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Model Data
Java API

. .NET API
Gurobi

Interactive Python API

Shell Gurobi Algorithms
MATLAB API

Gurobi
Command
Line Solution Data

This is the reference manual for the Gurobi™ Optimizer. It contains documentation for the
following Gurobi language interfaces:

o C

o C++

Java®)

Microsoft®.NET

Python®
e MATLAB®
e R

The Gurobi interactive shell is also documented in the Python section.

The different Gurobi language interfaces share many common features. These are described at
the end of this manual. Two particularly important common features are the Attribute interface
and the Gurobi Parameter set. You may wish to bookmark these pages, since you are likely to refer
to them frequently as you develop applications that use the Gurobi Optimizer.

Additional Topics

This document covers a number of additional topics, which are listed here:

e Variables and Constraints
o Attributes

e Parameters
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e Optimization Status Codes
e Callback Codes

e Error Codes

e File Formats

e Logging

e Command-Line Tool

e Solution Pool

e Multiple Objectives

e Recording API Calls

e Concurrent Optimizer

e Parameter Tuning Tool

e Remote Services

e Distributed Parallel Algorithms
e Compute Server

e Instant Cloud

Additional Resources

You can consult the Gurobi Quick Start for a high-level overview of the Gurobi Optimizer, or the
Gurobi Example Tour for a quick tour of the examples provided with the Gurobi distribution.

Getting Help
If you have a question that is not answered in this document, you can post it to the Gurobi

Google Group. If you have a current maintenance contract with us, you can send your question to
support@gurobi.com.
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C API Overview

This section documents the Gurobi C interface. This manual begins with a quick overview of the
functions in the interface, and continues with detailed descriptions of all of the available interface
routines.

If you are new to the Gurobi Optimizer, we suggest that you start with the Quick Start Guide
or the Example Tour. These documents provide concrete examples of how to use the routines
described here.

Environments

The first step in using the Gurobi C optimizer is to create an environment, using the GRBloadenv
call. The environment acts as a container for all data associated with a set of optimization runs. You
will generally only need one environment in your program, even if you wish to work with multiple
optimization models. Once you are done with an environment, you should call GRBfreeenv to
release the associated resources.

Models

You can create one or more optimization models within an environment. A model consists of a set of
variables, a linear, quadratic, or piecewise-linear objective function on those variables, and a set of
constraints. Each variable has an associated lower bound, upper bound, type (continuous, binary,
integer, semi-continuous, or semi-integer), and linear objective coefficient. Each linear constraint
has an associated sense (less-than-or-equal, greater-than-or-equal, or equal), and right-hand side
value. Refer to this section for more information on variables and constraints.

An optimization model may be specified all at once, through the GRBloadmodel routine, or
built incrementally, by first calling GRBnewmodel and then calling GRBaddvars to add variables
and GRBaddconstr, GRBaddqconstr, GRBaddsos, or any of the GRBaddgenconstrXxx methods to
add constraints. Models are dynamic entities; you can always add or delete variables or constraints.

Specific variables and constraints are referred to throughout the Gurobi C interface using their
indices. Variable indices are assigned as variables are added to the model, in a contiguous fashion.
The same is true for constraints. In adherence to C language conventions, indices all start at 0.

We often refer to the class of an optimization model. A model with a linear objective function,
linear constraints, and continuous variables is a Linear Program (LP). If the objective is quadratic,
the model is a Quadratic Program (QP). If any of the constraints are quadratic, the model is a
Quadratically-Constrained Program (QCP). We’ll sometimes also discuss a special case of QCP, the
Second-Order Cone Program (SOCP). If the model contains any integer variables, semi-continuous
variables, semi-integer variables, Special Ordered Set (SOS) constraints, or general constraints, the
model is a Mized Integer Program (MIP). We’ll also sometimes discuss special cases of MIP, in-
cluding Mized Integer Linear Programs (MILP), Mixed Integer Quadratic Programs (MIQP), Mized
Integer Quadratically-Constrained Programs (MIQCP), and Mized Integer Second-Order Cone Pro-
grams (MISOCP). The Gurobi Optimizer handles all of these model classes.
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Solving a Model

Once you have built a model, you can call GRBoptimize to compute a solution. By default,
GRBoptimize () will use the concurrent optimizer to solve LP models, the barrier algorithm to
solve QP and QCP models, and the branch-and-cut algorithm to solve mixed integer models. The
solution is stored as a set of attributes of the model. The C interface contains an extensive set of
routines for querying these attributes.

