the level of convexity check on quadratic problems

mosek.Env.iparam.check task data.......... ..o i 303
If this feature is turned on, then the task data is checked for bad values i.e. NaNs. before an
optimization is performed.

mosek.Env.dparam.data_tol aij ........oooiiiiiiiii 274
Data tolerance threshold.

mosek.Env.dparam.data_tol_aij_large ... 274
Data tolerance threshold.

mosek.Env.dparam.data_tol bound_inf ....... ... ... 274
Data tolerance threshold.

mosek.Env.dparam.data tol bound WIn ....... ..ottt e 274
Data tolerance threshold.

mosek.Env.dparam.data_tol c huge........... ... .. ... 275

Data tolerance threshold.
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e mosek.Env.dparam.data tol Cj large. ......uuuuuuiiiii e 275
Data tolerance threshold.

e mosek.Env.dparam.data tol gij . ...uetiinntti i e 275
Data tolerance threshold.

o mosek.Env.dparam.data t0L X . .......uuunte e e e e 275
Data tolerance threshold.

14.2 Double parameters

e mosek.Env.dparam.basis rel t0l S ... ... e e 272
Maximum relative dual bound violation allowed in an optimal basic solution.

e mosek.Env.dparam.basis ToL S .....ouuuttitii e 273
Maximum absolute dual bound violation in an optimal basic solution.

e Mmosek.Env.dparam.basis TOL X ...ttt e 273
Maximum absolute primal bound violation allowed in an optimal basic solution.

e mosek.Env.dparam.bi 1u tol rel piv..........uuuunun e 273
Relative pivot tolerance used in the LU factorization in the basis identification procedure.

e mosek.Env.dparam.callback freq........ouinuuiiiiiii e 273
Controls progress call-back frequency.

e mosek.Env.dparam.data tol aij .......ueinitiii e 274
Data tolerance threshold.

e mosek.Env.dparam.data_tol aij large .........c.uuiiuiiiii i 274
Data tolerance threshold.

e mosek.Env.dparam.data_tol bound_inf .......... ... i 274
Data tolerance threshold.

e mosek.Env.dparam.data tol DOUNA WITL . ....vttnnnttt ettt ettt e e 274
Data tolerance threshold.

e mosek.Env.dparam.data_tol c hUge ... ... ...ttt e 275
Data tolerance threshold.

e mosek.Env.dparam.data tol Cj large . .....cuuuuuritiii 275
Data tolerance threshold.

e mosek.Env.dparam.data tol gij . ...uettintti i e 275
Data tolerance threshold.

o mosek.Env.dparam.data t0Ll X . .......uuuun e e 275
Data tolerance threshold.
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mosek.Env.dparam.feasrepair tol. ... ... 276
Tolerance for constraint enforcing upper bound on sum of weighted violations in feasibility repair.

mosek.Env.dparam.intpnt_co_tol dfeas .......... ... i 276
Dual feasibility tolerance used by the conic interior-point optimizer.

mosek.Env.dparam.intpnt_co_tol_infeas........... i 276
Infeasibility tolerance for the conic solver.

mosek.Env.dparam.intpnt_co_tolmu red ........ ... 276
Optimality tolerance for the conic solver.

mosek.Env.dparam.intpnt_co_tolmear rel......... ..o 277
Optimality tolerance for the conic solver.

mosek.Env.dparam.intpnt_co_tol pfeas ......... ..o 277
Primal feasibility tolerance used by the conic interior-point optimizer.

mosek.Env.dparam.intpnt_co tol rel gap ......ouuutiiiiiiitt i e 277
Relative gap termination tolerance used by the conic interior-point optimizer.

mosek.Env.dparam.intpnt nl merit_bal ......... ... 277
Controls if the complementarity and infeasibility is converging to zero at about equal rates.

mosek.Env.dparam.intpnt nl tol dfeas ....... ...ttt e 278
Dual feasibility tolerance used when a nonlinear model is solved.

mosek.Env.dparam.intpnt nl tolmu.red ......... ... .. 278
Relative complementarity gap tolerance.

mosek.Env.dparam.intpnt nl_tolmear rel...........uuuiiiiiiiiii it 278
Nonlinear solver optimality tolerance parameter.

mosek.Env.dparam.intpnt nl tol pfeas ..........coiiiiiiiiiiiiiiiiiiiiiii i 279
Primal feasibility tolerance used when a nonlinear model is solved.

mosek.Env.dparam.intpnt nl tol rel gap ....coouutttiiiii e 279
Relative gap termination tolerance for nonlinear problems.

mosek.Env.dparam.intpnt nl tol rel step...........oi i 279
Relative step size to the boundary for general nonlinear optimization problems.

mosek.Env.dparam.intpnt_tol dfeas.........c..oiiiiiiiiiii 279
Dual feasibility tolerance used for linear and quadratic optimization problems.

mosek.Env.dparam.intpnt_tol dsafe.......... ... i i i 279
Controls the interior-point dual starting point.

mosek.Env.dparam.intpnt_tol_infeas ........... ... . 280
Nonlinear solver infeasibility tolerance parameter.

mosek.Env.dparam.intpnt_tolmu.red........ ... ... 280
Relative complementarity gap tolerance.
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e mosek.Env.dparam.intpnt_tol path........coo it 280
interior-point centering aggressiveness.

e mosek.Env.dparam.intpnt tol pfeas. ... ...uutiiit i e 281
Primal feasibility tolerance used for linear and quadratic optimization problems.

e mosek.Env.dparam.intpnt_tol psafe.......... .. ... 281
Controls the interior-point primal starting point.

e mosek.Env.dparam.intpnt t0l Tel Gap .....cutnnntttttm et 281
Relative gap termination tolerance.

e mosek.Env.dparam.intpnt tol rel Step ......ouiiiiiiii i e 281
Relative step size to the boundary for linear and quadratic optimization problems.

e mosek.Env.dparam.intpnt_tol_step_size........... ... .. i 282
If the step size falls below the value of this parameter, then the interior-point optimizer assumes
it is stalled. It it does not not make any progress.

e mosek.Env.dparam.loWer 0D CUL . ...ttt ettt ettt 282
Objective bound.

e mosek.Env.dparam.lower_obj_cut_finite trh.......... ... ... ... .l 282
Objective bound.

e mosek.Env.dparam.mio_disable term time............uiiiiiiiiiiiiiii e 282
Certain termination criterias is disabled within the mixed integer optimizer for period time
specified by the parameter.

e mosek.Env.dparam.mio heuristic time.........c.ccooiiiiiiiiiiiiiiiiiii 283
Time limit for the mixed integer heuristics.

e mosek.Env.dparam.miomax_time .......... e 283
Time limit for the mixed integer optimizer.

e mosek.Env.dparam.mio max time aprX 0Pt «...uutetnnnttt e et e 283
Time limit for the mixed integer optimizer.

e mosek.Env.dparam.miomnear tol_abs_gap ............ ... .. 284
Relaxed absolute optimality tolerance employed by the mixed integer optimizer.

e mosek.Env.dparam.mio near t0l Tel ap ....cuuuuututttnnnttee et 284
The mixed integer optimizer is terminated when this tolerance is satisfied.

e mosek.Env.dparam.mio rel add cut_limited......... ..o iiiiiiii i 284
Controls cut generation for MIP solver.

e mosek.Env.dparam.mio_tol abs_gap...... ...t 285
Absolute optimality tolerance employed by the mixed integer optimizer.

e mosek.Env.dparam.mio_tol abs relax int ...........oo it 285
Integer constraint tolerance.
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mosek.Env.dparam.mio tol rel gap .. ....cuinuttttii e 285
Relative optimality tolerance employed by the mixed integer optimizer.

mosek.Env.dparam.mio_tol rel relax int ...........oooiiiiiiiiiiiiiiiiiiii i 285
Integer constraint tolerance.

mosek.Env.dparam.mio ol X .. ... 286
Absolute solution tolerance used in mixed-integer optimizer.

mosek.Env.dparam.nonconvex_tol feas.......... ... i i 286
Feasibility tolerance used by the nonconvex optimizer.

mosek.Env.dparam.nonconvex_tol opt ... 286
Optimality tolerance used by the nonconvex optimizer.

mosek.Env.dparam.optimizer max_time ....... ..o 286
Solver time limit.

mosek.Env.dparam.presolve_tol aij........ooiiiiiiiiiii i 287
Absolute zero tolerance employed for constraint coefficients in the presolve.

mosek.Env.dparam.presolve_tol lin dep....... ..o 287
Controls when a constraint is determined to be linearly dependent.

mosek.Env.dparam.presolve_tol S.......uuiiiiiiiiii e 287
Absolute zero tolerance employed for slack variables in the presolve.

mosek.Env.dparam.presolve _tol X..... ...t 287
Absolute zero tolerance employed for variables in the presolve.

mosek.Env.dparam.simplex_abs_tol piv......... ..o i 288
Absolute pivot tolerance employed by the simplex optimizers.

mosek.Env.dparam.upper_obj_CUl ... ...t 288
Objective bound.

mosek.Env.dparam.upper_obj_cut_finite trh......... ... 288
Objective bound.

basis_rel_tol_s
Corresponding constant:
mosek.Env.dparam.basis_rel_tol_s

Description:
Maximum relative dual bound violation allowed in an optimal basic solution.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-12
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e basis_tol_s
Corresponding constant:
mosek.Env.dparam.basis_tol_s

Description:
Maximum absolute dual bound violation in an optimal basic solution.

Possible Values:
Any number between 1.0e-9 and +inf.

Default value:
1.0e-6
e basis_tol x
Corresponding constant:
mosek.Env.dparam.basis_tol _x

Description:
Maximum absolute primal bound violation allowed in an optimal basic solution.

Possible Values:
Any number between 1.0e-9 and +inf.

Default value:
1.0e-6

e bi_lu tol rel piv

Corresponding constant:
mosek.Env.dparam.bi_lu_tol rel piv

Description:
Relative pivot tolerance used in the LU factorization in the basis identification procedure.

Possible Values:
Any number between 1.0e-6 and 0.999999.

Default value:
0.01

e callback _freq

Corresponding constant:
mosek.Env.dparam.callback_freq

Description:
Controls the time between calls to the progress call-back function. Hence, if the value of
this parameter is for example 10, then the call-back is called approximately each 10 seconds.
A negative value is equivalent to infinity.

In general frequent call-backs may hurt the performance.

Possible Values:
Any number between -inf and +inf.
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Default value:
-1.0

e data_tol_aij
Corresponding constant:
mosek.Env.dparam.data_tol_aij

Description:
Absolute zero tolerance for elements in A.

Possible Values:
Any number between 1.0e-16 and 1.0e-6.

Default value:
1.0e-12
e data_tol_aij_large
Corresponding constant:
mosek.Env.dparam.data_tol_aij_large

Description:
An element in A which is larger than this value in absolute size causes a warning message
to be printed.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e10
e data_tol_bound_inf
Corresponding constant:
mosek.Env.dparam.data_tol_bound_inf

Description:
Any bound which in absolute value is greater than this parameter is considered infinite.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0el6
e data_tol_bound_wrn
Corresponding constant:
mosek.Env.dparam.data_tol_bound_wrn

Description:
If a bound value is larger than this value in absolute size, then a warning message is issued.

Possible Values:
Any number between 0.0 and +inf.
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Default value:
1.0e8

e data_tol_c_huge
Corresponding constant:

mosek.Env.dparam.data_tol_c_huge

Description:
An element in ¢ which is larger than the value of this parameter in absolute terms is
considered to be huge and generates an error.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0el16
e data_tol cj_large
Corresponding constant:
mosek.Env.dparam.data_tol_cj_large

Description:
An element in ¢ which is larger than this value in absolute terms causes a warning message
to be printed.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e8
e data_tol qgij
Corresponding constant:
mosek.Env.dparam.data_tol_qij

Description:
Absolute zero tolerance for elements in () matrices.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-16
e data tol x
Corresponding constant:
mosek.Env.dparam.data_tol_x

Description:
Zero tolerance for constraints and variables i.e. if the distance between the lower and upper
bound is less than this value, then the lower and lower bound is considered identical.
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Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-8

feasrepair_tol

Corresponding constant:
mosek.Env.dparam.feasrepair_tol

Description:
Tolerance for constraint enforcing upper bound on sum of weighted violations in feasibility
repair.

Possible Values:
Any number between 1.0e-16 and 1.0e+16.

Default value:
1.0e-10

intpnt_co_tol_dfeas

Corresponding constant:
mosek.Env.dparam.intpnt_co_tol_dfeas

Description:
Dual feasibility tolerance used by the conic interior-point optimizer.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-8

intpnt_co_tol_infeas

Corresponding constant:
mosek.Env.dparam.intpnt_co_tol_infeas

Description:
Controls when the conic interior-point optimizer declares the model primal or dual infeasible.
A small number means the optimizer gets more conservative about declaring the model
infeasible.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-8

intpnt_co_tol_mu_red

Corresponding constant:
mosek.Env.dparam.intpnt_co_tol mu._red
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Description:
Relative complementarity gap tolerance feasibility tolerance used by the conic interior-point
optimizer.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-8
e intpnt_co_tol near_rel
Corresponding constant:
mosek.Env.dparam.intpnt_co_tol near_rel

Description:
If MOSEK cannot compute a solution that has the prescribed accuracy, then it will multiply
the termination tolerances with value of this parameter. If the solution then satisfies the
termination criteria, then the solution is denoted near optimal, near feasible and so forth.

Possible Values:
Any number between 1.0 and +inf.

Default value:
100
e intpnt_co_tol_pfeas
Corresponding constant:
mosek.Env.dparam.intpnt_co_tol_pfeas

Description:
Primal feasibility tolerance used by the conic interior-point optimizer.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-8
e intpnt_co_tol_rel_gap
Corresponding constant:
mosek.Env.dparam.intpnt_co_tol_rel_gap

Description:
Relative gap termination tolerance used by the conic interior-point optimizer.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-8

e intpnt nl merit_bal
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Corresponding constant:
mosek.Env.dparam.intpnt nl merit_bal

Description:
Controls if the complementarity and infeasibility is converging to zero at about equal rates.

Possible Values:
Any number between 0.0 and 0.99.

Default value:
1.0e-4
e intpnt_nl tol_dfeas
Corresponding constant:
mosek.Env.dparam.intpnt_ nl_tol_dfeas

Description:
Dual feasibility tolerance used when a nonlinear model is solved.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-8

e intpnt nl tol mu red

Corresponding constant:
mosek.Env.dparam.intpnt nl_tol mu.red

Description:
Relative complementarity gap tolerance.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-12

e intpnt_nl tol near_rel

Corresponding constant:
mosek.Env.dparam.intpnt nl_tol near_rel

Description:
If the MOSEK nonlinear interior-point optimizer cannot compute a solution that has the
prescribed accuracy, then it will multiply the termination tolerances with value of this
parameter. If the solution then satisfies the termination criteria, then the solution is denoted
near optimal, near feasible and so forth.

Possible Values:
Any number between 1.0 and +inf.

Default value:
1000.0
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e intpnt_nl tol_pfeas
Corresponding constant:
mosek.Env.dparam.intpnt_nl_tol_pfeas

Description:
Primal feasibility tolerance used when a nonlinear model is solved.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-8
e intpnt_nl tol rel_gap
Corresponding constant:
mosek.Env.dparam.intpnt nl_tol_rel_gap

Description:
Relative gap termination tolerance for nonlinear problems.

Possible Values:
Any number between 1.0e-14 and +inf.

Default value:
1.0e-6
e intpnt_nl tol_rel_step
Corresponding constant:
mosek.Env.dparam.intpnt nl_tol_rel_step

Description:
Relative step size to the boundary for general nonlinear optimization problems.

Possible Values:
Any number between 1.0e-4 and 0.9999999.

Default value:
0.995
e intpnt_tol_dfeas
Corresponding constant:
mosek.Env.dparam.intpnt_tol_dfeas

Description:
Dual feasibility tolerance used for linear and quadratic optimization problems.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-8

e intpnt_tol_dsafe
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Corresponding constant:
mosek.Env.dparam.intpnt_tol_dsafe

Description:
Controls the initial dual starting point used by the interior-point optimizer. If the interior-
point optimizer converges slowly.

Possible Values:
Any number between 1.0e-4 and +inf.

Default value:
1.0

e intpnt_tol_infeas
Corresponding constant:
mosek.Env.dparam.intpnt_tol_infeas

Description:
Controls when the optimizer declares the model primal or dual infeasible. A small number
means the optimizer gets more conservative about declaring the model infeasible.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-8
e intpnt_tol mu red
Corresponding constant:
mosek.Env.dparam.intpnt_tol mu red

Description:
Relative complementarity gap tolerance.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-16

e intpnt_tol_path

Corresponding constant:
mosek.Env.dparam.intpnt_tol_path

Description:
Controls how close the interior-point optimizer follows the central path. A large value of
this parameter means the central is followed very closely. On numerical unstable problems
it might worthwhile to increase this parameter.

Possible Values:
Any number between 0.0 and 0.9999.

Default value:
1.0e-8
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e intpnt_tol_pfeas
Corresponding constant:
mosek.Env.dparam.intpnt_tol_pfeas

Description:
Primal feasibility tolerance used for linear and quadratic optimization problems.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-8
e intpnt_tol_psafe
Corresponding constant:
mosek.Env.dparam.intpnt_tol_psafe

Description:
Controls the initial primal starting point used by the interior-point optimizer. If the interior-
point optimizer converges slowly and/or the constraint or variable bounds are very large,
then it might be worthwhile to increase this value.

Possible Values:
Any number between 1.0e-4 and +inf.

Default value:
1.0
e intpnt_tol_rel_gap
Corresponding constant:
mosek.Env.dparam.intpnt_tol_rel_gap

Description:
Relative gap termination tolerance.

Possible Values:
Any number between 1.0e-14 and +inf.

Default value:
1.0e-8
e intpnt_tol_rel_step
Corresponding constant:
mosek.Env.dparam.intpnt_tol_rel_step

Description:
Relative step size to the boundary for linear and quadratic optimization problems.

Possible Values:
Any number between 1.0e-4 and 0.999999.

Default value:
0.9999
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e intpnt_tol_step_size

Corresponding constant:
mosek.Env.dparam.intpnt_tol_step_size

Description:
If the step size falls below the value of this parameter, then the interior-point optimizer
assumes it is stalled. It it does not not make any progress.

Possible Values:
Any number between 0.0 and 1.0.

Default value:
1.0e-10

lower_obj_cut

Corresponding constant:
mosek.Env.dparam.lower_obj_cut

Description:
If a feasible solution having an objective value outside, the interval [Env.dparam.lower_obj_cut,
Env.dparam.upper_obj_cut], then MOSEK is terminated.

Possible Values:
Any number between -inf and +inf.

Default value:
-1.0e30

lower_obj_cut_finite_trh

Corresponding constant:
mosek.Env.dparam.lower_obj_cut_finite_trh

Description:
If the lower objective cut is less than the value of this parameter value, then the lower
objective cut i.e. Env.dparam.lower_obj_cut is treated as —oo.

Possible Values:
Any number between -inf and +inf.

Default value:
-0.5e30

e mio_disable_term_time

Corresponding constant:
mosek.Env.dparam.mio_disable_term_time

Description:
The termination criteria governed by
— Env.iparam.mio_max_num relaxs
— Env.iparam.mio_max_num_branches

— Env.dparam.mio_near_tol_abs_gap
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— Env.dparam.mio_near_tol_rel_gap

is disabled the first n seconds. This parameter specifies the number n. A negative value is
identical to infinity i.e. the termination criterias are never checked.

Possible Values:
Any number between 0.0 and +inf.

Default value:
0.0

See also:
Env.iparam.mio max num relaxs Maximum number of relaxations in branch and bound
search.
Env.iparam.mio max num branches Maximum number of branches allowed during the branch
and bound search.
Env.dparam.mio near_tol_abs_gap Relaxed absolute optimality tolerance employed by the
mixed integer optimizer.

Env.dparam.mio near_tol rel_gap The mixed integer optimizer is terminated when this
tolerance is satisfied.

e mio_heuristic_time
Corresponding constant:

mosek.Env.dparam.mio_heuristic_time

Description:
Minimum amount of time to be used in the heuristic search for a good feasible integer
solution. A negative values implies that the optimizer decides the amount of time to be
spent in the heuristic.

Possible Values:
Any number between -inf and +inf.

Default value:
-1.0
e mio max_time
Corresponding constant:
mosek.Env.dparam.mio_max_time

Description:
This parameter limits the maximum time spent by the mixed integer optimizer. A negative
number means infinity.

Possible Values:
Any number between -inf and +inf.

Default value:
-1.0

e mio_max_time_aprx_opt
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Corresponding constant:
mosek.Env.dparam.mio_max_time_aprx_opt

Description:
Number of seconds spent by the mixed integer optimizer before the Env.dparam.mio_tol rel relax int
is applied.

Possible Values:
Any number between 0.0 and +inf.

Default value:
60
e mio_near_tol_abs_gap
Corresponding constant:
mosek.Env.dparam.mio_near_tol_abs_gap

Description:
Relaxed absolute optimality tolerance employed by the mixed integer optimizer. This ter-
mination criteria is delayed. See Env.dparam.mio _disable _term time for details.

Possible Values:
Any number between 0.0 and +inf.

Default value:
0.0

See also:
Env.dparam.mio disable term time Certain termination criterias is disabled within the
mixed integer optimizer for period time specified by the parameter.
e mio near_tol_rel_gap
Corresponding constant:
mosek.Env.dparam.mio_near_tol_rel_gap

Description:
The mixed integer optimizer is terminated when this tolerance is satisfied. This termination
criteria is delayed. See Env.dparam.mio_disable_term_time for details.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-5

See also:

Env.dparam.mio_disable_term_time Certain termination criterias is disabled within the
mixed integer optimizer for period time specified by the parameter.

e mio_rel_add_cut_limited

Corresponding constant:
mosek.Env.dparam.mio_rel_add_cut_limited
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Description:
Controls how many cuts the mixed integer optimizer is allowed to add to the problem. Let «
be the value of this parameter and m the number constraints, then mixed integer optimizer
is allowed to am cuts.

Possible Values:
Any number between 0.0 and 2.0.

Default value:
0.75
e mio_tol_abs_gap
Corresponding constant:
mosek.Env.dparam.mio_tol_abs_gap

Description:
Absolute optimality tolerance employed by the mixed integer optimizer.

Possible Values:
Any number between 0.0 and +inf.

Default value:
0.0
e mio_tol_abs_relax_int
Corresponding constant:
mosek.Env.dparam.mio_tol_abs_relax_int

Description:
Absolute relaxation tolerance of the integer constraints. L.e. min(|z| — |z], [z] — |z|) is less
than the tolerance then the integer restrictions assumed to be satisfied.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-5
e mio_tol_rel_gap
Corresponding constant:
mosek.Env.dparam.mio_tol_rel_gap

Description:
Relative optimality tolerance employed by the mixed integer optimizer.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-8

e mio_tol_rel relax_int
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Corresponding constant:
mosek.Env.dparam.mio_tol_rel _relax_int

Description:
Relative relaxation tolerance of the integer constraints. I.e. min(|z| — |z], [z] — |z|) is less
than the tolerance times || then the integer restrictions assumed to be satisfied.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-6

e mio_tol x

Corresponding constant:
mosek.Env.dparam.mio_tol _x

Description:
Absolute solution tolerance used in mixed-integer optimizer.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-6

e nonconvex_tol_feas

Corresponding constant:
mosek.Env.dparam.nonconvex_tol_feas

Description:
Feasibility tolerance used by the nonconvex optimizer.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-6

e nonconvex_tol_opt

Corresponding constant:
mosek.Env.dparam.nonconvex_tol_opt

Description:
Optimality tolerance used by the nonconvex optimizer.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-7

e optimizer max_time
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Corresponding constant:
mosek.Env.dparam.optimizer max_time

Description:
Maximum amount of time the optimizer is allowed to spent on the optimization. A negative
number means infinity.

Possible Values:
Any number between -inf and +inf.

Default value:
-1.0
e presolve_tol_aij
Corresponding constant:
mosek.Env.dparam.presolve_tol_aij

Description:
Absolute zero tolerance employed for a;; in the presolve.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-12
e presolve_tol_lin_dep
Corresponding constant:
mosek.Env.dparam.presolve_tol_lin_dep

Description:
Controls when a constraint is determined to be linearly dependent.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-6
e presolve_tol_s
Corresponding constant:
mosek.Env.dparam.presolve_tol_s

Description:
Absolute zero tolerance employed for s; in the presolve.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-8

e presolve_tol x
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Corresponding constant:
mosek.Env.dparam.presolve_tol x

Description:
Absolute zero tolerance employed for z; in the presolve.

Possible Values:
Any number between 0.0 and +inf.

Default value:
1.0e-8
e simplex_abs_tol_piv
Corresponding constant:
mosek.Env.dparam.simplex_abs_tol piv

Description:
Absolute pivot tolerance employed by the simplex optimizers.

Possible Values:
Any number between 1.0e-12 and +inf.

Default value:
1.0e-7
e upper_obj_cut
Corresponding constant:
mosek.Env.dparam.upper_obj_cut

Description:
If a feasible solution having and objective value outside, the interval [Env.dparam.lower_obj_cut,
Env.dparam.upper_obj_cut], then MOSEK is terminated.

Possible Values:
Any number between -inf and +inf.

Default value:
1.0e30
e upper_obj_cut_finite_trh
Corresponding constant:
mosek.Env.dparam.upper_obj_cut_finite_trh

Description:
If the upper objective cut is greater than the value of this value parameter, then the the
upper objective cut Env.dparam.upper_obj_cut is treated as co.

Possible Values:
Any number between -inf and +inf.

Default value:
0.5e30
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14.3 Integer parameters

e mosek.Env.iparam.alloc_add gnzZ ..........cuinuuiiiiii i e 300
Controls how the quadratic matrixes are extended.

e mosek.Env.iparam.bi_clean optimizer.......... ... .o 300
Controls which simplex optimizer is used in the clean-up phase.

e mosek.Env.iparam.bi ignore max iter ............iiiiiiiiii e 300
Turns on basis identification in case the interior-point optimizer is terminated due to maximum
number of iterations.

e mosek.Env.iparam.bi ignore NUmM eTTor ........uuuuuttttiint ettt 301
Turns on basis identification in case the interior-point optimizer is terminated due to a numerical
problem.

e mosek.Env.iparam.bi max 1terations ........coiiuiiiiiiiiiii e 301

Maximum number of iterations after basis identification.

e mosek.Env.iparam.cache Size 11 ... ... ..ottt 301
Specifies the size of the level 1 cache of the processor.

e mosek.Env.iparam.cache Size 12 . ... ... ...ttt 302
Specifies the size of the level 2 cache of the processor.

e mosek.Env.iparam.check_convexity ......... ... . 302
Specify the level of convexity check on quadratic problems

e mosek.Env.iparam.cheCk Ctrl C ... ..ottt e e 302
Turns ctrl-c check on or off.

e mosek.Env.iparam.check task data........... ... o i 303
If this feature is turned on, then the task data is checked for bad values i.e. NaNs. before an
optimization is performed.

e mosek.Env.iparam.concurrent num optimizers............. ... i 303
The maximum number of simultaneous optimizations that will be started by the concurrent
optimizer.

e mosek.Env.iparam.concurrent priority dual_simplex................ . i, 303

Priority of the dual simplex algorithm when selecting solvers for concurrent optimization.

e mosek.Env.iparam.concurrent priority free simpleX.........ccoiiuiiiiiiiiiiiiinnn... 303
Priority of the free simplex optimizer when selecting solvers for concurrent optimization.

e mosek.Env.iparam.concurrent priority intpnt...........c.eiiiiiiiiiiiiiiiiiieea 304
Priority of the interior-point algorithm when selecting solvers for concurrent optimization.

e mosek.Env.iparam.concurrent_priority primal_simplex ...................... .. ... ... 304
Priority of the primal simplex algorithm when selecting solvers for concurrent optimization.
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mosek.Env. iparam. CPU By Pe . ..ottt 304
Specifies the CPU type.

mosek.Env.iparam.data_check ........ .. 305
Enable data checking for debug purposes.

mosek.Env.iparam.feasrepair_optimize........ .ot 305
Controls which type of feasibility analysis is to be performed.

mosek.Env.iparam.flush stream freq.............oooi i il i i 305
Controls the stream flushing frequency.

mosek.Env.iparam.infeas_genericnames.......... ... 306
Controls the contents of the infeasibility report.

mosek.Env.iparam.infeas prefer primal........... ... 306
Controls which certificate is used if both primal- and dual- certificate of infeasibility is available.

mosek.Env.iparam.infeas_ report_auto.........c.ooiiiiiiiiii i 306
Turns the feasibility report on or off.

mosek.Env.iparam.infeas report_level........... ... i i 306
Controls the contents of the infeasibility report.

mosek.Env.iparam.intpnt basis.... ... e 307
Controls whether basis identification is performed.

mosek.Env.iparam.intpnt_diff step........ ..o o 307
Controls whether different step sizes are allowed in the primal and dual space.

mosek.Env.iparam.intpnt_factor_debug 1vl ...... ...ttt 308
Controls factorization debug level.

mosek.Env.iparam.intpnt_factormethod............ ... . 308
Controls the method used to factor the Newton equation system.

mosek.Env.iparam.intpnt max_iterations......... ... i 308
Controls the maximum number of iterations allowed in the interior-point optimizer.

mosek.Env.iparam.intpnt max NuUm_COT ........ ... ittt 308
Maximum number of correction steps.

mosek.Env.iparam.intpnt max num refinement_steps ............ciiiiiiiiiiiiiiian, 308
Maximum number of steps to be used by the iterative search direction refinement.

mosek.Env.iparam.intpnt num threads........... ... . i 309
Controls the number of threads employed by the interior-point optimizer.

mosek.Env.iparam.intpnt_off _col trh......... .. ... 309
Controls the aggressiveness of the offending column detection.

mosek.Env.iparam.intpnt_ordermethod.......... ... .. . i 309
Controls the ordering strategy.
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e mosek.Env.iparam.intpnt_regularizationuse............. ..o il 310
Controls whether regularization is allowed.

e mosek.Env.iparam.intpnt SCaling. ... ..uuuutiintetmni e e 310
Controls how the problem is scaled before the interior-point optimizer is used.

e mosek.Env.iparam.intpnt_solve form.........c.oouuiiiiiiiii i e 310
Controls whether the primal or the dual problem is solved.

e mosek.Env.iparam.intpnt_starting point........... ... ... i 311
Starting point used by the interior-point optimizer.

e mosek.Env.iparam.license_allow OVeIrlUSe. .......o.uuiiiiinuieniininnieeiiiieeeeinne .. 311
Controls if license overuse is allowed when caching licenses

e mosek.Env.iparam.license_cache time ..........uuuiiiiiiiiieiieiiniinnnnnnnnnnannaannn. 311
Controls the license manager client behavior.

e mosek.Env.iparam.license check time ..........oiiiiuiuniiiiiiiiiiiiiiii i 312
Controls the license manager client behavior.

e mosek.Env.iparam.license.debug.......... ... .. .. 312
Controls the license manager client debugging behavior.

e mosek.Env.iparam.license pause time ..........uiiiiuniiiiiiiiiit i 312
Controls license manager client behavior.

e mosek.Env.iparam.license SUppress_eXPire WITS.......uuuutiiiiniienniineeeennnnennn. 312
Controls license manager client behavior.

e mosek.Env.iparam.license Wait .......couuuuiiiiii it e 313
Controls if MOSEK should queue for a license if none is available.

@ MOSEK.ENV.Iparam. LOg . ottt ittt e 313
Controls the amount of log information.

e mosek.Env.iparam.log bl ... ... 313
Controls the amount of output printed by the basis identification procedure. A higher level
implies that more information is logged.

e mosek.Env.iparam.log bi_freq ......ccoouiiiii 314
Controls the logging frequency.

e mosek.Env.iparam.log CONCUTTENT ... ...t eeenns 314
Controls amount of output printed by the concurrent optimizer.

e mosek.Env.iparam.log cut_SeCONdA_OPL .....cutnuutiteiit i e 314
Controls the reduction in the log levels for the second and any subsequent optimizations.

e mosek.Env.iparam.log factor ... ... 315
If turned on, then the factor log lines are added to the log.
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e mosek.Env.iparam.log feasrepair. .. .ottt 315
Controls the amount of output printed when performing feasibility repair.

e mosek.Env.iparam. log Fale. . ...ttt 315
If turned on, then some log info is printed when a file is written or read.

e mosek.Env.iparam.log head....... ... ... . 315
If turned on, then a header line is added to the log.

e mosek.Env.iparam.log infeas ana ..........ouuuiiiiit i e 316
Controls log level for the infeasibility analyzer.

e mosek.Env.iparam.log intpnt ... ... 316
Controls the amount of log information from the interior-point optimizers.

e mosek.Env.iparam.logmio. ... 316
Controls the amount of log information from the mixed-integer optimizers.

e mosek.Env.iparam.logmio freq....... ... i 316
The mixed integer solver logging frequency.

e mosek.Env.iparam.log NOMCONVEX .« uutttt ittt ettt ettt et e e e e 317
Controls amount of output printed by the nonconvex optimizer.

e mosek.Env.iparam.log OptimiZer. ... ...ttt e 317
Controls the amount of general optimizer information that is logged.

e mosek.Env.iparam.log order. ... ... 317
If turned on, then factor lines are added to the log.

e Mmosek.Env.iparam. log ParTalll. . ...ttt ettt ettt e e 317
Controls the amount of information printed out about parameter changes.

e mosek.Env.iparam.log presolve . ........ ... 318
Controls amount of output printed by the presolve procedure. A higher level implies that more
information is logged.

e MmoSek.Env.iparam. log reSPOMSE . ...ttt ittt ettt et e 318
Controls amount of output printed when response codes are reported. A higher level implies that
more information is logged.

e mosek.Env.iparam.log Ssensitivity ...oouutitiiii e 318
Control logging in sensitivity analyzer.

e mosek.Env.iparam.log_sensitivity opt....... ... 318
Control logging in sensitivity analyzer.

e mosek.Env.iparam.log Sim. ... 319
Controls the amount of log information from the simplex optimizers.

e mosek.Env.iparam.log sim freq....... ... i 319
Controls simplex logging frequency.
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e mosek.Env.iparam.log simminor ..........ooiiiiiiii i 319
Currently not in use.

e mosek.Env.iparam.log sim network freq........c.uveiiiniiiiiii i e 320
Controls the network simplex logging frequency.

e Mmosek.Env.iparam. log StOTage .. .o uuut ittt e 320
Controls the memory related log information.

e mosek.Env.iparam.lp write_ignore_incompatible_items............ ... ... . ... i 320
Controls the result of writing a problem containing incompatible items to an LP file.

e mosek.Env.iparam.max num warnings............ouuuuiiiiiiiiiiiii i 320
Waning level. A higher value results in more warnings.

e mosek.Env.iparam.maxnumanz double tIh..........uuiiiiiiiiiiiiiiii 321
Controls how the constraint matrix is extended.

e mosek.Env.iparam.mio branch dir.......... ..o 321
Controls whether the mixed integer optimizer is branching up or down by default.

e mosek.Env.iparam.mio_branch prioritiesuse.............. ... ... ...l 321
Controls whether branching priorities are used by the mixed integer optimizer.

e mosek.Env.iparam.mio construct S0l ... . ...ttt e 321
Controls if initial MIP solution should be constructed from value of integer variables.

e mosek.Env.iparam.mio_cont_sol ... e 322
Controls the meaning of interior-point and basic solutions in MIP problems.

e mosek.Env.iparam.mio cut_1evel TOOT .....uuunnuttten et 322
Controls the cut level employed by the mixed integer optimizer at the root node.

e mosek.Env.iparam.mio cut_level tIee ......ouuuuuiiiiiniiiiii i 323
Controls the cut level employed by the mixed integer optimizer in the tree.

e mosek.Env.iparam.mio feaspump _level ... ......uuuiiiiiiiiiiiiiiiiniii 323
Controls the feasibility pump heuristic which is used to construct a good initial feasible solution.

e mosek.Env.iparam.mio_heuristic level........ ... .. i 323
Controls the heuristic employed by the mixed integer optimizer to locate an initial integer feasible
solution.

e mosek.Env.iparam.mio keep basis ... e 324

Controls whether the integer presolve keeps bases in memory.

e mosek.Env.iparam.mio_local branch number ..............coiiiiiiiiiiiiiiiiiiiieeann. 324
Controls the size of the local search space when doing local branching.

e mosek.Env.iparam.mio max num branches ...........c.c.oeeiiiiiiiiiiiiiiiiiinnnnnnnnn. 324
Maximum number of branches allowed during the branch and bound search.
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mosek.Env.iparam.miomax NuUmM TeLlaXs ......uuutttnnnnttemnie i, 325
Maximum number of relaxations in branch and bound search.

mosek.Env.iparam.miomax num SOLUTIONS .....vvuuiiiii i 325
Controls how many feasible solutions the mixed-integer optimizer investigates.

mosek.Env.iparam.miomode. ... ...t e 325
Turns on/off the mixed integer mode.

mosek.Env.iparam.mionode_optimizer ......... ..o 326
Controls which optimizer is employed at the non-root nodes in the mixed integer optimizer.

mosek.Env.iparam.mionode_selection........... ... i 326
Controls the node selection strategy employed by the mixed integer optimizer.

mosek.Env.iparam.mio_presolve_aggregate ............ ... ... i, 327
Controls whether problem aggregation is performed in the mixed integer presolve.

mosek.Env.iparam.mio presolve probing............c.oiiiiiiiiiiiiiiiiiiiiii i 327
Controls whether probing is employed by the mixed integer presolve.

mosek.Env.iparam.mio presolve USe. . ......oonuuuitt i 327
Controls whether presolve is performed by the mixed integer optimizer.

mosek.Env.iparam.mio_root_optimizer.......... .. ... i 328
Controls which optimizer is employed at the root node in the mixed integer optimizer.

mosek.Env.iparam.mio_strong branch .............oiiiiiiiiiiiiii e 328
The depth from the root in which strong branching is employed.

mosek.Env.iparam.nonconvex max_iterations............. ... ... il 328
Maximum number of iterations that can be used by the nonconvex optimizer.

mosek.Env.iparam.objective _Sense ......... i 329
If the objective sense for the task is undefined, then the value of this parameter is used as the
default objective sense.

mosek.Env.iparam.opf max_terms_per_line............. ..l i 329
The maximum number of terms (linear and quadratic) per line when an OPF file is written.

mosek.Env.iparam.opf_write_header........ ... ... 329
Write a text header with date and MOSEK version in an OPF file.

mosek.Env.iparam.opf_write hints......... . i 329
Write a hint section with problem dimensions in the beginning of an OPF file.

mosek.Env.iparam.opf write parameters......... ...ttt e 330
Write a parameter section in an OPF file.

mosek.Env.iparam.opf_write problem...........oooiiiiiiiiiiiii il 330
Write objective, constraints, bounds etc. to an OPF file.
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mosek.Env.iparam.opf write S0l bas..........uiiiiiiiiiiiii 330
Controls what is written to the OPF files.
mosek.Env.iparam.opf write sol itg...... ... 330
Controls what is written to the OPF files.
mosek.Env.iparam.opf write sol_itr....... ... 331
Controls what is written to the OPF files.
mosek.Env.iparam.opf_write_solutions........... ..ol 331
Enable inclusion of solutions in the OPF files.
mosek.Env.iparam.optimizer ... ... 331
Controls which optimizer is used to optimize the task.
mosek.Env.iparam.param read Cas@ MaMe .. ........uuuriiiininutieniiineeeennnneeeennnnen. 332
If turned on, then names in the parameter file are case sensitive.
mosek.Env.iparam.param read 1gn error ........ouuuitiiiiiit i 332
If turned on, then errors in paramter settings is ignored.
mosek.Env.iparam.presolve_elim fill ... ... ... i 332
Maximum amount of fill-in in the elimination phase.
mosek.Env.iparam.presolve_eliminator use ..........ooiiiiiiiiiiiiiiiiiiiii i 333
Controls whether free or implied free variables are eliminated from the problem.
mosek.Env.iparam.presolve_level..... ... 333
Currently not used.
mosek.Env.iparam.presolve_lindep USe ... ...uuuiiiirtiiiiiiit i 333
Controls whether the linear constraints are checked for linear dependencies.
mosek.Env.iparam.presolve_lindep work lim..............oo i, 333
Controls linear dependency check in presolve.
mosek.Env. iparam. pPreSOolve S . ..o uu ettt e 334
Controls whether the presolve is applied to a problem before it is optimized.
mosek.Env.iparam.read add_anz ... 334
Controls how the constraint matrix is extended.
mosek.Env.iparam.read -add COom .........uiiiiinni i e e 334
Additional number of constraints that is made room for in the problem.
mosek.Env.iparam.read_add_comne ....... ... . 335
Additional number of conic constraints that is made room for in the problem.
mosek.Env.iparam.read-add_qnz ......... ... 335
Controls how the quadratic matrixes are extended.
mosek.Env.iparam.read add var ... 335
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mosek.Env.iparam.read anz........ ... 335
Controls the expected number of constraint non-zeros.

mosek.Env.iparam.read COom...... ...t 336
Controls the expected number of constraints.

mosek.Env.iparam.read _COome. .. ... .ottt e 336
Controls the expected number of conic constraints.

mosek.Env.iparam.read_data_compressed........... .. i 336
Controls the input file decompression.

mosek.Env.iparam.read_data_format........ ... ..t 336
Format of the data file to be read.

mosek.Env.iparam.read keep_free con ......... ... i i 337
Controls whether the free constraints are included in the problem.

mosek.Env.iparam.read_lp_drop new vars_in boU...........cuiuuiiiiiiiiniiiiiineeennnn 337
Controls how the LP files are interpreted.

mosek.Env.iparam.read_lp_quoted names .......... ..ot 337
If a name is in quotes when reading an LP file, the quotes will be removed.

mosek.Env.iparam.read mps_format........ ...t 338
Controls how strictly the MPS file reader interprets the MPS format.

mosek.Env.iparam.read mps_keep_int........ ... i 338
Controls if integer constraints are read.

mosek.Env.iparam.read mpsS_obj_SEnsSe ... ...t e 338
Controls the MPS format extensions.

mosek.Env.iparam.read mps_quoted names............coiiiiiiiiiiiiii i i i 339
Controls the MPS format extensions.

mosek.Env.iparam.read mpsS_relaX ... ....uuut ittt e 339
Controls the meaning of integer constraints.

mosek.Env.iparam.read mps_width....... ..o 339
Controls the maximal number of chars allowed in one line of the MPS file.

mosek.Env.iparam.read g mode ... ...t 339
Controls how the QQ matrices are read from the MPS file.

mosek.Env.iparam.read gnz....... ... . 340
Controls the expected number of quadratic non-zeros.

mosek.Env.iparam.read_task_ignore param............. ... 340
Controls what information is used from the task files.

mosek.Env.iparam.read Var........ ... i 340
Controls the expected number of variables.
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e mosek.Env.iparam.sensitivity_all ... ... 341
Controls sensitivity report behavior.

e mosek.Env.iparam.sensitivity optimizer ............oiiiiiiiiiiiiiii 341
Controls which optimizer is used for optimal partition sensitivity analysis.

e mosek.Env.iparam.sensitivity type ... oot 341
Controls which type of sensitivity analysis is to be performed.

e mosek.Env.iparam.Sim degemn. ... ...ttt e 342
Controls how aggressive degeneration is approached.

e mosek.Env.iparam.simdual_crash.............ciiiiiiiiiiiii 342
Controls whether crashing is performed in the dual simplex optimizer.

e mosek.Env.iparam.sim dual restrict_selection..........c.oouiiiiiiiiiiiiiiiiinin... 342
Controls how aggressively restricted selection is used.

e mosek.Env.iparam.sim_dual_selection...........oiiiuiuiiiiiiiiiiii 343
Controls the dual simplex strategy.

e mosek.Env.iparam.sim hotstart ... ... ..o i e 343
Controls the type of hot-start that the simplex optimizer perform.

e mosek.Env.iparam.simmax_1terations ...........oiiiiiiiiiiiiii e 344
Maximum number of iterations that can be used by a simplex optimizer.

e mosek.Env.iparam.sim max num Setbacks ..........oeiiiiiiiiiii i e 344
Controls how many setbacks that are allowed within a simplex optimizer.

e mosek.Env.iparam.simnetwork-detect ...........oiiiiiiiiiiiiii e 344
Level of aggressiveness of network detection.

e mosek.Env.iparam.sim network detect_hotstart............coooiiiiiiiiiiiiiiiiiL, 345
Level of aggressiveness of network detection in a simplex hot-start.

e mosek.Env.iparam.sim network.-detectmethod..............c.. i, 345
Controls which type of detection method the network extraction should use.

e mosek.Env.iparam.simnon_singular............oiuiuiiiiiiiiiii e 345
Controls if the simplex optimizer ensures a non-singular basis, if possible.

e mosek.Env.iparam.sim primal _crash...........coiiuiiiiiiiiiiii e 346
Controls the simplex crash.

e mosek.Env.iparam.sim primal restrict_selection............. ... i, 346
Controls how aggressively restricted selection is used.

e mosek.Env.iparam.sim primal_selection.......... ... . i 346
Controls the primal simplex strategy.

e mosek.Env.iparam.sim refactor freq ........ccoiiiiiiiiiiiii e 347

Controls the basis refactoring frequency.
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mosek.Env.iparam.sim_save 1u ... ...ttt e 347
Controls if the LU factorization stored should be replaced with the LU factorization corresponding
to the initial basis.

mosek.Env.iparam.sim_scaling ...........oiiiiiiiiiiii 347
Controls how the problem is scaled before a simplex optimizer is used.

mosek.Env.iparam.sim_solve fOorm....... ... ... . 348
Controls whether the primal or the dual problem is solved by the primal-/dual- simplex optimizer.

mosek.Env.iparam.sim_stability priority ......... ... i 348
Controls how high priority the numerical stability should be given.

mosek.Env.iparam.sim switch optimizer.......... ... ... i i 348
Controls the simplex behavior.

mosek.Env.iparam.sol filter keep basicC.........cooiiiiiiiiiiiiiiiiiiii i 349
Controls the license manager client behavior.

mosek.Env.iparam.sol_filter keep.ranged..........c.oeiiinuiiiiiiiiiiieiiiiii .. 349
Control the contents of the solution files.

mosek.Env.iparam.sol quoted names............coiiiiiiiiiii i 349
Controls the solution file format.

mosek.Env.iparam.sol read name width ......... ... ... il 349
Controls the input solution file format.

mosek.Env.iparam.sol read width........ ..o i 350
Controls the input solution file format.

mosek.Env.iparam.solution_callback...........cooiiiiiiiiiiiiiiii i 350
Indicates whether solution call-backs will be performed during the optimization.

mosek.Env.iparam.warning level..... ... ... .. 350
Warning level.

mosek.Env.iparam.write_bas_constraints........... ... . il 351
Controls the basic solution file format.

mosek.Env.iparam.write bas_head......... ..o i 351
Controls the basic solution file format.

mosek.Env.iparam.write bas variables........... ... . i i i i 351
Controls the basic solution file format.

mosek.Env.iparam.write_data_compressed..........oiiiiiiiiiiiii e 351
Controls output file compression.

mosek.Env.iparam.write data format ........... ... .. i il 352
Controls the output file problem format.
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mosek.Env.iparam.write_data param....... ...ttt 352
Controls output file data.

mosek.Env.iparam.write free_con........ ... 352
Controls the output file data.

mosek.Env.iparam.write_generic mames ...........oiiiiiiiiiiiii 353
Controls the output file data.

mosek.Env.iparam.write_genericnames_i0.............iiiiiiiiiiii i 353
Index origin used in generic names.

mosek.Env.iparam.write_int_constraints......... .. ... i i 353
Controls the integer solution file format.

mosek.Env.iparam.write_int head......... ... .. 353
Controls the integer solution file format.

mosek.Env.iparam.write_int_variables........ ..o 354
Controls the integer solution file format.

mosek.Env.iparam.write lp_line width......... ..o ool 354
Controls the LP output file format.

mosek.Env.iparam.write_1p_quoted NamesS . ........coviuutiiiiiiitii i 354
Controls LP output file format.

mosek.Env.iparam.write_ lp_strict format............. ... i 354
Controls whether LP output files satisfy the LP format strictly.

mosek.Env.iparam.write_lp_terms_per_line.........ccouuuiiiiiiiiiiiiiiiiiinieeann. 355
Controls the LP output file format.

mosek.Env.iparam.writemps_int ........ ... 395
Controls the output file data.

mosek.Env.iparam.write mpsS_obj_SeNSe ......uuuuuiiiii i e 355
Controls the output file data.

mosek.Env.iparam.writemps_quoted names.............iiiiiiiiiiiiiiii i 356
Controls the output file data.

mosek.Env.iparam.write mps_strict. ..ottt e 356
Controls the output MPS file format.

mosek.Env.iparam.write precision .......... ... o i i i 356
Controls data precision employed in when writing an MPS file.

mosek.Env.iparam.write_sol_constraints........... ... .. i 356
Controls the solution file format.

mosek.Env.iparam.write_sol head..........cooiiiiiiii il 357
Controls solution file format.
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mosek.Env.iparam.write_sol_variables............ciiiiiiiiiiiii i 357
Controls the solution file format.

mosek.Env.iparam.write_task_ inc_sol ........ ... . 357
Controls whether the solutions are stored in the task file too.

mosek.Env.iparam.writexml mode......... .. ... . 358
Controls if linear coefficients should be written by row or column when writing in the XML file
format.

alloc_add_gnz

Corresponding constant:
mosek.Env.iparam.alloc_add_gnz

Description:
Additional number of () non-zeros that are allocated space for when numanz exceeds maxnumqnz
during addition of new @ entries.

Possible Values:
Any number between 0 and +inf.

Default value:
5000

bi_clean_optimizer

Corresponding constant:
mosek.Env.iparam.bi_clean_optimizer

Description:
Controls which simplex optimizer is used in the clean-up phase.

Possible Values:

mosek.Env.optimizertype.intpnt The interior-point optimizer is used.
mosek.Env.optimizertype.concurrent The optimizer for nonconvex nonlinear problems.
mosek.Env.optimizertype.mixed_int The mixed integer optimizer.
mosek.Env.optimizertype.dual_simplex The dual simplex optimizer is used.
mosek.Env.optimizertype.free The optimizer is chosen automatically.
mosek.Env.optimizertype.conic Another cone optimizer.
mosek.Env.optimizertype.nonconvex The optimizer for nonconvex nonlinear problems.
mosek.Env.optimizertype.qcone The Qcone optimizer is used.
mosek.Env.optimizertype.primal_simplex The primal simplex optimizer is used.
mosek.Env.optimizertype.free_simplex Either the primal or the dual simplex optimizer
is used.

Default value:
mosek.Env.optimizertype.free

e bi_ignore max_iter
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Corresponding constant:
mosek.Env.iparam.bi_ignore max_iter

Description:
If the parameter Env.iparam.intpnt_basis has the value Env.basindtype.no_error and
the interior-point optimizer has terminated due to maximum number of iterations, then
basis identification is performed if this parameter has the value Env.onoffkey.on.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e bi_ignore num_error

Corresponding constant:

mosek.Env.iparam.bi_ignore num_error

Description:
If the parameter Env.iparam.intpnt_basis has the value Env.basindtype.no_error and
the interior-point optimizer has terminated due to a numerical problem, then basis identi-
fication is performed if this parameter has the value Env.onoffkey.on.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.
Default value:
mosek.Env.onoffkey.off
e bimax_iterations
Corresponding constant:
mosek.Env.iparam.bi max_iterations

Description:
Controls the maximum number of simplex iterations allowed to optimize a basis after the
basis identification.

Possible Values:
Any number between 0 and +inf.

Default value:
1000000

e cache_size_ 11

Corresponding constant:
mosek.Env.iparam.cache_size_11
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Description:
Specifies the size of the cache of the computer. This parameter is potentially very important
for the efficiency on computers if MOSEK cannot determine the cache size automatically.
If the cache size is negative, then MOSEK tries to determine the value automatically.

Possible Values:
Any number between -inf and +inf.

Default value:
-1

cache_size_ 12

Corresponding constant:
mosek.Env.iparam.cache_size 12

Description:
Specifies the size of the cache of the computer. This parameter is potentially very important
for the efficiency on computers where MOSEK cannot determine the cache size automati-
cally. If the cache size is negative, then MOSEK tries to determine the value automatically.

Possible Values:
Any number between -inf and +inf.

Default value:
-1

check_convexity

Corresponding constant:
mosek.Env.iparam.check_convexity

Description:
Specify the level of convexity check on quadratic problems

Possible Values:
mosek.Env.checkconvexitytype.simple Perform simple and fast convexity check.
mosek.Env.checkconvexitytype.none No convexity check.
Default value:
mosek.Env.checkconvexitytype.simple
check_ctrl_c
Corresponding constant:
mosek.Env.iparam.check _ctrl_c

Description:
Specifies whether MOSEK should check for <ctrl>+<c> key presses. In case it has, then
control is returned to the user program.
In case a user-defined ctrl-c function is defined then that is used to check for ctrl-c. Otherwise
the system procedure signal is used.

Possible Values:
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mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off
e check_task_data
Corresponding constant:
mosek.Env.iparam.check_task_data

Description:
If this feature is turned on, then the task data is checked for bad values i.e. NaNs. before
an optimization is performed.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e concurrent_num_optimizers

Corresponding constant:

mosek.Env.iparam.concurrent_num optimizers

Description:
The maximum number of simultaneous optimizations that will be started by the concurrent
optimizer.

Possible Values:
Any number between 0 and +inf.

Default value:
2
e concurrent_priority_dual_simplex
Corresponding constant:
mosek.Env.iparam.concurrent_priority_dual_simplex

Description:
Priority of the dual simplex algorithm when selecting solvers for concurrent optimization.

Possible Values:
Any number between 0 and +inf.

Default value:
2

e concurrent_priority free_simplex

Corresponding constant:
mosek.Env.iparam.concurrent _priority_free_simplex
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Description:
Priority of the free simplex optimizer when selecting solvers for concurrent optimization.

Possible Values:
Any number between 0 and +inf.

Default value:
3

concurrent_priority_intpnt

Corresponding constant:
mosek.Env.iparam.concurrent_priority_intpnt

Description:

Priority of the interior-point algorithm when selecting solvers for concurrent optimization.
Possible Values:

Any number between 0 and +inf.

Default value:
4

concurrent_priority_primal_simplex

Corresponding constant:
mosek.Env.iparam.concurrent_priority_primal_simplex

Description:

Priority of the primal simplex algorithm when selecting solvers for concurrent optimization.
Possible Values:

Any number between 0 and +inf.

Default value:
1

cpu_type

Corresponding constant:
mosek.Env.iparam.cpu_type

Description:
Specifies the CPU type. By default MOSEK tries to auto detect the CPU type. Therefore,
we recommend to change this parameter only if the auto detection does not work properly.

Possible Values:

mosek.Env. cputype.powerpc_gb A G5 PowerPC CPU.
mosek.Env.cputype.intel pm An Intel PM cpu.
mosek.Env.cputype.generic An generic CPU type for the platform
mosek.Env. cputype.unknown An unknown CPU.
mosek.Env.cputype.amd opteron An AMD Opteron (64 bit).
mosek.Env.cputype.intel_itanium2 An Intel Itanium2.
mosek.Env.cputype.amd_athlon An AMD Athlon.
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mosek.Env. cputype.hp_parisc20 An HP PA RISC version 2.0 CPU.
mosek.Env.cputype.intel p4 An Intel Pentium P4 or Intel Xeon.
mosek.Env.cputype.intel p3 An Intel Pentium P3.
mosek.Env.cputype.intel core2 An Intel CORE2 cpu.

Default value:
mosek.Env.cputype.unknown

e data_check
Corresponding constant:
mosek.Env.iparam.data_check

Description:
If this option is turned on, then extensive data checking is enabled. It will slow down
MOSEK but on the other hand help locating bugs.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e feasrepair_optimize

Corresponding constant:

mosek.Env.iparam.feasrepair_optimize

Description:
Controls which type of feasibility analysis is to be performed.

Possible Values:
mosek.Env.feasrepairtype.optimize none Do not optimize the feasibility repair prob-
lem.

mosek.Env.feasrepairtype.optimize_combined Minimize with original objective subject
to minimal weighted violation of bounds.

mosek.Env.feasrepairtype.optimize _penalty Minimize weighted sum of violations.

Default value:
mosek.Env.feasrepairtype.optimize _none

e flush_stream_freq
Corresponding constant:
mosek.Env.iparam.flush_stream freq

Description:
Controls how frequent the message and log streams are flushed. A value of 0 means that it
is never flushed. Otherwise a larger value results in less frequent flushes.

Possible Values:
Any number between 0 and +inf.
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Default value:
24

e infeas_generic_names
Corresponding constant:

mosek.Env.iparam.infeas_generic_names

Description:
Controls whether generic names are used when an infeasible subproblem is created.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e infeas_prefer_primal

Corresponding constant:

mosek.Env.iparam.infeas prefer_primal

Description:
If both certificates of primal and dual infeasibility are supplied then only the primal is used
when this option is turned on.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e infeas_report_auto

Corresponding constant:

mosek.Env.iparam.infeas_report_auto

Description:
Controls whether an infeasibility report is automatically produced after the optimization if
the problem is primal or dual infeasible.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e infeas_report_level

Corresponding constant:
mosek.Env.iparam.infeas_report_level
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Description:
Controls the amount of information presented in an infeasibility report. Higher values imply
more information.

Possible Values:
Any number between 0 and +inf.

Default value:
1

e intpnt_basis

Corresponding constant:
mosek.Env.iparam.intpnt_basis

Description:
Controls whether the interior-point optimizer also computes an optimal basis.

Possible Values:
mosek.Env.basindtype.always Basis identification is always performed even if the interior-
point optimizer terminates abnormally.

mosek.Env.basindtype.no_error Basis identification is performed if the interior-point op-
timizer terminates without an error.

mosek.Env.basindtype.never Never do basis identification.
mosek.Env.basindtype.if feasible Basis identification is not performed if the interior-
point optimizer terminates with a problem status saying that the problem is primal or
dual infeasible.
mosek.Env.basindtype.other Try another BI method.
Default value:
mosek.Env.basindtype.always
See also:
Env.iparam.bi_ignore max_iter Turns on basis identification in case the interior-point
optimizer is terminated due to maximum number of iterations.

Env.iparam.bi_ignore num_error Turns on basis identification in case the interior-point
optimizer is terminated due to a numerical problem.

e intpnt_diff_step
Corresponding constant:
mosek.Env.iparam.intpnt_diff_step

Description:
Controls whether different step sizes are allowed in the primal and dual space.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoftkey.on
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e intpnt_factor_debug_lvl
Corresponding constant:
mosek.Env.iparam.intpnt_factor_debug_lvl

Description:
Controls factorization debug level.

Possible Values:
Any number between 0 and +inf.

Default value:
0
e intpnt_factor_method
Corresponding constant:
mosek.Env.iparam.intpnt_factor_method

Description:
Controls the method used to factor the Newton equation system.

Possible Values:
Any number between 0 and +inf.

Default value:
0
e intpnt max_iterations
Corresponding constant:
mosek.Env.iparam.intpnt_max_iterations

Description:
Controls the maximum number of iterations allowed in the interior-point optimizer.

Possible Values:
Any number between 0 and +inf.

Default value:
400
e intpnt_max_num_cor
Corresponding constant:
mosek.Env.iparam.intpnt_max num_cor

Description:
Controls the maximum number of correctors allowed by the multiple corrector procedure.
A negative value means that MOSEK is making the choice.

Possible Values:
Any number between -1 and +inf.

Default value:
-1

e intpnt max num refinement_steps
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Corresponding constant:
mosek.Env.iparam.intpnt_max num refinement_steps

Description:
Maximum number of steps to be used by the iterative refinement of the search direction.
A negative value implies that the optimizer Chooses the maximum number of iterative
refinement steps.

Possible Values:
Any number between -inf and +inf.

Default value:
-1
e intpnt_num_threads
Corresponding constant:
mosek.Env.iparam.intpnt_num_threads

Description:
Controls the number of threads employed by the interior-point optimizer.

Possible Values:
Any integer greater than 1.

Default value:
1
e intpnt_off col trh
Corresponding constant:
mosek.Env.iparam.intpnt_off_col_trh

Description:
Controls how many offending columns are detected in the Jacobian of the constraint matrix.

1 means aggressive detection, higher values mean less aggressive detection.

0 means no detection.

Possible Values:
Any number between 0 and +inf.

Default value:
40
e intpnt_order method
Corresponding constant:
mosek.Env.iparam.intpnt_order method

Description:
Controls the ordering strategy used by the interior-point optimizer when factorizing the
Newton equation system.

Possible Values:

mosek.Env.orderingtype.none No ordering is used.
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mosek.Env.orderingtype.appminloc2 A variant of the approximate minimum local-fill-in
ordering is used.

mosek.Env.orderingtype.appminlocl Approximate minimum local-fill-in ordering is used.
mosek.Env.orderingtype.graphpar2 An alternative graph partitioning based ordering.
mosek.Env.orderingtype.free The ordering method is chosen automatically.
mosek.Env.orderingtype.graphparl Graph partitioning based ordering.

Default value:
mosek.Env.orderingtype.free
intpnt_regularization_use
Corresponding constant:
mosek.Env.iparam.intpnt_regularization_use

Description:
Controls whether regularization is allowed.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.
Default value:
mosek.Env.onoffkey.on
intpnt_scaling
Corresponding constant:
mosek.Env.iparam.intpnt_scaling

Description:
Controls how the problem is scaled before the interior-point optimizer is used.

Possible Values:

mosek.Env.scalingtype.none No scaling is performed.
mosek.Env.scalingtype.moderate A conservative scaling is performed.
mosek.Env.scalingtype.aggressive A very aggressive scaling is performed.
mosek.Env.scalingtype.free The optimizer chooses the scaling heuristic.

Default value:
mosek.Env.scalingtype.free
intpnt_solve_form
Corresponding constant:
mosek.Env.iparam.intpnt_solve_form

Description:
Controls whether the primal or the dual problem is solved.

Possible Values:

mosek.Env.solveform.primal The optimizer should solve the primal problem.
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mosek.Env.solveform.dual The optimizer should solve the dual problem.
mosek.Env.solveform.free The optimizer is free to solve either the primal or the dual
problem.

Default value:
mosek.Env.solveform.free

e intpnt_starting point

Corresponding constant:
mosek.Env.iparam.intpnt_starting_point

Description:
Starting point used by the interior-point optimizer.

Possible Values:
mosek.Env.startpointtype.constant The starting point is set to a constant. This is
more reliable than a non-constant starting point.
mosek.Env.startpointtype.free The starting point is chosen automatically.

Default value:
mosek.Env.startpointtype.free

e license_allow_overuse

Corresponding constant:
mosek.Env.iparam.license_allow_overuse

Description:
Controls if license overuse is allowed when caching licenses

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e license_cache_time

Corresponding constant:
mosek.Env.iparam.license_cache_time

Description:
Controls the amount of time a license is cached in the MOSEK environment for reuse.
Checking out a license from the license server has a small overhead. Therefore, if a large
number of optimizations is performed within a small amount of time, it is efficient to cache
the license in the MOSEK environment for later use. This way a number of license check
outs from the license server is avoided.

If a license has not been used in the given amount of time, MOSEK will automatically check
in the license. To disable license caching set the value to 0.
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Possible Values:
Any number between 0 and 65555.

Default value:
5

license_check_time
Corresponding constant:

mosek.Env.iparam.license_check time

Description:
The parameter specifies the number of seconds between the checks of all the active licenses
in the MOSEK environment license cache. These checks are performed to determine if the
licenses should be returned to the server.

Possible Values:
Any number between 1 and 120.

Default value:
1

license_debug

Corresponding constant:
mosek.Env.iparam.license_debug

Description:
This option is used to turn on debugging of the incense manager.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.
Default value:
mosek.Env.onoffkey.off
license_pause_time
Corresponding constant:
mosek.Env.iparam.license_pause_time

Description:
If Env.iparam.license_wait=Env.onoffkey.on and no license is available, then MOSEK
sleeps a number of micro seconds between each check of whether a license as become free.

Possible Values:
Any number between 0 and 1000000.

Default value:
100

license_suppress_expire_wrns

Corresponding constant:
mosek.Env.iparam.license_suppress_expire_wrns
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Description:
Controls whether license features expire warnings are suppressed.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e license_wait

Corresponding constant:

mosek.Env.iparam.license _wait

Description:
If all licenses are in use MOSEK returns with an error code. However, by turning on this
parameter MOSEK will wait for an available license.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.
Default value:
mosek.Env.onoffkey.off
e log
Corresponding constant:
mosek.Env.iparam.log

Description:
Controls the amount of log information. The value 0 implies that all log information is
suppressed. A higher level implies that more information is logged.
Please note that if a task is employed to solve a sequence of optimization problems the
value of this parameter is reduced by the value of Env.iparam.log cut_second_opt for the
second and any subsequent optimizations.

Possible Values:
Any number between 0 and +inf.

Default value:
10

See also:

Env.iparam.log_cut_second_opt Controls the reduction in the log levels for the second
and any subsequent optimizations.

e log bi

Corresponding constant:
mosek.Env.iparam.log bi



314

CHAPTER 14. PARAMETER REFERENCE

Description:
Controls the amount of output printed by the basis identification procedure. A higher level
implies that more information is logged.

Possible Values:
Any number between 0 and +inf.

Default value:
4

log bi_freq

Corresponding constant:
mosek.Env.iparam.log bi_freq

Description:
Controls how frequent the optimizer outputs information about the basis identification and
how frequent the user-defined call-back function is called.

Possible Values:
Any number between 0 and +inf.

Default value:
2500

log_concurrent

Corresponding constant:
mosek.Env.iparam.log_concurrent

Description:
Controls amount of output printed by the concurrent optimizer.

Possible Values:
Any number between 0 and +inf.

Default value:
1

log_cut_second_opt

Corresponding constant:
mosek.Env.iparam.log_cut_second_opt

Description:
If a task is employed to solve a sequence of optimization problems, then the value of the log
levels is reduced by the value of this parameter. E.g Env.iparam.logand Env.iparam.log sim
are reduced by the value of this parameter for the second and any subsequent optimizations.

Possible Values:
Any number between 0 and +inf.

Default value:
1

See also:
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Env.iparam.log Controls the amount of log information.

Env.iparam.log intpnt Controls the amount of log information from the interior-point
optimizers.

Env.iparam.log mio Controls the amount of log information from the mixed-integer opti-
mizers.

Env.iparam.log sim Controls the amount of log information from the simplex optimizers.
e log_factor
Corresponding constant:
mosek.Env.iparam.log_factor

Description:
If turned on, then the factor log lines are added to the log.

Possible Values:
Any number between 0 and +inf.

Default value:
1
e log_feasrepair
Corresponding constant:
mosek.Env.iparam.log feasrepair

Description:
Controls the amount of output printed when performing feasibility repair.

Possible Values:
Any number between 0 and +inf.

Default value:
0
e log file
Corresponding constant:
mosek.Env.iparam.log file

Description:
If turned on, then some log info is printed when a file is written or read.

Possible Values:
Any number between 0 and +inf.

Default value:
1
e log_ head
Corresponding constant:
mosek.Env.iparam.log head

Description:
If turned on, then a header line is added to the log.
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Possible Values:
Any number between 0 and +inf.

Default value:
1
e log_infeas_ana
Corresponding constant:
mosek.Env.iparam.log_infeas_ana

Description:
Controls amount of output printed by the infeasibility analyzer procedures. A higher level
implies that more information is logged.

Possible Values:
Any number between 0 and +inf.

Default value:
1
e log_intpnt
Corresponding constant:
mosek.Env.iparam.log intpnt

Description:
Controls amount of output printed printed by the interior-point optimizer. A higher level
implies that more information is logged.

Possible Values:
Any number between 0 and +inf.

Default value:
4
e logmio
Corresponding constant:
mosek.Env.iparam.log mio

Description:
Controls the log level for the mixed integer optimizer. A higher level implies that more
information is logged.

Possible Values:
Any number between 0 and +inf.

Default value:
4

e log mio_freq

Corresponding constant:
mosek.Env.iparam.log mio_freq



14.3. INTEGER PARAMETERS 317

Description:
Controls how frequent the mixed integer optimizer prints the log line. It will print line every
time Env.iparam.log mio_freq relaxations have been solved.

Possible Values:
A integer value.

Default value:
250
e log nonconvex
Corresponding constant:
mosek.Env.iparam.log nonconvex

Description:
Controls amount of output printed by the nonconvex optimizer.

Possible Values:
Any number between 0 and +inf.

Default value:
1
e log_optimizer
Corresponding constant:
mosek.Env.iparam.log optimizer

Description:
Controls the amount of general optimizer information that is logged.

Possible Values:
Any number between 0 and +inf.

Default value:
1
e log_order
Corresponding constant:
mosek.Env.iparam.log order

Description:
If turned on, then factor lines are added to the log.

Possible Values:
Any number between 0 and +inf.

Default value:
1

e log_param

Corresponding constant:
mosek.Env.iparam.log param
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Description:
Controls the amount of information printed out about parameter changes.

Possible Values:
Any number between 0 and +inf.

Default value:
0

log presolve

Corresponding constant:
mosek.Env.iparam.log presolve

Description:
Controls amount of output printed by the presolve procedure. A higher level implies that
more information is logged.

Possible Values:
Any number between 0 and +inf.

Default value:
1

log_response

Corresponding constant:
mosek.Env.iparam.log response

Description:
Controls amount of output printed when response codes are reported. A higher level implies
that more information is logged.

Possible Values:
Any number between 0 and +inf.

Default value:
0

log_sensitivity

Corresponding constant:
mosek.Env.iparam.log sensitivity

Description:
Controls the amount of logging during the sensitivity analysis. 0: Means no logging infor-
mation is produced. 1: Timing information is printed. 2: Sensitivity results are printed.

Possible Values:
Any number between 0 and +inf.

Default value:
1

e log_sensitivity_opt
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Corresponding constant:
mosek.Env.iparam.log sensitivity_opt

Description:
Controls the amount of logging from the optimizers employed during the sensitivity analysis.
0 means no logging information is produced.

Possible Values:
Any number between 0 and +inf.

Default value:
0
e log_sim
Corresponding constant:
mosek.Env.iparam.log_sim

Description:
Controls amount of output printed by the simplex optimizer. A higher level implies that
more information is logged.

Possible Values:
Any number between 0 and +inf.

Default value:
4
e log_sim freq
Corresponding constant:
mosek.Env.iparam.log_sim freq

Description:
Controls how frequent the simplex optimizer outputs information about the optimization
and how frequent the user-defined call-back function is called.

Possible Values:
Any number between 0 and +inf.

Default value:
500
e log_sim minor
Corresponding constant:
mosek.Env.iparam.log sim minor

Description:
Currently not in use.

Possible Values:
Any number between 0 and +inf.

Default value:
1
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e log_sim network freq
Corresponding constant:
mosek.Env.iparam.log_sim network freq

Description:
Controls how frequent the network simplex optimizer outputs information about the opti-
mization and how frequent the user-defined call-back function is called. The network opti-
mizer will use a logging frequency equal to Env.iparam.log sim freq times Env.iparam.log sim network fre

Possible Values:
Any number between 0 and +inf.

Default value:
50
e log_storage
Corresponding constant:
mosek.Env.iparam.log_storage

Description:
When turned on, MOSEK prints messages regarding the storage usage and allocation.

Possible Values:
Any number between 0 and +inf.

Default value:
0
e lp write_ignore_incompatible_items
Corresponding constant:
mosek.Env.iparam.lp write_ignore_incompatible_items

Description:
Controls the result of writing a problem containing incompatible items to an LP file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e max_num_warnings

Corresponding constant:

mosek.Env.iparam.max_num_warnings

Description:
Waning level. A higher value results in more warnings.

Possible Values:
Any number between 0 and +inf.
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Default value:
10

e maxnumanz_double_trh
Corresponding constant:

mosek.Env.iparam.maxnumanz_double_trh

Description:
Whenever MOSEK runs out of storage for the A matrix, it will double the value for
maxnumanz until maxnumnza reaches the value of this parameter. When this threshold is
reached it will use a slower increase.

Possible Values:
Any number between -inf and +inf.

Default value:
-1
e mio_branch dir
Corresponding constant:
mosek.Env.iparam.mio_branch_dir

Description:
Controls whether the mixed integer optimizer is branching up or down by default.

Possible Values:

mosek.Env.branchdir.down The mixed integer optimizer always chooses the down branch
first.

mosek.Env.branchdir.up The mixed integer optimizer always chooses the up branch first.

mosek.Env.branchdir.free The mixed optimizer decides which branch to choose.
Default value:
mosek.Env.branchdir.free
e mio_branch priorities_use
Corresponding constant:
mosek.Env.iparam.mio_branch priorities_use

Description:
Controls whether branching priorities are used by the mixed integer optimizer.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e mio_construct_sol
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Corresponding constant:
mosek.Env.iparam.mio_construct_sol

Description:
If set to Env.onoffkey.on and all integer variables have been given a value for which a
feasible MIP solution exists, then MOSEK generates an initial solution to the MIP by
fixing all integer values and solving for the continuous variables.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.

mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e mio_cont_sol

Corresponding constant:
mosek.Env.iparam.mio_cont_sol

Description:
Controls the meaning of the interior-point and basic solutions in MIP problems.

Possible Values:

mosek.Env.miocontsoltype.itg The reported interior-point and basic solutions are a so-
lution to the problem with all integer variables fixed at the value they have in the
integer solution. A solution is only reported in case the problem has a primal feasible
solution.

mosek.Env.miocontsoltype.none No interior-point or basic solution are reported when
the mixed integer optimizer is used.

mosek.Env.miocontsoltype.root The reported interior-point and basic solutions are a
solution to the root node problem when mixed integer optimizer is used.

mosek.Env.miocontsoltype.itg rel In case the problem is primal feasible then the re-
ported interior-point and basic solutions are a solution to the problem with all integer
variables fixed at the value they have in the integer solution. If the problem is primal
infeasible, then the solution to the root node problem is reported.

Default value:
mosek.Env.miocontsoltype.none

e mio_cut_level_root

Corresponding constant:
mosek.Env.iparam.mio_cut_level_root

Description:
Controls the cut level employed by the mixed integer optimizer at the root node. A negative
value means a default value determined by the mixed integer optimizer is used. By adding
the appropriate values from the following table the employed cut types can be controlled.
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GUB cover +2
Flow cover +4
Lifting +8
Plant location +16
Disaggregation +32
Knapsack cover +64
Lattice +128
Gomory +256
Coefficient reduction +512
GCD +1024
Obj. integrality +2048
Possible Values:
Any value.

Default value:
-1

e mio_cut_level_tree

Corresponding constant:
mosek.Env.iparam.mio_cut_level_tree

Description:
Controls the cut level employed by the mixed integer optimizer at the tree. See Env.iparam.mio_cut_level _root
for an explanation of the parameter values.

Possible Values:
Any value.

Default value:
-1

e mio_feaspump_level

Corresponding constant:
mosek.Env.iparam.mio_feaspump_level

Description:
Feasibility pump is a heuristic designed to compute an initial feasible solution. A value of 0
implies that the feasibility pump heuristic is not used. A value of -1 implies that the mixed
integer optimizer decides how the feasibility pump heuristic is used. A larger value than 1
implies that the feasibility pump is employed more aggressively. Normally a value beyond
3 is not worthwhile.

Possible Values:
Any number between -inf and 3.

Default value:
-1

e mio heuristic_level

Corresponding constant:
mosek.Env.iparam.mio_heuristic_level
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Description:
Controls the heuristic employed by the mixed integer optimizer to locate an initial good
integer feasible solution. A value of zero means the heuristic is not used at all. A larger value
than 0 means that a gradually more sophisticated heuristic is used which is computationally
more expensive. A negative value implies that the optimizer chooses the heuristic. Normally
a value around 3 to 5 should be optimal.

Possible Values:
Any value.

Default value:
-1
e mio_keep_basis
Corresponding constant:
mosek.Env.iparam.mio_keep_basis

Description:
Controls whether the integer presolve keeps bases in memory. This speeds on the solution
process at cost of bigger memory consumption.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e mio_local_branch_number

Corresponding constant:

mosek.Env.iparam.mio_local_branch number

Description:

Possible Values:
Any number between -inf and +inf.

Default value:
-1
e mio_max num_branches
Corresponding constant:
mosek.Env.iparam.mio_max num_branches

Description:
Maximum number of branches allowed during the branch and bound search. A negative
value means infinite.

Possible Values:
Any number between -inf and +inf.



14.3. INTEGER PARAMETERS 325

Default value:
-1

See also:
Env.dparam.mio _disable term time Certain termination criterias is disabled within the
mixed integer optimizer for period time specified by the parameter.
e mio max num relaxs
Corresponding constant:
mosek.Env.iparam.mio_max num relaxs

Description:
Maximum number of relaxations allowed during the branch and bound search. A negative
value means infinite.

Possible Values:
Any number between -inf and +inf.

Default value:
-1

See also:
Env.dparam.mio_disable_term_time Certain termination criterias is disabled within the
mixed integer optimizer for period time specified by the parameter.
e mio max num_solutions
Corresponding constant:
mosek.Env.iparam.mio_max num_solutions

Description:
The mixed integer optimizer can be terminated after a certain number of different feasible
solutions has been located. If this parameter has the value n and n is strictly positive, then
the mixed integer optimizer will be terminated when n feasible solutions have been located.

Possible Values:
Any number between -inf and +inf.

Default value:
-1

See also:
Env.dparam.mio disable term time Certain termination criterias is disabled within the
mixed integer optimizer for period time specified by the parameter.
e mio_mode
Corresponding constant:
mosek.Env.iparam.mio_mode

Description:
Controls whether the optimizer includes the integer restrictions when solving a (mixed)
integer optimization problem.
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mosek.Env.miomode.ignored The integer constraints are ignored and the problem is solved
as a continuous problem.

mosek.Env.miomode.lazy Integer restrictions should be satisfied if an optimizer is available
for the problem.

mosek.Env.miomode.satisfied Integer restrictions should be satisfied.

Default value:
mosek.Env.miomode.satisfied

e mio_node_optimizer

Corresponding constant:
mosek.Env.iparam.mio_node_optimizer

Description:
Controls which optimizer is employed at the non-root nodes in the mixed integer optimizer.

Possible Values:

mosek.
mosek.
mosek.
mosek.
mosek.
mosek.
mosek.
mosek.
mosek.

mosek.
is used.

Env.
Env.
Env.
Env.
Env.
Env.

Env

Env.
Env.

Env.

Default value:
mosek.Env.optimizertype.free

optimizertype.

optimizertype.

optimizertype
optimizertype

optimizertype.
optimizertype.
.optimizertype.
optimizertype.
optimizertype.

optimizertype.

e mio node_selection

Corresponding constant:
mosek.Env.iparam.mio_node_selection

Description:
Controls the node selection strategy employed by the mixed integer optimizer.

Possible Values:

mosek.Env.mionodeseltype

pseudo cost estimate.

mosek.Env.mionodeseltype
mosek.Env.mionodeseltype

mosek.Env.mionodeseltype

strategy.

intpnt The interior-point optimizer is used.
concurrent The optimizer for nonconvex nonlinear problems.

.mixed_int The mixed integer optimizer.

.dual_simplex The dual simplex optimizer is used.

free The optimizer is chosen automatically.

conic Another cone optimizer.

nonconvex The optimizer for nonconvex nonlinear problems.
gcone The Qcone optimizer is used.

primal_simplex The primal simplex optimizer is used.
free_simplex Either the primal or the dual simplex optimizer

.pseudo The optimizer employs selects the node based on a

.hybrid The optimizer employs a hybrid strategy.
.free The optimizer decides the node selection strategy.
.worst The optimizer employs a worst bound node selection
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mosek.Env.mionodeseltype.best The optimizer employs a best bound node selection
strategy.

mosek.Env.mionodeseltype.first The optimizer employs a depth first node selection
strategy.

Default value:
mosek.Env.mionodeseltype.free
e mio_presolve_aggregate
Corresponding constant:
mosek.Env.iparam.mio_presolve_aggregate

Description:
Controls whether the presolve used by the mixed integer optimizer tries to aggregate the
constraints.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e mio_presolve_probing

Corresponding constant:

mosek.Env.iparam.mio_presolve_probing

Description:
Controls whether the mixed integer presolve performs probing. Probing can be very time
consuming.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e mio_presolve_use

Corresponding constant:

mosek.Env.iparam.mio_presolve_use

Description:
Controls whether presolve is performed by the mixed integer optimizer.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoftkey.on
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e mio_root_optimizer

Corresponding constant:
mosek.Env.iparam.mio_root_optimizer

Description:
Controls which optimizer is employed at the root node in the mixed integer optimizer.

Possible Values:

mosek.Env.optimizertype.intpnt The interior-point optimizer is used.
mosek.Env.optimizertype.concurrent The optimizer for nonconvex nonlinear problems.
mosek.Env.optimizertype.mixed_int The mixed integer optimizer.
mosek.Env.optimizertype.dual_simplex The dual simplex optimizer is used.
mosek.Env.optimizertype.free The optimizer is chosen automatically.
mosek.Env.optimizertype.conic Another cone optimizer.
mosek.Env.optimizertype.nonconvex The optimizer for nonconvex nonlinear problems.
mosek.Env.optimizertype.qcone The Qcone optimizer is used.
mosek.Env.optimizertype.primal_simplex The primal simplex optimizer is used.
mosek.Env.optimizertype.free_simplex Either the primal or the dual simplex optimizer
is used.

Default value:
mosek.Env.optimizertype.free

e mio_strong_branch

Corresponding constant:
mosek.Env.iparam.mio_strong_branch

Description:
The value specifies the depth from the root in which strong branching is used. A negative
value means that the optimizer chooses a default value automatically.

Possible Values:
Any number between -inf and +inf.

Default value:
-1

e nonconvex_max_iterations

Corresponding constant:
mosek.Env.iparam.nonconvex max_iterations

Description:
Maximum number of iterations that can be used by the nonconvex optimizer.

Possible Values:
Any number between 0 and +inf.

Default value:
100000
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e objective_sense
Corresponding constant:
mosek.Env.iparam.objective_sense

Description:
If the objective sense for the task is undefined, then the value of this parameter is used as
the default objective sense.

Possible Values:
mosek.Env.objsense.minimize The problem should be minimized.

mosek.Env.objsense.undefined The objective sense is undefined.

mosek.Env.objsense.maximize The problem should be maximized.
Default value:
mosek.Env.objsense.minimize
e opf max_terms_per_line
Corresponding constant:
mosek.Env.iparam.opf max _terms_per_line

Description:
The maximum number of terms (linear and quadratic) per line when an OPF file is written.

Possible Values:
Any number between 0 and +inf.

Default value:
5
e opf_write_header
Corresponding constant:
mosek.Env.iparam.opf_write_header

Description:
Write a text header with date and MOSEK version in an OPF file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e opf_write_hints

Corresponding constant:

mosek.Env.iparam.opf_write_hints

Description:
Write a hint section with problem dimensions in the beginning of an OPF file.

Possible Values:
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mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on
e opf_write_parameters
Corresponding constant:
mosek.Env.iparam.opf_write_parameters

Description:
Write a parameter section in an OPF file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e opf_write_problem

Corresponding constant:

mosek.Env.iparam.opf_write_problem

Description:
Write objective, constraints, bounds etc. to an OPF file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e opf_write_sol_bas

Corresponding constant:

mosek.Env.iparam.opf_write_sol_bas

Description:
If Env.iparam.opf write_solutions is Env.onoffkey.on and a basic solution is defined,
include the basic solution in OPF files.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e opf_write_sol_itg
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Corresponding constant:
mosek.Env.iparam.opf_write_sol_itg

Description:
If Env.iparam.opf write_solutions is Env.onoffkey.on and an integer solution is de-
fined, write the integer solution in OPF files.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e opf _write_sol_itr

Corresponding constant:

mosek.Env.iparam.opf_write_sol_itr

Description:
If Env.iparam.opf _write solutions is Env.onoffkey.on and an interior solution is de-
fined, write the interior solution in OPF files.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.
Default value:
mosek.Env.onoffkey.on
e opf_write_solutions
Corresponding constant:
mosek.Env.iparam.opf write_solutions

Description:
Enable inclusion of solutions in the OPF files.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e optimizer

Corresponding constant:

mosek.Env.iparam.optimizer

Description:
Controls which optimizer is used to optimize the task.

Possible Values:
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mosek.Env.optimizertype.intpnt The interior-point optimizer is used.
mosek.Env.optimizertype.concurrent The optimizer for nonconvex nonlinear problems.
mosek.Env.optimizertype.mixed_int The mixed integer optimizer.
mosek.Env.optimizertype.dual_simplex The dual simplex optimizer is used.
mosek.Env.optimizertype.free The optimizer is chosen automatically.
mosek.Env.optimizertype.conic Another cone optimizer.
mosek.Env.optimizertype.nonconvex The optimizer for nonconvex nonlinear problems.
mosek.Env.optimizertype.qcone The Qcone optimizer is used.
mosek.Env.optimizertype.primal_simplex The primal simplex optimizer is used.
mosek.Env.optimizertype.free_simplex Either the primal or the dual simplex optimizer
is used.

Default value:
mosek.Env.optimizertype.free

param read_case_name

Corresponding constant:
mosek.Env.iparam.param_read_case_name

Description:
If turned on, then names in the parameter file are case sensitive.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on
param_read_ign_error
Corresponding constant:
mosek.Env.iparam.param_read_ign_error

Description:
If turned on, then errors in paramter settings is ignored.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

presolve_elim fill

Corresponding constant:
mosek.Env.iparam.presolve_elim fill
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Description:
Controls the maximum amount of fill-in that can be created during the elimination phase
of the presolve. This parameter times (numcon+numvar) denotes the amount of fill-in.

Possible Values:
Any number between 0 and +inf.

Default value:
1
e presolve_eliminator_use
Corresponding constant:
mosek.Env.iparam.presolve_eliminator_use

Description:
Controls whether free or implied free variables are eliminated from the problem.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e presolve_level

Corresponding constant:

mosek.Env.iparam.presolve_level

Description:
Currently not used.

Possible Values:
Any number between -inf and +inf.

Default value:
-1
e presolve_lindep_use
Corresponding constant:
mosek.Env.iparam.presolve_lindep_use

Description:
Controls whether the linear constraints are checked for linear dependencies.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e presolve_lindep_work_lim
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Corresponding constant:
mosek.Env.iparam.presolve_lindep_work_lim

Description:
Is used to limit the amount of work that can done to locate linear dependencies. In general
the higher value this parameter is given the less work can be used. However, a value of 0
means no limit on the amount work that can be used.