The Gurobi algorithms keep careful track of the state of the model, so calls to GRBoptimize ()
will only perform further optimization if relevant data has changed since the model was last op-
timized. If you would like to discard previously computed solution information and restart the
optimization from scratch without changing the model, you can call GRBresetmodel.

After a MIP model has been solved, you can call GRBfixedmodel to compute the associated
fixzed model. This model is identical to the input model, except that all integer variables are fixed
to their values in the MIP solution. In some applications, it is useful to compute information on
this continuous version of the MIP model (e.g., dual variables, sensitivity information, etc.).

Multiple Solutions and Multiple Objectives

By default, the Gurobi Optimizer assumes that your goal is to find one proven optimal solution to
a model with a single objective function. Gurobi provides features that allow you to relax either
of these assumptions. You should refer to the section on Solution Pools for information on how to
request more than one solution, or the section on Multiple Objectives for information on how to
specify multiple objective functions and control the tradeoff between them.

Infeasible Models

You have a few options if a model is found to be infeasible. You can try to diagnose the cause
of the infeasibility, attempt to repair the infeasibility, or both. To obtain information that can be
useful for diagnosing the cause of an infeasibility, call GRBcomputellS to compute an Irreducible
Inconsistent Subsystem (IIS). This routine can be used for both continuous and MIP models, but
you should be aware that the MIP version can be quite expensive. This routine populates a set of
IIS attributes.

To attempt to repair an infeasibility, call GRBfeasrelax to compute a feasibility relaxation for
the model. This relaxation allows you to find a solution that minimizes the magnitude of the
constraint violation.

Querying and Modifying Attributes

Most of the information associated with a Gurobi model is stored in a set of attributes. Some
attributes are associated with the variables of the model, some with the constraints of the model,
and some with the model itself. To give a simple example, solving an optimization model causes
the X variable attribute to be populated. Attributes such as X that are computed by the Gurobi
optimizer cannot be modified directly by the user, while others, such as the variable lower bound
array (the LB attribute) can.

The Gurobi C interface contains an extensive set of routines for querying or modifying attribute
values. The exact routine to use for a particular attribute depends on the type of the attribute.
As mentioned earlier, attributes can be either variable attributes, constraint attributes, or model
attributes. Variable and constraint attributes are arrays, and use a set of array attribute routines.
Model attributes are scalars, and use a set of scalar routines. Attribute values can additionally be
of type char, int, double, or string (really char *).

32



Scalar model attributes are accessed through a set of GRBget*attr () routines (e.g., GRBget-
intattr). In addition, those model attributes that can be set directly by the user (e.g., the objective
sense) may be modified through the GRBset*attr () routines (e.g., GRBsetdblattr).

Array attributes are accessed through three sets of routines. The first set, the GRBget*attrarray ()
routines (e.g., GRBgetcharattrarray) return a contiguous sub-array of the attribute array, specified
using the index of the first member and the length of the desired sub-array. The second set, the
GRBget*attrelement () routines (e.g., GRBgetcharattrelement) return a single entry from the at-
tribute array. Finally, the GRBget*attrlist () routines (e.g., GRBgetdblattrlist) retrieve attribute
values for a list of indices.

Array attributes that can be set by the user are modified through the GRBset*attrarray(),
GRBset*attrelement (), and GRBset*attrlist() routines.

The full list of Gurobi attributes can be found in the Attributes section.

Additional Model Modification Information

Most modifications to an existing model are done through the attribute interface (e.g., changes to
variable bounds, constraint right-hand sides, etc.). The main exceptions are modifications to the
constraints themselves, and to the quadratic and piecewise-linear portions of the objective function.