Possible Values:
Any number between 0 and +inf.

Default value:
1

e presolve_use

Corresponding constant:
mosek.Env.iparam.presolve_use

Description:
Controls whether the presolve is applied to a problem before it is optimized.

Possible Values:
mosek.Env.presolvemode.on The problem is presolved before it is optimized.
mosek.Env.presolvemode.off The problem is not presolved before it is optimized.
mosek.Env.presolvemode.free It is decided automatically whether to presolve before the

problem is optimized.

Default value:
mosek.Env.presolvemode.free

e read_add_anz

Corresponding constant:
mosek.Env.iparam.read_add_anz

Description:
Additional number of non-zeros in A that is made room for in the problem.

Possible Values:
Any number between 0 and +inf.

Default value:
0

e read_add_con

Corresponding constant:
mosek.Env.iparam.read_add_con

Description:
Additional number of constraints that is made room for in the problem.

Possible Values:
Any number between 0 and +inf.
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Default value:
0

e read_add_cone
Corresponding constant:
mosek.Env.iparam.read_add_cone

Description:
Additional number of conic constraints that is made room for in the problem.

Possible Values:
Any number between 0 and +inf.

Default value:
0
e read_add_gnz
Corresponding constant:
mosek.Env.iparam.read_add_qnz

Description:
Additional number of non-zeros in the () matrices that is made room for in the problem.

Possible Values:
Any number between 0 and +inf.

Default value:
0
e read_add_var
Corresponding constant:
mosek.Env.iparam.read_add_var

Description:
Additional number of variables that is made room for in the problem.

Possible Values:
Any number between 0 and +inf.

Default value:
0
e read_anz
Corresponding constant:
mosek.Env.iparam.read_anz

Description:

Expected maximum number of A non-zeros to be read. The option is used only by fast
MPS and LP file readers.

Possible Values:
Any number between 0 and +inf.
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Default value:
100000

e read_con
Corresponding constant:

mosek.Env.iparam.read_con

Description:
Expected maximum number of constraints to be read. The option is only used by fast MPS
and LP file readers.

Possible Values:
Any number between 0 and +inf.

Default value:
10000
e read_cone
Corresponding constant:
mosek.Env.iparam.read_cone

Description:
Expected maximum number of conic constraints to be read. The option is used only by fast
MPS and LP file readers.

Possible Values:
Any number between 0 and +inf.

Default value:
2500
e recad_data_compressed
Corresponding constant:
mosek.Env.iparam.read_data_compressed

Description:
If this option is turned on,it is assumed that the data file is compressed.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e read_data_format

Corresponding constant:

mosek.Env.iparam.read data_format

Description:
Format of the data file to be read.
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Possible Values:

mosek.Env.dataformat.xml The data file is an XML formatted file.

mosek.Env.dataformat.extension The file extension is used to determine the data file
format.

mosek.Env.dataformat.mps The data file is MPS formatted.
mosek.Env.dataformat.lp The data file is LP formatted.
mosek.Env.dataformat.mbt The data file is a MOSEK binary task file.
mosek.Env.dataformat.op The data file is an optimization problem formatted file.

Default value:
mosek.Env.dataformat.extension

read_keep_free_con

Corresponding constant:
mosek.Env.iparam.read keep_free_con

Description:
Controls whether the free constraints are included in the problem.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.
Default value:
mosek.Env.onoffkey.off
read_lp_drop_new_vars_in_bou
Corresponding constant:
mosek.Env.iparam.read_lp_drop_new_vars_in_bou

Description:
If this option is turned on, MOSEK will drop variables that are defined for the first time in
the bounds section.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e read_lp_quoted names

Corresponding constant:
mosek.Env.iparam.read_lp_quoted_names

Description:
If a name is in quotes when reading an LP file, the quotes will be removed.

Possible Values:



338 CHAPTER 14. PARAMETER REFERENCE

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e read mps_format
Corresponding constant:
mosek.Env.iparam.read mps_format

Description:
Controls how strictly the MPS file reader interprets the MPS format.
Possible Values:
mosek.Env.mpsformattype.strict It is assumed that the input file satisfies the MPS for-
mat strictly.

mosek.Env.mpsformattype.relaxed It is assumed that the input file satisfies a slightly
relaxed version of the MPS format.

mosek.Env.mpsformattype.free It is assumed that the input file satisfies the free MPS
format. This implies that spaces are not allowed in names. Otherwise the format is
free.

Default value:
mosek.Env.mpsformattype.relaxed
e read mps_keep_int
Corresponding constant:
mosek.Env.iparam.read mps_keep_int

Description:
Controls whether MOSEK should keep the integer restrictions on the variables while reading
the MPS file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e read mps_obj_sense

Corresponding constant:

mosek.Env.iparam.read mps_obj_sense

Description:
If turned on, the MPS reader uses the objective sense section. Otherwise the MPS reader
ignores it.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
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mosek.Env.onoffkey.off Switch the option off.
Default value:
mosek.Env.onoffkey.on
e read mps_quoted_names
Corresponding constant:
mosek.Env.iparam.read mps_quoted_names

Description:
If a name is in quotes when reading an MPS file, then the quotes will be removed.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e read mps_relax

Corresponding constant:

mosek.Env.iparam.read mps_relax

Description:
If this option is turned on, then the relaxation of the MIP will be read.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e read mps_width

Corresponding constant:

mosek.Env.iparam.read mps_width

Description:
Controls the maximal number of chars allowed in one line of the MPS file.

Possible Values:
Any positive number greater than 80.

Default value:
1024
e read_q-mode
Corresponding constant:
mosek.Env.iparam.read_g mode

Description:
Controls how the Q matrices are read from the MPS file.
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Possible Values:
mosek.Env.qreadtype.add All elements in a QQ matrix are assumed to belong to the lower
triangular part. Duplicate elements in a Q matrix are added together.

mosek.Env.qreadtype.drop_lower All elements in the strict lower triangular part of the
Q matrices are dropped.

mosek.Env.qreadtype.drop_upper All elements in the strict upper triangular part of the
Q matrices are dropped.

Default value:
mosek.Env.qreadtype.add
e read_qnz
Corresponding constant:
mosek.Env.iparam.read_gnz

Description:
Expected maximum number of () non-zeros to be read. The option is used only by MPS
and LP file readers.

Possible Values:
Any number between 0 and +inf.

Default value:
20000
e read_task_ignore_param
Corresponding constant:
mosek.Env.iparam.read_task_ignore_param

Description:
Controls whether MOSEK should ignore the parameter setting defined in the task file and
use the default parameter setting instead.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e read_var

Corresponding constant:

mosek.Env.iparam.read_var

Description:
Expected maximum number of variable to be read. The option is used only by MPS and
LP file readers.

Possible Values:
Any number between 0 and +inf.
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Default value:

10000

e sensitivity_all

Corresponding constant:
mosek.Env.iparam.sensitivity_all

Description:

341

If set to Env.onoffkey.on, then Task.sensitivityreport analyzes all bounds and vari-
ables instead of reading a specification from the file.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.

mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e sensitivity_optimizer

Corresponding constant:
mosek.Env.iparam.sensitivity_optimizer

Description:
Controls which optimizer is used for optimal partition sensitivity analysis.

Possible Values:

mosek.
mosek.
mosek.
mosek.
mosek.
mosek.
mosek.
mosek.
mosek.

mosek.

Env

Env.
Env.

Env.

Env

Env.
Env.
Env.
Env.

Env.

.optimizertype.

optimizertype
optimizertype

.optimizertype

optimizertype
optimizertype
optimizertype

optimizertype

is used.

Default value:
mosek.Env.optimizertype.free_simplex

e sensitivity_type

Corresponding constant:
mosek.Env.iparam.sensitivity_type

Description:
Controls which type of sensitivity analysis is to be performed.

optimizertype.

optimizertype.

intpnt The interior-point optimizer is used.
concurrent The optimizer for nonconvex nonlinear problems.

.mixed_int The mixed integer optimizer.
.dual_simplex The dual simplex optimizer is used.
.free The optimizer is chosen automatically.

conic Another cone optimizer.

.nonconvex The optimizer for nonconvex nonlinear problems.
.qcone The Qcone optimizer is used.

.primal_simplex The primal simplex optimizer is used.
.free_simplex Either the primal or the dual simplex optimizer
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Possible Values:
mosek.Env.sensitivitytype.optimal_partition Optimal partition sensitivity analysis
is performed.
mosek.Env.sensitivitytype.basis Basis sensitivity analysis is performed.

Default value:
mosek.Env.sensitivitytype.basis

sim_degen

Corresponding constant:
mosek.Env.iparam.sim_degen

Description:
Controls how aggressive degeneration is approached.

Possible Values:

mosek.Env.simdegen.none The simplex optimizer should use no degeneration strategy.

mosek.Env.simdegen.moderate The simplex optimizer should use a moderate degenera-
tion strategy.

mosek.Env.simdegen.minimum The simplex optimizer should use a minimum degeneration
strategy.

mosek.Env.simdegen.aggressive The simplex optimizer should use an aggressive degen-
eration strategy.

mosek.Env.simdegen.free The simplex optimizer chooses the degeneration strategy.
Default value:

mosek.Env.simdegen.free
sim_dual_crash
Corresponding constant:

mosek.Env.iparam.sim dual_crash

Description:
Controls whether crashing is performed in the dual simplex optimizer.
In general if a basis consists of more than (100-this parameter value)% fixed variables, then
a crash will be performed.

Possible Values:
Any number between 0 and +inf.

Default value:
90

sim_dual_restrict_selection

Corresponding constant:
mosek.Env.iparam.sim dual_restrict_selection
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Description:
The dual simplex optimizer can use a so-called restricted selection/pricing strategy to
chooses the outgoing variable. Hence, if restricted selection is applied, then the dual simplex
optimizer first choose a subset of all the potential outgoing variables. Next, for some time
it will choose the outgoing variable only among the subset. From time to time the subset
is redefined.

A larger value of this parameter implies that the optimizer will be more aggressive in its
restriction strategy, i.e. a value of 0 implies that the restriction strategy is not applied at
all.

Possible Values:
Any number between 0 and 100.

Default value:
50

e sim dual_selection

Corresponding constant:
mosek.Env.iparam.sim dual_selection

Description:
Controls the choice of the incoming variable, known as the selection strategy, in the dual
simplex optimizer.

Possible Values:

mosek.Env.simseltype.full The optimizer uses full pricing.

mosek.Env.simseltype.partial The optimizer uses a partial selection approach. The
approach is usually beneficial if the number of variables is much larger than the number
of constraints.

mosek.Env.simseltype.free The optimizer chooses the pricing strategy.
mosek.Env.simseltype.ase The optimizer uses approximate steepest-edge pricing.

mosek.Env.simseltype.devex The optimizer uses devex steepest-edge pricing (or if it is
not available an approximate steep-edge selection).

mosek.Env.simseltype.se The optimizer uses steepest-edge selection (or if it is not avail-
able an approximate steep-edge selection).

Default value:
mosek.Env.simseltype.free
e sim hotstart
Corresponding constant:
mosek.Env.iparam.sim hotstart

Description:
Controls the type of hot-start that the simplex optimizer perform.

Possible Values:

mosek.Env.simhotstart.none The simplex optimizer performs a coldstart.
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mosek.Env.simhotstart.status_keys Only the status keys of the constraints and vari-
ables are used to choose the type of hot-start.

mosek.Env.simhotstart.free The simplex optimize chooses the hot-start type.

Default value:
mosek.Env.simhotstart.free

sim max_iterations

Corresponding constant:
mosek.Env.iparam.sim max_iterations

Description:
Maximum number of iterations that can be used by a simplex optimizer.

Possible Values:
Any number between 0 and +inf.

Default value:
10000000

sim_max_num_setbacks

Corresponding constant:
mosek.Env.iparam.sim max num_setbacks

Description:
Controls how many setbacks are allowed within a simplex optimizer. A setback is an event
where the optimizer moves in the wrong direction. This is impossible in theory but may
happen due to numerical problems.

Possible Values:
Any number between 0 and +inf.

Default value:
250

sim_network_detect

Corresponding constant:
mosek.Env.iparam.sim network_detect

Description:
The simplex optimizer is capable of exploiting a network flow component in a problem.
However it is only worthwhile to exploit the network flow component if it is sufficiently
large. This parameter controls how large the network component has to be in “relative”
terms before it is exploited. For instance a value of 20 means at least 20% of the model
should be a network before it is exploited. If this value is larger than 100 the network flow
component is never detected or exploited.

Possible Values:
Any number between 0 and +inf.

Default value:
101
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e sim network_detect_hotstart
Corresponding constant:
mosek.Env.iparam.sim network_detect_hotstart

Description:
This parameter controls has large the network component in “relative” terms has to be
before it is exploited in a simplex hot-start. The network component should be equal or
larger than

max (Env.iparam.sim_network_detect,Env.iparam.sim_network_detect_hotstart)

before it is exploited. If this value is larger than 100 the network flow component is never
detected or exploited.

Possible Values:
Any number between 0 and +inf.

Default value:
100
e sim network_detect_method
Corresponding constant:
mosek.Env.iparam.sim network_detect_method

Description:
Controls which type of detection method the network extraction should use.

Possible Values:

mosek.Env.networkdetect.simple The network detection should use a very simple heuris-
tic.

mosek.Env.networkdetect.advanced The network detection should use a more advanced
heuristic.

mosek.Env.networkdetect.free The network detection is free.

Default value:
mosek.Env.networkdetect.free

e sim non_singular
Corresponding constant:
mosek.Env.iparam.sim non_singular

Description:
Controls if the simplex optimizer ensures a non-singular basis, if possible.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on
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e sim_primal_crash

Corresponding constant:
mosek.Env.iparam.sim primal_crash

Description:
Controls whether crashing is performed in the primal simplex optimizer.

In general, if a basis consists of more than (100-this parameter value)% fixed variables, then
a crash will be performed.

Possible Values:
Any nonnegative integer value.

Default value:
90

sim_primal restrict_selection

Corresponding constant:
mosek.Env.iparam.sim primal restrict_selection

Description:
The primal simplex optimizer can use a so-called restricted selection/pricing strategy to
chooses the outgoing variable. Hence, if restricted selection is applied, then the primal
simplex optimizer first choose a subset of all the potential incoming variables. Next, for
some time it will choose the incoming variable only among the subset. From time to time
the subset is redefined.

A larger value of this parameter implies that the optimizer will be more aggressive in its
restriction strategy, i.e. a value of 0 implies that the restriction strategy is not applied at
all.

Possible Values:
Any number between 0 and 100.

Default value:
50

sim_primal_selection

Corresponding constant:
mosek.Env.iparam.sim primal_selection

Description:
Controls the choice of the incoming variable, known as the selection strategy, in the primal
simplex optimizer.

Possible Values:

mosek.Env.simseltype.full The optimizer uses full pricing.

mosek.Env.simseltype.partial The optimizer uses a partial selection approach. The
approach is usually beneficial if the number of variables is much larger than the number
of constraints.

mosek.Env.simseltype.free The optimizer chooses the pricing strategy.
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mosek.Env.simseltype.ase The optimizer uses approximate steepest-edge pricing.

mosek.Env.simseltype.devex The optimizer uses devex steepest-edge pricing (or if it is
not available an approximate steep-edge selection).

mosek.Env.simseltype.se The optimizer uses steepest-edge selection (or if it is not avail-
able an approximate steep-edge selection).

Default value:
mosek.Env.simseltype.free
e sim refactor_freq
Corresponding constant:
mosek.Env.iparam.sim refactor_freq

Description:
Controls how frequent the basis is refactorized. The value 0 means that the optimizer
determines the best point of refactorization.

It is strongly recommended NOT to change this parameter.

Possible Values:
Any number between 0 and +inf.

Default value:
0
e sim save_lu
Corresponding constant:
mosek.Env.iparam.sim_save_lu

Description:
Controls if the LU factorization stored should be replaced with the LU factorization corre-
sponding to the initial basis.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e sim_scaling

Corresponding constant:

mosek.Env.iparam.sim_scaling

Description:
Controls how the problem is scaled before a simplex optimizer is used.

Possible Values:
mosek.Env.scalingtype.none No scaling is performed.

mosek.Env.scalingtype.moderate A conservative scaling is performed.

mosek.Env.scalingtype.aggressive A very aggressive scaling is performed.
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mosek.Env.scalingtype.free The optimizer chooses the scaling heuristic.

Default value:
mosek.Env.scalingtype.free

sim_solve_form

Corresponding constant:
mosek.Env.iparam.sim_solve_form

Description:
Controls whether the primal or the dual problem is solved by the primal-/dual- simplex
optimizer.

Possible Values:

mosek.Env.solveform.primal The optimizer should solve the primal problem.

mosek.Env.solveform.dual The optimizer should solve the dual problem.

mosek.Env.solveform.free The optimizer is free to solve either the primal or the dual
problem.

Default value:
mosek.Env.solveform.free

sim_stability_priority
Corresponding constant:
mosek.Env.iparam.sim_stability_priority

Description:
Controls how high priority the numerical stability should be given.

Possible Values:
Any number between 0 and 100.

Default value:
50

sim_switch_optimizer

Corresponding constant:
mosek.Env.iparam.sim switch optimizer

Description:
The simplex optimizer sometimes chooses to solve the dual problem instead of the primal
problem. This implies that if you have chosen to use the dual simplex optimizer and the
problem is dualized, then it actually makes sense to use the primal simplex optimizer instead.
If this parameter is on and the problem is dualized and furthermore the simplex optimizer
is chosen to be the primal (dual) one, then it is switched to the dual (primal).

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.
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Default value:
mosek.Env.onoffkey.off

e sol _filter_keep_basic
Corresponding constant:

mosek.Env.iparam.sol_filter_keep_basic

Description:
If turned on, then basic and super basic constraints and variables are written to the solution
file independent of the filter setting.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e sol_filter_ keep_ranged

Corresponding constant:

mosek.Env.iparam.sol_filter keep_ranged

Description:
If turned on, then ranged constraints and variables are written to the solution file indepen-
dent of the filter setting.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e sol_quoted_names

Corresponding constant:

mosek.Env.iparam.sol_quoted names

Description:
If this options is turned on, then MOSEK will quote names that contains blanks while

writing the solution file. Moreover when reading leading and trailing quotes will be stripped
of.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e sol _read name_width
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Corresponding constant:
mosek.Env.iparam.sol_read name_width

Description:
When a solution is read by MOSEK and some constraint, variable or cone names contain
blanks, then a maximum name width much be specified. A negative value implies that no
name contain blanks.

Possible Values:
Any number between -inf and +inf.

Default value:
-1

sol_read_width

Corresponding constant:
mosek.Env.iparam.sol _read_width

Description:
Controls the maximal acceptable width of line in the solutions when read by MOSEK.

Possible Values:
Any positive number greater than 80.

Default value:
1024

solution_callback

Corresponding constant:
mosek.Env.iparam.solution_callback

Description:
Indicates whether solution call-backs will be performed during the optimization.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e warning level

Corresponding constant:
mosek.Env.iparam.warning level

Description:
Warning level.

Possible Values:
Any number between 0 and +inf.

Default value:
1
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e write_bas_constraints
Corresponding constant:
mosek.Env.iparam.write_bas_constraints

Description:
Controls whether the constraint section is written to the basic solution file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e write_bas_head

Corresponding constant:

mosek.Env.iparam.write_bas_head

Description:
Controls whether the header section is written to the basic solution file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e write_bas_variables

Corresponding constant:

mosek.Env.iparam.write_bas_variables

Description:
Controls whether the variables section is written to the basic solution file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e write_data_compressed

Corresponding constant:

mosek.Env.iparam.write_data_compressed

Description:
Controls whether the data file is compressed while it is written. 0 means no compression
while higher values mean more compression.
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Possible Values:
Any number between 0 and +inf.

Default value:
0
e write_data_format
Corresponding constant:
mosek.Env.iparam.write_data_format

Description:

Controls which format the data file has when a task is written to that file using Task.writedata.
Possible Values:

mosek.Env.dataformat.xml The data file is an XML formatted file.

mosek.Env.dataformat.extension The file extension is used to determine the data file
format.

mosek.Env.dataformat.mps The data file is MPS formatted.
mosek.Env.dataformat.lp The data file is LP formatted.
mosek.Env.dataformat.mbt The data file is a MOSEK binary task file.
mosek.Env.dataformat.op The data file is an optimization problem formatted file.

Default value:
mosek.Env.dataformat.extension
e write_data_param
Corresponding constant:
mosek.Env.iparam.write_data_param

Description:
If this option is turned on the parameter settings are written to the data file as parameters.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e write_free_con

Corresponding constant:

mosek.Env.iparam.write_free_con

Description:
Controls whether the free constraints are written to the data file.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
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mosek.Env.onoffkey.off Switch the option off.
Default value:
mosek.Env.onoffkey.off
e write_generic_names
Corresponding constant:
mosek.Env.iparam.write_generic_names

Description:
Controls whether the generic names or user-defined names are used in the data file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e write_generic_names_io

Corresponding constant:

mosek.Env.iparam.write_generic_names_io

Description:
Index origin used in generic names.

Possible Values:
Any number between 0 and +inf.

Default value:
1
e write_int_constraints
Corresponding constant:
mosek.Env.iparam.write_int_constraints

Description:
Controls whether the constraint section is written to the integer solution file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e write_int_head

Corresponding constant:

mosek.Env.iparam.write_int_head

Description:
Controls whether the header section is written to the integer solution file.
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Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on
e write_int _variables
Corresponding constant:
mosek.Env.iparam.write_int_variables

Description:
Controls whether the variables section is written to the integer solution file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e write_lp_line_width

Corresponding constant:

mosek.Env.iparam.write_lp_line_width

Description:
Maximum width of line in an LP file written by MOSEK.

Possible Values:
Any positive number.

Default value:
80
e write_lp_quoted_names
Corresponding constant:
mosek.Env.iparam.write_lp_quoted_names

Description:
If this option is turned on, then MOSEK will quote invalid LP names when writing an LP
file.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e write lp strict_format
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Corresponding constant:
mosek.Env.iparam.write_lp_strict_format

Description:
Controls whether LP output files satisfy the LP format strictly.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e write_lp terms_per_line

Corresponding constant:

mosek.Env.iparam.write_lp_terms_per_line

Description:
Maximum number of terms on a single line in an LP file written by MOSEK. 0 means
unlimited.

Possible Values:
Any number between 0 and +inf.

Default value:
10
e write mps_int
Corresponding constant:
mosek.Env.iparam.write_mps_int

Description:
Controls if marker records are written to the MPS file to indicate whether variables are
integer restricted.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on
e write mps_obj_sense
Corresponding constant:
mosek.Env.iparam.write_mps_obj_sense

Description:
If turned off, the objective sense section is not written to the MPS file.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
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mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e write mps_quoted_names

Corresponding constant:
mosek.Env.iparam.write_mps_quoted_names

Description:
If a name contains spaces (blanks) when writing an MPS file, then the quotes will be
removed.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e write mps_strict

Corresponding constant:
mosek.Env.iparam.write mps_strict

Description:
Controls whether the written MPS file satisfies the MPS format strictly or not.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.off

e write_precision

Corresponding constant:
mosek.Env.iparam.write precision

Description:
Controls the precision with which double numbers are printed in the MPS data file. In
general it is not worthwhile to use a value higher than 15.

Possible Values:
Any number between 0 and +inf.

Default value:
8

e write_sol_constraints

Corresponding constant:
mosek.Env.iparam.write_sol_constraints
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Description:
Controls whether the constraint section is written to the solution file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e write_sol_head

Corresponding constant:

mosek.Env.iparam.write_sol_head

Description:
Controls whether the header section is written to the solution file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e write_sol_variables

Corresponding constant:

mosek.Env.iparam.write_sol_variables

Description:
Controls whether the variables section is written to the solution file.

Possible Values:
mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on

e write_task_inc_sol

Corresponding constant:

mosek.Env.iparam.write_task_inc_sol

Description:
Controls whether the solutions are stored in the task file too.

Possible Values:

mosek.Env.onoffkey.on Switch the option on.
mosek.Env.onoffkey.off Switch the option off.

Default value:
mosek.Env.onoffkey.on
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e write_xml mode

Corresponding constant:
mosek.Env.iparam.write_xml mode

Description:
Controls if linear coefficients should be written by row or column when writing in the XML
file format.

Possible Values:

mosek.Env.xmlwriteroutputtype.col Write in column order.
mosek.Env.xmlwriteroutputtype.row Write in row order.

Default value:
mosek.Env.xmlwriteroutputtype.row

14.4 String parameter types

mosek.Env.sparam.bas_sol filemame..........oouuiiiiiiiiiiii 359
Name of the bas solution file.

mosek.Env.sparam.data file mame.........coiuuuiiiiiiii e 360
Data are read and written to this file.

mosek.Env.sparam.debug filemame........... .. 360

MOSEK debug file.

mosek.Env.sparam.feasrepair name prefix ......... ... .. i i i i 360
Feasibility repair name prefix.

mosek.Env.sparam.feasrepair name_separator...........c.iiiiiiiiiiiiiiiiiiiii 360
Feasibility repair name separator.

mosek.Env.sparam.feasrepair name_wsumviol............. .. 361
Feasibility repair name violation name.

mosek.Env.sparam.int_sol filemame......... ..o 361
Name of the int solution file.

mosek.Env.sparam.itr_sol filemame...........iiiiiuiiiiiiiii e 361
Name of the itr solution file.

mosek.Env.sparam.param_comment_SIign............ . i i 361
Solution file comment character.

mosek.Env.sparam.param read filename ........... ...t 362
Modifications to the parameter database is read from this file.

mosek.Env.sparam.param write filemame............. ... o il 362
The parameter database is written to this file.
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e mosek.Env.sparam.read MPS_DOUTNAME . . . ...ttt ettt ettt iaie e 362
Name of the BOUNDS vector used. An empty name means that the first BOUNDS vector is
used.

e mosek.Env.sparam.read mps_objname......... ... 362

Objective name in the MPS file.

e mosek.Env.sparam.read MPS_TaN NAME . . .. ..uuuutteneeeeeeeeeeeteeeeeeeeeeeeeeneenneannnnn 363
Name of the RANGE vector used. An empty name means that the first RANGE vector is used.

e mosek.Env.sparam.read mpS_ThS Name. . .....ouuuutttttnt ettt 363
Name of the RHS used. An empty name means that the first RHS vector is used.

e mosek.Env.sparam.sensitivity filename......... ..ot 363
Sensitivity report file name.

e mosek.Env.sparam.sensitivity res filemame............. .. ... i 363
Name of the sensitivity report output file.

e mosek.Env.sparam. S0l filter XC LoW. . ...ttt ettt ettt 364
Solution file filter.

e mosek.Env.sparam. S0l filter XC UPT ... ..ottt ettt 364
Solution file filter.

e mosek.Env.sparam.sol filter XX 1oW. ... ..ottt 364
Solution file filter.

® mosek.Env.sparam. S0l filter XX UPT . ...t 365
Solution file filter.

e mosek.Env.sparam.stat_file mame....... ...ttt e 365
Statistics file name.

® MOSeKk.Env. sparam. Stat Key .. ... e e 365
Key used when writing the summary file.

e mosek.Env.sparam. Stat Mame. ... .. ...ttt e 365
Name used when writing the statistics file.

e mosek.Env.sparam.write 1p gen Var MNamMe ... ....ouuuuutteennnneeennnneeeenmnneeeennnnen. 366

Added variable names in the LP files.

e bas_sol file name
Corresponding constant:
mosek.Env.sparam.bas_sol_file name

Description:
Name of the bas solution file.

Possible Values:
Any valid file name.



360 CHAPTER 14. PARAMETER REFERENCE

Default value:

279

e data_file name
Corresponding constant:
mosek.Env.sparam.data file name

Description:
Data are read and written to this file.

Possible Values:
Any valid file name.
Default value:

7

e debug_file name
Corresponding constant:
mosek.Env.sparam.debug_file name

Description:
MOSEK debug file.

Possible Values:
Any valid file name.
Default value:

2

e feasrepair name prefix
Corresponding constant:
mosek.Env.sparam.feasrepair_name_prefix

Description:

If the function Task.relaxprimal adds new constraints to the problem, then they are
prefixed by the value of this parameter.

Possible Values:
Any valid string.

Default value:
b MSK_77

e feasrepair name_separator

Corresponding constant:
mosek.Env.sparam.feasrepair_name_separator

Description:

Separator string for names of constraints and variables generated by Task.relaxprimal.
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Possible Values:
Any valid string.
Default value:

”»»

e feasrepair name wsumviol
Corresponding constant:
mosek.Env.sparam.feasrepair_name_wsumviol

Description:
The constraint and variable associated with the total weighted sum of violations are each
given the name of this parameter postfixed with CON and VAR respectively.

Possible Values:
Any valid string.

Default value:
"WSUMVIOL”
e int_sol_file name
Corresponding constant:
mosek.Env.sparam.int_sol_file name

Description:
Name of the int solution file.

Possible Values:
Any valid file name.
Default value:

79

e itr_sol file name
Corresponding constant:
mosek.Env.sparam.itr_sol_file name

Description:
Name of the itr solution file.

Possible Values:
Any valid file name.
Default value:

79

e param_comment_sign

Corresponding constant:
mosek.Env.sparam.param_comment_sign

Description:
Only the first character in this string is used. It is considered as a start of comment sign in
the MOSEK parameter file. Spaces are ignored in the string.
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Possible Values:
Any valid string.

Default value:
2 %%77
e param read_file name
Corresponding constant:
mosek.Env.sparam.param_read_file_name

Description:
Modifications to the parameter database is read from this file.

Possible Values:
Any valid file name.
Default value:

”

e param write_file name
Corresponding constant:
mosek.Env.sparam.param write file name

Description:

The parameter database is written to this file.
Possible Values:

Any valid file name.

Default value:

2”9

e read mps_bou_name

Corresponding constant:
mosek.Env.sparam.read mps_bou_name

Description:
Name of the BOUNDS vector used. An empty name means that the first BOUNDS vector
is used.

Possible Values:
Any valid MPS name.
Default value:

79

e read mps_obj_name

Corresponding constant:
mosek.Env.sparam.read_mps_obj_name

Description:
Name of the free constraint used as objective function. An empty name means that the
first constraint is used as objective function.
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Possible Values:
Any valid MPS name.
Default value:

79

e read mps_ran_name
Corresponding constant:
mosek.Env.sparam.read mps_ran_name

Description:
Name of the RANGE vector used. An empty name means that the first RANGE vector is
used.

Possible Values:
Any valid MPS name.
Default value:

79

e read mps_rhs_name
Corresponding constant:
mosek.Env.sparam.read mps_rhs_name

Description:
Name of the RHS used. An empty name means that the first RHS vector is used.

Possible Values:
Any valid MPS name.
Default value:

2”9

e sensitivity_file name
Corresponding constant:
mosek.Env.sparam.sensitivity_file name

Description:

If defined Task.sensitivityreport reads this file as a sensitivity analysis data file speci-
fying the type of analysis to be done.

Possible Values:
Any valid string.

Default value:

79

e sensitivity res_file name

Corresponding constant:
mosek.Env.sparam.sensitivity_res_file name
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Description:

If this is a nonempty string, then Task.sensitivityreport writes results to this file.

Possible Values:
Any valid string.
Default value:

9

sol_filter_xc_low

Corresponding constant:
mosek.Env.sparam.sol_filter xc_low

Description:
A filter used to determine which constraints should be listed in the solution file. A value of
“0.5” means that all constraints having xc[i1]>0.5 should be listed, whereas “+0.5” means
that all constraints having xc[i]1>=blc[i]+0.5 should be listed. An empty filter means
that no filter is applied.

Possible Values:
Any valid filter.
Default value:

279

sol_filter_xc_upr

Corresponding constant:
mosek.Env.sparam.sol_filter_xc_upr

Description:
A filter used to determine which constraints should be listed in the solution file. A value of
“0.5” means that all constraints having xc[i]<0.5 should be listed, whereas “-0.5” means
all constraints having xc [i]<=buc[i]-0.5 should be listed. An empty filter means that no
filter is applied.

Possible Values:
Any wvalid filter.
Default value:

79

sol_filter_xx_low

Corresponding constant:
mosek.Env.sparam.sol_filter xx_low

Description:
A filter used to determine which variables should be listed in the solution file. A value of
“0.5” means that all constraints having xx[j]1>=0.5 should be listed, whereas “+0.5” means
that all constraints having xx[j]1>=b1lx[j]1+0.5 should be listed. An empty filter means no
filter is applied.
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Possible Values:
Any valid filter..
Default value:

279

e sol_filter_xx_ upr
Corresponding constant:
mosek.Env.sparam.sol_filter_xx_upr

Description:
A filter used to determine which variables should be listed in the solution file. A value of
“0.5” means that all constraints having xx[j]1<0.5 should be printed, whereas “-0.5” means
all constraints having xx[j]<=bux [j]-0.5 should be listed. An empty filter means no filter
is applied.

Possible Values:
Any valid file name.
Default value:

”

e stat_file name
Corresponding constant:
mosek.Env.sparam.stat_file name

Description:
Statistics file name.

Possible Values:
Any valid file name.
Default value:

79

e stat_key
Corresponding constant:
mosek.Env.sparam.stat_key

Description:
Key used when writing the summary file.

Possible Values:
Any valid XML string.

Default value:

279

e stat_name

Corresponding constant:
mosek.Env.sparam.stat_name
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Description:
Name used when writing the statistics file.

Possible Values:
Any valid XML string.
Default value:

7

e write_lp_gen_var_name

Corresponding constant:
mosek.Env.sparam.write_lp_gen_var_name

Description:
Sometimes when an LP file is written additional variables must be inserted. They will have
the prefix denoted by this parameter.

Possible Values:
Any valid string.

Default value:
”xmskgen”



Chapter 15

Response codes

(0) MOSEK.ENV.T@SCOMC. 0K .ttt ettt ettt e ettt e et e et e e e
No error occurred.

(50) mosek.Env.rescode.wrn_open param £ile .........ouuiiiiitiit e
The parameter file could not be opened.

(51) mosek.Env.rescode.Wrn_1arge bound. ... ....o.euiuniutrn ittt
A very large bound in absolute value has been specified.

(52) mosek.Env.rescode.wrn_1arge 10 DOUNA . ......ouniuintnninetie e
A large but finite lower bound in absolute value has been specified.

(53) mosek.Env.rescode.wrn_1arge Up bOoUnd . ......ountuin ittt
A large but finite upper bound in absolute value has been specified.

(57) mosek.Env.rescode . WED LATEE CJ «tntutntn it ettt et
A numerically large value is specified for one c;.

(62) mosek.Env.rescode . WIn LaT@e @i ...uutuun et e ettt e
A numerically large value is specified for one a; ;.

(63) mosek.Env.resScode. WID ZETO @1J «tututntn et et ettt et e e e
One or more zero elements are specified in A.

(65) mosek.Env.rescode. Wrn Name MAX 1eIL. .. .ouuererntnenenentnetenenanaeae e eneenenenen.
A name is longer than the buffer that is supposed to hold it.

(66) mosek.Env.rescode.WIn SPar MaX LeI. ... uureen ettt et et e e e e eeens
A value for a string parameter is longer than the buffer that is supposed to hold it.

(70) mosek.Env.rescode.wrn mps_Split ThS VECTOT .\.uutt ittt eaennes
An RHS vector is split into several nonadjacent parts in an MPS file.

(71) mosek.Env.rescode.wrn mpsS_Split Tan VeCTOT ....uuiuintrnitten it eenieienneennen
A RANGE vector is split into several nonadjacent parts in an MPS file.

367
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(72) mosek.Env.rescode.wrn mpsS_Split bOU_VECTOT t.ututrtn ettt 442
A BOUNDS vector is split into several nonadjacent parts in an MPS file.

(80) mosek.Env.rescode.wrn_1p 0ld quad fOTrMat . ... vueutren ettt ennennes 442
Missing ’/2’ after quadratic expressions in bound or objective.

(85) mosek.Env.rescode.wrn 1p drop variable ... ....o.ueuienitiiieti e 441
Ignored a variable because the variable was not previously defined. Usually this implies that a
variable appears in the bound section but not in the objective or the constraints.

(200) mosek.Env.rescode . WIN NZ N UPT tTd....eutntntin ittt 443
Non-zero elements specified in the upper triangle of a matrix were ignored.

(201) mosek.Env.rescode.wrn dropped NZ_gobJ «....o.uuniuiuetitti 439
One or more non-zero elements were dropped in the Q matrix in the objective.

(250) mosek.Env.rescode.Wrn ignore Iinteger ... ....uuuuniu ettt 440
Ignored integer constraints.

(251) mosek.Env.rescode.wrn no_global optimizer .........c.vuiiuiininiiniinininninninenn.n. 443
No global optimizer is available.

(270) mosek.Env.rescode.wrnmio_infeasible final............oiuviuiiiiniininnininninnennn.. 442
The final mixed integer problem with all the integer variables fixed at their optimal values is
infeasible.

(280) mosek.Env.rescode.wrn_fixed bound -values ...........ouiueuniniinanninenninninennn.. 439

A fixed constraint/variable has been specified using the bound keys but the numerical bounds
are different. The variable is fixed at the lower bound.

(300) mosek.Env.rescode.Wrn SOl filter. .o.uuuuun ettt 444
Invalid solution filter is specified.

(350) mosek.Env.rescode.wrn undef SO0l file MAME. ... ..ouuiutritnen e, 445
Undefined name occurred in a solution.

(400) mosek.Env.rescode.Wwrn_too few bDasiS_VAIS ......c.uuuuiiuniinaitiiieaiaenaeaann.. 444
An incomplete basis has been specified. Too few basis variables are specified.

(405) mosek.Env.rescode.Wrn_ t00 Many basiS VATS . ...ututu ettt 445
A basis with too many variables has been specified.

(500) mosek.Env.rescode.Wwrn 1iCensSe @XPiTe . ...uu uueen ettt 441
The license expires.

(501) mosek.Env.rescode.WIn 1iCenSe SE@TVET . .. u ettt e e e 441
The license server is not responding.

(502) mosek.Env.rescode.WIn emPty MaME . ... uuue ettt e et e e et e 439
A variable or constraint name is empty. The output file may be invalid.



(503) mosek.Env.rescode.Wrn USIng GENETriC MAMES .. .c.uuurtrrnenenen e etenananannenenenenn. 445
The file writer reverts to generic names because a name is blank.

(505) mosek.Env.rescode.wrn_ license featuUre eXpiTe. ... ...ouoriuneninienenananannenenanss 441
The license expires.

(700) mosek.Env.rescode.wrn zeros_in Sparse _dalba .........o.eeveiineninininineneniraenenon. 446
One or more almost zero elements are specified in sparse input data.

(800) mosek.Env.rescode.wrn noncomplete linear dependency check...........c.o.vvuvenin... 443
The linear dependency check(s) was not completed and therefore the A matrix may contain linear
dependencies.

(801) mosek.Env.rescode.wrn eliminator SPaACE. .. ..wututn et enarertteen ettt 439

The eliminator is skipped at least once due to lack of space.

(802) mosek.Env.rescode.Wrn presolve OUtOfSPACE .. t.uuu it ettt ettt 444
The presolve is incomplete due to lack of space.

(803) mosek.Env.rescode.wrn presolve bad PreCiSion. ... ...eueuieneniniieinananananenen.s 444
The presolve estimates that the model is specified with insufficient precision.

(804) mosek.Env.rescode.wrn write discarded CEiX.........oooiuiiuiiiiniininninanninaennn.. 445
The fixed objective term could not be converted to a variable and was discarded in the output
file.

(1000) mosek.Env.rescode.erT LiCONMSE .. uu .ttt ettt ettt ettt et et e e e 405

Invalid license.

(1001) mosek.Env.rescode.err_1icense_eXPired...........oeueeniuieneunineunanninannanaenann.n. 405
The license has expired.

(1002) mosek.Env.rescode.err 1iCensSe VEeIrSIom ... .uuuutrtrn ittt ettt e, 407
The license is valid for another version of MOSEK.

(1005) mosek.Env.rescode.err Size 1ICEImSe . o.uuutntuten ettt 429
The problem is bigger than the license.

(1006) mosek.Env.rescode.err prob_1iCemSe ... ...uuuiuunti ettt 425
The software is not licensed to solve the problem.

(1007) mosek.Env.rescode.err File TiCOMmSe . uuuuuttntuen ettt 391
Invalid license file.

(1008) mosek.Env.rescode.err missing license file...........oouiiuiininiiinnininninnennn.. 411
MOSEK cannot find the license file or license server. Usually this happens if the operating system
variable MOSEKLM_LICENSE FILE is not set up appropriately. Please see the MOSEK installation
manual for details.

(1010) mosek.Env.rescode.err Size 1iCemSe COM . uuutnrn ittt ettt eeneennnn, 429
The problem has too many constraints to be solved with the available license.



370 CHAPTER 15. RESPONSE CODES

(1011) mosek.Env.rescode.err Size 1iCemSe VAT .. uutttn ettt ettt eneaeennn 429
The problem has too many variables to be solved with the available license.

(1012) mosek.Env.rescode.err_size license iNtvar ...........c.oiuiiniuiiniuniniuninnenenn.n. 429
The problem contains too many integer variables to be solved with the available license.

(1013) mosek.Env.rescode.err optimizer 1iCenSe . .uuuiutin it ittt 423
The optimizer required is not licensed.

(1014) mosek.Env.rescode.err FLeXImM .. . uuun ittt ettt et e 392
The FLEXIm license manager reported an error.

(1015) mosek.Env.rescode.err 1iCenSe SEIVET ... . e tu ettt ettt ettt 406
The license server is not responding.

(1016) mosek.Env.rescode.err 1iCeNS@ MAK. ... .uuuuuntn ettt ettt e ettt e et e e 406
Maximum number of licenses is reached.

(1017) mosek.Env.rescode.err_license moSekIm daemOmN . . ......ouuenunenennennenenneneenennnn. 406
The MOSEKLM license manager daemon is not up and running.

(1018) mosek.Env.rescode.err_license feature.............uuuiuiiniuiiniuninninanninnenann... 405
A requested feature is not available in the license file(s). Most likely due to an incorrect license
system setup.

(1019) mosek.Env.rescode.err platform not 1icensed. .........c.vuiueuniuninanninannennennn. 425
A requested license feature is not available for the required platform.

(1020) mosek.Env.rescode.err_license_cannot_allocate.............o i, 405
The license system cannot allocate the memory required.

(1021) mosek.Env.rescode.err_1icense_cannot_COMMNECT .. ......oueunireneninennanaenannennn.. 405
MOSEK cannot connect to the license server. Most likely the license server is not up and running,.

(1025) mosek.Env.rescode.err_license invalid hostid........c.veuiuiiniininniinninneninn... 406
The host ID specified in the license file does not match the host ID of the computer.

(1026) mosek.Env.rescode.err_1iCense Server VEISIOM. .. ....uu e enentuerenerenarnenenenennn. 406
The version specified in the checkout request is greater than the highest version number the
daemon supports.

(1030) mosek.Env.rescode.erT OPem Al .......ouuuutninnn ettt e 422
A dynamic link library could not be opened.

(1035) mosek.Env.rescode.err 0lder dll. .. ....uuenintnetn ittt 422
The dynamic link library is older than the specified version.

(1036) mosek.Env.rescode.errnewer_dll...........oouiuiutuniniiitii e 418
The dynamic link library is newer than the specified version.

(1040) mosek.Env.rescode.err 1ink £ile dll ......uuniuieniuninennitii it 407
A file cannot be linked to a stream in the DLL version.



(1045) mosek.Env.rescode.err_thread mutex init........c.oeuiininniniininninenniinnennenn.. 431
Could not initialize a mutex.

(1046) mosek.Env.rescode.err_thread MUtex 10CK. ... ....uuuiutinirnineiiiieiniannanaennn.. 431
Could not lock a mutex.

(1047) mosek.Env.rescode.err_thread mutex UNL1OCK .. ....oututrnereen ittt eenenneennn. 432
Could not unlock a mutex.

(1048) mosek.Env.rescode.err thread CTate .......c..iuiuniunininnit e, 431
Could not create a thread. This error may occur if a large number of environments are created
and not deleted again. In any case it is a good practice to minimize the number of environments
created.

(1049) mosek.Env.rescode.err_thread cond init..........couuiuiuniuiininniniininneenninenn... 431
Could not initialize a condition.

(1050) mosek.Env.rescode.erT UNKIOWIL . . .« .t tttntteen et etet et et et et e et e e e 433
Unknown error.

1051) mOSEK.ENV. TESCOAE. @ T _SPACE + ottt ettt ettt ettt e ettt e et et e 430
( P
Out of space.

(1052) mosek.Env.rescode.erT File 0PI .. . un it en ettt ettt e ettt et 391
Error while opening a file.

(1053) mosek.Env.rescode.err File Tead........uuuuuunennnineeatai et 391
File read error.

(1054) mosek.Env.rescode.err File Write . ...uuuuueuninern ettt 392
File write error.

(1055) mosek.Env.rescode.err data file Xt ...uuuuuntnten ettt 390
The data file format cannot be determined from the file name.

(1056) mosek.Env.rescode.err_invalid file MAme...........cuveuirninimninninenninannannennn.. 402
An invalid file name has been specified.

(1057) mosek.Env.rescode.err_invalid 501 file NAME ......vuvrnirninern e enneennenaennn. 403
An invalid file name has been specified.

(1058) mosek.Env.rescode.err_invalid mbt File........c.ouiuiuniunininniniininiianninenn.n. 402
A MOSEK binary task file is invalid.

(1059) mosek.Env.rescode.err end 0f £ile ... ..ouiuniuiuniunenitn e 390
End of file reached.

(1060) mosek.Env.rescode.erT NULL NV .. ...untuntn ettt et et e e e e e 420
env is a NULL pointer.

(1061) mosek.Env.rescode.erT NULL taSK ... c.uuntttn ittt ettt et 421
task is a NULL pointer.
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(1062) mosek.Env.rescode.err invalid STIEamM . ... ..uuntrtneren ettt 403
An invalid stream is referenced.

(1063) mosek.Env.rescode.err MO NIt @NV......o.uunintunitt ittt 419
env is not initialized.

(1064) mosek.Env.rescode.err invalid BasK ....c.uuntuenernenet et 403
The task is invalid.

(1065) mosek.Env.rescode.err NULL POIMEET ...ttt ittt ettt et aeaeeenn 420
An argument to a function is unexpectedly a NULL pointer.

(1070) mosek.Env.rescode.erT NULL MAME ... vntntntntt et et etet ettt et et et et eaeaeenes 420
An all blank name has been specified.

(1071) mosek.Env.rescode.erT dUP TIAIME . ....ntnntnt et etette et e et e et 390
An error occurred while reading an MPS file..

(1075) mosek.Env.rescode.err_invalid ObJ Mame . .........ouuiuiuniunininniiiaiaanaiann.n. 403
An invalid objective name is specified.

(1080) mosek.Env.rescode.err_space 1eaking .......c.ueueuniuiininninemniiiiinnianaaenann. 430
MOSEK is leaking memory. This can be due to either an incorrect use of MOSEK or a bug.

(1081) mosek.Env.rescode.err_sSpace MO_INFO .........ouuuiuinenniniiatiiaai e 431
No available information about the space usage.

(1090) mosek.Env.rescode.err read fOTMat. .. ouuuutren ettt ettt et et e e 426
The specified format cannot be read.

(1100) mosek.Env.rescode.err mMPS_FIile ... uuuuun ettt et et ettt 412
An error occurred while reading an MPS file.

(1101) mosek.Env.rescode.err mps_inv field ......ouuiueniuninenninnen et 412
A field in the MPS file is invalid. Probably it is too wide.

(1102) mosek.Env.rescode.err mpsS_inVMATKET ..........c..cuiuniuinenninainanaianainaenannnn. 412
An invalid marker has been specified in the MPS file.

(1103) mosek.Env.rescode.err mps NULL COMMAME .. .utuntnttennetnenetneeeeteenenenannes 414
An empty constraint name is used in an MPS file.

(1104) mosek.Env.rescode.err mps NUll VAT DAME .. ......ouuuntunnnanenaniteeanaeanenannns 414
An empty variable name is used in an MPS file.

(1105) mosek.Env.rescode.err mps undef COMMAME .. ...ouutttrntrenenntteeenneenneneenennen. 415
An undefined constraint name occurred in an MPS file.

(1106) mosek.Env.rescode.err mps_undef Var MAME . .. ..........c.ueueunineunannenannenaenennnn. 416
An undefined variable name occurred in an MPS file.

(1107) mosek.Env.rescode.err MPS_inV_COM KEY . ..untnrntteen ittt et eet e et 412

An invalid constraint key occurred in an MPS file.



(1108)

(1109)

(1110)

(1111)

(1112)

(1113)

(1114)

(1115)

(1116)

(1117)

(1118)

(1119)

(1122)

(1125)

(1126)

(1127)

(1128)

(1130)

mosek.Env.rescode.errmps_inv.bound Key........ ...
An invalid bound key occurred in an MPS file.

mosek.Env.rescode.err mpsS_1NV_SEC NAME ... ...ttt
An invalid section name occurred in an MPS file.

mosek.Env.rescode.errmps no_objective...... ...
No objective is defined in an MPS file.

mosek.Env.rescode.errmps_splitted.var.......... ... i
A variable is split in an MPS data file.

mosek.Env.rescode.err mps mul _CON MAME ......uuuunii ittt
A constraint name was specified multiple times in the ROWS section.

mosek.Env.rescode.err mpS MUl _gSE@C. . ...ttt e
Multiple QSECTIONs are specified for a constraint in the MPS data file.

mosek.Env.rescode.errmps mul qobj.... ...
The Q term in the objective is specified multiple times in the MPS data file.

mosek.Env.rescode.err mpsS_1nv_SeC Order ...... ...ttt
The sections in the MPS data file are not in the correct order.

mosek.Env.rescode.err mpsS MUl _CSEC. ... ..ttt i
Multiple CSECTIONs are given the same name.

mosek.Env.rescode.errmps_cone_type ... ... i
Invalid cone type specified in a CSECTION.

mosek.Env.rescode.err mpS_CONE_OVeIrlap . .....uuuunniiiiiiiiitttiiiiin i
A variable is specified to be a member of several cones.

mosek.Env.rescode.errmps_cone.repeat ....... ... ... i i i
A variable is repeated within the CSECTION.

mosek.Env.rescode.errmps_invalid.objsense.............. .. il
An invalid objective sense is specified.

mosek.Env.rescode.errmps_tab_in field2........ ... ... i
A tab char occurred in field 2.

mosek.Env.rescode.errmps_tab_in field3........ ... .. i il
A tab char occurred in field 3.

mosek.Env.rescode.errmps_tab_in fieldb........ ... ... ... .l
A tab char occurred in field 5.

mosek.Env.rescode.errmps_invalidobjmame .............. . il o,
An invalid objective name is specified.

mosek.Env.rescode.err_ord_invalid branch dir........... ... ... i,
An invalid branch direction key is specified.
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(1131) mosek.Env.rescode.err ord invalid. .. .....ueueneuninenneteen et en e 423
Invalid content in branch ordering file.

(1150) mosek.Env.rescode.err_ 1p_incompatible........o.iuiuniuieneuniterninnianneaenannen. 408
The problem cannot be written to an LP formatted file.

(1151) mosek.Env.rescode.eTT 1P mPLy ...ttt ettt et et ettt 407
The problem cannot be written to an LP formatted file.

(1152) mosek.Env.rescode.err 1p dup SlaCK DAME .. ...ouuuttnitennitne et eieteeennenannes 407
The name of the slack variable added to a ranged constraint already exists.

(1153) mosek.Env.rescode.err_write mps_invalidMame ............ouuiriininninannennenannnn.. 435
An invalid name is created while writing an MPS file. Usually this will make the MPS file
unreadable.

(1154) mosek.Env.rescode.err_ 1p invalid VAT MaAME. .. ......eueunintenennenenneneenennenennan.. 408

A variable name is invalid when used in an LP formatted file.

(1155) mosek.Env.rescode.err_1p free COnsStraint ...........ouviueuniniininninanninnenannen.. 408
Free constraints cannot be written in LP file format.

(1156) mosek.Env.rescode.err write opf invalid VAT Name............eveiininenenananannnnnn. 435
Empty variable names cannot be written to OPF files.

(1157) mosek.Env.rescode.err 1p file FOTMAat . ......ouiuniriuninit e, 407
Syntax error in an LP file.

(1158) mosek.Env.rescode.err Write 1P FOTMAt «.o.ututrntrtn ettt 434
Problem cannot be written as an LP file.

(1160) mosek.Env.rescode.err 1p FOIMat ... .ouutuun ittt 407
Syntax error in an LP file.

(1161) mosek.Env.rescode.err write 1p NON UNIiqUe MAME . ....vurnertentrnenetneeenennenannes 435
An auto-generated name is not unique.

(1162) mosek.Env.rescode.err read lp nonexisting name...............oouvuuiniininninnenn... 427
A variable never occurred in objective or constraints.

(1163) mosek.Env.rescode.err 1p write conic problem . ... .cuuuer e irnen e, 408
The problem contains cones that cannot be written to an LP formatted file.

(1164) mosek.Env.rescode.err 1p write geco Problem . ... . o.vuniuenernineenannenennanaennn. 408
The problem contains general convex terms that cannot be written to an LP formatted file.

(1165) mosek.Env.rescode.err Name MaX LemM. . ..t tntntn et etet ettt etenenaenenen. 416
A name is longer than the buffer that is supposed to hold it.

(1168) mosek.Env.rescode.err opf fOTMAt ... o.uutn ettt ettt e 422
Syntax error in an OPF file



(1170) mosek.Env.rescode.err_invalid name in sol file..........coovviuvenen...

An invalid name occurred in a solution file.

(1197) mosek.Env.rescode.err argument 1eNNeq. . ... ....oeueueuernenennennennn.

Incorrect length of arguments.

(1198) mosek.Env.rescode.err argument tyPe . «.ovuerenernenenneneeennenennen..

Incorrect argument type.

(1199) mosek.Env.rescode.err DT aTrgUments ... ....euunererneneenennenennennennn.

Incorrect number of function arguments.

(1200) mosek.Env.rescode.err in argument...........c.veeeeenenenenenenenennnn..

A function argument is incorrect.

(1201) mosek.Env.rescode.err_argument dimension ..............c.ooeuvuiinienn...

A function argument is of incorrect dimension.

(1203) mosek.Env.rescode.err_index is too_small...........cooueuirirnnnenen...

An index in an argument is too small.

(1204) mosek.Env.rescode.err_index is t00 1arge........cuviuerniuienennenenn..

An index in an argument is too large.

(1205) mosek.Env.rescode.err Param DalMe .. .. .. ..vnenenenenenenanaenenenenennnnn

The parameter name is not correct.

(1206) mosek.Env.rescode.err param Name dOU . ... ......euernenerneneenennenennnn.

The parameter name is not correct for a double parameter.

(1207) mosek.Env.rescode.err param name int .........c.oeeeuerererinnnneneneninns

The parameter name is not correct for an integer parameter.

(1208) mosek.Env.rescode.err param Name StT .......euvenernenerneneenennenenn.n.

The parameter name is not correct for a string parameter.

(1210) mosek.Env.rescode.err param indeX............ouveuiriiniiniieininainnn..

Parameter index is out of range.

(1215) mosek.Env.rescode.err param isS t00 1arge........couveuernirnenennenenn..

The parameter value is too large.

(1216) mosek.Env.rescode.err_param_is_too_small................c.veueuninn...

The parameter value is too small.

(1217) mosek.Env.rescode.err param value SET .........oeuerniueenennenennenennes

The parameter value string is incorrect.

(1218) mosek.Env.rescode.err Param tyPe .. .. .uwuenentneneneneranaenenenenenanen

The parameter type is invalid.

(1219) mosek.Env.rescode.err_inf dou indeX ..........c.coviuiiniiiiniiniiiininn..
A double information index is out of range for the specified type.
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(1220) mosek.Env.rescode.err inf int iNdeX .........iuiiniiiitit e 395
An integer information index is out of range for the specified type.

(1221) mosek.Env.rescode.err_index arr_is too_small .........c.veuiuinerninnenenninenninnn. 394
An index in an array argument is too small.

(1222) mosek.Env.rescode.err_index arr_is_ tO0_1aTge .........ouiiueuniuemninnenannenannannns 393
An index in an array argument is too large.

(1230) mosek.Env.rescode.err inf dOUNAME . .. ..uututn ettt ettt 394
A double information name is invalid.

(1231) mosek.Env.rescode.err inf int MAME. ... .....o.iuuiuninemniniinanneaaeenenaennn. 395
A integer information name is invalid.

(1232) mosek.Env.rescode.err inf BYPe .. ....o.uiuunin ittt e 395
The information type is invalid.

(1235) mosek.Env.rescode. erT SNdeX . ..untututn ittt ettt e 393
An index is out of range.

(1236) mosek.Env.rescode.err WhichSOL ... ...o.uuiuniu ottt 434
The solution defined by compwhichsol does not exists.

(1237) mosek.Env.rescode.erT SOLItem ... . .ttt ettt ettt e e 430
The solution item number solitem is invalid. Please note Env.solitem.snx is invalid for the
basic solution.

(1238) mosek.Env.rescode.err whichitem not allowed. .........c.ouuiueuniunenennenennennennn. 434
whichitem is unacceptable.

(1240) mosek.Env.rescode.erT MaXNUMCOIL. « . .ttt trntnenen et et enetenenee et et eten e 409
The maximum number of constraints specified is smaller than the number of constraints in the
task.

(1241) mosek.Env.rescode.erT MAXIUMVAL . .. ... ntunntnnneneneneteeneteeneneteenenaenennas 410
The maximum number of variables specified is smaller than the number of variables in the task.

(1242) mosek.Env.rescode.err MaXIUIMANZ . . . ... uuennnnennenenete et eteneteeenaenennes 409
The maximum number of non-zeros specified for A is smaller than the number of non-zeros in
the current A.

(1243) mosek.Env.rescode.erT MaXIUMGIZ . « .. cutnennntnnnnennenen et eteeneneneeennenenns 410
The maximum number of non-zeros specified for the ) matrices is smaller than the number of
non-zeros in the current () matrices.

(1250) mosek.Env.rescode.err NUMCONLIM. « ..ttt trtntn ettt et et et ettt e 421
Maximum number of constraints limit is exceeded.

(1251) mosek.Env.rescode.err NUMVATLIM. .. uuttnttetn ettt ettt ettt e e et eennes 421

Maximum number of variables limit is exceeded.



(1252)

(1253)

(1254)

(1255)

(1256)

(1257)

(1258)

(1259)

(1260)

(1261)

(1262)

(1263)

(1264)

(1265)

(1266)

(1267)

(1268)

(1269)

mosek.Env.rescode.err_too_small MaXNUMANZ . . ..veeeeeeeeeeeteeeeeeeeeeeeeennennennnnns 432
Maximum number of non-zeros allowed in A is too small.

mosek.Env.rescode.err_inv_aptre. ... ... 396
aptre[j] is strictly smaller than aptrb[j] for some j.
mosek.Env.rescode.errmul_a element .. ....uuuiiiittt ittt e 416
An element in A is defined multiple times.

mosek.Env.rescode. err_inv bk ... ... 396
Invalid bound key.

MOSEK.ENv.resScode. €T TNV DRC ..ttt 396
Invalid bound key is specified for a constraint.

mosek.Env.rescode. err_inv bRX ... ..o 396
An invalid bound key is specified for a variable.

mosek.Env.rescode. err _Inv var LyPe. . ..ottt e 401
An invalid variable type is specified for a variable.

mosek.Env.rescode.err_solver probtype....... .. ... 430
Problem type does not match the chosen optimizer.

mosek.Env.rescode.err_objective range...........iiiiiiiii i 422
Empty objective range.

mosek.Env.rescode.err first ... e 392
Invalid first.

MOSEK.ENv.rescode. @TT _Last. ...ttt e 404
Invalid last.

mosek.Env.rescode.err negative_surplus............... .. ... 418
Negative surplus.

mosek.Env.rescode.err negative append....... ...t e 417
Cannot append a negative number.

mosek.Env.rescode.err_undef SOlUtion.......c..iiiiiiiiiii i e 432
The required solution is not defined.

mosek.Env.rescode. eTrr Dasis ... vttt e 387
An invalid basis is specified. Either too many or too few basis variables are specified.
mosek.Env.rescode. err Inv sSKC ... ..ottt 400
Invalid value in skc.

mosek.Env.rescode. err NV _SKX .. ...ttt e 400
Invalid value in skx.

mosek.Env.rescode.err Inv sk Str ... ...t e 400

Invalid status key string encountered.
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(1272)

(1274)

(1280)

(1281)
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(1286)
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(1288)
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(1294)

(1295)
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MOSEK . ENvV.resScCode. @ T dnuV 8K .\ttt ittt ettt e e e 400
Invalid status key code.

mosek.Env.rescode.err_inv_cone type_str..........coiiiiiiiiiiii i 397
Invalid cone type string encountered.

mosek.Env.rescode.err_inv._cone type ... 396
Invalid cone type code is encountered.

MOSeEK.ENv.rescode. rr dnvV _SKI ..\ttt ittt et e e e 400
Invalid value in skn.

mosek.Env.rescode.err_inv name _item ..........iitiiiiiii e 397
An invalid name item code is used.

mosek.Env.rescode.err pro_item . ... ... 425
An invalid problem is used.

mosek.Env.rescode.err_invalid format type ....... ... i 402
Invalid format type.

mosek.Env.rescode.err firsti ... 392
Invalid firsti.

MmoSek.Env.rescode. err _dastl ...ttt 404
Invalid lasti.

mosek.Env.rescode.err first] ... .. i 392
Invalid firstj.

mosek.Env.rescode.err_lastj ...t 404
Invalid lastj.

mosek.Env.rescode.errnonlinear equality .......... ... ... i, 419
The model contains a nonlinear equality which defines a nonconvex set.

Mmosek.Env.rescode. err NOMCONVEX . .ttt tttttt ettt ettt ettt et et 419
The optimization problem is nonconvex.

mosek.Env.rescode.errnonlinear ranged.......... ... i i 420
The model contains a nonlinear ranged constraint which by definition defines a nonconvex set.

mosek.Env.rescode.err_con_gmnot PSA......uuununniitiiiiiii e 388
The quadratic constraint matrix is not positive semi-definite as expected for a constraint with
finite upper bound. This results in a nonconvex problem.

mosek.Env.rescode.err_con_gmnot NSA.......uuuuuniiiiiiiiiiiii i 388
The quadratic constraint matrix is not negative semi-definite as expected for a constraint with
finite lower bound. This results in a nonconvex problem.

mosek.Env.rescode.errobj_qmot psd........ ... 421
The quadratic coefficient matrix in the objective is not positive semi-definite as expected for a
minimization problem.



(1296) mosek.Env.rescode.err 0bj g not mSA....c.uuniutinitit et 421

The quadratic coefficient matrix in the objective is not negative semi-definite as expected for a
maximization problem.

(1299) mosek.Env.rescode.err argument Perm aTTaAY . .. ....uunrnenenenenenenenanannenenenenns 387

An invalid permutation array is specified.

(1300) mosek.Env.rescode.erT CONe INAeX . .. uuutnun ittt ettt et 389

An index of a non-existing cone has been specified.

(1301) mosek.Env.Tescode. eTT COME SIZO « .ttt tn ettt ettt ettt 389

A cone with too few members is specified.

(1302) mosek.Env.resScode.erT COME OVETLAD . .t tn ittt ettt et e et ete e eeenens 389

A new cone which variables overlap with an existing cone has been specified.

(1303) mosek.Env.TeScode . eTT COME TOP VAT « ..ttt et et et et et e et et aaenens 389

A variable is included multiple times in the cone.

(1304) mosek.Env.rescode.err MaXIUMCOIE . ... ....uununnnennenenatee et et enaeeeenaenenn 409

The value specified for maxnumcone is too small.

(1305) moSek.Env.TeSCOde . €T T COME BYPO + .ttt ettt et ettt ettt e e e e e 389

Invalid cone type specified.

(1306) mosek.Env.rescode.err _COme tYPe ST « ..ttt ettt et ettt 389

Invalid cone type specified.

(1310) mosek.Env.rescode.err_remove_cone_variable ............. .. i 427

A variable cannot be removed because it will make a cone invalid.

(1350) mosek.Env.rescode.err_sol file NUmMDET ..........o.iiuiuiniininiiiiniaeaanniennnn. 430

An invalid number is specified in a solution file.

(1375) mosek.Env.reScode. eTT NUGE C ..ttt tn ettt ettt e et e 393

A huge value in absolute size is specified for one c;.

(1400) mosek.Env.rescode.err infinite boUnd ...........ouieuiinininitininiiiniiiiiaaan 395

A finite bound value is too large in absolute value.

(1401) mosek.Env.rescode.err _inv_gobj Subi ......c.uiuiiniuiitii i 399

Invalid value in qosubi.

(1402) mosek.Env.rescode.err inv_qobj SUDJ «....uuintntntn ittt 399

Invalid value in qosubj.

(1403) mosek.Env.rescode.err_inv_gobj_val...........oeuiuiiuiunitiinii e 399

Invalid value in qoval.

(1404) mosek.Env.rescode.err inv_qCOn_SUDK .. .....tutntntn ettt 399

Invalid value in gcsubk.
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(1405) mosek.Env.rescode.err inv_gCOR_SUDL . ...tuunttin ettt 398
Invalid value in qcsubi.

(1406) mosek.Env.rescode.err inv_gCON_SUDJ ... .ouuunttunetnttet ettt teaaeaeaeennns 398
Invalid value in qcsubj.

(1407) mosek.Env.rescode.err inv_gCon Val. ... ....ueueneunenenntn e ettt 399
Invalid value in qcval.

(1408) mosek.Env.rescode.err_qcon_subi too SmMall.........c.euniuiininnenannineenannenennnn.. 426
Invalid value in qcsubi.

(1409) mosek.Env.rescode.err_qcon subi t00 1aT@e . ....uuuneuerntreenennenenneteenenneennenn. 426
Invalid value in gcsubi.

(1415) mosek.Env.rescode.err_qobj UpPPer_tTiangle .....o.uuvuvrnen ettt anannennenenns 426
An element in the upper triangle of Q° is specified. Only elements in the lower triangle should
be specified.

(1417) mosek.Env.rescode.err_qCON UPPET tTIaNELE . \\tutt ettt ettt aeenas 426
An element in the upper triangle of a Q* is specified. Only elements in the lower triangle should
be specified.

(1430) mosek.Env.rescode.err USET fUNC TET . .ututun ittt ettt ettt eaeennes 433
An user function reported an error.

(1431) mosek.Env.rescode.err user_ func ret data...........ouveuirinenninninanninannanaen... 433
An user function returned invalid data.

(1432) mosek.Env.rescode.err UsSer D10 FUNC . ..uvutnttttn ettt ettt aeaeeenes 434
The user-defined nonlinear function reported an error.

(1433) mosek.Env.rescode.err USer D10 eVal ....tuuntuenenet ettt et 433
The user-defined nonlinear function reported an error.

(1440) mosek.Env.rescode.err user nlo eval hessubi .........c.oiuiiiiiiiiiiiiiiiniaen... 433
The user-defined nonlinear function reported an invalid subscript in the Hessian.

(1441) mosek.Env.rescode.err user nlo eval hessubj ......vvuviniuiit i, 434
The user-defined nonlinear function reported an invalid subscript in the Hessian.

(1445) mosek.Env.rescode.err_invalid objective SemSe........c.viuiuiiiiinirnininninaenan... 403
An invalid objective sense is specified.

(1446) mosek.Env.rescode.err undefined objective SenSe .........c.veuiriiiiiniiiininninen.. 432
The objective sense has not been specified before the optimization.

(1449) mosek.Env.rescode.err_y_isundefined ..............oeuiiiiiiiiiiiiiiii i 435
The solution item y is undefined.

(1450) mosek.Env.rescode.err nan in double data..........veueuieerninernernenerniiaean.. 417
An invalid floating point value was used in some double data.



(1461) mosek.Env.rescode.erT Nan A0 DL ...t tutn ettt ettt 416
¢ contains an invalid floating point value, i.e. a NaN.

(1462) mosek.Env.rescode.err Nan AN DUC .. ...ountutn ettt et 417
u® contains an invalid floating point value, i.e. a NaN.

(1470) mosek.Env.rescode.erT NAN E11.C ..uutntttn ettt ettt ettt et e e 417
¢ contains an invalid floating point value, i.e. a NaN.

(1471) mosek.Env.rescode.err Nan In DL ........iuuniunenenn ettt 416
[* contains an invalid floating point value, i.e. a NaN.

(1472) mosek.Env.rescode.err Nan TN DUX «..v.tntutn ettt ettt ettt 417
u” contains an invalid floating point value, i.e. a NaNl.

(1500) mosek.Env.rescode.err_inv_problem. ... ....c..uuunineuninnenatnieataanaanaenannns 398
Invalid problem type. Probably a nonconvex problem has been specified.

(1501) mosek.Env.rescode.err mixed PrODLem ... ..uuntn ettt ettt eeee e, 411
The problem contains both conic and nonlinear constraints.

(1550) mosek.Env.rescode.err inv OptimiZer .. ...uuuin ittt 398
An invalid optimizer has been chosen for the problem. This means that the simplex or the conic
optimizer is chosen to optimize a nonlinear problem.

(1551) mosek.Env.rescode.err mio N0 OPtIMIZETr ... .....oouiuniuiun it 410
No optimizer is available for the current class of integer optimization problems.

(1552) mosek.Env.rescode.err N0 OptimiZer VAT TYPE ..cuutntrtrntreet et eneennenaennn. 419
No optimizer is available for this class of optimization problems.

(1553) mosek.Env.rescode.errmio not 1oaded .........c.uiuiuniiiiiiiii i 410
The mixed-integer optimizer is not loaded.

(1580) mosek.Env.rescode.erT POSTSOLVE. .. uuu ittt ettt ettt e et e e e et 425
An error occurred during the postsolve. Please contact MOSEK support.

(1600) mosek.Env.rescode.err N0 DasiS S0L....uuunenentntn it et at ettt 418
No basic solution is defined.

(1610) mosek.Env.rescode.err basisS FACTOT ....uuuun ittt 387
The factorization of the basis is invalid.

(1615) mosek.Env.rescode.err basis SingULar .....o.uuiutin ettt 387
The basis is singular and hence cannot be factored.

(1650) mosek.Env.rescode.erT FACTOT ... tu ettt ettt e et 390
An error occurred while factorizing a matrix.

(1700) mosek.Env.rescode.err feasrepair Cannot TeLlaX........eueueunireenennenenneneenennes 390
An optimization problem cannot be relaxed. This is the case e.g. for general nonlinear optimiza-
tion problems.
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mosek.Env.rescode.err_feasrepair_solving relaxed.............cooiiiiiiiiiiiiian, 391
The relaxed problem could not be solved to optimality. Please consult the log file for further
details.

mosek.Env.rescode.err_feasrepair_inconsistent. bound.............. ... ...l 391
The upper bound is less than the lower bound for a variable or a constraint. Please correct this
before running the feasibility repair.

mosek.Env.rescode.err_invalid_compression.............. .. i 401
Invalid compression type.

mosek.Env.rescode.err_invalid_iomode . .........iiiiiiiiiii e 402
Invalid io mode.

mosek.Env.rescode.err no_primal_infeas cer ............ ... o il 419
A certificate of primal infeasibility is not available.

mosek.Env.rescode.err no_dual _infeas Cer........iiuiiiiiiiiiiin i 418
A certificate of infeasibility is not available.

mosek.Env.rescode.err_no_solution_in_callback...........coiiiiiiiiiiniinninnnnnn. 419
The required solution is not available.

mosek.Env.rescode. err _dnv mar ki ...ttt 397
Invalid value in marki.

mosek.Env.rescode.err_invmarkj...... ... 397
Invalid value in markj.

mosek.Env.rescode. err _dnvV nuUmi .. ..ottt e 397
Invalid numi.

mosek.Env.rescode.err_InvV numj .. .....ouiinntt it e 398
Invalid numj.

mosek.Env.rescode.err_cannot_Clone Nl ........ouuiiiieiin et e 387
A task with a nonlinear function call-back cannot be cloned.

mosek.Env.rescode.err_cannot_handle Nl ..........ouiiiiniiiineiie ittt 388
A function cannot handle a task with nonlinear function call-backs.

mosek.Env.rescode.err_invalid acCmode . .. ...t iiie it e 401
An invalid access mode is specified.

mosek.Env.rescode.errmbt_incompatible.......... ... ... .l 410
The MBT file is incompatible with this platform. This results from reading a file on a 32 bit
platform generated on a 64 bit platform.

mosek.Env.rescode.err_ lumax NUM _ tries .. ...ttt ittt et et et i i i 409
Could not compute the LU factors of the matrix within the maximum number of allowed tries.



(2900)

(2901)

(2950)

(3000)

(3001)

(3002)

(3003)

(3004)

(3005)

(3050)

(3051)

(3052)

(3053)

(3054)

(3055)

(3056)

(3057)

(3058)

mosek.Env.rescode.err_invalid utf8 ........ .. . 404
An invalid UTFS string is encountered.

mosek.Env.rescode.err_invalid wehar ...... ...ttt e 404
An invalid wchar string is encountered.

mosek.Env.rescode.errno_dual _for itg sol............iiiiiiiiiiii i 418
No dual information is available for the integer solution.

mosek.Env.rescode.err_internal..... ... ... e 395
An internal error occurred. Please report this problem.

mosek.Env.rescode.err_api_array too_small...........coiiuiuiiiiiiiiiiiiiiii 385
An input array was too short.

mosek.Env.rescode.err_api_cb_connect .......... .. i i 386
mosek.Env.rescode.err_apinl data........coiiiiiiiiii e 386
mosek.Env.rescode.err_api_callback ...........oooiiiiiiiiiiiiiiii il i 385
mosek.Env.rescode.err_api fatal error ... .....oviuuiiiiiiii i 386
An internal error occurred in the API. Please report this problem.
mosek.Env.rescode.err_sen format. .. ... ..ottt 427
Syntax error in sensitivity analysis file.

mosek.Env.rescode.err_senundef mame ....... ... e 429
An undefined name was encountered in the sensitivity analysis file.
mosek.Env.rescode.err_sen_index range ............ ...l 428
Index out of range in the sensitivity analysis file.
mosek.Env.rescode.err_sen_bound_invalid up ..........coiiiiiiiiiiiii i 427
Analysis of upper bound requested for an index, where no upper bound exists.
mosek.Env.rescode.err_sen bound invalid 10 ...ttt 427
Analysis of lower bound requested for an index, where no lower bound exists.
mosek.Env.rescode.err_sen_index_invalid............coiiiiiiiiiiiiiii i 428
Invalid range given in the sensitivity file.

mosek.Env.rescode.err_sen_invalid regexp .........ooiiiiiiiiiiiiiiiiiiiiii i 428
Syntax error in regexp or regexp longer than 1024.

mosek.Env.rescode.err_sen_solution status ..............oooi il 428
No optimal solution found to the original problem given for sensitivity analysis.
mosek.Env.rescode.err_sen numerical .. ... ...ttt e 428

Numerical difficulties encountered performing the sensitivity analysis.
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(3059) mosek.Env.rescode.err_concurrent Optimizer..........ouviuiiiiiiniiniiiiiiiiiia., 388
An unsupported optimizer was chosen for use with the concurrent optimizer.

(3100) mosek.Env.rescode.err Unb_SteP_SIZE .........iunuuiuninenninainanatenanaaanaanannns 432
A step size in an optimizer was unexpectedly unbounded. For instance, if the step-size becomes
unbounded in phase 1 of the simplex algorithm then an error occurs. Normally this will happen
only if the problem is badly formulated. Please contact MOSEK support if this error occurs.

(3101) mosek.Env.rescode.err_ identical tasKS . .. ...ouvuvrenineninenenerenaniennieenn. 393
Some tasks related to this function call were identical. Unique tasks were expected.

(3200) mosek.Env.rescode.err_invalid branch direction .............ccoouiiiiiiiiinninann... 401
An invalid branching direction is specified.

(3201) mosek.Env.rescode.err_invalid branch priority........c.coeuveiiiiiiiniiiiininenin... 401
An invalid branching priority is specified. It should be nonnegative.

(3500) mosek.Env.rescode.err_internal test failed...........c..viuniiiniiiiinnannninnnnnnnn. 395
An internal unit test function failed.

(3600) mosek.Env.rescode.err xml invalid problem tyPe. .. .ouueuererineenernenennenaenn.. 435
The problem type is not supported by the XML format.

(3700) mosek.Env.rescode.err_invalid ampl StUb........c..cuiiuiuiniininiinanniinanaennn.. 401
Invalid AMPL stub.

(3999) mosek.Env.rescode.err_api internal ...........ieuiiitiiiii e 386

(4000) mosek.Env.rescode.trmmax iterations ... ....ou.iutentuen et 436
The optimizer terminated at the maximum number of iterations.

(4001) mosek.Env.rescode.trmmax tImMe .. ......ouiuniuiun ittt 437
The optimizer terminated at the maximum amount of time.

(4002) mosek.Env.rescode.tTm objeCtive TaImEe . ...ttt ettt 438
The optimizer terminated on the bound of the objective range.

(4003) mosek.Env.rescode.trm Mio NEAT TEL AP .. uutuern ittt enete ettt et eaeneennn. 437
The mixed-integer optimizer terminated because the near optimal relative gap tolerance was
satisfied.

(4004) mosek.Env.rescode.trm Mio NEAT @DS_aD « .. tuerntten ettt 437
The mixed-integer optimizer terminated because the near optimal absolute gap tolerance was
satisfied.

(4005) mosek.Env.rescode. trm USer DIeaK . ..uuueuun ettt et e 439

The optimizer terminated due to a user break.



(4006)

(4007)

(4008)

(4009)

(4015)

(4020)

(4025)

(4030)

(4031)

385

mosek.Env.rescode. trm stall .. ...ttt 438
The optimizer terminated due to slow progress. Normally there are three possible reasons for
this: Either a bug in MOSEK, the problem is badly formulated, or, in case of nonlinear problems,
the nonlinear call-back functions are incorrect.

Please contact MOSEK support if this happens.

mosek.Env.rescode.trm user _callback .......uuiiiiiiiit i e 439
The optimizer terminated due to the return of the user-defined call-back function.

mosek.Env.rescode.trm mio NUM TELAXS ...ttt ittt ettt et 437
The mixed-integer optimizer terminated as the maximum number of relaxations was reached.

mosek.Env.rescode.trmmio num branches........... ..o 437
The mixed-integer optimizer terminated as to the maximum number of branches was reached.

mosek.Env.rescode.trm num max num_int_solutions........... ...l 438
The mixed-integer optimizer terminated as the maximum number of feasible solutions was
reached.

mosek.Env.rescode.trm max num setbacks ... ... e 436
The optimizer terminated as the maximum number of set-backs was reached. This indicates
numerical problems and a possibly badly formulated problem.

mosek.Env.rescode.trmnumerical problem ..ottt e 438
The optimizer terminated due to numerical problems.

mosek.Env.rescode.trm internal ... .. ... e 436
The optimizer terminated due to some internal reason. Please contact MOSEK support.

mosek.Env.rescode.trm_internal StoP ... .....oiiititii 436
The optimizer terminated for internal reasons. Please contact MOSEK support.

err_api_array_too_small
Corresponding constant:
mosek.Env.rescode.err_api_array_too_small

Description:
An input array was too short.

Response message string:
“The input array ’0’ is too short in call to ’1°.”
err_api_callback
Corresponding constant:
mosek.Env.rescode.err_api_callback

Response message string:

w»”
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e err_api_cb_connect
Corresponding constant:
mosek.Env.rescode.err_api_cb_connect
Response message string:

w»

e err_api_fatal_error
Corresponding constant:
mosek.Env.rescode.err_api_fatal_error

Description:
An internal error occurred in the API. Please report this problem.

Response message string:
“An internal error occurred in the %s API: ¥s”
e err_api_internal
Corresponding constant:
mosek.Env.rescode.err_api_internal
Response message string:
“An internal fatal error occurred in an interface function”
e err_apinl_data
Corresponding constant:
mosek.Env.rescode.err_api_nl_data
Response message string:

[132)

e err_argument_dimension
Corresponding constant:
mosek.Env.rescode.err_argument_dimension

Description:
A function argument is of incorrect dimension.

Response message string:
“The argument ’%s’ is of incorrect dimension.”
e err_argument_lenneq
Corresponding constant:
mosek.Env.rescode.err_argument_lenneq

Description:
Incorrect length of arguments.

Response message string:

“Incorrect argument length. The arguments s are expected to be of equal

The length of the arguments was %s.”

length.
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e err_argument_perm_array
Corresponding constant:
mosek.Env.rescode.err_argument_perm_array

Description:
An invalid permutation array is specified.

Response message string:
“An invalid permutation array named ’%s’ is supplied. Position %d has the invalid
value %d.”

® err_argument_type
Corresponding constant:

mosek.Env.rescode.err_argument_type

Description:
Incorrect argument type.

Response message string:
“Incorrect type in J%s argument number: ’%d’.”
e err_basis
Corresponding constant:
mosek.Env.rescode.err_basis

Description:
An invalid basis is specified. Either too many or too few basis variables are specified.

Response message string:
“%d number of basis variables are specified. ¥%d are expected.”
e err_basis_factor
Corresponding constant:
mosek.Env.rescode.err_basis_factor

Description:
The factorization of the basis is invalid.

Response message string:
“The factorization of the basis is invalid.”
e err_basis_singular
Corresponding constant:
mosek.Env.rescode.err_basis_singular

Description:
The basis is singular and hence cannot be factored.

Response message string:
“The basis is singular.”

e err_cannot_clone nl
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Corresponding constant:
mosek.Env.rescode.err_cannot_clone nl

Description:
A task with a nonlinear function call-back cannot be cloned.

Response message string:
“A task with a nonlinear function call-back cannot be cloned.”
e err_cannot_handle nl
Corresponding constant:
mosek.Env.rescode.err_cannot_handle_nl

Description:
A function cannot handle a task with nonlinear function call-backs.

Response message string:
“A function cannot handle a task with nonlinear function call-backs.”

e err_con_gq-not_nsd

Corresponding constant:
mosek.Env.rescode.err_con_gq not_nsd

Description:
The quadratic constraint matrix is not negative semi-definite as expected for a constraint
with finite lower bound. This results in a nonconvex problem.

Response message string:
“The quadratic constraint matrix in constraint ’%s’(%d) is not negative semi-definite
as expected for a constraint with finite lower bound.”

e err_con_g-not_psd
Corresponding constant:

mosek.Env.rescode.err_con_qnot_psd

Description:
The quadratic constraint matrix is not positive semi-definite as expected for a constraint
with finite upper bound. This results in a nonconvex problem.

Response message string:
“The quadratic constraint matrix in constraint ’%s’(%d) is not positive semi-definite
as expected for a constraint with finite upper bound.”

e err_concurrent_optimizer
Corresponding constant:
mosek.Env.rescode.err_concurrent_optimizer

Description:
An unsupported optimizer was chosen for use with the concurrent optimizer.

Response message string:
“Optimizer ’Y%s’ is unsupported in the concurrent optimizer.”
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e err_cone_index
Corresponding constant:
mosek.Env.rescode.err_cone_index

Description:
An index of a non-existing cone has been specified.

Response message string:
“No cone has index ’%d’.”
® err_cone_overlap
Corresponding constant:
mosek.Env.rescode.err_cone_overlap

Description:
A new cone which variables overlap with an existing cone has been specified.

Response message string:
“Variable ’%s’ (%d) is a member of cone ’%s’ (%d) and cone ’%s’ (%d).”
® err_cone_rep_var
Corresponding constant:
mosek.Env.rescode.err_cone_rep_var

Description:
A variable is included multiple times in the cone.

Response message string:
“Variable ’%s’ (%d) are included multiple times in cone ’%s’ (%d).”
(4 o P (] o .
® err_cone_size
Corresponding constant:
mosek.Env.rescode.err_cone_size

Description:
A cone with too few members is specified.

Response message string:
“A cone with too few member is specified. At least %d members are required for
cones of type %s.”

e err_cone_type
Corresponding constant:

mosek.Env.rescode.err_cone_type

Description:
Invalid cone type specified.

Response message string:
“%d is an invalid cone type specified.”

® err_cone_type_str
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Corresponding constant:
mosek.Env.rescode.err_cone_type_str

Description:
Invalid cone type specified.

Response message string:
“%d is an invalid cone type specified.”
e crr data_file_ext
Corresponding constant:
mosek.Env.rescode.err_data file ext

Description:
The data file format cannot be determined from the file name.

Response message string:
“The data file format cannot be determined from the file name ’%s’”
e err_dup_name
Corresponding constant:
mosek.Env.rescode.err_dup_name

Description:
An error occurred while reading an MPS file..

Response message string:
“Name ’%s’ is already assigned for an item ¥s.”
e err_end of file
Corresponding constant:
mosek.Env.rescode.err_end_of file

Description:
End of file reached.

Response message string:
“End of file reached.”
e err_factor
Corresponding constant:
mosek.Env.rescode.err_factor

Description:
An error occurred while factorizing a matrix.

Response message string:
“An error occurred while factorizing a matrix.”

e err_feasrepair_cannot_relax

Corresponding constant:
mosek.Env.rescode.err_feasrepair_cannot_relax
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Description:
An optimization problem cannot be relaxed. This is the case e.g. for general nonlinear
optimization problems.

Response message string:
“An optimization problem cannot be relaxed.”
err_feasrepair_inconsistent_bound
Corresponding constant:
mosek.Env.rescode.err_feasrepair_inconsistent_bound

Description:
The upper bound is less than the lower bound for a variable or a constraint. Please correct
this before running the feasibility repair.

Response message string:

“The %s ’%s’ with index ’%d’ has lower bound larger than upper bound.”
err_feasrepair_solving relaxed
Corresponding constant:

mosek.Env.rescode.err_feasrepair_solving relaxed

Description:
The relaxed problem could not be solved to optimality. Please consult the log file for further
details.

Response message string:

“The relaxed problem could not be solved to optimality.”
err file license
Corresponding constant:

mosek.Env.rescode.err_file_license

Description:
Invalid license file.

Response message string:
“Invalid license file.”

err file_open

Corresponding constant:
mosek.Env.rescode.err_file_open

Description:
Error while opening a file.

Response message string:
“An error occurred while opening file ’%s’.”

err_file_read

Corresponding constant:
mosek.Env.rescode.err_file_read
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Description:
File read error.