The constraint matrix can be modified in a few ways. The first is to call GRBchgcoeffs to
change individual matrix coefficients. This routine can be used to modify the value of an existing
non-zero, to set an existing non-zero to zero, or to create a new non-zero. The constraint ma-
trix is also modified when you remove constraints (through GRBdelconstrs) or variables (through
GRBdelvars). The non-zero values associated with the deleted constraints or variables are removed
along with the constraints or variables themselves.

Quadratic objective terms are added to the objective function using the GRBaddgpterms rou-
tine. You can add a list of quadratic terms in one call, or you can add terms incrementally through
multiple calls. The GRBdelq routine allows you to delete all quadratic terms from the model. Note
that quadratic models will typically have both quadratic and linear terms. Linear terms are entered
and modified through the Obj attribute, in the same way that they are handled for models with
purely linear objective functions.

If your variables have piecewise-linear objectives, you can specify them using the GRBsetpwlobj
routine. Call this routine once for each relevant variable. The Gurobi simplex solver includes
algorithmic support for convex piecewise-linear objective functions, so for continuous models you
should see a substantial performance benefit from using this feature. To clear a previously specified
piecewise-linear objective function, simply set the Obj attribute on the corresponding variable to
0.

Lazy Updates

One important item to note about model modification in the Gurobi optimizer is that it is performed
in a lazy fashion, meaning that modifications don’t affect the model immediately. Rather, they
are queued and applied later. If your program simply creates a model and solves it, you will
probably never notice this behavior. However, if you ask for information about the model before
your modifications have been applied, the details of the lazy update approach may be relevant to
you.

As we just noted, model modifications (bound changes, right-hand side changes, objective
changes, etc.) are placed in a queue. These queued modifications can be applied to the model
in three different ways. The first is by an explicit call to GRBupdatemodel. The second is by a
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call to GRBoptimize. The third is by a call to GRBwrite to write out the model. The first case
gives you fine-grained control over when modifications are applied. The second and third make the
assumption that you want all pending modifications to be applied before you optimize your model
or write it to disk.

Why does the Gurobi interface behave in this manner? There are a few reasons. The first is
that this approach makes it much easier to perform multiple modifications to a model, since the
model remains unchanged between modifications. The second is that processing model modifica-
tions can be expensive, particularly in a Compute Server environment, where modifications require
communication between machines. Thus, it is useful to have visibility into exactly when these
modifications are applied. In general, if your program needs to make multiple modifications to
the model, you should aim to make them in phases, where you make a set of modifications, then
update, then make more modifications, then update again, etc. Updating after each individual
modification can be extremely expensive.

If you forget to call update, your program won’t crash. Your query will simply return the value
of the requested data from the point of the last update. If the object you tried to query didn’t
exist then, you’ll get an INDEX_OUT_OF_RANGE error instead.

The semantics of lazy updates have changed in this release. While the vast majority of programs
will continue to work unmodified, you can use the UpdateMode parameter to revert to the previous
behavior if you run into an issue.

Managing Parameters

The Gurobi optimizer provides a set of parameters that allow you to control many of the details of
the optimization process. Factors like feasibility and optimality tolerances, choices of algorithms,
strategies for exploring the MIP search tree, etc., can be controlled by modifying Gurobi param-
eters before beginning the optimization. Parameters are set using the GRBset*param() routines
(e.g., GRBsetintparam). Current values can be retrieved with the GRBget*param() routines (e.g.,
GRBgetdblparam). Parameters can be of type int, double, or char * (string). You can also read a
set of parameter settings from a file using GRBreadparams, or write the set of changed parameters
using GRBwriteparams.

We also include an automated parameter tuning tool that explores many different sets of pa-
rameter changes in order to find a set that improves performance. You can call GRBtunemodel to
invoke the tuning tool on a model. Refer to the parameter tuning tool section for more information.

One thing we should note is that each model gets its own copy of the environment when it
is created. Parameter changes to the original environment therefore have no effect on existing
models. Use GRBgetenv to retrieve the environment associated with a particular model if you
want to change a parameter for that model.