Response message string:
“An error occurred while reading file ’%s’.”
err_file write
Corresponding constant:
mosek.Env.rescode.err_file write

Description:
File write error.

Response message string:
“An error occurred while writing to file ’%s’.”
err first
Corresponding constant:
mosek.Env.rescode.err_first

Description:
Invalid first.

Response message string:
“Invalid first.”

err _firsti

Corresponding constant:
mosek.Env.rescode.err firsti

Description:
Invalid firsti.

Response message string:
“%d’ is an invalid value for firsti.”
err firstj
Corresponding constant:
mosek.Env.rescode.err_firstj

Description:
Invalid firstj.

Response message string:
“%d’ is an invalid value for firstj.”
err_flexlm
Corresponding constant:
mosek.Env.rescode.err_flexlm

Description:
The FLEXIm license manager reported an error.

RESPONSE CODES
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Response message string:
“The FLEX1m license manager reported ’%s’.

7

err_huge_c
Corresponding constant:
mosek.Env.rescode.err_huge_c

Description:
A huge value in absolute size is specified for one c;.

Response message string:

“A large value of %8.le has been specified in cx for variable ’Y%s’ (%d).”
err_identical_tasks
Corresponding constant:

mosek.Env.rescode.err_identical_tasks

Description:
Some tasks related to this function call were identical. Unique tasks were expected.

Response message string:
“Some tasks related to this function call were identical. Unique tasks were
expected.”

err_in_argument
Corresponding constant:

mosek.Env.rescode.err_in_argument

Description:
A function argument is incorrect.

Response message string:
“The argument ’%s’ is invalid.”
err_index
Corresponding constant:
mosek.Env.rescode.err_index

Description:
An index is out of range.

Response message string:
“An index is out of range.”
err_index_arr_is_too_large
Corresponding constant:
mosek.Env.rescode.err_index_arr_is_too_large

Description:
An index in an array argument is too large.
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Response message string:
“The index value %d occurring in argument ’%s[%d]’ is too large(<%d).”

e err_index_arr_is_too_small
Corresponding constant:
mosek.Env.rescode.err_index_arr_is_too_small

Description:
An index in an array argument is too small.

Response message string:
“The index value %d occurring in argument ’¥%s[%d]’ is too small(>=%d).”
e err_index_is_too_large
Corresponding constant:
mosek.Env.rescode.err_index_is_too_large

Description:
An index in an argument is too large.

Response message string:
“The index value %d occurring in argument ’%s’ is too large.”
e err_index_is_too_small
Corresponding constant:
mosek.Env.rescode.err_index_is_too_small

Description:
An index in an argument is too small.

Response message string:
“The index value %d occurring in argument ’%s’ is too small.”
e err_inf dou_index
Corresponding constant:
mosek.Env.rescode.err_inf_dou_-index

Description:
A double information index is out of range for the specified type.

Response message string:
“The double information index %d is out of range.”
e err_inf dou_name
Corresponding constant:
mosek.Env.rescode.err_inf_dou_name

Description:
A double information name is invalid.

Response message string:
“The double information name ’%s’ is invalid.”
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e err_inf int_index
Corresponding constant:
mosek.Env.rescode.err_inf_int_index

Description:
An integer information index is out of range for the specified type.

Response message string:
“The integer information index %d is out of range.”
e err_inf _int _name
Corresponding constant:
mosek.Env.rescode.err_inf_int_name

Description:
A integer information name is invalid.

Response message string:
“The integer information name ’%s’ is invalid.”
e err_inf type
Corresponding constant:
mosek.Env.rescode.err_inf_type

Description:
The information type is invalid.

Response message string:
“The information type %d is invalid.”
e err_infinite_bound
Corresponding constant:
mosek.Env.rescode.err_infinite_bound

Description:
A finite bound value is too large in absolute value.

Response message string:
“A finite bound value is too large in absolute value.”
e err_internal
Corresponding constant:
mosek.Env.rescode.err_internal

Description:
An internal error occurred. Please report this problem.

Response message string:

“An internal error occurred ’%s’.”

e err_internal _test_failed
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Corresponding constant:
mosek.Env.rescode.err_internal test_failed

Description:
An internal unit test function failed.

Response message string:
“Internal unit test function failed.”
e err_inv_aptre
Corresponding constant:
mosek.Env.rescode.err_inv_aptre

Description:
aptre[j] is strictly smaller than aptrb[j] for some j.

Response message string:
“aptre is strictly smaller than aptrb at position %d.”
e err_inv_bk
Corresponding constant:
mosek.Env.rescode.err_inv_bk

Description:
Invalid bound key.

Response message string:
“%d is an invalid bound key.”
e err_inv_bkc
Corresponding constant:
mosek.Env.rescode.err_inv_bkc

Description:
Invalid bound key is specified for a constraint.

Response message string:
“An invalid bound key for a constraint value of /d in argument ’%s’ has been
specified.”

e err_inv_bkx
Corresponding constant:

mosek.Env.rescode.err_inv_bkx

Description:
An invalid bound key is specified for a variable.

Response message string:
“An invalid bound key for variable of value of %d in argument ’%s’ has been specified.”

e err_inv_cone_type



Corresponding constant:
mosek.Env.rescode.err_inv_cone_type

Description:
Invalid cone type code is encountered.

Response message string:
“%d’ is an invalid cone type code.”
err_inv_cone_type_str
Corresponding constant:
mosek.Env.rescode.err_inv_cone_type_str

Description:
Invalid cone type string encountered.

Response message string:
“’%s’ is an invalid cone type string.”
err_inv_marki
Corresponding constant:
mosek.Env.rescode.err_inv_marki

Description:
Invalid value in marki.

Response message string:
“Invalid value in marki[%d].”
err_inv_markj
Corresponding constant:
mosek.Env.rescode.err_inv_markj

Description:
Invalid value in markj.

Response message string:
“Invalid value in markj[%d].”
err_inv_name_item
Corresponding constant:
mosek.Env.rescode.err_inv_name_item

Description:
An invalid name item code is used.

Response message string:
“%d’ is an invalid name item code.”

err_inv_numi

Corresponding constant:
mosek.Env.rescode.err_inv_numi
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Description:
Invalid numi.

Response message string:
“Invalid numi.”

err_inv_numj

Corresponding constant:
mosek.Env.rescode.err_inv_numj

Description:
Invalid numj.

Response message string:
“Invalid numj.”

err_inv_optimizer

Corresponding constant:
mosek.Env.rescode.err_inv_optimizer

Description:
An invalid optimizer has been chosen for the problem. This means that the simplex or the
conic optimizer is chosen to optimize a nonlinear problem.

Response message string:

“An invalid optimizer (%d) has been chosen for the problem.”
err_inv_problem
Corresponding constant:

mosek.Env.rescode.err_inv_problem

Description:
Invalid problem type. Probably a nonconvex problem has been specified.

Response message string:
“Invalid problem type.”
err_inv_qcon_subi
Corresponding constant:
mosek.Env.rescode.err_inv_qcon_subi

Description:
Invalid value in gcsubi.

Response message string:
“Invalid value %d at qcsubi([%d].”

err_inv_qcon_subj

Corresponding constant:
mosek.Env.rescode.err_inv_qcon_subj



Description:
Invalid value in gcsubj.

Response message string:
“Invalid value %d at qcsubj[%d].”
err_inv_qcon_subk
Corresponding constant:
mosek.Env.rescode.err_inv_qcon_subk

Description:
Invalid value in gqcsubk.

Response message string:
“Invalid value %d at qcsubk[%d].”
err_inv_qcon_val
Corresponding constant:
mosek.Env.rescode.err_inv_qcon_val

Description:
Invalid value in gcval.

Response message string:
“Invalid value %e at qcval[%d].”
err_inv_qobj_subi
Corresponding constant:
mosek.Env.rescode.err_inv_qobj_subi

Description:
Invalid value in qosubi.

Response message string:
“Invalid value %d at qosubil[%d].”
err_inv_qobj_subj
Corresponding constant:
mosek.Env.rescode.err_inv_qobj_subj

Description:
Invalid value in qosubj.

Response message string:
“Invalid value %d at qosubj[%d].”
err_inv_qobj_val
Corresponding constant:
mosek.Env.rescode.err_inv_qobj_val

Description:
Invalid value in qoval.

399



400

CHAPTER 15.

Response message string:
“Invalid value %e at qovall[%d].”

err_inv_sk
Corresponding constant:
mosek.Env.rescode.err_inv_sk

Description:
Invalid status key code.

Response message string:
“%d’ is an invalid status key code.”
err_inv_sk_str
Corresponding constant:
mosek.Env.rescode.err_inv_sk_str

Description:
Invalid status key string encountered.

Response message string:
“%s’ is an invalid status key string.”
err_inv_skc
Corresponding constant:
mosek.Env.rescode.err_inv_skc

Description:
Invalid value in skc.

Response message string:
“Invalid value at skc[%d].”

err_inv_skn

Corresponding constant:
mosek.Env.rescode.err_inv_skn

Description:
Invalid value in skn.

Response message string:
“Invalid value at skn[%d].”

err_inv_skx

Corresponding constant:
mosek.Env.rescode.err_inv_skx

Description:
Invalid value in skx.

Response message string:
“Invalid value at skx[%d].”
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e err_inv_var_type
Corresponding constant:
mosek.Env.rescode.err_inv_var_type

Description:
An invalid variable type is specified for a variable.

Response message string:
“An invalid type %d is specified for variable ’%s’ (%d) in argument ’%s’.”
e err_invalid_accmode
Corresponding constant:
mosek.Env.rescode.err_invalid_accmode

Description:
An invalid access mode is specified.

Response message string:
“%d is an invalid access mode is specified.”
e err_invalid_ampl_stub
Corresponding constant:
mosek.Env.rescode.err_invalid_ampl_stub

Description:
Invalid AMPL stub.

Response message string:
“Invalid AMPL stub.”
e err_invalid_branch direction
Corresponding constant:
mosek.Env.rescode.err_invalid_branch_direction

Description:
An invalid branching direction is specified.

Response message string:
“%d is an invalid branching direction.”
e err_invalid_branch priority
Corresponding constant:
mosek.Env.rescode.err_invalid branch priority

Description:
An invalid branching priority is specified. It should be nonnegative.

Response message string:
“%d invalid branching priority is specified.”
g p y p

e err_invalid_compression



402

Corresponding constant:
mosek.Env.rescode.err_invalid_compression

Description:
Invalid compression type.

Response message string:
“%d is an invalid compression type.”
err_invalid_file name
Corresponding constant:
mosek.Env.rescode.err_invalid file name

Description:
An invalid file name has been specified.

Response message string:
“Y%s’ is invalid file name.”
err_invalid_format_type
Corresponding constant:
mosek.Env.rescode.err_invalid format_type

Description:
Invalid format type.

Response message string:
“%d is an invalid format type..”
err_invalid_iomode
Corresponding constant:
mosek.Env.rescode.err_invalid_iomode

Description:
Invalid io mode.

Response message string:
“%d is an io mode.”

err_invalid mbt_file

Corresponding constant:
mosek.Env.rescode.err_invalid mbt_file

Description:
A MOSEK binary task file is invalid.

Response message string:
“The binary task file is invalid.”

err_invalid name_in_sol_file

Corresponding constant:

mosek.Env.rescode.err_invalid name_in_sol_file

CHAPTER 15.
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Description:
An invalid name occurred in a solution file.

Response message string:
“The name ’%s’ is an invalid name.”
err_invalid_obj_name
Corresponding constant:
mosek.Env.rescode.err_invalid_obj_name

Description:
An invalid objective name is specified.

Response message string:
“%s’ is an invalid objective name is specified.”
err_invalid_objective_sense
Corresponding constant:
mosek.Env.rescode.err_invalid_objective_sense

Description:
An invalid objective sense is specified.

Response message string:
“%s is an invalid objective sense code.”
err_invalid_sol_file name
Corresponding constant:
mosek.Env.rescode.err_invalid_sol_file_name

Description:
An invalid file name has been specified.

Response message string:
“*%s’ is invalid solution file name.”
err_invalid_stream
Corresponding constant:
mosek.Env.rescode.err_invalid_stream

Description:
An invalid stream is referenced.

Response message string:
“%d is an invalid stream.”
err_invalid_task
Corresponding constant:
mosek.Env.rescode.err_invalid task

Description:
The task is invalid.
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Response message string:
“The task is invalid.”

err_invalid_utf8
Corresponding constant:
mosek.Env.rescode.err_invalid_utf8

Description:
An invalid UTF8 string is encountered.

Response message string:
“An invalid UTF8 string is encountered.”
err_invalid_wchar
Corresponding constant:
mosek.Env.rescode.err_invalid_wchar

Description:
An invalid wchar string is encountered.

Response message string:
“An invalid wchar string is encountered.”
err_last
Corresponding constant:
mosek.Env.rescode.err_last

Description:
Invalid last.

Response message string:
“Invalid last.”

err_lasti

Corresponding constant:
mosek.Env.rescode.err_lasti

Description:
Invalid lasti.

Response message string:
“%d’ is an invalid value for lasti.”
err_lastj
Corresponding constant:
mosek.Env.rescode.err_last]

Description:
Invalid lastj.

Response message string:
“%d’ is an invalid value for lastj.”
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e err_license
Corresponding constant:
mosek.Env.rescode.err_license

Description:
Invalid license.

Response message string:
“Invalid license.”
e err_license_cannot_allocate
Corresponding constant:
mosek.Env.rescode.err_license_cannot_allocate

Description:
The license system cannot allocate the memory required.

Response message string:
“The license system cannot allocate the memory required.”
e err_license_cannot_connect
Corresponding constant:
mosek.Env.rescode.err_license_cannot_connect

Description:
MOSEK cannot connect to the license server. Most likely the license server is not up and
running.

Response message string:
“MOSEK cannot connect to the license server.”
e err_license_expired
Corresponding constant:
mosek.Env.rescode.err_license_expired

Description:
The license has expired.

Response message string:
“The license has expired.”

e err_license_feature

Corresponding constant:
mosek.Env.rescode.err_license_feature

Description:
A requested feature is not available in the license file(s). Most likely due to an incorrect
license system setup.

Response message string:
“The feature ’Y%s’ is not in license file. Consult the license manager error
message.”
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e err_license_invalid_ hostid
Corresponding constant:
mosek.Env.rescode.err_license_invalid_ hostid

Description:
The host ID specified in the license file does not match the host ID of the computer.

Response message string:
“The host ID specified in the license file does not match the host ID of the
computer.”

e err_license_max
Corresponding constant:
mosek.Env.rescode.err_license_max

Description:
Maximum number of licenses is reached.

Response message string:
“Maximum number of licenses is reached for feature ’Ys’.”
e err_license moseklm daemon
Corresponding constant:
mosek.Env.rescode.err_license moseklm daemon

Description:
The MOSEKLM license manager daemon is not up and running.

Response message string:
“The MOSEKLM license manager daemon is not up and running.”
e err_license_server
Corresponding constant:
mosek.Env.rescode.err_license_server

Description:
The license server is not responding.

Response message string:
“The license server is not responding.”
e err_license_server_version
Corresponding constant:
mosek.Env.rescode.err_license_server_version

Description:
The version specified in the checkout request is greater than the highest version number the
daemon supports.

Response message string:
“License server system does not support this version ’J%d’ of feature ’Js’.”
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e err_license_version
Corresponding constant:
mosek.Env.rescode.err_license_version

Description:
The license is valid for another version of MOSEK.

Response message string:
“Version ’%s’ of feature ’%s’ is not supported by the license file.”
e err_link file dll
Corresponding constant:
mosek.Env.rescode.err_link file d11

Description:
A file cannot be linked to a stream in the DLL version.

Response message string:
“A file cannot be linked to a stream in the DLL version.”
e err_lp_dup_slack name
Corresponding constant:
mosek.Env.rescode.err_lp_dup_slack name

Description:
The name of the slack variable added to a ranged constraint already exists.

Response message string:
“Slack variable name ’%s’ in constraint ’%s’ id defined already.”
e err_lp_empty
Corresponding constant:
mosek.Env.rescode.err_lp_empty

Description:
The problem cannot be written to an LP formatted file.

Response message string:
“A problem with no variables or constraints cannot be written to a LP formatted
file.”

e err_1lp file format
Corresponding constant:

mosek.Env.rescode.err_lp_file format

Description:
Syntax error in an LP file.

Response message string:
“Syntax error in an LP file at (%d:%d).”

e err_lp format
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Corresponding constant:
mosek.Env.rescode.err_lp_format

Description:
Syntax error in an LP file.

Response message string:
“Syntax error in an LP file at line number: %d.”
err_lp_free_constraint
Corresponding constant:
mosek.Env.rescode.err_lp_free_constraint

Description:
Free constraints cannot be written in LP file format.

Response message string:
“Free constraints cannot be written in LP file format.”
err_lp_incompatible
Corresponding constant:
mosek.Env.rescode.err_lp_incompatible

Description:
The problem cannot be written to an LP formatted file.

Response message string:

“A problem of type ’%s’ cannot be written to a LP formatted file.”
err_lp_invalid_var_name
Corresponding constant:

mosek.Env.rescode.err_lp_invalid_var_name

Description:
A variable name is invalid when used in an LP formatted file.

Response message string:
“The variable name ’%s’ cannot be written to an LP formatted file.’

)

err_lp_write_conic_problem

Corresponding constant:
mosek.Env.rescode.err_lp write_conic_problem

Description:
The problem contains cones that cannot be written to an LP formatted file.

Response message string:
“A problem of type ’%s’ contains cones that cannot be written to an LP formatted
file.”

e err_lp write_geco_problem
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Corresponding constant:
mosek.Env.rescode.err_lp_write_geco_problem

Description:
The problem contains general convex terms that cannot be written to an LP formatted file.

Response message string:
“A problem of type ’%s’ contains general convex terms that cannot be written
to an LP formatted file.”

err_lu_max_num_tries

Corresponding constant:
mosek.Env.rescode.err_lumax num tries

Description:
Could not compute the LU factors of the matrix within the maximum number of allowed
tries.

Response message string:
“Could not compute the LU factors of the matrix within the maximum number of
allowed tries.”

err_maxnumanz
Corresponding constant:

mosek.Env.rescode.err_maxnumanz

Description:
The maximum number of non-zeros specified for A is smaller than the number of non-zeros
in the current A.

Response message string:

“Too small maximum number of non-zeros in A specified.”
err_maxnumcon
Corresponding constant:

mosek.Env.rescode.err_maxnumcon

Description:
The maximum number of constraints specified is smaller than the number of constraints in
the task.

Response message string:
“Maximum number of constraints of ’%d’ is smaller than the number of constraints
)%d; ‘77

err_maxnumcone

Corresponding constant:
mosek.Env.rescode.err_maxnumcone

Description:
The value specified for maxnumcone is too small.
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Response message string:
“The value %d specified for maxnumcone is too small.”

e err_maxnumqnz
Corresponding constant:

mosek.Env.rescode.err_maxnumqnz

Description:
The maximum number of non-zeros specified for the @) matrices is smaller than the number
of non-zeros in the current () matrices.

Response message string:
“Too small maximum number of non-zeros for the Q matrices is specified.”
e err_maxnumvar
Corresponding constant:
mosek.Env.rescode.err_maxnumvar

Description:
The maximum number of variables specified is smaller than the number of variables in the
task.

Response message string:
“Too small maximum number of variables %d is specified. Currently, the number
of variables is %d.”

e err mbt_incompatible
Corresponding constant:

mosek.Env.rescode.err_mbt_incompatible

Description:
The MBT file is incompatible with this platform. This results from reading a file on a 32
bit platform generated on a 64 bit platform.

Response message string:
“The MBT file is incompatible withe this platform.”
e err mio no_optimizer
Corresponding constant:
mosek.Env.rescode.err_mio_no_optimizer

Description:
No optimizer is available for the current class of integer optimization problems.

Response message string:
“No integer optimizer is available for the optimization problem.”

e err_mio_not_loaded

Corresponding constant:
mosek.Env.rescode.err_mio_not_loaded
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Description:
The mixed-integer optimizer is not loaded.

Response message string:
“The mixed-integer optimizer is not loaded.”
err missing license_file
Corresponding constant:
mosek.Env.rescode.err missing license file

Description:
MOSEK cannot find the license file or license server. Usually this happens if the operating
system variable MOSEKLM_LICENSE_FILE is not set up appropriately. Please see the MOSEK
installation manual for details.

Response message string:
“A license file is missing. Set MOSEKLM_LICENSE_FILE to point to your license
file.”

err_ mixed_problem
Corresponding constant:

mosek.Env.rescode.err_mixed_problem

Description:
The problem contains both conic and nonlinear constraints.

Response message string:

“The problem contains both conic and nonlinear constraints.”
err mps_cone_overlap
Corresponding constant:

mosek.Env.rescode.err_mps_cone_overlap

Description:
A variable is specified to be a member of several cones.

Response message string:

“Variable ’%s’ is specified to be a member of CSECTION ’%s’ and CSECTION ’%s’.”
err_mps_cone_repeat
Corresponding constant:

mosek.Env.rescode.err_mps_cone_repeat

Description:
A variable is repeated within the CSECTION.

Response message string:
“Variable ’Ys’ is repeated in CSECTION ’%s’.”

err_mps_cone_type

Corresponding constant:
mosek.Env.rescode.err_mps_cone_type
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Description:
Invalid cone type specified in a CSECTION.

Response message string:

“%s’ is an invalid cone type in a CSECTION.”
err mps_file
Corresponding constant:

mosek.Env.rescode.err mps_file

Description:
An error occurred while reading an MPS file.

Response message string:
“An error occurred while reading an MPS file.”
err _mps_inv_bound_key
Corresponding constant:
mosek.Env.rescode.err_mps_inv_bound_key

Description:
An invalid bound key occurred in an MPS file.

Response message string:
“%s’ is an invalid bound key.”
err_mps_inv_con_key
Corresponding constant:
mosek.Env.rescode.err_mps_inv_con_key

Description:
An invalid constraint key occurred in an MPS file.

Response message string:

“%s’ is an invalid constraint key for constraint ’%s’.”
errmps_inv_field
Corresponding constant:

mosek.Env.rescode.err mps_inv_field

Description:
A field in the MPS file is invalid. Probably it is too wide.

Response message string:
“Field number %d is invalid.”
err_mps_inv_marker
Corresponding constant:
mosek.Env.rescode.err_mps_inv_marker

Description:
An invalid marker has been specified in the MPS file.

RESPONSE CODES



Response message string:
“An invalid marker has been specified in the MPS file.”

err mps_inv_sec_name
Corresponding constant:

mosek.Env.rescode.err_mps_inv_sec_name

Description:
An invalid section name occurred in an MPS file.

Response message string:

“An invalid section name was used.”
err mps_inv_sec_order
Corresponding constant:

mosek.Env.rescode.err mps_inv_sec_order

Description:
The sections in the MPS data file are not in the correct order.

Response message string:
“Section ’%s’ was not expected.”
err_mps_invalid_obj_name
Corresponding constant:
mosek.Env.rescode.err_mps_invalid_obj_name

Description:
An invalid objective name is specified.

Response message string:
“%s’ is an invalid objective name is specified.”
err mps_invalid_objsense
Corresponding constant:
mosek.Env.rescode.err_mps_invalid_objsense

Description:
An invalid objective sense is specified.

Response message string:
“%s’ is an invalid objective sense.”
err mps_mul_con_name
Corresponding constant:
mosek.Env.rescode.err_mps_mul_con_name

Description:
A constraint name was specified multiple times in the ROWS section.

Response message string:
“The constraint name ’%s’ was specified multiple times in the ROWS
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e err mps_mul_csec

Corresponding constant:
mosek.Env.rescode.err_mps_mul_csec

Description:
Multiple CSECTIONs are given the same name.

Response message string:
“Multiple CSECTIONs are given the name ’%s’.”
err_mps_mul_qgobj
Corresponding constant:
mosek.Env.rescode.err_mps_mul_qobj

Description:
The Q term in the objective is specified multiple times in the MPS data file.

Response message string:

“The Q term in the objective is specified multiple times.”
err_mps_mul_gsec
Corresponding constant:

mosek.Env.rescode.err_mps_mul_gsec

Description:
Multiple QSECTIONs are specified for a constraint in the MPS data file.

Response message string:
“Multiple QSECTIONs are specified for a constraint ’%s’.”
err_mps_no_objective
Corresponding constant:
mosek.Env.rescode.err_mps_no_objective

Description:
No objective is defined in an MPS file.

Response message string:
“No objective was defined.”

err mps_null_con_name

Corresponding constant:
mosek.Env.rescode.err_mps_null_con_name

Description:
An empty constraint name is used in an MPS file.

Response message string:
“An empty constraint name is used in an MPS file.”

e err mps_null_var_name
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Corresponding constant:
mosek.Env.rescode.err_mps_null_var_name

Description:
An empty variable name is used in an MPS file.

Response message string:

“An empty variable name is used in an MPS file.”
err mps_splitted_var
Corresponding constant:

mosek.Env.rescode.err mps_splitted_var

Description:
A variable is split in an MPS data file.

Response message string:

“The variable ’%s’ was split.”
err_mps_tab_in field2
Corresponding constant:

mosek.Env.rescode.err mps_tab_in field2

Description:
A tab char occurred in field 2.

Response message string:

“A tab char occurred in field 2.”
err_mps_tab_in field3
Corresponding constant:

mosek.Env.rescode.err mps_tab_in field3

Description:
A tab char occurred in field 3.

Response message string:
“A tab char occurred in field 3.”
err_mps_tab_in fieldb
Corresponding constant:
mosek.Env.rescode.err_mps_tab_in_fieldb

Description:
A tab char occurred in field 5.

Response message string:
“A tab char occurred in field 5.”

err mps_undef_con_name

Corresponding constant:
mosek.Env.rescode.err_mps_undef_con_name
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Description:
An undefined constraint name occurred in an MPS file.

Response message string:
“%s’ is an undefined constraint name.”
err_mps_undef_var_name
Corresponding constant:
mosek.Env.rescode.err_mps_undef_var_name

Description:
An undefined variable name occurred in an MPS file.

Response message string:
“*%s’ is an undefined variable name.”
err_mul_a_element
Corresponding constant:
mosek.Env.rescode.err_mul_a_element

Description:
An element in A is defined multiple times.

Response message string:

“Multiple elements in row %d of A at column %d.”
err name max_len
Corresponding constant:

mosek.Env.rescode.err_name max_len

Description:
A name is longer than the buffer that is supposed to hold it.

Response message string:
“A name(’%s’) of length %d is longer than the buffer of length %d that is supposed
to hold it.”

err_nan_in_blc
Corresponding constant:
mosek.Env.rescode.err nan_in blc

Description:
¢ contains an invalid floating point value, i.e. a NaN.

Response message string:
“The bound vector blc contains an invalid value for comnstraint ’%s’ (%d).”

err_nan_in_blx

Corresponding constant:
mosek.Env.rescode.err_nan_in_blx



417

Description:
[* contains an invalid floating point value, i.e. a NaN.

Response message string:

“The bound vector blx contains an invalid value for variable ’%s’ (%d).”
err _nan_in_buc
Corresponding constant:

mosek.Env.rescode.err_nan_in_buc

Description:
u® contains an invalid floating point value, i.e. a NaN.

Response message string:

“The bound vector buc contains an invalid value for comnstraint ’%s’ (%d).”
err_nan_in_bux
Corresponding constant:

mosek.Env.rescode.err_nan_in bux

Description:
u” contains an invalid floating point value, i.e. a NaN.

Response message string:

“The bound vector bux contains an invalid value for variable ’%s’ (%d).”
err nan_in_c
Corresponding constant:

mosek.Env.rescode.err nan_in c

Description:
¢ contains an invalid floating point value, i.e. a NaN.

Response message string:

“The objective vector c¢ contains an invalid value for variable ’¥s’ (%d).”
err nan_in double_data
Corresponding constant:

mosek.Env.rescode.err_ nan_in_double_data

Description:
An invalid floating point value was used in some double data.

Response message string:

“The parameter ’%s’ contained an invalid floating value.”
err_negative_append
Corresponding constant:

mosek.Env.rescode.err_negative_append

Description:
Cannot append a negative number.
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Response message string:
“Cannot append a negative number of %d.”

e err negative_surplus
Corresponding constant:

mosek.Env.rescode.err negative_surplus

Description:
Negative surplus.

Response message string:
“Negative surplus.”
e err newer_dll
Corresponding constant:
mosek.Env.rescode.err newer_dll

Description:
The dynamic link library is newer than the specified version.

Response message string:
“The dynamic link library version %d.%d.%d.%d is newer than version %d.%d.%d.%d.”
e err no_basis_sol
Corresponding constant:
mosek.Env.rescode.err_no_basis_sol

Description:
No basic solution is defined.

Response message string:
“No basic solution is defined.”
e err no_dual_for_itg sol
Corresponding constant:
mosek.Env.rescode.err no_dual_for_itg_sol

Description:
No dual information is available for the integer solution.

Response message string:
“No dual information is available for the integer solution.”
e err no_dual_infeas_cer
Corresponding constant:
mosek.Env.rescode.err no_dual_infeas_cer

Description:
A certificate of infeasibility is not available.

Response message string:
“A certificate of dual infeasibility is not available.”
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e err no_init_env
Corresponding constant:
mosek.Env.rescode.err_no_init_env

Description:
env is not initialized.

Response message string:
“Environment is not initialized.”
e err no_optimizer_var_type
Corresponding constant:
mosek.Env.rescode.err_no_optimizer_var_type

Description:
No optimizer is available for this class of optimization problems.

Response message string:
“No optimizer is available for optimization problems containing variables of
type ’%s’.”

e err no_primal_infeas_cer
Corresponding constant:

mosek.Env.rescode.err no_primal_infeas_cer

Description:
A certificate of primal infeasibility is not available.

Response message string:
“A certificate of primal infeasibility is not available.”
e err no_solution_in_callback
Corresponding constant:
mosek.Env.rescode.err no_solution_in_callback

Description:
The required solution is not available.

Response message string:
“The required solution is not available.”
e err_nonconvex
Corresponding constant:
mosek.Env.rescode.err_nonconvex

Description:
The optimization problem is nonconvex.

Response message string:
“The optimization problem is nonconvex.”

e err nonlinear_equality
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Corresponding constant:
mosek.Env.rescode.err_nonlinear_equality

Description:
The model contains a nonlinear equality which defines a nonconvex set.

Response message string:

“Non convex model detected. Constraint ’%s’()d) is a nonlinear equality.”
err nonlinear_ranged
Corresponding constant:

mosek.Env.rescode.err nonlinear_ranged

Description:
The model contains a nonlinear ranged constraint which by definition defines a nonconvex
set.

Response message string:
“Constraint ’%s(%d)’ is nonlinear and ranged constraint i.e. it has finite lower
and upper bound.”

err nr_arguments
Corresponding constant:
mosek.Env.rescode.err_nr_arguments

Description:
Incorrect number of function arguments.

Response message string:

“Incorrect number of %s arguments. Got J%d expected %d.”
err_null_env
Corresponding constant:

mosek.Env.rescode.err_null_env

Description:
env is a NULL pointer.

Response message string:
“env is a NULL pointer.”
err_null name
Corresponding constant:
mosek.Env.rescode.err_null _name

Description:
An all blank name has been specified.

Response message string:
“An all blank name has been specified.”

e err null _pointer
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Corresponding constant:
mosek.Env.rescode.err null_pointer

Description:
An argument to a function is unexpectedly a NULL pointer.

Response message string:
“Argument ’%s’ is unexpectedly a NULL pointer.”
e err null_task
Corresponding constant:
mosek.Env.rescode.err null _task

Description:
task is a NULL pointer.

Response message string:
“task is a NULL pointer.”
e err numconlim
Corresponding constant:
mosek.Env.rescode.err_numconlim

Description:
Maximum number of constraints limit is exceeded.

Response message string:
“Maximum number of constraints limit is exceeded.”
e err_numvarlim
Corresponding constant:
mosek.Env.rescode.err_ numvarlim

Description:
Maximum number of variables limit is exceeded.

Response message string:
“Maximum number of variables limit is exceeded.”
e err obj_g-not_nsd
Corresponding constant:
mosek.Env.rescode.err_obj_qnot_nsd

Description:
The quadratic coefficient matrix in the objective is not negative semi-definite as expected
for a maximization problem.

Response message string:
“The quadratic coefficient matrix in the objective is not negative semi-definite
as expected for a maximization problem.”

e err_obj_gnot_psd
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Corresponding constant:
mosek.Env.rescode.err_obj_qmnot_psd

Description:
The quadratic coefficient matrix in the objective is not positive semi-definite as expected
for a minimization problem.

Response message string:
“The quadratic coefficient matrix in the objective is not positive semi-definite

as expected for a minimization problem.”

e err_objective_range
Corresponding constant:
mosek.Env.rescode.err_objective_range

Description:
Empty objective range.

Response message string:
“Empty objective range.”
e err older_dll
Corresponding constant:
mosek.Env.rescode.err_older_dll

Description:
The dynamic link library is older than the specified version.

Response message string:
“The dynamic link library version %d.%d.%d.%d is older than expected version
hd.%d.%d.%d.”

e err_open_dl
Corresponding constant:

mosek.Env.rescode.err_open_dl

Description:
A dynamic link library could not be opened.

Response message string:
“A dynamic link library ’%s’ could not be opened.”
e err_opf_format
Corresponding constant:
mosek.Env.rescode.err_opf_format

Description:
Syntax error in an OPF file

Response message string:
“Syntax error in an OPF file at line number: %d.”
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e err _optimizer_license
Corresponding constant:
mosek.Env.rescode.err_optimizer_license

Description:
The optimizer required is not licensed.

Response message string:
“The optimizer required is not licensed.”
e err ord_invalid
Corresponding constant:
mosek.Env.rescode.err_ord_invalid

Description:
Invalid content in branch ordering file.

Response message string:
“Invalid content in branch ordering file”
e err ord_invalid branch dir
Corresponding constant:
mosek.Env.rescode.err_ord_invalid_branch_dir

Description:
An invalid branch direction key is specified.

Response message string:
“%s’ is an invalid branch direction key is specified.”
e err_param_index
Corresponding constant:
mosek.Env.rescode.err_param_index

Description:
Parameter index is out of range.

Response message string:
“The parameter index %d is invalid for a parameter of type %s.”
e err_param_is_too_large
Corresponding constant:
mosek.Env.rescode.err_param_is_too_large

Description:
The parameter value is too large.

Response message string:

“The parameter value %s is too large for parameter ’¥%s’.”

e err_param_is_too_small
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Corresponding constant:
mosek.Env.rescode.err_param_is_too_small

Description:
The parameter value is too small.

Response message string:
“The parameter value %s is too small for parameter ’%s’.

7

® err_param _name
Corresponding constant:
mosek.Env.rescode.err_param name

Description:
The parameter name is not correct.

Response message string:
“The parameter name ’%s’ is invalid.”
e err_param name_dou
Corresponding constant:
mosek.Env.rescode.err_param name_dou

Description:
The parameter name is not correct for a double parameter.

Response message string:
“The parameter name ’%s’ is invalid for a double parameter.”
e err_param name_int
Corresponding constant:
mosek.Env.rescode.err_param name_int

Description:
The parameter name is not correct for an integer parameter.

Response message string:
“The parameter name ’%s’ is invalid for an int parameter.”
e err_param name_str
Corresponding constant:
mosek.Env.rescode.err_param name_str

Description:
The parameter name is not correct for a string parameter.

Response message string:
“The parameter name ’%s’ is invalid for a string parameter.”

® err_param_type

Corresponding constant:
mosek.Env.rescode.err_param_type
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Description:
The parameter type is invalid.

Response message string:
“The parameter type %d is invalid.”
err_param_value_str
Corresponding constant:
mosek.Env.rescode.err_param value_str

Description:
The parameter value string is incorrect.

Response message string:

“The parameter value string ’Y%s’ for parameter %s is incorrect.”
err_platform not_licensed
Corresponding constant:

mosek.Env.rescode.err_platform not_licensed

Description:
A requested license feature is not available for the required platform.

Response message string:

“No license feature ’%s’ for the required platform is available.”
err_postsolve
Corresponding constant:

mosek.Env.rescode.err_postsolve

Description:
An error occurred during the postsolve. Please contact MOSEK support.

Response message string:
“An error occurred during the postsolve.”
err_pro_item
Corresponding constant:
mosek.Env.rescode.err_pro_item

Description:
An invalid problem is used.

Response message string:
“’%d’ is an invalid problem item.”
err_prob_license
Corresponding constant:
mosek.Env.rescode.err_prob_license

Description:
The software is not licensed to solve the problem.
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Response message string:
“The software is not licensed to solve the problem.”

e err_qcon_subi_too_large
Corresponding constant:

mosek.Env.rescode.err_gqcon_subi_too_large

Description:
Invalid value in gqcsubi.

Response message string:
“Invalid value %d at qcsubi[%d]. It should be < %d.”
e err_qcon_subi_too_small
Corresponding constant:
mosek.Env.rescode.err_qcon_subi_too_small

Description:
Invalid value in qcsubi.

Response message string:
“Invalid value %d at qcsubi[%d]. It should be >= %d.”

e err_qcon_upper_triangle

Corresponding constant:
mosek.Env.rescode.err_gcon_upper_triangle

Description:
An element in the upper triangle of a Q¥ is specified. Only elements in the lower triangle
should be specified.

Response message string:
“The element ql[%d,%d] in the upper triangle of the quadratic term in the Jdth
constraint is specified.”

e err_qobj_upper_triangle
Corresponding constant:
mosek.Env.rescode.err_qgobj_upper_triangle

Description:
An element in the upper triangle of Q° is specified. Only elements in the lower triangle
should be specified.

Response message string:
“The element q[%d,%d] in the upper triangle of the quadratic term in the objective
is specified.”

e err_read_format

Corresponding constant:
mosek.Env.rescode.err_read_format
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Description:
The specified format cannot be read.

Response message string:

“The specified format cannot be read. The format code is %d.”
err_read_lp nonexisting name
Corresponding constant:

mosek.Env.rescode.err_read_lp_nonexisting name

Description:
A variable never occurred in objective or constraints.

Response message string:

“The variable name ’%s’ did not occur in objective or constraints.”
err_remove_cone_variable
Corresponding constant:

mosek.Env.rescode.err_remove_cone_variable

Description:
A variable cannot be removed because it will make a cone invalid.

Response message string:

“If variable %d (’%s’) is removed, then comne %d (’%s’) will be invalid.”
err_sen_bound_invalid_lo
Corresponding constant:

mosek.Env.rescode.err_sen bound_invalid_lo

Description:
Analysis of lower bound requested for an index, where no lower bound exists.

Response message string:
“No lower bound for index ’%d’ given in line %d.”
err_sen_bound_invalid_up
Corresponding constant:
mosek.Env.rescode.err_sen_bound_invalid_up

Description:
Analysis of upper bound requested for an index, where no upper bound exists.

Response message string:

“No upper bound for index ’%d’ given in line %d.”
err_sen_format
Corresponding constant:

mosek.Env.rescode.err_sen format

Description:
Syntax error in sensitivity analysis file.
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Response message string:
“Syntax error in sensitivity analysis file at line number: %d. %s”

e err_sen_index_invalid
Corresponding constant:
mosek.Env.rescode.err_sen_index_invalid

Description:
Invalid range given in the sensitivity file.

Response message string:
“The index range %d-%d in line %d is invalid.”
e err_sen_index_range
Corresponding constant:
mosek.Env.rescode.err_sen_index_range

Description:
Index out of range in the sensitivity analysis file.

Response message string:
“Index ’%d’ out of range at line %d.”
e err_sen_invalid_regexp
Corresponding constant:
mosek.Env.rescode.err_sen_invalid_regexp

Description:
Syntax error in regexp or regexp longer than 1024.

Response message string:
“Syntax error in regexp on line %d: %s.”
e err_sen numerical
Corresponding constant:
mosek.Env.rescode.err_sen numerical

Description:
Numerical difficulties encountered performing the sensitivity analysis.

Response message string:
“Numerical difficulties encountered performing the sensitivity analysis.”
e err_sen_solution_status
Corresponding constant:
mosek.Env.rescode.err_sen_solution_status

Description:
No optimal solution found to the original problem given for sensitivity analysis.
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Response message string:
“No optimal solution found to the original problem given for sensitivity analysis.
Solution status = %d.”

err_sen_undef_name
Corresponding constant:

mosek.Env.rescode.err_sen_undef _name

Description:
An undefined name was encountered in the sensitivity analysis file.

Response message string:
“Name ’%s’ on line %d not defined.”
err_size_license
Corresponding constant:
mosek.Env.rescode.err_size_license

Description:
The problem is bigger than the license.

Response message string:
“The problem is bigger than the license.”
err_size_license_con
Corresponding constant:
mosek.Env.rescode.err_size_license_con

Description:
The problem has too many constraints to be solved with the available license.

Response message string:
“The problem has %d constraint(s) but the license allows only %d constraint(s)
for feature ’%s’.”

err_size_license_intvar
Corresponding constant:

mosek.Env.rescode.err_size_license_intvar

Description:
The problem contains too many integer variables to be solved with the available license.

Response message string:
“The problem contains %d integer variable(s) but the license allows only ’%d integer
variable(s) for feature ’Ys’.”

err_size_license_var

Corresponding constant:
mosek.Env.rescode.err_size_license_var
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Description:
The problem has too many variables to be solved with the available license.

Response message string:
“The problem has %d variable(s) but the license allows only %d variable(s) for
feature ’%s’.”

e err_sol_file number
Corresponding constant:
mosek.Env.rescode.err_sol_file number

Description:
An invalid number is specified in a solution file.

Response message string:
“An invalid number ’%s’ is specified in a solution file.”
e err_solitem
Corresponding constant:
mosek.Env.rescode.err_solitem

Description:
The solution item number solitem is invalid. Please note Env.solitem.snx is invalid for
the basic solution.

Response message string:
“%d is not a valid solution item code for solution %d.”
e err_solver_probtype
Corresponding constant:
mosek.Env.rescode.err_solver_probtype

Description:
Problem type does not match the chosen optimizer.

Response message string:
“Problem type does not match the chosen optimizer.”
® err_space
Corresponding constant:
mosek.Env.rescode.err_space

Description:
Out of space.

Response message string:
“Out of space.”

e err_space_leaking

Corresponding constant:
mosek.Env.rescode.err_space_leaking
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Description:
MOSEK is leaking memory. This can be due to either an incorrect use of MOSEK or a bug.

Response message string:
“MOSEK is leaking memory.”
err_space_no_info
Corresponding constant:
mosek.Env.rescode.err_space no_info

Description:
No available information about the space usage.

Response message string:
“No available information about the space usage.”
err_thread cond_init
Corresponding constant:
mosek.Env.rescode.err_thread_cond_init

Description:
Could not initialize a condition.

Response message string:
“Could not initialize a condition.”
err_thread_create
Corresponding constant:
mosek.Env.rescode.err_thread create

Description:
Could not create a thread. This error may occur if a large number of environments are
created and not deleted again. In any case it is a good practice to minimize the number of
environments created.

Response message string:

“Could not create a thread. System error code: ¥%d”
err_thread mutex_init
Corresponding constant:

mosek.Env.rescode.err_thread mutex_init

Description:
Could not initialize a mutex.

Response message string:
“Could not initialize a mutex.”

err_thread mutex_lock

Corresponding constant:
mosek.Env.rescode.err_thread mutex_lock
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Description:
Could not lock a mutex.

Response message string:
“Could not lock a mutex.”

err_thread mutex_unlock

Corresponding constant:
mosek.Env.rescode.err_thread mutex_unlock

Description:
Could not unlock a mutex.

Response message string:
“Could not unlock a mutex.”
err_too_small_maxnumanz
Corresponding constant:
mosek.Env.rescode.err_too_small _maxnumanz

Description:
Maximum number of non-zeros allowed in A is too small.

Response message string:

“Maximum number of non-zeros allowed in A is too small. Y%d is required.”
err_unb_step_size
Corresponding constant:

mosek.Env.rescode.err_unb_step_size

Description:
A step size in an optimizer was unexpectedly unbounded. For instance, if the step-size
becomes unbounded in phase 1 of the simplex algorithm then an error occurs. Normally
this will happen only if the problem is badly formulated. Please contact MOSEK support
if this error occurs.

Response message string:

“A step-size in an optimizer was unexpectedly unbounded.”
err_undef_solution
Corresponding constant:

mosek.Env.rescode.err_undef_solution

Description:
The required solution is not defined.

Response message string:
“The solution with code %d is not defined.”

err_undefined_objective_sense

Corresponding constant:
mosek.Env.rescode.err_undefined objective_sense
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Description:
The objective sense has not been specified before the optimization.

Response message string:

“The objective sense has not been specified before the optimization.”
err_unknown
Corresponding constant:

mosek.Env.rescode.err_unknown

Description:
Unknown error.

Response message string:
“Unknown error.”

err_user_func_ret

Corresponding constant:
mosek.Env.rescode.err_user_func_ret

Description:
An user function reported an error.

Response message string:
“An user function returned a non-zero error code %d.”
err_user_func_ret_data
Corresponding constant:
mosek.Env.rescode.err_user_func_ret_data

Description:
An user function returned invalid data.

Response message string:
“An user function returned invalid data for ’%s’.”
err_user_nlo_eval
Corresponding constant:
mosek.Env.rescode.err_user_nlo_eval

Description:
The user-defined nonlinear function reported an error.

Response message string:
“The user-defined nonlinear function reported the error ’Ys’.

”

err_user_nlo_eval_hessubi
Corresponding constant:
mosek.Env.rescode.err_user_nlo_eval_hessubi

Description:
The user-defined nonlinear function reported an invalid subscript in the Hessian.
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Response message string:
“The user-defined nonlinear function reported the invalid hessubil[}d]l: %d.’”

e err_user nlo_eval_hessubj
Corresponding constant:
mosek.Env.rescode.err_user_nlo_eval_hessubj

Description:
The user-defined nonlinear function reported an invalid subscript in the Hessian.

Response message string:
“The user-defined nonlinear function reported the invalid subscript hessubj[/d]:
%d. »

e err_user_nlo_func
Corresponding constant:

mosek.Env.rescode.err_user_nlo_func

Description:
The user-defined nonlinear function reported an error.

Response message string:
“The user-defined nonlinear function reported an error.”
e err whichitem not_allowed
Corresponding constant:
mosek.Env.rescode.err_whichitem not_allowed

Description:
whichitem is unacceptable.

Response message string:
“%d is an unacceptable whichitem.”
e err_whichsol
Corresponding constant:
mosek.Env.rescode.err_whichsol

Description:
The solution defined by compwhichsol does not exists.

Response message string:
“%d is not a valid solution code.”
e err_write_lp_format
Corresponding constant:
mosek.Env.rescode.err_write_lp_format

Description:
Problem cannot be written as an LP file.



Response message string:

“Problem cannot be written as an LP file because of:

err_write_lp non_unique_name
Corresponding constant:
mosek.Env.rescode.err_write_lp_non_unique_name

Description:
An auto-generated name is not unique.

Response message string:
“The auto-generated name ’%s’ is not unique.”
err_write mps_invalid_name
Corresponding constant:
mosek.Env.rescode.err_write mps_invalid_name

Description:

%s.”
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An invalid name is created while writing an MPS file. Usually this will make the MPS file

unreadable.
Response message string:
“The name ’%s’ is not a valid MPS name.”
err_write_opf_invalid_var_name
Corresponding constant:
mosek.Env.rescode.err_write_opf_invalid_var_name

Description:
Empty variable names cannot be written to OPF files.

Response message string:

“Name of variable index %d is empty and cannot be written to an OPF file.”

err xml_invalid_problem_type
Corresponding constant:
mosek.Env.rescode.err_xml_invalid_problem_type

Description:
The problem type is not supported by the XML format.

Response message string:

“The problem type %s is not supported by the XML format.”

err_y_is_undefined
Corresponding constant:
mosek.Env.rescode.err_y_is_undefined

Description:
The solution item y is undefined.
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Response message string:
“The solution term y is undefined.”

e ok
Corresponding constant:
mosek.Env.rescode.ok

Description:
No error occurred.

Response message string:
“No error occurred.”
e trm_internal
Corresponding constant:
mosek.Env.rescode.trm_internal

Description:
The optimizer terminated due to some internal reason. Please contact MOSEK support.

Response message string:
“The optimizer terminated due to some internal reason.”
e trm_internal_stop
Corresponding constant:
mosek.Env.rescode.trm_internal_stop

Description:
The optimizer terminated for internal reasons. Please contact MOSEK support.

Response message string:
“The optimizer terminated for internal reasons.”
e trm max_iterations
Corresponding constant:
mosek.Env.rescode.trm max_iterations

Description:
The optimizer terminated at the maximum number of iterations.

Response message string:
“Maximum number of iterations is exceeded.”
e trm max num_setbacks
Corresponding constant:
mosek.Env.rescode.trm_max num_setbacks

Description:
The optimizer terminated as the maximum number of set-backs was reached. This indicates
numerical problems and a possibly badly formulated problem.
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Response message string:
“The optimizer terminated as the maximum number of set-backs was reached.”

e trm max_time
Corresponding constant:
mosek.Env.rescode.trm_ max_time

Description:
The optimizer terminated at the maximum amount of time.

Response message string:
“Maximum amount of time exceeded.”

e trm mio_near_abs_gap

Corresponding constant:
mosek.Env.rescode.trmmio_near_abs_gap

Description:
The mixed-integer optimizer terminated because the near optimal absolute gap tolerance
was satisfied.

Response message string:
“The mixed-integer optimizer terminated because the near optimal absolute gap
tolerance was satisfied.”

e trm mio near_rel_gap
Corresponding constant:

mosek.Env.rescode.trmmio_near_rel_gap

Description:
The mixed-integer optimizer terminated because the near optimal relative gap tolerance
was satisfied.

Response message string:
“The mixed-integer optimizer terminated because the near optimal relative gap
tolerance was satisfied.”

e trm mio_num_branches
Corresponding constant:

mosek.Env.rescode.trm_mio_num_branches

Description:
The mixed-integer optimizer terminated as to the maximum number of branches was reached.

Response message string:
“The mixed-integer optimizer terminated as to the maximum number of branches
was reached.”

e trm_mio num_relaxs

Corresponding constant:
mosek.Env.rescode.trm_mio_num_relaxs



438 CHAPTER 15. RESPONSE CODES

Description:
The mixed-integer optimizer terminated as the maximum number of relaxations was reached.

Response message string:
“The mixed-integer optimizer terminated as the maximum number of relaxations
was reached.”

e trm num max num_int_solutions

Corresponding constant:
mosek.Env.rescode.trm_num_max_num_int_solutions

Description:
The mixed-integer optimizer terminated as the maximum number of feasible solutions was
reached.

Response message string:
“The mixed-integer optimizer terminated as the maximum number of feasible solutions
was reached.”

e trm numerical_problem
Corresponding constant:

mosek.Env.rescode.trm numerical_problem

Description:
The optimizer terminated due to numerical problems.

Response message string:
“The optimizer terminated due to a numerical problem.”

e trm_objective_range

Corresponding constant:
mosek.Env.rescode.trm_objective_range

Description:
The optimizer terminated on the bound of the objective range.

Response message string:
“The optimal solution has an objective value outside the objective range.”

e trm_stall

Corresponding constant:
mosek.Env.rescode.trm_stall

Description:
The optimizer terminated due to slow progress. Normally there are three possible reasons
for this: Either a bug in MOSEK, the problem is badly formulated, or, in case of nonlinear
problems, the nonlinear call-back functions are incorrect.

Please contact MOSEK support if this happens.

Response message string:
“The optimizer terminated due to slow progress.”
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e trm_user_break
Corresponding constant:
mosek.Env.rescode.trm_user_break

Description:
The optimizer terminated due to a user break.

Response message string:
“Control break was pressed.”
e trm user_callback
Corresponding constant:
mosek.Env.rescode.trm user_callback

Description:
The optimizer terminated due to the return of the user-defined call-back function.

Response message string:
“The user-defined progress call-back function terminated the optimization.”
e wrn_dropped_nz_qobj
Corresponding constant:
mosek.Env.rescode.wrn_dropped nz_qobj

Description:
One or more non-zero elements were dropped in the Q matrix in the objective.

Response message string:
“2%d’ non-zero element(s) are dropped in the Q matrix in the objective.”
e wrn_eliminator_space
Corresponding constant:
mosek.Env.rescode.wrn_eliminator_space

Description:
The eliminator is skipped at least once due to lack of space.

Response message string:
“The eliminator is skipped at least once due to lack of space.”
e wrn_empty name
Corresponding constant:
mosek.Env.rescode.wrn_empty_name

Description:
A variable or constraint name is empty. The output file may be invalid.

Response message string:
“A variable or constraint name is empty. The output file may be invalid.”

e wrn_fixed bound_values
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Corresponding constant:
mosek.Env.rescode.wrn_fixed_bound_values

Description:
A fixed constraint/variable has been specified using the bound keys but the numerical
bounds are different. The variable is fixed at the lower bound.

Response message string:
“For the bound key MSK BK_FX the specified lower %24.16e and upper bound %24.16e
are different.”

e wrn_ignore_integer
Corresponding constant:
mosek.Env.rescode.wrn_ignore_integer

Description:
Ignored integer constraints.

Response message string:
“Ignored integer constraints.”
e wrn_large_aij
Corresponding constant:
mosek.Env.rescode.wrn_large_aij

Description:
A numerically large value is specified for one a; ;.

Response message string:
“A large value of %8.le has been specified in A for variable ’%s’ (¥%d) in constraint

s’ (hd) .7
e wrn_large_bound
Corresponding constant:
mosek.Env.rescode.wrn_large_bound

Description:
A very large bound in absolute value has been specified.

Response message string:
“A large bound of value %8.le has been specified for %s ’%s’ (%d).”
e wrn_large_cj
Corresponding constant:
mosek.Env.rescode.wrn_large_cj

Description:
A numerically large value is specified for one c;.

Response message string:
“A large value of %8.le has been specified in cx for variable ’¥s’ (%d).”
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e wrn_large_lo_bound
Corresponding constant:
mosek.Env.rescode.wrn_large_lo_bound

Description:
A large but finite lower bound in absolute value has been specified.

Response message string:
“A large lower bound of value %8.le has been specified for %s ’%s’ (%d).”
e wrn_large_up_bound
Corresponding constant:
mosek.Env.rescode.wrn_large_up_bound

Description:
A large but finite upper bound in absolute value has been specified.

Response message string:
“A large upper bound of value 7%8.le has been specified for Y%s ’%s’ (%d).”
e wrn_license_expire
Corresponding constant:
mosek.Env.rescode.wrn_license_expire

Description:
The license expires.

Response message string:
“The license expires in %1d days.”
e wrn_license_feature_expire
Corresponding constant:
mosek.Env.rescode.wrn_license_feature_expire

Description:
The license expires.

Response message string:
“The license feature ’Ys’ expires in %1d days.”
e wrn_license_server
Corresponding constant:
mosek.Env.rescode.wrn_license_server

Description:
The license server is not responding.

Response message string:
“The license server is not responding.”

e wrn_lp_drop_variable
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Corresponding constant:
mosek.Env.rescode.wrn_lp_drop_variable

Description:
Ignored a variable because the variable was not previously defined. Usually this implies
that a variable appears in the bound section but not in the objective or the constraints.

Response message string:
“The variable ’%s’ is ignored because the variable was not previously defined.”
e wrn_1p_old_quad_format
Corresponding constant:
mosek.Env.rescode.wrn_lp_old_quad_format

Description:
Missing ’/2’ after quadratic expressions in bound or objective.

Response message string:
“Missing ’/2’ after quadratic expressions in bound or objective.”
e wrn mio_infeasible final
Corresponding constant:
mosek.Env.rescode.wrnmio_infeasible_final

Description:
The final mixed integer problem with all the integer variables fixed at their optimal values
is infeasible.

Response message string:
“The ’%s’ solution reports that final problem with all the integer variables
fixed is infeasible while an integer solution has been found.”

e wrn mps_split_bou_vector
Corresponding constant:

mosek.Env.rescode.wrn_mps_split_bou_vector

Description:
A BOUNDS vector is split into several nonadjacent parts in an MPS file.

Response message string:
“The BOUNDS vector ’%s’ is split into several nonadjacent parts.’

)

e wrn mps_split_ran vector
Corresponding constant:
mosek.Env.rescode.wrn_mps_split_ran_vector

Description:
A RANGE vector is split into several nonadjacent parts in an MPS file.

Response message string:
“The RANGE vector ’J%s’ is split into several nonadjacent parts.”
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e wrn mps_split_rhs_vector
Corresponding constant:
mosek.Env.rescode.wrn_mps_split_rhs_vector

Description:
An RHS vector is split into several nonadjacent parts in an MPS file.

Response message string:
“The RHS vector ’%s’ is split into several nonadjacent parts.”
e wrn name max_len
Corresponding constant:
mosek.Env.rescode.wrn_name max_len

Description:
A name is longer than the buffer that is supposed to hold it.

Response message string:
“A name of length %d is longer than the buffer of length ’%d that is supposed
to hold it.”

e wrnno_global_optimizer
Corresponding constant:
mosek.Env.rescode.wrn no_global optimizer

Description:
No global optimizer is available.

Response message string:
“No global optimizer is available (¥%s).”
e wrn noncomplete_linear_dependency_check
Corresponding constant:
mosek.Env.rescode.wrn noncomplete_linear_dependency_check

Description:
The linear dependency check(s) was not completed and therefore the A matrix may contain
linear dependencies.

Response message string:
“The linear dependency check(s) is incomplete.”
e wrnnz in upr_tri
Corresponding constant:
mosek.Env.rescode.wrn nz_in upr_tri

Description:
Non-zero elements specified in the upper triangle of a matrix were ignored.

Response message string:
“Non-zero elements in the upper triangle of variable ’Js’ are ignored.”
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e wrn_open param file
Corresponding constant:
mosek.Env.rescode.wrn_open_param_file

Description:
The parameter file could not be opened.

Response message string:
“Could not open the parameter file ’%s’.”
e wrn_presolve_bad_precision
Corresponding constant:
mosek.Env.rescode.wrn_presolve_bad_precision

Description:
The presolve estimates that the model is specified with insufficient precision.

Response message string:
“The presolve estimates that the model is specified with insufficient precision.”
e wrn_presolve_outofspace
Corresponding constant:
mosek.Env.rescode.wrn_presolve_outofspace

Description:
The presolve is incomplete due to lack of space.

Response message string:
“The presolve is incomplete due to lack of space.”
e wrn_sol filter
Corresponding constant:
mosek.Env.rescode.wrn_sol_filter

Description:
Invalid solution filter is specified.

Response message string:
“%s’ is an invalid solution filter is specified.”
e wrn_spar max_len
Corresponding constant:
mosek.Env.rescode.wrn_spar max_len

Description:
A value for a string parameter is longer than the buffer that is supposed to hold it.

Response message string:
“A value for a string parameter is longer than the buffer that is supposed to
hold it.”

e wrn_too_few_basis_vars
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Corresponding constant:
mosek.Env.rescode.wrn_too_few_basis_vars

Description:
An incomplete basis has been specified. Too few basis variables are specified.

Response message string:
“%d number of basis variables are specified but %d are expected.”
e wrn_too_many_basis_vars
Corresponding constant:
mosek.Env.rescode.wrn_too_many_basis_vars

Description:
A basis with too many variables has been specified.

Response message string:
“%d basis variables are specified but %d are expected.”
e wrn_undef_sol_file name
Corresponding constant:
mosek.Env.rescode.wrn_undef_sol_file name

Description:
Undefined name occurred in a solution.

Response message string:
“%s’ is an undefined %s name.”
e wrn_using generic_names
Corresponding constant:
mosek.Env.rescode.wrn_using generic_names

Description:
The file writer reverts to generic names because a name is blank.

Response message string:
“The file writer reverts to generic names because a name is blank.”
e wrn write discarded cfix
Corresponding constant:
mosek.Env.rescode.wrn write discarded_cfix

Description:
The fixed objective term could not be converted to a variable and was discarded in the
output file.

Response message string:
“The fixed objective term was discarded in the output file.”

® wrn_zero_aij
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Corresponding constant:
mosek.Env.rescode.wrn_zero_aij

Description:
One or more zero elements are specified in A.

Response message string:
“%d zero element(s) in A are specified.”
e wrn_zeros_in_sparse_data
Corresponding constant:
mosek.Env.rescode.wrn_zeros_in_sparse_data

Description:
One or more almost zero elements are specified in sparse input data.

Response message string:
“%d zero elements are specified in sparse input data.”

RESPONSE CODES
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16.1 Constraint or variable access modes

(1) mosek.Env.accmode.con
Access data by rows (constraint oriented)

(0) mosek.Env.accmode.var
Access data by columns (variable orinted)

16.2 Basis identification

(1) mosek.Env.basindtype.always
Basis identification is always performed even if the interior-point optimizer terminates abnor-
mally.

(3) mosek.Env.basindtype.if_feasible
Basis identification is not performed if the interior-point optimizer terminates with a problem
status saying that the problem is primal or dual infeasible.

(0) mosek.Env.basindtype.never
Never do basis identification.

(2) mosek.Env.basindtype.no_error
Basis identification is performed if the interior-point optimizer terminates without an error.

(4) mosek.Env.basindtype.other
Try another BI method.

16.3 Bound keys

(3) mosek.Env.boundkey.fr
The constraint or variable is free.

(2) mosek.Env.boundkey.fx
The constraint or variable is fixed.

(0) mosek.Env.boundkey.lo
The constraint or variable has a finite lower bound and an infinite upper bound.

(4) mosek.Env.boundkey.ra
The constraint or variable is ranged.

(1) mosek.Env.boundkey.up
The constraint or variable has an infinite lower bound and an finite upper bound.
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16.4 Specifies the branching direction.
(2) mosek.Env.branchdir.down

The mixed integer optimizer always chooses the down branch first.

(0) mosek.Env.branchdir.free
The mixed optimizer decides which branch to choose.

(1) mosek.Env.branchdir.up
The mixed integer optimizer always chooses the up branch first.

16.5 Progress call-back codes

(0) mosek.Env.callbackcode.begin bi
The basis identification procedure has been started.

(1) mosek.Env.callbackcode.begin concurrent
Concurrent optimizer is started.

(2) mosek.Env.callbackcode.begin conic
The call-back function is called when the conic optimizer is started.

(3) mosek.Env.callbackcode.begin dual bi
The call-back function is called from within the basis identification procedure when the dual
phase is started.

(4) mosek.Env.callbackcode.begin dual sensitivity
Dual sensitivity analysis is started.

(5) mosek.Env.callbackcode.begin _dual_setup_bi
The call-back function is called when the dual BI phase is started.

(6) mosek.Env.callbackcode.begin dual simplex
The call-back function is called when the dual simplex optimizer started.

(7) mosek.Env.callbackcode.begin_infeas_ana
The call-back function is called when the infeasibility analyzer is started.

(8) mosek.Env.callbackcode.begin_ intpnt
The call-back function is called when the interior-point optimizer is started.

(9) mosek.Env.callbackcode.begin license wait
Begin waiting for license.

(10) mosek.Env.callbackcode.begin mio
The call-back function is called when the mixed integer optimizer is started.

(11) mosek.Env.callbackcode.begin network dual simplex
The call-back function is called when the dual network simplex optimizer is started.
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(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)
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mosek.Env.callbackcode.begin network_primal_simplex
The call-back function is called when the primal network simplex optimizer is started.

mosek.Env.callbackcode.begin network_simplex
The call-back function is called when the simplex network optimizer is started.

mosek.Env.callbackcode.begin nonconvex
The call-back function is called when the nonconvex optimizer is started.

mosek.Env.callbackcode.begin _presolve
The call-back function is called when the presolve is started.

mosek.Env.callbackcode.begin primal_bi
The call-back function is called from within the basis identification procedure when the primal
phase is started.

mosek.Env.callbackcode.begin _primal_sensitivity
Primal sensitivity analysis is started.

mosek.Env.callbackcode.begin_primal_setup_bi
The call-back function is called when the primal BI setup is started.

mosek.Env.callbackcode.begin_primal_simplex
The call-back function is called when the primal simplex optimizer is started.

mosek.Env.callbackcode.begin_simplex
The call-back function is called when the simplex optimizer is started.

mosek.Env.callbackcode.begin simplex_bi
The call-back function is called from within the basis identification procedure when the simplex
clean-up phase is started.

mosek.Env.callbackcode.begin_simplex_network_detect
The call-back function is called when the network detection procedure is started.

mosek.Env.callbackcode.conic
The call-back function is called from within the conic optimizer after the information database
has been updated.

mosek.Env.callbackcode.dual_simplex
The call-back function is called from within the dual simplex optimizer.

mosek.Env.callbackcode.end bi
The call-back function is called when the basis identification procedure is terminated.

mosek.Env.callbackcode.end_concurrent
Concurrent optimizer is terminated.

mosek.Env.callbackcode.end_conic
The call-back function is called when the conic optimizer is terminated.
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(28) mosek.Env.callbackcode.end dual_bi
The call-back function is called from within the basis identification procedure when the dual
phase is terminated.

(29) mosek.Env.callbackcode.end dual_sensitivity
Dual sensitivity analysis is terminated.

(30) mosek.Env.callbackcode.end dual _setup_bi
The call-back function is called when the dual BI phase is terminated.

(31) mosek.Env.callbackcode.end dual_simplex
The call-back function is called when the dual simplex optimizer is terminated.

(32) mosek.Env.callbackcode.end infeas_ana
The call-back function is called when the infeasibility analyzer is terminated.

(33) mosek.Env.callbackcode.end intpnt
The call-back function is called when the interior-point optimizer is terminated.

(34) mosek.Env.callbackcode.end license wait
End waiting for license.

(35) mosek.Env.callbackcode.end mio
The call-back function is called when the mixed integer optimizer is terminated.

(36) mosek.Env.callbackcode.end network dual simplex
The call-back function is called when the dual network simplex optimizer is terminated.

(37) mosek.Env.callbackcode.end network primal_simplex
The call-back function is called when the primal network simplex optimizer is terminated.

(38) mosek.Env.callbackcode.end network simplex
The call-back function is called when the simplex network optimizer is terminated.

(39) mosek.Env.callbackcode.end nonconvex
The call-back function is called when the nonconvex optimizer is terminated.

(40) mosek.Env.callbackcode.end presolve
The call-back function is called when the presolve is completed.

(41) mosek.Env.callbackcode.end primal bi
The call-back function is called from within the basis identification procedure when the primal
phase is terminated.

(42) mosek.Env.callbackcode.end primal _sensitivity
Primal sensitivity analysis is terminated.

(43) mosek.Env.callbackcode.end primal_setup_bi
The call-back function is called when the primal BI setup is terminated.

(44) mosek.Env.callbackcode.end primal _simplex
The call-back function is called when the primal simplex optimizer is terminated.
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(45)

(46)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

(58)
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mosek.Env.callbackcode.end_simplex
The call-back function is called when the simplex optimizer is terminated.

mosek.Env.callbackcode.end_simplex_bi
The call-back function is called from within the basis identification procedure when the simplex
clean-up phase is terminated.

mosek.Env.callbackcode.end_simplex network_detect
The call-back function is called when the network detection procedure is terminated.

mosek.Env.callbackcode.ignore_value
This code means that the call-back does not indicate a new phase in the optimization, but is
simply a time-triggered call-back.

mosek.Env.callbackcode.im bi
The call-back function is called from within the basis identification procedure at an intermediate
point.

mosek.Env.callbackcode.im _conic
The call-back function is called at an intermediate stage within the conic optimizer where the
information database has not been updated.

mosek.Env.callbackcode.im dual bi
The call-back function is called from within the basis identification procedure at an intermediate
point in the dual phase.

mosek.Env.callbackcode.im_dual_sensivity
The call-back function is called at an intermediate stage of the dual sensitivity analysis.

mosek.Env.callbackcode.im_dual_simplex
The call-back function is called at an intermediate point in the dual simplex optimizer.

mosek.Env.callbackcode.im_intpnt
The call-back function is called at an intermediate stage within the interior-point optimizer where
the information database has not been updated.

mosek.Env.callbackcode.im_license_wait
MOSEK is waiting for a license.

mosek.Env.callbackcode.im mio
The call-back function is called at an intermediate point in the mixed integer optimizer.

mosek.Env.callbackcode.im mio_dual_simplex
The call-back function is called at an intermediate point in the mixed integer optimizer while
running the dual simplex optimizer.

mosek.Env.callbackcode.im mio_intpnt
The call-back function is called at an intermediate point in the mixed integer optimizer while
running the interior-point optimizer.
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(60)

(66)

(67)

(68)

(69)

(70)

(71)

(72)
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mosek.Env.callbackcode.im mio_presolve
The call-back function is called at an intermediate point in the mixed integer optimizer while
running the presolve.

mosek.Env.callbackcode.im mio_primal_simplex
The call-back function is called at an intermediate point in the mixed integer optimizer while
running the primal simplex optimizer.

mosek.Env.callbackcode.im network_dual_simplex
The call-back function is called at an intermediate point in the dual network simplex optimizer.

mosek.Env.callbackcode.im network_primal_simplex
The call-back function is called at an intermediate point in the primal network simplex optimizer.

mosek.Env.callbackcode.im nonconvex
The call-back function is called at an intermediate stage within the nonconvex optimizer where
the information database has not been updated.

mosek.Env.callbackcode.im _presolve
The call-back function is called from within the presolve procedure at an intermediate stage.

mosek.Env.callbackcode.im primal_bi
The call-back function is called from within the basis identification procedure at an intermediate
point in the primal phase.

mosek.Env.callbackcode.im _primal_sensivity
The call-back function is called at an intermediate stage of the primal sensitivity analysis.

mosek.Env.callbackcode.im_primal_simplex
The call-back function is called at an intermediate point in the primal simplex optimizer.

mosek.Env.callbackcode.im_simplex_bi

The call-back function is called from within the basis identification procedure at an intermedi-
ate point in the simplex clean-up phase. The frequency of the call-backs is controlled by the
Env.iparam.log sim freq parameter.

mosek.Env.callbackcode.intpnt
The call-back function is called from within the interior-point optimizer after the information
database has been updated.

mosek.Env.callbackcode.new_int_mio
The call-back function is called after a new integer solution has been located by the mixed integer
optimizer.

mosek.Env.callbackcode.noncovex
The call-back function is called from within the nonconvex optimizer after the information
database has been updated.

mosek.Env.callbackcode.primal_simplex
The call-back function is called from within the primal simplex optimizer.
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(80)
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mosek.Env.callbackcode.qcone
The call-back function is called from within the Qcone optimizer.

mosek.Env.callbackcode.update_dual_bi
The call-back function is called from within the basis identification procedure at an intermediate
point in the dual phase.

mosek.Env.callbackcode.update_dual_simplex
The call-back function is called in the dual simplex optimizer.

mosek.Env.callbackcode.update network_dual_simplex
The call-back function is called in the dual network simplex optimizer.

mosek.Env.callbackcode.update network_primal_simplex
The call-back function is called in the primal network simplex optimizer.

mosek.Env.callbackcode.update_nonconvex
The call-back function is called at an intermediate stage within the nonconvex optimizer where
the information database has been updated.

mosek.Env.callbackcode.update_presolve
The call-back function is called from within the presolve procedure.

mosek.Env.callbackcode.update_primal_bi
The call-back function is called from within the basis identification procedure at an intermediate
point in the primal phase.

mosek.Env.callbackcode.update_primal_simplex
The call-back function is called in the primal simplex optimizer.

mosek.Env.callbackcode.update_simplex_bi

The call-back function is called from within the basis identification procedure at an intermedi-
ate point in the simplex clean-up phase. The frequency of the call-backs is controlled by the
Env.iparam.log_sim_freq parameter.

16.6 Types of convexity checks.

(0)

(1)

mosek.Env.checkconvexitytype.none
No convexity check.

mosek.Env.checkconvexitytype.simple
Perform simple and fast convexity check.

16.7 Compression types

(1)

mosek.Env.compresstype.free
The type of compression used is chosen automatically.
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(2)

(0)

CONE TYPES

mosek.Env.compresstype.gzip

The type of compression used is gzip compatible.

mosek.Env.compresstype.none
No compression is used.

16.8 Cone types

(0)

(1)

mosek.Env.conetype.quad
The cone is a quadratic cone.

mosek.Env.conetype.rquad
The cone is a rotated quadratic cone.

16.9 CPU type

(4)

2)

3)

9)

(®)

(0)

mosek.Env.cputype.amd_athlon
An AMD Athlon.

mosek.Env.cputype.amd_opteron
An AMD Opteron (64 bit).

mosek.Env.cputype.generic
An generic CPU type for the platform

mosek.Env.cputype.hp_parisc20
An HP PA RISC version 2.0 CPU.

mosek.Env.cputype.intel_core2

An Intel CORE2 cpu.

mosek.Env.cputype.intel_itanium2
An Intel Itanium?2.

mosek.Env.cputype.intel _p3
An Intel Pentium P3.

mosek.Env.cputype.intel p4
An Intel Pentium P4 or Intel Xeon.

mosek.Env.cputype.intel_pm
An Intel PM cpu.

mosek.Env.cputype.powerpc_gb
A G5 PowerPC CPU.

mosek.Env.cputype.unknown

An unknown CPU.
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16.10 Data format types

mosek.Env.dataformat.extension
The file extension is used to determine the data file format.

mosek.Env.dataformat.1lp
The data file is LP formatted.

mosek.Env.dataformat.mbt
The data file is a MOSEK binary task file.

mosek.Env.dataformat.mps
The data file is MPS formatted.

mosek.Env.dataformat.op
The data file is an optimization problem formatted file.

mosek.Env.dataformat.xml

The data file is an XML formatted file.

16.11 Double information items

(0)

(5)

(6)

(7)

mosek.Env.dinfitem.bi_clean_cputime
Time (in CPU seconds) spent within the clean-up phase of the basis identification procedure
since its invocation.

mosek.Env.dinfitem.bi_cputime
Time (in CPU seconds) spent within the basis identification procedure since its invocation.

mosek.Env.dinfitem.bi_dual_cputime
Time (in CPU seconds) spent within the dual phase basis identification procedure since its
invocation.

mosek.Env.dinfitem.bi_primal_cputime
Time (in CPU seconds) spent within the primal phase of the basis identification procedure since
its invocation.

mosek.Env.dinfitem.concurrent_cputime
Time (in CPU seconds) spent within the concurrent optimizer since its invocation.

mosek.Env.dinfitem.concurrent_realtime
Time (in wall-clock seconds) within the concurrent optimizer since its invocation.

mosek.Env.dinfitem.intpnt_cputime
Time (in CPU seconds) spent within the interior-point optimizer since its invocation.

mosek.Env.dinfitem.intpnt_dual _feas

Dual feasibility measure reported by the interior-point and Qcone optimizer. (For the interior-
point optimizer this measure does not directly related to the original problem because a homo-
geneous model is employed.)
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(8) mosek.Env.dinfitem.intpnt_dual_obj
Dual objective value reported by the interior-point or Qcone optimizer.

(9) mosek.Env.dinfitem.intpnt _factor num flops
An estimate of the number of flops used in the factorization.

(10) mosek.Env.dinfitem.intpnt_kap_div_tau
This measure should converge to zero if the problem has a primal-dual optimal solution or to
infinity if problem is (strictly) primal or dual infeasible. In case the measure is converging towards
a positive but bounded constant the problem is usually ill-posed.

(11) mosek.Env.dinfitem.intpnt_order_cputime
Order time (in CPU seconds).

(12) mosek.Env.dinfitem.intpnt_primal feas
Primal feasibility measure reported by the interior-point or Qcone optimizers. (For the interior-
point optimizer this measure does not directly related to the original problem because a homo-
geneous model is employed).

(13) mosek.Env.dinfitem.intpnt_primal_obj
Primal objective value reported by the interior-point or Qcone optimizer.

(14) mosek.Env.dinfitem.intpnt realtime
Time (in wall-clock seconds) spent within the interior-point optimizer since its invocation.

(15) mosek.Env.dinfitem.mio_construct_solution_obj
If MOSEK has successfully constructed an integer feasible solution, then this item contains the
optimal objective value corresponding to the feasible solution.

(16) mosek.Env.dinfitem.mio_cputime
Time spent in the mixed integer optimizer.

(17) mosek.Env.dinfitem.mio_obj_abs_gap
Given the mixed integer optimizer has computed a feasible solution and a bound on the optimal
objective value, then this item contains the absolute gap defined by

|(objective value of feasible solution) — (objective bound)|.
Otherwise it has the value -1.0.
(18) mosek.Env.dinfitem.mio_obj_bound
The best bound objective value corresponding to the best integer feasible solution is located.
Please note that at least one integer feasible solution must be located i.e. check Env.iinfitem.mio num int_solutior
(19) mosek.Env.dinfitem.mio_obj_int

The primal objective value corresponding to the best integer feasible solution. Please note that at
least one integer feasible solution must have located i.e. check Env.iinfitem.mio num int_solutions.
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(20) mosek.Env.dinfitem.mio_obj_rel_gap
Given that the mixed integer optimizer has computed a feasible solution and a bound on the
optimal objective value, then this item contains the relative gap defined by

|(objective value of feasible solution) — (objective bound)]

max(1, |(objective value of feasible solution)|)
Otherwise it has the value -1.0.

(21) mosek.Env.dinfitem.mio user_obj_cut
If the objective cut is used, then this information item has the value of the cut.

(22) mosek.Env.dinfitem.optimizer cputime
Total time (in CPU seconds) spent in the optimizer since it was invoked.

(23) mosek.Env.dinfitem.optimizer realtime
Total time (in wall-clock seconds) spent in the optimizer since it was invoked.

(24) mosek.Env.dinfitem.presolve_cputime
Total time (in CPU seconds) spent in the presolve since it was invoked.

(25) mosek.Env.dinfitem.presolve_eli_cputime
Total time (in CPU seconds) spent in the eliminator since the presolve was invoked.

(26) mosek.Env.dinfitem.presolve lindep_cputime
Total time (in CPU seconds) spent in the linear dependency checker since the presolve was
invoked.

(27) mosek.Env.dinfitem.rd cputime
Time (in CPU seconds) spent reading the data file.

(28) mosek.Env.dinfitem.sim _cputime
Time (in CPU seconds) spent in the simplex optimizer since invoking it.

(29) mosek.Env.dinfitem.sim feas
Feasibility measure reported by the simplex optimizer.

(30) mosek.Env.dinfitem.sim obj
Objective value reported by the simplex optimizer.

(31) mosek.Env.dinfitem.sol bas_dual_obj
Dual objective value of the basic solution. Updated at the end of the optimization.

(32) mosek.Env.dinfitem.sol bas max_dbi
Maximal dual bound infeasibility in the basic solution. Updated at the end of the optimization.

(33) mosek.Env.dinfitem.sol bas max deqi
Maximal dual equality infeasibility in the basic solution. Updated at the end of the optimization.

(34) mosek.Env.dinfitem.sol bas max pbi
Maximal primal bound infeasibility in the basic solution. Updated at the end of the optimization.



16.11. DOUBLE INFORMATION ITEMS 461

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

mosek.Env.dinfitem.sol_bas_max_peqi
Maximal primal equality infeasibility in the basic solution. Updated at the end of the optimiza-
tion.

mosek.Env.dinfitem.sol_bas max_pinti
Maximal primal integer infeasibility in the basic solution. Updated at the end of the optimization.

mosek.Env.dinfitem.sol_bas_primal_obj
Primal objective value of the basic solution. Updated at the end of the optimization.

mosek.Env.dinfitem.sol_int _max_pbi
Maximal primal bound infeasibility in the integer solution. Updated at the end of the optimiza-
tion.

mosek.Env.dinfitem.sol_int max_peqi
Maximal primal equality infeasibility in the basic solution. Updated at the end of the optimiza-
tion.

mosek.Env.dinfitem.sol_int max_pinti
Maximal primal integer infeasibility in the integer solution. Updated at the end of the optimiza-
tion.

mosek.Env.dinfitem.sol_int_primal_obj
Primal objective value of the integer solution. Updated at the end of the optimization.

mosek.Env.dinfitem.sol_itr_dual_obj
Dual objective value of the interior-point solution. Updated at the end of the optimization.

mosek.Env.dinfitem.sol_itr max_dbi
Maximal dual bound infeasibility in the interior-point solution. Updated at the end of the
optimization.

mosek.Env.dinfitem.sol_itr max_dcni
Maximal dual cone infeasibility in the interior-point solution. Updated at the end of the opti-
mization.

mosek.Env.dinfitem.sol_itr_max_deqi
Maximal dual equality infeasibility in the interior-point solution. Updated at the end of the
optimization.

mosek.Env.dinfitem.sol_itr_max_pbi
Maximal primal bound infeasibility in the interior-point solution. Updated at the end of the
optimization.

mosek.Env.dinfitem.sol_itr_max_pcni
Maximal primal cone infeasibility in the interior-point solution. Updated at the end of the
optimization.

mosek.Env.dinfitem.sol_itr_max_peqi
Maximal primal equality infeasibility in the interior-point solution. Updated at the end of the
optimization.
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(49) mosek.Env.dinfitem.sol_itr max pinti

(50)

Maximal primal integer infeasibility in the interior-point solution. Updated at the end of the
optimization.

mosek.Env.dinfitem.sol_itr_primal_obj
Primal objective value of the interior-point solution. Updated at the end of the optimization.

16.12 Double values

(1e+30)

mosek.Env.dvalue.infinity
Definition of infinity.

16.13 Feasibility repair types

mosek.Env.feasrepairtype.optimize_combined
Minimize with original objective subject to minimal weighted violation of bounds.

mosek.Env.feasrepairtype.optimize_none
Do not optimize the feasibility repair problem.

mosek.Env.feasrepairtype.optimize penalty
Minimize weighted sum of violations.

16.14 Integer information items.

mosek.Env.iinfitem.bi_iter
Number of simplex pivots performed since invoking the basis identification procedure.

mosek.Env.iinfitem.cache_size_11
L1 cache size used.

mosek.Env.iinfitem.cache_size 12
L2 cache size used.

mosek.Env.iinfitem.concurrent fastest_optimizer
The type of the optimizer that finished first in a concurrent optimization.

mosek.Env.iinfitem.cpu_type
The type of cpu detected.

mosek.Env.iinfitem.intpnt_factor num nz
Number of non-zeros in factorization.

mosek.Env.iinfitem.intpnt_factor num offcol
Number of columns in the constraint matrix (or Jacobian) that has an offending structure.
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(7) mosek.Env.iinfitem.intpnt_iter
Number of interior-point iterations since invoking the interior-point optimizer.

(8) mosek.Env.iinfitem.intpnt num threads
Number of threads that the interior-point optimizer is using.

(9) mosek.Env.iinfitem.intpnt_solve_dual
Non-zero if the interior-point optimizer is solving the dual problem.

(10) mosek.Env.iinfitem.mio_construct_solution
If this item has the value 0, then MOSEK did not try to construct an initial integer feasible
solution. If the item has a positive value, then MOSEK successfully constructed an initial integer
feasible solution.

(11) mosek.Env.iinfitem.mio_initial solution
Is non-zero if an initial integer solution is specified.

(12) mosek.Env.iinfitem.mio num active nodes
Number of active nodes in the branch and bound tree.

(13) mosek.Env.iinfitem.mio num_branch
Number of branches performed during the optimization.

(14) mosek.Env.iinfitem.mio num cuts
Number of cuts generated by the mixed integer optimizer.

(15) mosek.Env.iinfitem.mio num int_solutions
Number of integer feasible solutions that has been found.

(16) mosek.Env.iinfitem.mio num intpnt_iter
Number of interior-point iterations performed by the mixed-integer optimizer.

(17) mosek.Env.iinfitem.mio num relax
Number of relaxations solved during the optimization.

(18) mosek.Env.iinfitem.mio num simplex_ iter
Number of simplex iterations performed by the mixed-integer optimizer.

(19) mosek.Env.iinfitem.mio numcon
Number of constraints in the problem solved be the mixed integer optimizer.

(20) mosek.Env.iinfitem.mio numint
Number of integer variables in the problem solved be the mixed integer optimizer.

(21) mosek.Env.iinfitem.mio numvar
Number of variables in the problem solved be the mixed integer optimizer.

(22) mosek.Env.iinfitem.mio_total num basis_cuts
Number of basis cuts.

(23) mosek.Env.iinfitem.mio_total num branch
Number of branches performed during the optimization.
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(24) mosek.Env.iinfitem.mio_total num cardgub_cuts
Number of cardgub cuts.

(25) mosek.Env.iinfitem.mio_total num clique_cuts
Number of clique cuts.

(26) mosek.Env.iinfitem.mio_total num_coef _redc_cuts
Number of coef. redc. cuts.

(27) mosek.Env.iinfitem.mio_total num contra_cuts
Number of contra cuts.

(28) mosek.Env.iinfitem.mio_total num cuts
Total number of cuts generated by the mixed integer optimizer.

(29) mosek.Env.iinfitem.mio_total num disagg cuts
Number of diasagg cuts.

(30) mosek.Env.iinfitem.mio_total num flow_cover_cuts
Number of flow cover cuts.

(31) mosek.Env.iinfitem.mio_total num gcd_cuts
Number of ged cuts.

(32) mosek.Env.iinfitem.mio_total num gomory_cuts
Number of Gomory cuts.

(33) mosek.Env.iinfitem.mio total num gub_cover_cuts
Number of GUB cover cuts.

(34) mosek.Env.iinfitem.mio_total num knapsur_cover_cuts
Number of knapsack cover cuts.

(35) mosek.Env.iinfitem.mio total num lattice_cuts
Number of lattice cuts.

(36) mosek.Env.iinfitem.mio_total num lift_cuts
Number of lift cuts.

(37) mosek.Env.iinfitem.mio_total num obj_cuts
Number of obj cuts.

(38) mosek.Env.iinfitem.mio_total num plan_loc_cuts
Number of loc cuts.

(39) mosek.Env.iinfitem.mio total num relax
Number of relaxations solved during the optimization.

(40) mosek.Env.iinfitem.mio_user_obj_cut
If it is non-zero, then the objective cut is used.

(41) mosek.Env.iinfitem.opt numcon
Number of constraints in the problem solved when the optimizer is called.

CONSTANTS
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(42) mosek.Env.iinfitem.opt numvar
Number of variables in the problem solved when the optimizer is called

(43) mosek.Env.iinfitem.optimize response
The reponse code returned by optimize.

(44) mosek.Env.iinfitem.rd numanz
Number of non-zeros in A that is read.

(45) mosek.Env.iinfitem.rd numcon
Number of constraints read.

(46) mosek.Env.iinfitem.rd numcone
Number of conic constraints read.

(47) mosek.Env.iinfitem.rd numintvar
Number of integer constrained variables read.

(48) mosek.Env.iinfitem.rd numq
Number of nonempty Q matrices read.

(49) mosek.Env.iinfitem.rd numqnz
Number of Q non-zeros.

(50) mosek.Env.iinfitem.rd numvar
Number of variables read.

(51) mosek.Env.iinfitem.rd protype
Problem type.

(52) mosek.Env.iinfitem.sim dual deg iter
The number of dual degenerate iterations.

(53) mosek.Env.iinfitem.sim dual hotstart
If 1 then the dual simplex algorithm is solving from an advance basis.

(54) mosek.Env.iinfitem.sim dual hotstart_lu
If 1 then a valid basis factorization of full rank was located and used by the dual simplex
algorithm.

(55) mosek.Env.iinfitem.sim dual_inf_iter
The number of iterations taken with dual infeasibility.

(56) mosek.Env.iinfitem.sim dual iter
Number of dual simplex iterations during the last optimization.

(57) mosek.Env.iinfitem.sim numcon
Number of constraints in the problem solved by the simplex optimizer.

(58) mosek.Env.iinfitem.sim numvar
Number of variables in the problem solved by the simplex optimizer.
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(59) mosek.Env.iinfitem.sim primal_deg iter
The number of primal degenerate iterations.

(60) mosek.Env.iinfitem.sim primal_hotstart
If 1 then the primal simplex algorithm is solving from an advance basis.

(61) mosek.Env.iinfitem.sim primal hotstart_lu
If 1 then a valid basis factorization of full rank was located and used by the primal simplex
algorithm.

(62) mosek.Env.iinfitem.sim primal_inf_iter
The number of iterations taken with primal infeasibility.

(63) mosek.Env.iinfitem.sim primal_iter
Number of primal simplex iterations during the last optimization.

(64) mosek.Env.iinfitem.sim solve_dual
Is non-zero if dual problem is solved.

(65) mosek.Env.iinfitem.sol bas_prosta
Problem status of the basic solution. Updated after each optimization.

(66) mosek.Env.iinfitem.sol bas_solsta
Solution status of the basic solution. Updated after each optimization.

(67) mosek.Env.iinfitem.sol_int prosta
Problem status of the integer solution. Updated after each optimization.

(68) mosek.Env.iinfitem.sol_int_solsta
Solution status of the integer solution. Updated after each optimization.

(69) mosek.Env.iinfitem.sol itr_prosta
Problem status of the interior-point solution. Updated after each optimization.

(70) mosek.Env.iinfitem.sol_itr_solsta
Solution status of the interior-point solution. Updated after each optimization.

(71) mosek.Env.iinfitem.sto_num_a_cache_flushes
Number of times the cache of A elements is flushed. A large number implies that maxnumanz is
too small as well as an inefficient usage of MOSEK.

(72) mosek.Env.iinfitem.sto num_a_realloc
Number of times the storage for storing A has been changed. A large value may indicates that
memory fragmentation may occur.

(73) mosek.Env.iinfitem.sto num a transposes
Number of times the A matrix is transposed. A large number implies that maxnumanz is too small
or an inefficient usage of MOSEK. This will occur in particular if the code alternate between
accessing rows and columns of A.
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16.15 Information item types

(0) mosek.Env.inftype.dou type
Is a double information type.

(1) mosek.Env.inftype.int_type
Is an integer.

16.16 Input/output modes

(0) mosek.Env.iomode.read
The file is read-only.

(2) mosek.Env.iomode.readwrite
The file is to read and written.

(1) mosek.Env.iomode.write
The file is write-only. If the file exists then it is truncated when it is opened. Otherwise it is
created when it is opened.

16.17 Bound keys

(0) mosek.Env.mark.lo
The lower bound is selected for sensitivity analysis.

(1) mosek.Env.mark.up
The upper bound is selected for sensitivity analysis.

16.18 Continuous mixed integer solution type

(2) mosek.Env.miocontsoltype.itg
The reported interior-point and basic solutions are a solution to the problem with all integer
variables fixed at the value they have in the integer solution. A solution is only reported in case
the problem has a primal feasible solution.

(3) mosek.Env.miocontsoltype.itg rel
In case the problem is primal feasible then the reported interior-point and basic solutions are
a solution to the problem with all integer variables fixed at the value they have in the integer
solution. If the problem is primal infeasible, then the solution to the root node problem is
reported.

(0) mosek.Env.miocontsoltype.none
No interior-point or basic solution are reported when the mixed integer optimizer is used.
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(1) mosek.Env.miocontsoltype.root
The reported interior-point and basic solutions are a solution to the root node problem when
mixed integer optimizer is used.

16.19 Integer restrictions

(0) mosek.Env.miomode.ignored
The integer constraints are ignored and the problem is solved as a continuous problem.

(2) mosek.Env.miomode.lazy
Integer restrictions should be satisfied if an optimizer is available for the problem.

(1) mosek.Env.miomode.satisfied
Integer restrictions should be satisfied.

16.20 Mixed integer node selection types

(2) mosek.Env.mionodeseltype.best
The optimizer employs a best bound node selection strategy.

(1) mosek.Env.mionodeseltype.first
The optimizer employs a depth first node selection strategy.

(0) mosek.Env.mionodeseltype.free
The optimizer decides the node selection strategy.

(4) mosek.Env.mionodeseltype.hybrid
The optimizer employs a hybrid strategy.

(5) mosek.Env.mionodeseltype.pseudo
The optimizer employs selects the node based on a pseudo cost estimate.

(3) mosek.Env.mionodeseltype.worst
The optimizer employs a worst bound node selection strategy.

16.21 MPS file format type

(2) mosek.Env.mpsformattype.free
It is assumed that the input file satisfies the free MPS format. This implies that spaces are not
allowed in names. Otherwise the format is free.

(1) mosek.Env.mpsformattype.relaxed
It is assumed that the input file satisfies a slightly relaxed version of the MPS format.

0) mosek.Env.mpsformattype.strict
p yp
It is assumed that the input file satisfies the MPS format strictly.
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16.22 Message keys

(1100) mosek.Env.msgkey.mps_selected
(1000) mosek.Env.msgkey.reading file

(1001) mosek.Env.msgkey.writing file

16.23 Network detection method

(2) mosek.Env.networkdetect.advanced

The network detection should use a more advanced heuristic.

(0) mosek.Env.networkdetect.free
The network detection is free.

(1) mosek.Env.networkdetect.simple
The network detection should use a very simple heuristic.

16.24 Objective sense types

(2) mosek.Env.objsense.maximize
The problem should be maximized.

(1) mosek.Env.objsense.minimize
The problem should be minimized.

(0) mosek.Env.objsense.undefined
The objective sense is undefined.

16.25 On/off

(0) mosek.Env.onoffkey.off
Switch the option off.

(1) mosek.Env.onoffkey.on
Switch the option on.

16.26 Optimizer types

(9) mosek.Env.optimizertype.concurrent
The optimizer for nonconvex nonlinear problems.
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mosek.Env.optimizertype.conic
Another cone optimizer.

mosek.Env.optimizertype.dual_simplex
The dual simplex optimizer is used.

mosek.Env.optimizertype.free
The optimizer is chosen automatically.

mosek.Env.optimizertype.free_simplex
Either the primal or the dual simplex optimizer is used.

mosek.Env.optimizertype.intpnt
The interior-point optimizer is used.

mosek.Env.optimizertype.mixed_int
The mixed integer optimizer.

mosek.Env.optimizertype.nonconvex
The optimizer for nonconvex nonlinear problems.

mosek.Env.optimizertype.primal_simplex
The primal simplex optimizer is used.

mosek.Env.optimizertype.qcone
The Qcone optimizer is used.

16.27 Ordering strategies

(1)

2)

mosek.Env.orderingtype.appminlocl
Approximate minimum local-fill-in ordering is used.

mosek.Env.orderingtype.appminloc2
A variant of the approximate minimum local-fill-in ordering is used.

mosek.Env.orderingtype.free
The ordering method is chosen automatically.

mosek.Env.orderingtype.graphparil
Graph partitioning based ordering.

mosek.Env.orderingtype.graphpar2
An alternative graph partitioning based ordering.

mosek.Env.orderingtype.none
No ordering is used.

CONSTANTS
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16.28 Parameter type

(1) mosek.Env.parametertype.dou_type
Is a double parameter.

(2) mosek.Env.parametertype.int_type
Is an integer parameter.

(0) mosek.Env.parametertype.invalid type
Not a valid parameter.

(3) mosek.Env.parametertype.str_type
Is a string parameter.

16.29 Presolve method.

(2) mosek.Env.presolvemode.free

It is decided automatically whether to presolve before the problem is optimized.

(0) mosek.Env.presolvemode.off

The problem is not presolved before it is optimized.

(1) mosek.Env.presolvemode.on

The problem is presolved before it is optimized.

16.30 Problem data items

(1) mosek.Env.problemitem.con
Item is a constraint.

(2) mosek.Env.problemitem.cone
Item is a cone.

(0) mosek.Env.problemitem.var
Item is a variable.

16.31 Problem types

(4) mosek.Env.problemtype.conic
A conic optimization.

(3) mosek.Env.problemtype.geco
General convex optimization.
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(0) mosek.Env.problemtype.lo
The problem is a linear optimization problem.

(5) mosek.Env.problemtype.mixed
General nonlinear constraints and conic constraints. This combination can not be solved by
MOSEK.

(2) mosek.Env.problemtype.qcqo
The problem is a quadratically constrained optimization problem.

(1) mosek.Env.problemtype.qo
The problem is a quadratic optimization problem.

16.32 Problem status keys

(3) mosek.Env.prosta.dual feas
The problem is dual feasible.

(5) mosek.Env.prosta.dual_infeas
The problem is dual infeasible.

(7) mosek.Env.prosta.ill_posed
The problem is ill-posed. For example, it may be primal and dual feasible but have a positive
duality gap.

(10) mosek.Env.prosta.near_dual _feas
The problem is at least nearly dual feasible.

(8) mosek.Env.prosta.near prim and dual feas
The problem is at least nearly primal and dual feasible.

(9) mosek.Env.prosta.near prim feas
The problem is at least nearly primal feasible.

(1) mosek.Env.prosta.prim and dual feas
The problem is primal and dual feasible.

(6) mosek.Env.prosta.prim and dual_infeas
The problem is primal and dual infeasible.

(2) mosek.Env.prosta.prim feas
The problem is primal feasible.

(4) mosek.Env.prosta.prim_infeas
The problem is primal infeasible.

(11) mosek.Env.prosta.prim_ infeas_or unbounded
The problem is either primal infeasible or unbounded. This may occur for mixed integer problems.

(0) mosek.Env.prosta.unknown
Unknown problem status.
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16.33 Interpretation of quadratic terms in MPS files

(0) mosek.Env.qreadtype.add
All elements in a Q matrix are assumed to belong to the lower triangular part. Duplicate elements
in a Q matrix are added together.

(1) mosek.Env.qreadtype.drop_lower
All elements in the strict lower triangular part of the Q matrices are dropped.

(2) mosek.Env.qreadtype.drop_upper
All elements in the strict upper triangular part of the Q matrices are dropped.

16.34 Response code type

(3) mosek.Env.rescodetype.err
The response code is an error.

(0) mosek.Env.rescodetype.ok
The response code is OK.

(2) mosek.Env.rescodetype.trm
The response code is an optimizer termination status.

(4) mosek.Env.rescodetype.unk
The response code does not belong to any class.

(1) mosek.Env.rescodetype.wrn
The response code is a warning.

16.35 Scaling type

(3) mosek.Env.scalingtype.aggressive
A very aggressive scaling is performed.

(0) mosek.Env.scalingtype.free
The optimizer chooses the scaling heuristic.

(2) mosek.Env.scalingtype.moderate
A conservative scaling is performed.

(1) mosek.Env.scalingtype.none
No scaling is performed.



474 CHAPTER 16.

16.36 Sensitivity types
(0) mosek.Env.sensitivitytype.basis
Basis sensitivity analysis is performed.

(1) mosek.Env.sensitivitytype.optimal partition
Optimal partition sensitivity analysis is performed.

16.37 Degeneracy strategies
(2) mosek.Env.simdegen.aggressive
The simplex optimizer should use an aggressive degeneration strategy.

(1) mosek.Env.simdegen.free
The simplex optimizer chooses the degeneration strategy.

(4) mosek.Env.simdegen.minimum
The simplex optimizer should use a minimum degeneration strategy.

(3) mosek.Env.simdegen.moderate
The simplex optimizer should use a moderate degeneration strategy.

(0) mosek.Env.simdegen.none
The simplex optimizer should use no degeneration strategy.

CONSTANTS

16.38 Hot-start type employed by the simplex optimizer

(1) mosek.Env.simhotstart.free
The simplex optimize chooses the hot-start type.

(0) mosek.Env.simhotstart.none
The simplex optimizer performs a coldstart.

(2) mosek.Env.simhotstart.status keys

Only the status keys of the constraints and variables are used to choose the type of hot-start.

16.39 Simplex selection strategy

(2) mosek.Env.simseltype.ase
The optimizer uses approximate steepest-edge pricing.

(3) mosek.Env.simseltype.devex

The optimizer uses devex steepest-edge pricing (or if it is not available an approximate steep-edge

selection).
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(0) mosek.Env.simseltype.free
The optimizer chooses the pricing strategy.

(1) mosek.Env.simseltype.full
The optimizer uses full pricing.

(5) mosek.Env.simseltype.partial
The optimizer uses a partial selection approach. The approach is usually beneficial if the number
of variables is much larger than the number of constraints.

(4) mosek.Env.simseltype.se
The optimizer uses steepest-edge selection (or if it is not available an approximate steep-edge
selection).

16.40 Solution items
(3) mosek.Env.solitem.slc
Lagrange multipliers for lower bounds on the constraints.

(5) mosek.Env.solitem.slx
Lagrange multipliers for lower bounds on the variables.

(7) mosek.Env.solitem.snx
Lagrange multipliers corresponding to the conic constraints on the variables.

(4) mosek.Env.solitem.suc
Lagrange multipliers for upper bounds on the constraints.

(6) mosek.Env.solitem.sux
Lagrange multipliers for upper bounds on the variables.

(0) mosek.Env.solitem.xc
Solution for the constraints.

(1) mosek.Env.solitem.xx
Variable solution.

(2) mosek.Env.solitem.y
Lagrange multipliers for equations.

16.41 Solution status keys

(3) mosek.Env.solsta.dual feas
The solution is dual feasible.

(6) mosek.Env.solsta.dual infeas cer
The solution is a certificate of dual infeasibility.
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mosek.Env.solsta.integer_optimal
The primal solution is integer optimal.

mosek.Env.solsta.near_dual _feas
The solution is nearly dual feasible.

mosek.Env.solsta.near_dual_infeas_cer
The solution is almost a certificate of dual infeasibility.

mosek.Env.solsta.near_integer_optimal
The primal solution is near integer optimal.

mosek.Env.solsta.near_optimal
The solution is nearly optimal.

mosek.Env.solsta.near_prim_and_dual_feas
The solution is nearly both primal and dual feasible.

mosek.Env.solsta.near prim _feas
The solution is nearly primal feasible.

mosek.Env.solsta.near prim_infeas_cer
The solution is almost a certificate of primal infeasibility.

mosek.Env.solsta.optimal
The solution is optimal.

mosek.Env.solsta.prim_and_dual_feas
The solution is both primal and dual feasible.

mosek.Env.solsta.prim_feas
The solution is primal feasible.

mosek.Env.solsta.prim_infeas_cer
The solution is a certificate of primal infeasibility.

mosek.Env.solsta.unknown
Status of the solution is unknown.

16.42 Solution types

(1) mosek.Env.soltype.bas

The basic solution.

(2) mosek.Env.soltype.itg

The integer solution.

(0) mosek.Env.soltype.itr

The interior solution.

CONSTANTS
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16.43 Solve primal or dual form

(2) mosek.Env.solveform.dual
The optimizer should solve the dual problem.

(0) mosek.Env.solveform.free
The optimizer is free to solve either the primal or the dual problem.

(1) mosek.Env.solveform.primal
The optimizer should solve the primal problem.

16.44 Status keys

(1) mosek.Env.stakey.bas
The constraint or variable is in the basis.

(5) mosek.Env.stakey.fix
The constraint or variable is fixed.

(6) mosek.Env.stakey.inf
The constraint or variable is infeasible in the bounds.

(3) mosek.Env.stakey.low
The constraint or variable is at its lower bound.

(2) mosek.Env.stakey.supbas
The constraint or variable is super basic.

(0) mosek.Env.stakey.unk
The status for the constraint or variable is unknown.

(4) mosek.Env.stakey.upr
The constraint or variable is at its upper bound.

16.45 Starting point types

(1) mosek.Env.startpointtype.constant
The starting point is set to a constant. This is more reliable than a non-constant starting point.

(0) mosek.Env.startpointtype.free
The starting point is chosen automatically.
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16.46 Stream types

(2) mosek.Env.streamtype.err
Error stream.

(0) mosek.Env.streamtype.log
Log stream.

1) mosek.Env .streamtype.ms
p g
Message stream.

(3) mosek.Env.streamtype.wrn
Warning stream.

16.47 Integer values

(20) mosek.Env.value.license buffer_length
The length of a license key buffer.

(1024) mosek.Env.value.max str_len
Maximum string length allowed in MOSEK.

16.48 Variable types

(0) mosek.Env.variabletype.type_cont
Is a continuous variable.

(1) mosek.Env.variabletype.type_int
Is an integer variable.

16.49 XML writer output mode

(1) mosek.Env.xmlwriteroutputtype.col
Write in column order.

(0) mosek.Env.xmlwriteroutputtype.row
Write in row order.



Appendix A

Troubleshooting

Following is a list of problems and solutions related to the use of the MOSEK Java API.

e The Java compiler (javac) or VM (java) says all symbols in mosek... are undefined.
The CLASSPATH environment variable does not contain the path to mosek. jar.

In MS Windows the path is specified as for example
C:\MOSEKINSTALLATION\JAVA\MOSEK.JAR

and the single paths in the classpath are seperated by “;” (semicolon), for example
C:\MOSEKINSTALLATION\JAVA\MOSEK.JAR;C:\OTHERJAVADIR\CLASSES;C:\JAPPS\CLASSES
Under any unix the path is specified as for example

/mosekinstallation/java/mosek. jar

and the single paths in the classpath is seperated by “:” (colon), for example

/mosekinstallation/java/mosek.jar;/otherjavadir/classes;/japps/classes

Note that the classpath may also be specified as a parameter to the Java compiler or VM
(-classpath CLASSPATH).
o The Java compiler or VM still says it cannot find the symbols defined in the MOSEK package.

All the symbols in the MOSEK Java API are defined in the package mosek, meaning that for
example the MosekEnv is actually mosek.MosekEnv unless there is an import mosek.* in the
application (see examples).
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e The application starts, but stops with an exception saying that the Java VM cannot find or load
the library “mosekjava” or “mosek_ X_Y7.

The Java VM needs to be able to locate the dynamic library mosekjava and mosek X_Y.

On MS Windows this is done by adding the directory where mosekjava.dll resides to the PATH
environment variable (or by copying the library to the directory of the Java application).

On unix it is done by adding the path of the library libmosekjava.so to the environment
variable LD_LIBRARY PATH.

Finally, on 64bit systems, make sure that both Java and the mosek installation are either both
64bit or both 32bit. Executing

java -version

will print the relevant Java version information.



Appendix B

The MPS file format

MOSEK supports the standard MPS format with some extensions. For a detailed description of the
MPS format the book by Nazareth [18] is a good reference.

B.1

The version of the MPS format supported by MOSEK allows specification of an optimization problem

The MPS file format

on the form

where

© < Az+q(x)
< T
z €C,
T 7 integer,

INIA
<
8

’ (B.1)

x € R"™ is the vector of decision variables.
A € R™*™ ig the constraint matrix.
[ € R™ is the lower limit on the activity for the constraints.
u¢ € R™ is the upper limit on the activity for the constraints.
[* € R™ is the lower limit on the activity for the variables.
u® € R™ is the upper limit on the activity for the variables.
q: R™ — R is a vector of quadratic functions. Hence,

gi(z) =1/2:7Q'x

where it is assumed that ‘ _
Q' =(@Q")". (B.2)

Please note the explicit 1/2 in the quadratic term and that Q° is required to be symmetric.
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e (C is a convex cone.

e 7 C{1,2,...,n} is an index set of the integer constrained variables.

An MPS file with one row and one column can be illustrated like this:

* 1 2 3 4 5 6
*23456789012345678901234567890123456789012345678901234567890
NAME [name]
0OBJSENSE

[objsense]
0OBJNAME

[objname]
ROWS
? [cnamel]
COLUMNS

[vnamel] [cnamel] [valuel] [vname3] [value2]
RHS

[name] [cnamei] [valuel] [cname2] [value2]
RANGES

[name] [cname1] [valuel] [cname2] [value2]
QSECTION [cname1]

[vnamel] [vname2] [valuel] [vname3] [value2]
BOUNDS
7?7 [name] [vname1] [valuel]
CSECTION [kname1] [value1l] [ktype]

[vname1]
ENDATA

Here the names in capitals are keywords of the MPS format and names in brackets are custom defined
names or values. A couple of notes on the structure:

Fields: All items surrounded by brackets appear in fields. The fields named “valueN” are numerical
values. Hence, they must have the format

[+ -] XXXXXXX.XXXXXX[[e|E] [+]|-]1XXX]
where
X = [0l1]2]314l5]6]71819].

Sections: The MPS file consists of several sections where the names in capitals indicate the beginning
of a new section. For example, COLUMNS denotes the beginning of the columns section.

Comments: Lines starting with an “*” are comment lines and are ignored by MOSEK.
Keys: The question marks represent keys to be specified later.

Extensions: The sections QSECTION and CSECTION are MOSEK specific extensions of the MPS format.

The standard MPS format is a fixed format, i.e. everything in the MPS file must be within certain
fixed positions. MOSEK also supports a free format. See Section B.5 for details.
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B.1.1 An example

A concrete example of a MPS file is presented below:

THE MPS FILE FORMAT

NAME

0BJS

ROWS
N
L
L
L
L

ENSE
MIN

obj
cl
c2
c3
cd

COLUMNS

RHS

ENDA

x1
x1
x1
x2
x2
x2

rhs
rhs
TA

EXAMPLE

obj
c2
c4
obj
c2
cd

cl
c3

-10.0

0.5

0.1

-9.0
0.8333333333
0.25

630.0
708.0

cl
c3

cl
c3

c2
c4

= O
o N

o O

1
0.66666667

Subsequently each individual section in the MPS format is discussed.

B.1.2 NAME

In this section a name ([namel) is assigned to the problem.

B.1.3 O0BJSENSE (optional)

483

This is an optional section that can be used to specify the sense of the objective function. The O0BJSENSE
section contains one line at most which can be one of the following

It should be obvious what the implication is of each of these four lines.

MIN
MINIMIZE
MAX
MAXIMIZE
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B.1.4 0BJNAME (optional)

This is an optional section that can be used to specify the name of the row that is used as objective
function. The OBJNAME section contains one line at most which has the form

objname

objname should be a valid row name.

B.1.5 ROWS
A record in the ROWS section has the form

? [cname1l]

where the requirements for the fields are as follows:

Field Starting Maximum Re- Description
position width quired

? 2 1 Yes Constraint key

[cname1l] 5 8 Yes Constraint name

Hence, in this section each constraint is assigned an unique name denoted by [cnamel]. Please note
that [cname1] starts in position 5 and the field can be at most 8 characters wide. An initial key (7)
must be present to specify the type of the constraint. The key can have the values E, G, L, or N whith
ther following interpretation:

Constraint g ug
type

E finite l$
G finite 6]
L —oo finite
N —00 o)

In the MPS format an objective vector is not specified explicitly, but one of the constraints having the
key N will be used as the objective vector c¢. In general, if multiple N type constraints are specified,
then the first will be used as the objective vector c.

B.1.6 COLUMNS
In this section the elements of A are specified using one or more records having the form

[vhamel] [cnamell] [valuel] [cname2] [value2]
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where the requirements for each field are as follows:
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Field Starting Maximum Re- Description
position width quired

[vname1] 5 8 Yes Variable name

[cname1l] 15 8 Yes Constraint name

[valuel] 25 12 Yes Numerical value

[cname2] 40 8 No Constraint name

[value2] 50 12 No Numerical value

Hence, a record specifies one or two elements a;; of A using the principle that [vname1] and [cname1]
determines j and i respectively. Please note that [cnamel] must be a constraint name specified in
the ROWS section. Finally, [valuel] denotes the numerical value of a;;. Another optional element
is specified by [cname2], and [value2] for the variable specified by [vnamel]. Some important

comments are:

e All elements belonging to one variable must be grouped together.

e Zero elements of A should not be specified.

e At least one element for each variable should be specified.

B.1.7 RHS (optional)

A record in this section has the format

[namel [cname1] [valuel]

[

cname2] [value2]

where the requirements for each field are as follows:

Field Starting Maximum Re- Description
position width quired

[name] 5 8 Yes Name of the RHS vector

[cname1] 15 8 Yes Constraint name

[valuel] 25 12 Yes Numerical value

[cname2] 40 8 No Constraint name

[value2] 50 12 No Numerical value

The interpretation of a record is that [name] is the name of the RHS vector to be specified. In general,
several vectors can be specified. [cnamel] denotes a constraint name previously specified in the ROWS
section. Now, assume that this name has been assigned to the ith constraint and v; denotes the value
specified by [valuel], then the interpretation of vy is:
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Constraint [ u¢

type

E V1 U1
G V1

L U1
N

An optional second element is specified by [cname2] and [value2] and is interpreted in the same way.
Please note that it is not necessary to specify zero elements, because elements are assumed to be zero.

B.1.8 RANGES (optional)

A record in this section has the form
[name] [cname1] [valuel] [cname2] [valueZ2]

where the requirements for each fields are as follows:

Field Starting Maximum Re- Description
position width quired

[name] 5 8 Yes Name of the RANGE vector

[cname1] 15 8 Yes Constraint name

[valuel] 25 12 Yes Numerical value

[cname2] 40 8 No Constraint name

[value2] 50 12 No Numerical value

The records in this section are used to modify the bound vectors for the constraints, i.e. the values
in [¢ and u®. A record has the following interpretation: [name] is the name of the RANGE vector anhd
[cnamel] is a valid constraint name. Assume that [cnamel] is assigned to the ith constraint and let
v1 be the value specified by [valuell, then a record has the interpretation:

Constraint  Sign of v, l$ uf
type

E - ui + v1

E + lf =+ V1
G -or + 1§+ |v1]
L -or + u§ — |vg]

N

B.1.9 QSECTION (optional)

Within the QSECTION the label [cnamel] must be a constraint name previously specified in the ROWS
section. The label [cnamel] denotes the constraint to which the quadratic term belongs. A record in
the QSECTION has the form
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[vhamel] [vname2] [value1] [vhame3] [value2]
where the requirements for each field are:
Field Starting Maximum Re- Description
position width quired
[vname1] 5 8 Yes Variable name
[vname2] 15 8 Yes Variable name
[valuel] 25 12 Yes Numerical value
[vname3] 40 8 No Variable name
[value2] 50 12 No Numerical value

A record specifies one or two elements in the lower triangular part of the Q¢ matrix where [cnamei]
specifies the i. Hence, if the names [vnamel] and [vname2] have been assigned to the kth and jth
variable, then Q};j is assigned the value given by [valuel] An optional second element is specified in
the same way by the fields [vname1], [vname3], and [value2].

The example

minimize  —wy + 0.5(22% — 22123 + 0.223 + 223)
subject to Tl + To + 13 > 1,
x>0

has the following MPS file representation

NAME qoexp

ROWS

N obj

G ci1

COLUMNS
x1 cl 1
x2 obj -1
x2 cl 1
x3 cl 1

RHS
rhs cl 1

QSECTION obj
x1 x1 2
x1 x3 -1
x2 x2 0.2
x3 x3 2

ENDATA

Regarding the QSECTIONs please note that:

e Only one QSECTION is allowed for each constraint.
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e The QSECTIONs can appear in an arbitrary order after the COLUMNS section.
e All variable names occurring in the QSECTION must already be specified in the COLUMNS section.
e All entries specified in a QSECTION are assumed to belong to the lower triangular part of the
quadratic term of Q.
B.1.10 BOUNDS (optional)

In the BOUNDS section changes to the default bounds vectors [* and u® are specified. The default
bounds vectors are ¥ = 0 and u® = oo. Moreover, it is possible to specify several sets of bound
vectors. A record in this section has the form

7?7 [name] [vname1] [valuel]

where the requirements for each field are:

Field Starting Maximum Re- Description
position width quired

?? 2 2 Yes Bound key

[name] 5 8 Yes Name of the BOUNDS vector

[vname1] 15 8 Yes Variable name

[value1l] 25 12 No Variable name

Hence, a record in the BOUNDS section has the following interpretation:

[name] is the name of the

bound vector and [vname1] is the name of the variable which bounds are modified by the record. 7?7
and [valuel] are used to modify the bound vectors according to the following table:

77 7 uj  Made integer

(added to J)
FR —00 00 No
FX V1 U1 No
Lo v1  unchanged No
MI —oo  unchanged No
PL unchanged 00 No
UP unchanged vy No
BV 0 1 Yes
LI [v1] 00 Yes
UI unchanged |v1 ] Yes

vy is the value specified by [valuel].
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B.1.11 CSECTION (optional)

The purpose of the CSECTION is to specify the constraint
x eC.
in (B.1).
It is assumed that C satisfies the following requirements. Let
e R, t=1,... .k

be vectors comprised of parts of the decision variables x so that each decision variable is a member of
exactly one vector xf, for example

T
X1 6
T
o and 7% = 5
z3

@7
T2

Next define
C:= {xER": b € ¢y, tzl,...,k}

where C; must have one of the following forms

o R set: .
Ct = {I’ S Rn}

e Quadratic cone:

Ci=<zx¢€ R™ T > (B.3)

e Rotated quadratic cone:

C:={z¢€ R" . 2x1T9 > fo, T1,20 >0 . (B.4)
j=3

In general, only quadratic and rotated quadratic cones are specified in the MPS file whereas membership
of the R set is not. If a variable is not a member of any other cone then it is assumed to be a member
of an R cone.

Next, let us study an example. Assume that the quadratic cone
xy >\ + 23 (B.5)

a3y > 22 + xg, x3,x7 > 0, (B.6)

and the rotated quadratic cone

should be specified in the MPS file. One CSECTION is required for each cone and they are specified as
follows:
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* 1 2 3 4 5 6
*23456789012345678901234567890123456789012345678901234567890
CSECTION konea 0.0 QUAD

x4

x5

x8
CSECTION koneb 0.0 RQUAD

X7

x3

x1

x0

This first CSECTION specifies the cone (B.5) which is given the name konea. This is a quadratic cone
which is specified by the keyword QUAD in the CSECTION header. The 0.0 value in the CSECTION header
is not used by the QUAD cone.

The second CSECTION specifies the rotated quadratic cone (B.6). Please note the keyword RQUAD in
the CSECTION which is used to specify that the cone is a rotated quadratic cone instead of a quadratic
cone. The 0.0 value in the CSECTION header is not used by the RQUAD cone.

In general, a CSECTION header has the format
CSECTION [kname1] [valuel] [ktypel

where the requirement for each field are as follows:

Field Starting Maximum Re- Description
position width quired

[kname1] 5 8 Yes Name of the cone

[valuel] 15 12 No Cone parameter

[ktypel 25 Yes  Type of the cone.

The possible cone type keys are:

Cone type key Members Interpretation.
QUAD >1 Quadratic cone i.e. (B.3).
RQUAD >2 Rotated quadratic cone i.e. (B.4).

Please note that a quadratic cone must have at least one member whereas a rotated quadratic cone
must have at least two members. A record in the CSECTION has the format

[vname1]

where the requirements for each field are

Field Starting Maximum Re- Description
position width quired
[vname1] 2 8 Yes A wvalid variable name
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The most important restriction with respect to the CSECTION is that a variable must occur in only one
CSECTION.

B.1.12 ENDATA

This keyword denotes the end of the MPS file.

B.2 Integer variables

Using special bound keys in the BOUNDS section it is possible to specify that some or all of the variables
should be integer constrained i.e. be members of J. However, an alternative method is available.

This method is available only for backward compability and we recommend that it is not used. This
method requires that markers are placed in the COLUMNS section as in the example:

COLUMNS
x1 obj -10.0 cl 0.7
x1 c2 0.5 c3 1.0
x1 c4 0.1

* Start of integer constrained variables.
MARKOOO ’MARKER’ >INTORG’
x2 obj -9.0 cl 1.0
x2 c2 0.8333333333 c3 0.66666667
x2 c4 0.25
x3 obj 1.0 c6 2.0
MARKOO1 ’MARKER’ >INTEND’

* End of integer constrained variables.

Please note that special marker lines are used to indicate the start and the end of the integer variables.
Furthermore be aware of the following

e IMPORTANT: All variables between the markers are assigned a default lower bound of 0 and
a default upper bound of 1. This may not be what is intended. If it is not intended, the
correct bounds should be defined in the BOUNDS section of the MPS formatted file.

e MOSEK ignores field 1, i.e. MARKO0O1 and MARKOO1, however, other optimization systems require
them.

e Field 2, i.e. MARKER’, must be specified including the single quotes. This implies that no row
can be assigned the name >MARKER’.

e Field 3 is ignored and should be left blank.
e Field 4, i.e. >INTORG’ and ’INTEND’, must be specified.

e It is possible to specify several such integer marker sections within the COLUMNS section.
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B.3 General limitations

e An MPS file should be an ASCII file.

B.4 Interpretation of the MPS format

Several issues related to the MPS format are not well-defined by the industry standard. However,
MOSEK uses the following interpretation:

e If a matrix element in the COLUMNS section is specified multiple times, then the multiple entries
are added together.

e If a matrix element in a QSECTION section is specified multiple times, then the multiple entries
are added together.

B.5 The free MPS format

MOSEK supports a free format variation of the MPS format. The free format is similar to the MPS file
format but less restrictive, e.g. it allows longer names. However, it also presents two main limitations:

e By default a line in the MPS file must not contain more than 1024 characters. However, by
modifying the parameter Env.iparam.read mps_width an arbitrary large line width will be ac-
cepted.

e A name must not contain any blanks.

To use the free MPS format instead of the default MPS format the MOSEK parameter Env. iparam.read mps_format
should be changed.
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The LP file format

MOSEK supports the LP file format with some extensions i.e. MOSEK can read and write LP
formatted files.

C.1 A warning

The LP format is not a well-defined standard and hence different optimization packages may interpre-
tate a specific LP formatted file differently.

C.2 The LP file format

The LP file format can specify problems on the form

minimize/maximize Tz + %qo(x)
subject to I©° < Ar+45q(x) < uf,
* < T < U,
z g integer,
where
e x € R" is the vector of decision variables.
e c € R" is the linear term in the objective.
e ¢°:€ R™ — R is the quadratic term in the objective where
¢°(x) = 2" Q%
and it is assumed that
Q°=(Q)". (C.1)
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e A € R™*" is the constraint matrix.
e [ € R™ is the lower limit on the activity for the constraints.
e u° € R™ is the upper limit on the activity for the constraints.
e [ € R" is the lower limit on the activity for the variables.
e y” € R™ is the upper limit on the activity for the variables.
e ¢: R" — R is a vector of quadratic functions. Hence,

gi(z) = 27 Q'x

where it is assumed that

Q' = ()" (C2)

J C{1,2,...,n} is an index set of the integer constrained variables.

C.2.1 The sections

An LP formatted file contains a number of sections specifying the objective, constraints, variable
bounds, and variable types. The section keywords may be any mix of upper and lower case letters.

C.2.1.1 The objective
The first section beginning with one of the keywords

max
maximum
maximize
min
minimum
minimize

defines the objective sense and the objective function, i.e.

1
e+ ixTQox.

The objective may be given a name by writing
myname :

before the expressions. If no name is given, then the objective is named obj.

The objective function contains linear and quadratic terms. The linear terms are written as in the
example
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4 x1 + x2 - 0.1 x3

and so forth. The quadratic terms are written in square brackets ([ ]) and are either squared or
multiplied as in the examples

x1 ~ 2
and
x1 * x2

There may be zero or more pairs of brackets containing quadratic expressions.
An example of an objective section is:

minimize
myobj: 4 x1 + x2 - 0.1 x3 + [ x1 =~ 2+ 2.1 x1 * x2 ]/2

Please note that the quadratic expressions are multiplied with %, so that the above expression means

1
minimize 4x1 + x5 — 0.1 - 23 + i(x% +21 21 29)

If the same variable occurs more than once in the linear part, the coefficients are added, so that 4 x1
+ 2 x1 is equivalent to 6 x1. In the quadratic expressions x1 * x2 is equivalent to x2 * x1 and as
in the linear part , if the same variables multiplied or squared occur several times their coefficients are
added.

C.2.1.2 The constraints
The second section beginning with one of the keywords

subj to
subject to
s.t.

st

defines the linear constraint matrix (A4) and the quadratic matrices (Q?).

A constraint contains a name (optional), expressions adhering to the same rules as in the objective
and a bound:

subject to
conl: x1 + x2 + [ x3 ~ 2 ]/2<=5.1

The bound type (here <=) may be any of <, <=, =, > >= (< and <= mean the same), and the bound
may be any number.
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In the standard LP format it is not possible to define more than one bound, but MOSEK supports
defining ranged constraints by using double-colon (¢¢::’?) instead of a single-colon (“:”) after the
constraint name, i.e.

—5<x1+22<5H (03)

may be written as
con:: -5 <x_1+x_2<5

By default MOSEK writes ranged constraints this way.

If the files must adhere to the LP standard, ranged constraints must either be split into upper bounded
and lower bounded constraints or be written as en equality with a slack variable. For example the
expression (C.3) may be written as

1+ a0 — 8l =0, =5 < sly <5.

C.2.1.3 Bounds
Bounds on the variables can be specified in the bound section beginning with one of the keywords

bound
bounds

The bounds section is optional but should, if present, follow the subject to section. All variables
listed in the bounds section must occur in either the objective or a constraint.

The default lower and upper bounds are 0 and +o0o. A variable may be declared free with the keyword
free, which means that the lower bound is —oc and the upper bound is +oco. Furthermore it may be
assigned a finite lower and upper bound. The bound definitions for a given variable may be written in
one or two lines, and bounds can be any number or +oo (written as +inf /-inf /+infinity/-infinity)
as in the example

bounds
x1 free
x2 <=5
0.1 <= x2
x3 = 42
2 <= x4 < +inf

C.2.1.4 Variable types
The final two sections are optional and must begin with one of the keywords
bin

binaries
binary
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and

gen
general

Under general all integer variables are listed, and under binary all binary (integer variables with
bounds 0 and 1) are listed:

general
x1 x2
binary
x3 x4

Again, all variables listed in the binary or general sections must occur in either the objective or a
constraint.

C.2.1.5 Terminating section

Finally, an LP formatted file must be terminated with the keyword

end

C.2.1.6 An example

A simple example of an LP file with two variables, four constraints and one integer variable is:

minimize
-10 x1 -9 x2
subject to
0.7 x1 + x2 <= 630
0.5 x1 + 0.833 x2 <= 600
x1 + 0.667 x2 <= 708
0.1 x1 + 0.025 x2 <= 135
bounds
10 <= x1
x1 <= +inf
20 <= x2 <= 500
general
x1
end

C.2.2 LP format peculiarities
C.2.2.1 Comments

Anything on a line after a “\” is ignored and is treated as a comment.
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C.2.2.2 Names

A name for an objective, a constraint or a variable may contain the letters a-z, A-Z, the digits 0-9 and
the characters

PHSRE )/, 570 {1

The first character in a name must not be a number, a period or the letter e’ or 'E’. Keywords must
not be used as names.

It is strongly recommended not to use double quotes (") in names.
C.2.2.3 Variable bounds

Specifying several upper or lower bounds on one variable is possible but MOSEK uses only the tightest
bounds. If a variable is fixed (with =), then it is considered the tightest bound.

C.2.2.4 MOSEK specific extensions to the LP format

Some optimization software packages employ a more strict definition of the LP format that the one
used by MOSEK. The limitations imposed by the strict LP format are the following:

e Quadratic terms in the constraints are not allowed.
e Names can be only 16 characters long.

e Lines must not exceed 255 characters in length.
If an LP formatted file created by MOSEK should satisfies the strict definition, then the parameter
Env.iparam.write_lp_strict_format
should be set; note, however, that some problems cannot be written correctly as a strict LP formatted

file. For instance, all names are truncated to 16 characters and hence they may loose their uniqueness
and change the problem.

To get around some of the inconveniences converting from other problem formats, MOSEK allows lines
to contain 1024 characters and names may have any length (shorter than the 1024 characters).

Internally in MOSEK names may contain any (printable) character, many of which cannot be used in
LP names. Setting the parameters

Env.iparam.read_lp_quoted_names
and

Env.iparam.write_lp_quoted_names
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allows MOSEK to use quoted names. The first parameter tells MOSEK to remove quotes from quoted
names e.g, "x1", when reading LP formatted files. The second parameter tells MOSEK to put quotes
around any semi-illegal name (names beginning with a number or a period) and fully illegal name
(containing illegal characters). As double quote is a legal character in the LP format, quoting semi-
illegal names makes them legal in the pure LP format as long as they are still shorter than 16 characters.
Fully illegal names are still illegal in a pure LP file.

C.2.3 The strict LP format
The LP format is not a formal standard and different vendors have slightly different interpretations of

the LP format. To make MOSEK’s definition of the LP format more compatible whith the definitions
of other vendors use the paramter setting

MSK_IPAR_WRITE_LP_STRICT_FORMAT MSK_ON

This setting may lead to truncation of some names and hence to an invalid LP file. The simple solution
to this problem is to use the paramter setting

MSK_IPAR_WRITE_GENERIC_NAMES MSK_ON

which will cause all names to be renamed systematically in the output file.

C.2.4 Formatting of an LP file

A few parameters control the visual formatting of LP files written by MOSEK in order to make it
easier to read the files. These parameters are

MSK_IPAR_WRITE_LP_LINE_WIDTH
MSK_IPAR_WRITE_LP_TERMS_PER_LINE

The first parameter sets the maximum number of characters on a single line. The default value is 80
corresponding roughly to the width of a standard text document.

The second parameter sets the maximum number of terms per line; a term means a sign, a coefficient,
and a name (for example “+ 42 elephants”). The default value is 0, meaning that there is no
maximum.

C.2.4.1 Speeding up file reading
If the input file should be read as fast as possible using the least amount of memory, then it is important

to tell MOSEK how many non-zeros, variables and constraints the problem contains. These values can
be set using the parameters

MSK_IPAR_READ_CON
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MSK_IPAR_READ_VAR
MSK_IPAR_READ_ANZ
MSK_IPAR_READ_QNZ

C.2.4.2 Unnamed constraints

Reading and writing an LP file with MOSEK may change it superficially. If an LP file contains
unnamed constraints or objective these are given their generic names when the file is read (however
unnamed constraints in MOSEK are written without names).
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The OPF format

The Optimization Problem Format (OPF) is an alternative to LP and MPS files for specifying opti-
mization problems. It is row-oriented, inspired by the CPLEX LP format.

Apart from containing objective, constraints, bounds etc. it may contain complete or partial solutions,
comments and extra information relevant for solving the problem. It is designed to be easily read and
modified by hand and to be forward compatible with possible future extensions.

D.1 Intended use

The OPF file format is meant to replace several other files:

e The LP file format. Any problem that can be written as an LP file can be written as an OPF file
to; furthermore it naturally accommodates ranged constraints and variables as well as arbitrary
characters in names, fixed expressions in the objective, empty constraints, and conic constraints.

e Parameter files. It is possible to specify integer, double and string parameters along with the
problem (or in a separate OPF file).

e Solution files. It is possible to store a full or a partial solution in an OPF file and later reload it.

D.2 The file format

The format uses tags to structure data. A simple example with the basic sections may look like this:
[comment]
This is a comment. You may write almost anything here...

[/comment]

# This is a single-line comment.

501
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[objective min ’myobj’]
X+y+x2+y2+z+1
[/objective]

[constraints]
[con ’con01’] 4 <= x +y [/con]
[/constraints]

[bounds]
[b] -10 <= x,y <= 10 [/b]

[cone quad] x,y,z [/conel
[/bounds]

A scope is opened by a tag of the form [tag] and closed by a tag of the form [/tag]. An opening tag
may accept a list of unnamed and named arguments, for examples

[tag value] tag with one unnamed argument [/tag]
[tag arg=value] tag with one named argument in quotes [/tag]

Unnamed arguments are identified by their order, while named arguments may appear in any order,
but never before an unnamed argument. The value can be a quoted, single-quoted or double-quoted
text string, i.e.

[tag ’value’] single-quoted value [/tag]
[tag arg=’value’] single-quoted value [/tag]
[tag "value"] double-quoted value [/tag]

[tag arg="value"] double-quoted value [/tag]

D.2.1 Sections

The recognized tags are

e [comment] A comment section. This can contain almost any text: Between single quotes (*) or
double quotes (") any text may appear. Outside quotes the markup characters ([ and 1) must
be prefixed by backslashes. Both single and double quotes may appear alone or inside a pair of
quotes if it is prefixed by a backslash.

e [objective] The objective function: This accepts one or two parameters, where the first one
(in the above example ‘min’) is either min or max (regardless of case) and defines the objective
sense, and the second one (above ‘myobj’), if present, is the objective name. The section may
contain linear and quadratic expressions.

If several objectives are specified, all but the last are ignored.
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e [constraints] This does not directly contain any data, but may contain the subsection ‘con’
defining a linear constraint.

[con] defines a single constraint; if an argument is present ([con NAME]) this is used as the name
of the constraint, otherwise it is given a null-name. The section contains a constraint definition
written as linear and quadratic expressions with a lower bound, an upper bound, with both or
with an equality. Examples:

[constraints]
[con ’conl’] 0 <=x + ¥ [/con]
[con ’con2’] 0 >=x +y [/con]
[con ’con3’] 0 <= x + y <= 10 [/con]
[con ’con4’] x +y =10 [/con]

[/constraints]

Constraint names are unique. If a constraint is apecified which has the same name as a previously
defined constraint, the new constraint replaces the existing one.

e [bounds] This does not directly contain any data, but may contain the subsections ‘b’ (linear
bounds on variables) and ‘cone’ (quadratic cone).

(S

— [b]. Bound definition on one or several variables separated by comma (‘,’). An upper or
lower bound on a variable replaces any earlier defined bound on that variable. If only one
bound (upper or lower) is given only this bound is replaced. This means that upper and
lower bounds can be specified separately. So the OPF bound definition:

y >= -10 [/b]
,y <= 10 [/b]

results in the bound
—10< 2,y < 10. (D.1)

— [cone]. Currently, the supported cones are the quadratic cone and the rotated quadratic
cone (see section 5.4). A conic constraint is defined as a set of variables which belongs to a
single unique cone.

A quadratic cone of n variables x1,...,z, defines a constraint of the form
n
i=2
A rotated quadratic cone of n variables x1,...,z, defines a constraint of the form

n
T1To > g 1;12
i=3

A [bounds]-section example:
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[bounds]
[b] 0 <= x,y <= 10 [/b] # ranged bound
[b] 10 >= x,y >= 0 [/b] # ranged bound
[b] 0 <= x,y <= inf [/b] # using inf

[©] x,y free [/b] # free variables

# Let (x,y,z,w) belong to the cone K

[cone quad] x,y,z,w [/cone] # quadratic cone

[cone rquad] x,y,z,w [/cone]l # rotated quadratic cone
[/bounds]

By default all variables are free.

[variables] This defines an ordering of variables as they should appear in the problem. This
is simply a space-separated list of variable names.

[integer] This contains a space-separated list of variables and defines the constraint that the
listed variables must be integer values.

[hints] This may contain only non-essential data; for example estimates of the number of
variables, constraints and non-zeros. Placed before all other sections containing data this may
reduce the time spent reading the file.

In the hints section, any subsection which is not recognized by MOSEK is simply ignored. In
this section a hint in a subsection is defined as follows:

[hint ITEM] value [/hint]

where ITEM may be replaced by numvar (number of variables), numcon (number of linear/quadratic
constraints), numanz (number if linear non-zeros in constraints) and numgnz (number of quadratic
non-zeros in constraints).

[solutions] This section can contain a number of full or partial solutions to a problem, each
inside a [solution]-section. The syntax is

[solution SOLTYPE status=STATUS]...[/solution]

where SOLTYPE is one of the strings

— ‘interior’, a non-basic solution,
— ‘basic’, a basic solution,

— ‘integer’, an integer solution,
and STATUS is one of the strings

— ‘UNKNOWN’,

— ‘OPTIMAL’,

— ‘INTEGER_OPTIMAL’,
— ‘PRIM_FEAS’,
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— ‘DUAL_FEAS’,

— ‘PRIM_AND_DUAL_FEAS’,

— ‘NEAR_OPTIMAL’,

— ‘NEAR_PRIM FEAS’,

— ‘NEAR_DUAL _FEAS’,

— ‘NEAR_PRIM_AND_DUAL_FEAS’,

— ‘PRIM_INFEAS _CER’,

— ‘DUAL_INFEAS_CER’,

— ‘NEAR_PRIM_INFEAS_CER’,

— ‘NEAR_DUAL_INFEAS_CER’,

— ‘NEAR_INTEGER_OPTIMAL’.
Most of these values are irrelevant for input solutions; when constructing a solution for simplex

hot-start or an initial solution for a mixed integer problem, the safe thing is always to set to
status UNKNOWN.

A [solution]-section contains [con] and [var] sections. Each [con] and [var] section defines
solution values for a single variable or constraint, each value written as

KEYWORD=value

where KEYWORD defines a solution item and value defines its value. Allowed keywords are as
follows:

— sk. The status of the item, where the value is one of the following strings:

+ LOW, the item is on its lower bound.
* UPR, the item is on its upper bound.
FIX, it is a fixed item.

BAS, the item is in the basis.

* SUPBAS, the item is super basic.

*
*

* UNK, the status is unknown.

* INF, the item is outside its bounds (infeasible).

1v1 Defines the level of the item.

s1 Defines the level of the variable associated with its lower bound.

su Defines the level of the variable associated with its upper bound.

sn Defines the level of the variable associated with its cone.

y Defines the level of the corresponding dual variable (for constraints only).

A [var] section should always contain the items sk and 1v1, and optionally s1, su and sn.

A [con] section should always contain sk and 1vl, and optionally s1, su and y.
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e [vendor] This contains solver/vendor specific data. It accepts one argument, which is a vendor
ID — for MOSEK the ID is simply mosek — and the section contains the subsection parameters
defining solver parameters. When reading a vendor section, any unknown vendor can be safely
ignored. This is described later.

Comments using the ‘#” may appear anywhere in the file. Between the ‘#’ and the following line-break
any text may be written, including markup characters.

D.2.2 Numbers

Numbers, when used for parameter values or coefficients, are written in the usual way by the printf
function. That is, they may be prefixed by a sign (+ or -) and may contain an integer part, decimal
part and an exponent. The decimal point is always ‘.’ (a dot). Some examples are

1

1.0
.0

1.

1e10

le+10

le-10

Some invalid examples are

el0 # invalid, must contain either integer or decimal part
. # invalid
.e10 # invalid

More formally, the following standard regular expression describes numbers as used:

[+1-17(L0-9]1+[.1[0-91*| [.]1[0-9]+) ([eE] [+|-17[0-9]+)7

D.2.3 Names

Variable names, constraint names and objective name may contain arbitrary characters, which in some
cases must be enclosed by quotes (single or double) that in turn must be preceded by a backslash.
Unquoted names must begin with a letter (a-z or A-Z) and contain only the following characters: the
letters a-z and A-Z, the digits 0-9, braces ({ and }) and underscore (_).

Some examples of legal names:

an_unqouted_name
another_name{123}

’single qouted name’
"double qouted name"

"name with \"qoute\" in it"
"name with []s in it"
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D.3 Parameters section

In the vendor section solver parameters are defined inside the parameters subsection. Each parameter
is written as

[p PARAMETER_NAME] value [/p]

where PARAMETER _NAME is replaced by a MOSEK parameter name, usually of the form MSK_IPAR_. ..,
MSK DPAR_... or MSK_SPAR_. .., and the value is replaced by the value of that parameter; both integer
values and named values may be used. Some simple examples are:

[vendor mosek]

[parameters]
[p MSK_IPAR_OPF_MAX_TERMS_PER_LINE] 10 [/p]
[p MSK_IPAR_OPF_WRITE_PARAMETERS] MSK_ON [/p]
[p MSK_DPAR_DATA_TOL_BOUND_INF] 1.0e18 [/p]
[/parameters]
[/vendor]

D.4 Writing OPF files from MOSEK

The function Task.writedata can be used to produce an OPF file from a task.

To write an OPF file set the parameter Env.iparam.write_data_format to Env.dataformat.op as
this ensures that OPF format is used. Then modify the following parameters to define what the file
should contain:

e Env.iparam.opf_write_header, include a small header with comments.
e Env.iparam.opf _write hints, include hints about the size of the problem.
e Env.iparam.opf _write_problem, include the problem itself — objective, constraints and bounds.

e Env.iparam.opf write_solutions, include solutions if they are defined. If this is off, no solu-
tions are included.

e Env.iparam.opf_write_sol_bas, include basic solution, if defined.
e Env.iparam.opf write_sol_itg, include integer solution, if defined.
e Env.iparam.opf_write_sol_itr, include interior solution, if defined.

e Env.iparam.opf write parameters, include all parameter settings.

D.5 Examples

This section contains a set of small examples written in OPF and describing how to formulate linear,
quadratic and conic problems.
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D.5.1 Linear example lol.opf

Consider the example:

minimize  —10z; —9x,,
subject to 7/10x1 + lzs < 630,
1/227 + 5/6z2 < 600, (D2)
1oy + 2/3z, < 708, '
110z, + 1/4z, < 135,
x1, T > 0
In the OPF format the example is displayed as shown below:
[comment]
Example lol.mps converted to OPF.
[/ comment]
[hints]
# Give a hint about the size of the different elements in the problem.
# These need only be estimates, but in this case they are exact.
[hint NUMVAR] 2 [/hint]
[hint NUMCON] 4 [/hint]
[hint NUMANZ] 8 [/hint]
[/hints]
[variables]
# All variables that will appear in the problem
x1 x2
[/variables]
[objective minimize ’obj’]
- 10 x1 - 9 x2
[/objective]
[constraints]
[con ’c1’] 0.7 x1 + x2 <= 630 [/conl]
[con ’c2’] 0.5 x1 + 0.8333333333 x2 <= 600 [/conl]
[con ’c3’] x1 + 0.66666667 x2 <= 708 [/conl]
[con ’c4’] 0.1 x1 + 0.25 x2 <= 135 [/conl]
[/constraints]
[bounds]
# By default all variables are free. The following line will
# change this to all variables being nonnegative.
[b] 0 <= * [/Db]
[/bounds]
D.5.2 Quadratic example qol.opf
An example of a quadratic optimization problem is
. . . 2 2 2
minimize 7 +0.1z5 + x5 — 2123 — T2
subject to 1 < T1 + To + 23, (D.3)

x> 0.




D.5. EXAMPLES 509

This can be formulated in opf as shown below.

[comment]
Example qol.mps conterted to OPF.
[/ comment]

[hints]
[hint NUMVAR] 3 [/hint]
[hint NUMCON] 1 [/hint]
[hint NUMANZ] 3 [/hint]
[/hints]

[variables]
x1 x2 x3
[/variables]

[objective minimize ’obj’]
# The quadratic terms are often multiplied by 1/2,
# but this is not required.

- x2 + 0.5 (2x1 "~ 2 -2x3 % x1 + 0.2 x2 "~ 2+ 2 x3 "~ 2)
[/objective]

[constraints]
[con ’c1’] 1 <= x1 + x2 + x3 [/con]
[/constraints]

[bounds]
[b] 0 <= * [/b]
[/bounds]

D.5.3 Conic quadratic example cqol.opf

Consider the example:

minimize 1lxq 4+ 2z

subject to 2x3+4zy = 5,
z2 < 2zq73,
x3 < 2mowy, (D.4)
Is = 1,
Te = 1,
x > 0.

Please note that the type of the cones is defined by the parameter to [cone ...]; the content of the
cone-section is the names of variables that belong to the cone.

[comment]

Example cqol.mps conterted to OPF.
[/ comment]

[hints]
[hint NUMVAR] 6 [/hint]
[hint NUMCON] 1 [/hint]
[hint NUMANZ] 2 [/hint]
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[/hints]

[variables]
x1 x2 x3 x4 x5 x6
[/variables]

[objective minimize ’obj’]
x1 + 2 x2
[/objectivel

[constraints]
[con ’c1’] 2 x3 + 4 x4 = 5 [/con]
[/constraints]

[bounds]
# We let all variables default to the positive orthant
[bl 0 <= % [/b]
# ... and change those that differ from the default.
[b] x5,x6 = 1 [/Db]

# We define two rotated quadratic cones

# kl1: 2 x1 * x3 >= x572
[cone rquad ’k1’] x1, x3, x5 [/conel

# k2: 2 x2 *x x4 >= x6°2
[cone rquad ’k2°’] x2, x4, x6 [/conel
[/bounds]

THE OPF FORMAT

D.5.4 Mixed integer example milol.opf

Consider the mixed integer problem:

maximize xg + 0.64x,

subject to 50xg + 31lz; < 250,
31’0 - 21’1 Z 74,
zg, 1 > 0 and integer

This can be implemented in OPF with:

(D.5)

[comment]
Written by MOSEK version 5.0.0.7
Date 20-11-106
Time 14:42:24

[/ comment]

[hints]
[hint NUMVAR] 2 [/hint]
[hint NUMCON] 2 [/hint]
[hint NUMANZ] 4 [/hint]
[/hints]

[variables disallow_new_variables]
x1 x2
[/variables]
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[objective maximize
x1 + 6.4e-1 x2
[/objectivel

[constraints]
[con ’c1’]

7Obj ;]

be+l x1 + 3.1le+l x2 <=

[con ’c2’] -4 <= 3 x1 - 2 x2 [/con]

[/constraints]

[bounds]
[b] 0 <= * [/b]
[/bounds]

[integer]
x1 x2
[/integer]

2.5e+2 [/con]
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Appendix E

The XML (OSiL) format

MOSEK can write data in the standard 0SiL xml format. For a definition of the 0SiL format please see
http://www.optimizationservices.org/. Ouly linear constraints (possibly with integer variables)
are supported. By default output files with the extension .xml are written in the 0SiL format.

The parameter Env.iparam.write xml mode controls if the linear coefficients in the A matrix are
written in row or column order.
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Appendix F

The ORD file format

An ORD formatted file specifies in which order the mixed integer optimizer branches on variables. The
format of an ORD file is shown in Figure F.1. In the figure names in capitals are keywords of the ORD
format, whereas names in brackets are custom names or values. The 77 is an optional key specifying
the preferred branching direction. The possible keys are DN and UP which indicate that down or up
is the preferred branching direction respectively. The branching direction key is optional and is left
blank the mixed integer optimizer will decide whether to branch up or down.

* 1 2 3 4 5 6
*23456789012345678901234567890123456789012345678901234567890
NAME [name]

7?7 [vnamei] [valuel]
ENDATA

Figure F.1: The standard ORD format.

F.1 An example

A concrete example of a ORD file is presented below:

NAME EXAMPLE
DN x1 2
UP x2 1
x3 10
ENDATA

This implies that the priorities 2, 1, and 10 are assigned to variable x1, x2, and x3 respectively. The
higher the priority value assigned to a variable the earlier the mixed integer optimizer will branch on
that variable. The key DN implies that the mixed integer optimizer first will branch down on variable
whereas the key UP implies that the mixed integer optimizer will first branch up on a variable.
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If no branch direction is specified for a variable then the mixed integer optimizer will automatically
choose the branching direction for that variable. Similarly, if no priority is assigned to a variable then
it is automatically assigned the priority of 0.



Appendix G

The solution file format

MOSEK provides one or two solution files depending on the problem type and the optimizer used.
If a problem is optimized using the interior-point optimizer and no basis identification is required,
then a file named probname.sol is provided. probname is the name of the problem and .sol is
the file extension. If the problem is optimized using the simplex optimizer or basis identification is
performed, then a file named probname.bas is created presenting the optimal basis solution. Finally,
if the problem contains integer constrained variables then a file named probname.int is created. It
contains the integer solution.

G.1 The basic and interior solution files

In general both the interior-point and the basis solution files have the format:

NAME : <problem name>
PROBLEM STATUS : <status of the problem>

SOLUTION STATUS : <status of the solution>

OBJECTIVE NAME : <name of the objective function>

PRIMAL OBJECTIVE : <primal objective value corresponding to the solution>

DUAL OBJECTIVE : <dual objective value corresponding to the solution>

CONSTRAINTS

INDEX NAME AT ACTIVITY LOWER LIMIT UPPER LIMIT DUAL LOWER DUAL UPPER

? <name> 77 <a value> <a value> <a value> <a value> <a value>

VARIABLES

INDEX NAME AT ACTIVITY LOWER LIMIT UPPER LIMIT DUAL LOWER DUAL UPPER CONIC DUAL
? <name> ?7 <a value> <a value> <a value> <a value> <a value> <a value>

In the example the fields ? and <> will be filled with problem and solution specific information. As
can be observed a solution report consists of three sections, i.e.

HEADER In this section, first the name of the problem is listed and afterwards the problem and solution
statuses are shown. In this case the information shows that the problem is primal and dual
feasible and the solution is optimal. Next the primal and dual objective values are displayed.

CONSTRAINTS Subsequently in the constraint section the following information is listed for each con-
straint:

INDEX A sequential index assigned to the constraint by MOSEK.
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Status key Interpretation

UN Unknown status

BS Is basic

SB Is superbasic

LL Is at the lower limit (bound)

UL Is at the upper limit (bound)

EQ Lower limit is identical to upper limit
*k Is infeasible i.e. the lower limit is

greater than the upper limit.

Table G.1: Status keys.

NAME The name of the constraint assigned by the user.

AT The status of the constraint. In Table G.1 the possible values of the status keys and their
interpretation are shown.

ACTIVITY Given the ith constraint on the form

n

15 <Y airy < uf, (G.1)
j=1
then activity denote the quantity 2?21 a;jx;, where z* is the value for the x solution.

LOWER LIMIT Is the quantity I§ (see (G.1)).

UPPER LIMIT Is the quantity u$ (see (G.1)).

DUAL LOWER Is the dual multiplier corresponding to the lower limit on the constraint.

DUAL UPPER Is the dual multiplier corresponding to the upper limit on the constraint.

VARIABLES The last section of the solution report lists information for the variables. This information

has a similar interpretation as for the constraints. However, the column with the header [CONIC
DUAL] is only included for problems having one or more conic constraints. This column shows
the dual variables corresponding to the conic constraints.

G.2 The integer solution file

The integer solution is equivalent to the basic and interior solution files except that no dual information
is included.
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err_param name (response code), 424
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err_sen_index_invalid (response code), 428
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err no_solution_in callback (response code), 419 err_sen_invalid regexp (response code), 428

err_nonconvex (response code), 419
err_nonlinear_equality (response code), 419

err_sen_numerical (response code), 428
err_sen_solution status (response code), 428
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err_sen_undef name (response code), 429
err_size_license (response code), 429
err_size_license_con (response code), 429
err_size_license_intvar (response code), 429
err_size_license_var (response code), 429
err_sol_file number (response code), 430
err_solitem (response code), 430
err_solver_probtype (response code), 430
err_space (response code), 430
err_space_leaking (response code), 430
err_space no_info (response code), 431
err_thread_cond-init (response code), 431
err_thread create (response code), 431
err_thread mutex_init (response code), 431
err_thread mutex_lock (response code), 431
err_thread mutex_unlock (response code), 432
err_too_small maxnumanz (response code), 432
err_unb_step_size (response code), 432
err_undef_solution (response code), 432
err_undefined _objective_sense (response code),
432
err_unknown (response code), 433
err_user_func_ret (response code), 433
err_user_func_ret_data (response code), 433
err_user nlo_eval (response code), 433
err_user.nlo_eval hessubi (response code), 433
err_user nlo_eval hessubj (response code), 434
err_user nlo_func (response code), 434
err_whichitem not_allowed (response code), 434
err_whichsol (response code), 434
err_write_lp_format (response code), 434
err_write_lp non_unique _name (response code),
435
err_write mps_invalid _name (response code), 435
err_write_opf_invalid_var_name (response code),
435
err_xml_invalid problem type (response code),
435
err_y_is_undefined (response code), 435
Error
constructors, 157
Error.Error (constructor), 157
example
conic problem, 36
cqol.java, 36
lol.java, 20
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mioinitsol. java, 43

qol.java, 30

qol, 29

quadratic constraints, 32

quadratic objective, 29

simple, 16
examples

compile and run, 9, 12

makefiles (Linux), 13
Exception

constructors, 158
Exception.Exception (constructor), 158
Exit

constructors, 158
exit (Exit method), 159
Exit.Exit (constructor), 158

feasible, primal, 60

feasrepair-optimize
Env.iparam.feasrepair_optimize (example), 112

feasrepair_name_prefix (parameter), 360

feasrepair name_separator (parameter), 360

feasrepair name wsumviol (parameter), 361

feasrepair_optimize (parameter), 305

feasrepair_tol (parameter), 276

Env.feasrepairtype, 462

flush_stream freq (parameter), 305

getaij (Task method), 177
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getavec (Task method), 180
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getcfix (Task method), 182
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getconname (Task method), 183
getcslice (Task method), 183
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getdouinf (Task method), 184 getsolutionstatuskeyslice (Task method), 202
getdouparam (Task method), 184 getstrparam (Task method), 202
getdualobj (Task method), 185 getsymbcon (Task method), 203
getinfeasiblesubproblem (Task method), 185  getsymbcondim (Env method), 153
getinfindex (Task method), 185 gettaskname (Task method), 203
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getintinf (Task method), 186 getvarbranchpri (Task method), 204
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getmaxnumgnz (Task method), 188
getmaxnumvar (Task method), 188
getmemusagetask (Task method), 189
getname (Task method), 189
getnameindex (Task method), 189

help desk, 7
hot-start, 83

Env.iinfitem, 462
infeas_generic_names (parameter), 306
infeas prefer primal (parameter), 306
getnumanz (Task method), 190 infeas report_auto (parameter), 306

getnumcon (Task method), 190 infeas report_level (parameter), 306
getnumcone (Task method), 190 infeasible, 99

getnumconemen (Task method), 191 dual, 62
getnumintvar (Task method), 191

primal, 61
getnumparam (Task method), 191

infeasible problems, 99

getnumqconnz (Task method), 192 infeasible, dual, 60

getnumqobjnz (Task method), 192 infeasible, primal, 60

getnumvar (Task method), 192 infinite bounds, 60

getobjname (Task method), 192 Env.inftype, 467

getobjsense (Task method), 193 initbasissolve (Task method), 205

getparammax (Task method), 193 initenv

getparamname (Task method), 193 Env.initenv (example), 16, 20

getprimalob)] initenv (Env method), 154
Task.getprimalobj (example), 112 inputdata

getprimalobj (Task method), 194 Task.inputdata (example), 20, 33, 124

getprobtype (Task method), 194 inputdata (Task method), 206

getqconk (Task method), 194 int_sol file name (parameter), 361

getqobj (Task method), 195 integer optimization, 40, 93

getqobjij (Task method), 196 relaxation, 93

getreducedcosts (Task method), 196 interior-point optimizer, 82, 86

getsolution (Task method), 196 interior-point or simplex optimizer, 84

getsolutioni (Task method), 198 intpnt_basis (parameter), 307

getsolutioninf (Task method), 199 intpnt_co_tol_dfeas (parameter), 276

getsolutionslice intpnt_co_tol_infeas (parameter), 276
Task.getsolutionslice (example), 20 intpnt_co_tol mu_red (parameter), 276

getsolutionslice (Task method), 200 intpnt_co_tol_near_rel (parameter), 277

getsolutionstatus (Task method), 201 intpnt_co_tol_pfeas (parameter), 277
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intpnt_co_tol_rel gap (parameter), 277
intpnt_diff_step (parameter), 307

intpnt_factor_debug _lvl (parameter), 308

intpnt_factor method (parameter), 308
intpnt max_iterations (parameter), 308
intpnt_max_num_cor (parameter), 308

intpnt max num refinement _steps (parameter),

308
intpnt_nl merit_bal (parameter), 277
intpnt_nl_tol_dfeas (parameter), 278
intpnt_nl_tol mu_red (parameter), 278
intpnt_nl_tol near_rel (parameter), 278
intpnt_nl_tol_pfeas (parameter), 279
intpnt_nl tol rel gap (parameter), 279
intpnt_nl_tol_rel_step (parameter), 279
intpnt_num threads (parameter), 309
intpnt_off_col_trh (parameter), 309
intpnt_order method (parameter), 309

intpnt_regularization use (parameter), 310

intpnt_scaling (parameter), 310
intpnt_solve_form (parameter), 310
intpnt_starting point (parameter), 311
intpnt_tol_dfeas (parameter), 279
intpnt_tol_dsafe (parameter), 279
intpnt_tol_infeas (parameter), 280
intpnt_tol mu_red (parameter), 280
intpnt_tol_path (parameter), 280
intpnt_tol_pfeas (parameter), 281
intpnt_tol_psafe (parameter), 281
intpnt_tol_rel_gap (parameter), 281
intpnt_tol_rel step (parameter), 281
intpnt_tol_step_size (parameter), 282
Env.iomode, 467
iparvaltosymnam (Env method), 154
isdouparname (Task method), 207
isintparname (Task method), 207
isstrparname (Task method), 207
itr

Env.soltype.itr (example), 20, 33
itr_sol_file name (parameter), 361

library path

environment variable (Linux), 11
license_allow_overuse (parameter), 311
license_cache_time (parameter), 311
license_check_time (parameter), 312
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license_debug (parameter), 312
license_pause_time (parameter), 312
license_suppress_expire_wrns (parameter), 312
license_wait (parameter), 313
linear dependency check, 80
Linear network flow problems, 63
linear optimization, 19
linear problem, 59
linearity interval, 118
linkfiletoenvstream (Env method), 155
linkfiletotaskstream (Task method), 208
log

Env.streamtype.log (example), 20
log (parameter), 313
log bi (parameter), 313
log-bi_freq (parameter), 314
log_concurrent (parameter), 314
log_cut_second_opt (parameter), 314
log_factor (parameter), 315
log_feasrepair (parameter), 315
log file (parameter), 315
log head (parameter), 315
log_infeas_ana (parameter), 316
log_intpnt (parameter), 316
log mio (parameter), 316
log-mio_freq (parameter), 316
log nonconvex (parameter), 317
log optimizer (parameter), 317
log_order (parameter), 317
log_param (parameter), 317
log presolve (parameter), 318
log response (parameter), 318
log sensitivity (parameter), 318
log-sensitivity_opt (parameter), 318
log_sim (parameter), 319
log-sim_freq (parameter), 319
log_simminor (parameter), 319
log_sim network freq (parameter), 320
log_storage (parameter), 320
lower_obj_cut (parameter), 282
lower_obj_cut_finite_trh (parameter), 282
LP format, 493
lp_write_ignore_incompatible_items (parameter),

320

makefile examples, 10
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makefile examples (Linux), 13

makesolutionstatusunknown (Task method), 208

Env.mark, 467
matrix format

column ordered, 56

row ordered, 56

triplets, 56
max_num_warnings (parameter), 320
maxnumanz_double_trh (parameter), 321
mio_branch dir (parameter), 321
mio_branch priorities_use (parameter), 321
mio_construct_sol (parameter), 321
mio_cont_sol (parameter), 322
mio_cut_level _root (parameter), 322
mio_cut_level_tree (parameter), 323
mio_disable_term_time (parameter), 282
mio_feaspump_level (parameter), 323
mio heuristic_level (parameter), 323
mio heuristic_time (parameter), 283
mio_keep_basis (parameter), 324
mio_local_branch number (parameter), 324
mio_max num branches (parameter), 324
mio_max_num relaxs (parameter), 325
mio_max num_solutions (parameter), 325
mio max_time (parameter), 283
mio_max_time_aprx_opt (parameter), 283
mio_mode (parameter), 325
mio_near_tol_abs_gap (parameter), 284
mio near_tol_rel_gap (parameter), 284
mio_node_optimizer (parameter), 326
mio_node_selection (parameter), 326
mio_presolve_aggregate (parameter), 327
mio_presolve_probing (parameter), 327
mio_presolve_use (parameter), 327
mio_rel_add _cut_limited (parameter), 284
mio_root_optimizer (parameter), 328
mio_strong branch (parameter), 328
mio_tol_abs_gap (parameter), 285
mio_tol_abs_relax_int (parameter), 285
mio_tol_rel _gap (parameter), 285
mio_tol_rel relax_int (parameter), 285
mio_tol_x (parameter), 286
Env.miocontsoltype, 467
Env.miomode, 468
Env.mionodeseltype, 468
mixed integer optimization, 40, 93
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modelling
absolute value, 74
in cones, 67
market impact term, 76
Markowitz portfolio optimization, 75
minimizing a sum of norms, 68
portfolio optimization, 75
transaction costs, 76
mosek.jar
path to (Windows), 11
MPS format, 481
BOUNDS, 488
COLUMNS, 484
free, 492
NAME, 483
OBJNAME, 484
OBJSENSE, 483
QSECTION, 486
RANGES, 486
RHS, 485
ROWS, 484
Env.mpsformattype, 468
msg
Env.streamtype.msg (example), 20
Env.msgkey, 469

Network flow problems

embedded, 85

fomulating, 63

optimizing, 85
Env.networkdetect, 469
nonconvex max_iterations (parameter), 328
nonconvex_tol_feas (parameter), 286
nonconvex_tol_opt (parameter), 286

objective
defining, 20
linear, 20
quadratic, 63
vector, 59
objective-sense
Env.iparam.objective_sense (example), 20
objective_sense (parameter), 329
Env.objsense, 469
ok (response code), 436
Env.onoffkey, 469
OPF format, 501
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OPF, writing, 16
opf, writing

OPF, writing (example), 16
opf-write-hints

Env.iparam.opf_write_hints (example), 16
opf-write-parameters

Env.iparam.opf_write_parameters (example),

16
opf-write-problem

Env.iparam.opf_write_problem (example), 16

opf-write-solutions

Env.iparam.opf_write_solutions (example), 16

opf _max_terms_per_line (parameter), 329
opf_write header (parameter), 329
opf _write hints (parameter), 329
opf_write_parameters (parameter), 330
opf_write_problem (parameter), 330
opf_write_sol_bas (parameter), 330
opf_write_sol_itg (parameter), 330
opf_write_sol_itr (parameter), 331
opf_write_solutions (parameter), 331
optimal solution, 61
optimization

conic, 65

integer, 40, 93

mixed integer, 40, 93
optimize

Task.optimize (example), 16, 20, 124
optimize (Task method), 208
optimize-penalty

Env.optimizertype, 469
optimizetrm (Task method), 209
Optimizing

network flow problems, 85
ORD format, 515
Env.orderingtype, 470

parallel extensions, 87
parallel interior-point, 81
parallel optimizers

interior point, 81
parallel solution, 87
param_comment_sign (parameter), 361
param read_case name (parameter), 332
param read_file name (parameter), 362
param read_ign_error (parameter), 332
param write_file name (parameter), 362
Env.parametertype, 471
presolve, 79

eliminator, 80

linear dependency check, 80
presolve elim fill (parameter), 332
presolve_eliminator_use (parameter), 333
presolve_level (parameter), 333
presolve_lindep_use (parameter), 333
presolve_lindep work_lim (parameter), 333
presolve_tol_aij (parameter), 287
presolve_tol_lin dep (parameter), 287
presolve_tol_s (parameter), 287
presolve_tol_x (parameter), 287

Env.feasrepairtype.optimize_penalty (example),presolve_use (parameter), 334

112

optimizeconcurrent

Task.optimizeconcurrent (example), 90
optimizeconcurrent (Task method), 209
optimizer

Env.iparam.optimizer (example), 88
optimizer (parameter), 331
optimizer max_time (parameter), 286
optimizers

concurrent, 87

conic interior-point, 86

convex interior-point, 86

linear interior-point, 82

parallel, 87

simplex, 83

Env.presolvemode, 471
primal feasible, 60
primal certificate, 61
primal infeasible, 60, 61
primal-dual solution, 60
primalsensitivity
Task.primalsensitivity (example), 124
primalsensitivity (Task method), 210
print (Stream method), 161
problem element
bounds
constraint, 19
variable, 19
constraint
bounds, 19
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constraint matrix, 19

objective, linear, 19

variable

bounds, 19

variable vector, 19
Env.problemitem, 471
Env.problemtype, 471
probtypetostr (Task method), 212
Progress

constructors, 160
progress (Progress method), 160
Progress.Progress (constructor), 160
Env.prosta, 472
prostatostr (Task method), 212
putaij (Task method), 212
putaijlist (Task method), 213
putavec (Task method), 214
putaveclist (Task method), 214
putbound (Task method), 215
putboundlist (Task method), 216
putboundslice (Task method), 217
putcfix (Task method), 217
putcj (Task method), 218
putclist (Task method), 218
putcone (Task method), 218
putcpudefaults (Env method), 155
putdllpath (Env method), 155
putdouparam (Task method), 219
putintparam

Task.putintparam (example), 20
putintparam (Task method), 219
putkeepdlls (Env method), 156
putlicensedefaults (Env method), 156
putmaxnumanz (Task method), 219
putmaxnumcon (Task method), 220
putmaxnumcone (Task method), 220
putmaxnumgnz (Task method), 221
putmaxnumvar (Task method), 221
putnadouparam (Task method), 221
putnaintparam (Task method), 222
putname (Task method), 222
putnastrparam (Task method), 222
putobjname (Task method), 223
putobjsense (Task method), 223
putparam (Task method), 223
putgcon (Task method), 223
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putqconk

Task.putqconk (example), 33
putgconk (Task method), 224
putqobj

Task.putqobj (example), 30
putqgobj (Task method), 225
putqgobjij (Task method), 226
putsolution (Task method), 226
putsolutioni (Task method), 227
putsolutionyi (Task method), 228
putstrparam (Task method), 228
puttaskname (Task method), 229
putvarbranchorder (Task method), 229
putvartype (Task method), 229
putvartypelist (Task method), 230

Env.qreadtype, 473
quad

Env.conetype.quad (example), 36
quadratic constraint, 63
quadratic constraints, example, 32
quadratic objective, 63
quadratic objective, example, 29
quadratic optimization, 29, 63
quadratic problem, 29

read_add_anz (parameter), 334
read_add_con (parameter), 334
read_add_cone (parameter), 335
read_add _qnz (parameter), 335
read_add_var (parameter), 335
read_anz (parameter), 335

read_con (parameter), 336

read_cone (parameter), 336
read_data_compressed (parameter), 336
read_data_format (parameter), 336
read keep_free_con (parameter), 337
read_lp_drop_new_vars_in_bou (parameter), 337
read_lp_quoted names (parameter), 337
read mps_bou_name (parameter), 362
read mps_format (parameter), 338

read mps_keep_int (parameter), 338
read mps_obj_name (parameter), 362
read mps_obj_sense (parameter), 338
read mps_quoted_names (parameter), 339
read mps_ran name (parameter), 363
read mps_relax (parameter), 339
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read mps_rhs_name (parameter), 363

read mps_width (parameter), 339
read_q-mode (parameter), 339

read_qnz (parameter), 340
read_task_ignore_param (parameter), 340
read var (parameter), 340

readbranchpriorities (Task method), 230

readdata

Task.readdata (example), 16, 112
readdata (Task method), 230
readparamfile (Task method), 231
readsolution (Task method), 231
readsummary (Task method), 231
relaxation, continuous, 93
relaxprimal

Task.relaxprimal (example), 112
relaxprimal (Task method), 232
remove (Task method), 234
removecone (Task method), 234
Env.rescodetype, 473
resizetask (Task method), 235
rquad

Env.conetype.rquad (example), 36

scaling, 81
Env.scalingtype, 473
sensitivity analysis, 117

basis type, 119

optimal partition type, 120
sensitivity_all (parameter), 341
sensitivity_file name (parameter), 363
sensitivity_optimizer (parameter), 341

sensitivity res_file name (parameter), 363

sensitivity_type (parameter), 341
sensitivityreport (Task method), 235
Env.sensitivitytype, 474
set_Stream (Env method), 156
set_Stream (Task method), 236
setdefaults (Task method), 236
setup

Linux platform, 11

Microsoft Windows platform, 9
shadow price, 118
sim degen (parameter), 342
sim_dual_crash (parameter), 342

sim dual restrict_selection (parameter), 342
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sim dual_selection (parameter), 343
sim hotstart (parameter), 343
sim max_iterations (parameter), 344
sim_max_num_setbacks (parameter), 344
sim network detect (parameter), 344
sim network detect_hotstart (parameter), 345
sim network_detect method (parameter), 345
sim non_singular (parameter), 345
sim_primal_crash (parameter), 346
sim primal _restrict_selection (parameter), 346
sim_primal_selection (parameter), 346
sim refactor_freq (parameter), 347
sim_save_lu (parameter), 347
sim_scaling (parameter), 347
sim_solve_form (parameter), 348
sim_stability priority (parameter), 348
sim_switch optimizer (parameter), 348
Env.simdegen, 474
Env.simhotstart, 474
simplex optimizer, 83
simplex_abs_tol_piv (parameter), 288
Env.simseltype, 474
sktostr (Task method), 236
sol_filter _keep_basic (parameter), 349
sol_filter keep._ranged (parameter), 349
sol_filter_xc_low (parameter), 364
sol_filter_xc_upr (parameter), 364
sol_filter_xx_low (parameter), 364
sol_filter xx upr (parameter), 365
sol_quoted names (parameter), 349
sol_read name_width (parameter), 349
sol_read width (parameter), 350
Env.solitem, 475
Env.solsta, 475
solstatostr (Task method), 236
Env.soltype, 476
solution, primal-dual, 60
solution, optimal, 61
solution_callback (parameter), 350
solutiondef (Task method), 237
solutionsummary

Task.solutionsummary (example), 16, 20, 90
solutionsummary (Task method), 237
Env.solveform, 477
solvewithbasis (Task method), 237
sparse vector, 56
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Env.stakey, 477
Env.startpointtype, 477
startstat (Task method), 238
stat_file name (parameter), 365
stat_key (parameter), 365
stat_name (parameter), 365
stopstat (Task method), 239
Stream

constructors, 160
stream

attaching, 20
Stream.Stream (constructor), 160
Env.streamtype, 478
strtoconetype (Task method), 239
strtosk (Task method), 239

Task

constructors, 161
task, creatig, 16
Task.Task (constructor), 161
thread safety, 134
trm_internal (response code), 436
trm_internal_stop (response code), 436
trmmax_iterations (response code), 436
trm_max_num_setbacks (response code), 436
trm max_time (response code), 437
trm mio_near_abs_gap (response code), 437
trm mio_near _rel_gap (response code), 437
trm mio_num branches (response code), 437
trmmio_num relaxs (response code), 437
trm_num max num_int_solutions (response code),

438

trm numerical _problem (response code), 438
trm_objective_range (response code), 438
trm_stall (response code), 438
trm_user_break (response code), 439
trm_user_callback (response code), 439

undefsolution (Task method), 239
upper_obj_cut (parameter), 288
upper_obj_cut_finite trh (parameter), 288

Env.value, 478
variables
decision, 59, 481
lower limit, 60, 481
number of, 19
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upper limit, 60, 481
Env.variabletype, 478
vector format

full, 55

sparse, 56

Warning

constructors, 241
Warning.Warning (constructor), 241
warning level (parameter), 350
write-data-format

Env.iparam.write_data_format (example), 16
write_bas_constraints (parameter), 351
write_bas_head (parameter), 351
write_bas_variables (parameter), 351
write_data_compressed (parameter), 351
write_data_format (parameter), 352
write_data_param (parameter), 352
write_free_con (parameter), 352
write_generic_names (parameter), 353
write_generic names_io (parameter), 353
write_int_constraints (parameter), 353
write_int_head (parameter), 353
write_int_variables (parameter), 354
write_lp_gen_var name (parameter), 366
write_lp_line width (parameter), 354
write_lp_quoted names (parameter), 354
write_lp_strict_format (parameter), 354
write_lp_terms_per_line (parameter), 355
write mps_int (parameter), 355
write mps_obj_sense (parameter), 355
write mps_quoted names (parameter), 356
write mps_strict (parameter), 356
write_precision (parameter), 356
write_sol_constraints (parameter), 356
write_sol head (parameter), 357
write_sol variables (parameter), 357
write_task_inc_sol (parameter), 357
write_xml mode (parameter), 358
writebranchpriorities (Task method), 240
writedata

Task.writedata (example), 16
writedata (Task method), 240
writeparamfile (Task method), 241
writesolution (Task method), 241
wrn_dropped nz_qobj (response code), 439
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wrn_eliminator_space (response code), 439
wrn_empty_name (response code), 439
wrn_fixed bound values (response code), 439
wrn_ignore_integer (response code), 440
wrn_large_aij (response code), 440
wrn_large_bound (response code), 440
wrn_large_cj (response code), 440
wrn_large_lo_bound (response code), 441
wrn_large_up_bound (response code), 441
wrn_license_expire (response code), 441
wrn_license_feature_expire (response code), 441
wrn_license_server (response code), 441
wrn_lp_drop_variable (response code), 441
wrn_lp_old_quad_format (response code), 442
wrn mio_infeasible final (response code), 442
wrn_mps_split_bou_vector (response code), 442
wrn mps_split_ran vector (response code), 442
wrnmps_split_rhs_vector (response code), 443
wrn_name max_len (response code), 443
wrn no_global optimizer (response code), 443
wrn_noncomplete_linear_dependency_check (re-
sponse code), 443
wrnnz_in upr_tri (response code), 443
wrn_open_param file (response code), 444
wrn_presolve_bad precision (response code), 444
wrn_presolve_outofspace (response code), 444
wrn_sol_filter (response code), 444
wrn_spar max_len (response code), 444
wrn_too_few_basis_vars (response code), 444
wrn_too_many basis_vars (response code), 445
wrn_undef_sol_file name (response code), 445
wrn_using generic_names (response code), 445
wrn_write_discarded_cfix (response code), 445
wrn_zero_aij (response code), 445
wrn_zeros_in sparse_data (response code), 446

xml format, 513
Env.xmlwriteroutputtype, 478
XX

Env.solitem.xx (example), 20, 33
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