Monitoring Progress - Logging and Callbacks

Progress of the optimization can be monitored through Gurobi logging. By default, Gurobi will
send output to the screen. A few simple controls are available for modifying the default logging
behavior. If you would like to direct output to a file as well as to the screen, specify the log file
name in GRBloadenv when you create your environment. You can modify the LogFile parameter
if you wish to redirect the log to a different file after creating the environment. The frequency of
logging output can be controlled with the DisplayInterval parameter, and logging can be turned off
entirely with the OutputFlag parameter. A detailed description of the Gurobi log file can be found
in the Logging section.
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More detailed progress monitoring can be done through the Gurobi callback function. The
GRBsetcallbackfunc routine allows you to install a function that the Gurobi optimizer will call
regularly during the optimization process. You can call GRBcbget from within the callback to
obtain additional information about the state of the optimization.

Modifying Solver Behavior - Callbacks

Callbacks can also be used to modify the behavior of the Gurobi optimizer. If you call routine
GRBterminate from within a callback, for example, the optimizer will terminate at the earliest
convenient point. Routine GRBcbsolution allows you to inject a feasible solution (or partial solu-
tion) during the solution of a MIP model. Routines GRBcbcut and GRBcblazy allow you to add
cutting planes and lazy constraints during a MIP optimization, respectively.

Error Handling

Most of the Gurobi C library routines return an integer error code. A zero return value indicates
that the routine completed successfully, while a non-zero value indicates that an error occurred.
The list of possible error return codes can be found in the Error Codes section.

When an error occurs, additional information on the error can be obtained by calling GRBgeter-
rormsg.
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2.1 Environment Creation and Destruction
GRBloadenv

int GRBloadenv ( GRBenv **envP,
const char *logfilename )

Create an environment. Optimization models live within an environment, so this is typically
the first Gurobi routine called in an application.

In addition to creating a new environment, this routine will also check the current working
directory for a file named gurobi.env, and it will attempt to read parameter settings from this file
if it exists. The file should be in PRM format (briefly, each line should contain a parameter name,
followed by the desired value for that parameter).

In general, you should aim to create a single Gurobi environment in your program, even if you
plan to work with multiple models. Reusing one environment is much more efficient than creating
and destroying multiple environments.

Return value:

A non-zero return value indicates that there was a problem creating the environment. Refer
to the Error Code table for a list of possible return values.

Arguments:

envP: The location in which the pointer to the newly created environment should be placed.
logfilename: The name of the log file for this environment. May be NULL (or an empty
string), in which case no log file is created.

GRBloadclientenv

int GRBloadclientenv ( GRBenv **envP,
const char *logfilename,
const char *computeserver,

int port,

const char *password,
int priority,
double timeout )

Create a client environment on a compute server. Optimization models live within an environ-
ment, so this is typically the first Gurobi routine called in an application. This call specifies the
compute server on which those optimization models will be solved, as well as the priority of the
associated jobs.

In addition to creating a new environment, this routine will also check the current working
directory for a file named gurobi.env, and it will attempt to read parameter settings from this file
if it exists. The file should be in PRM format (briefly, each line should contain a parameter name,
followed by the desired value for that parameter).

In general, you should aim to create a single Gurobi environment in your program, even if you
plan to work with multiple models. Reusing one environment is much more efficient than creating
and destroying multiple environments.

Return value:

A non-zero return value indicates that there was a problem creating the environment. Refer
to the Error Code table for a list of possible return values.
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Arguments:

envP: The location in which the pointer to the newly created environment should be placed.

logfilename: The name of the log file for this environment. May be NULL (or an empty
string), in which case no log file is created.

computeserver: A comma-separated list of Gurobi compute servers. You can refer to
compute server machines using their names or their IP addresses.

port: The port number used to connect to the compute server. You should pass a -1 value,
which indicates that the default port should be used, unless your server administrator has
changed our recommended port settings.

password: The password for gaining access to the specified compute servers. Pass an empty
string if no password is required.

priority: The priority of the job. Priorities must be between -100 and 100, with a default
value of 0 (by convention). Higher priority jobs are chosen from the server job queue
before lower priority jobs. A job with priority 100 runs immediately, bypassing the job
queue and ignoring the job limit on the server. You should exercise caution with priority
100 jobs, since they can severely overload a server, which can cause jobs to fail, and in
extreme cases can cause the server to crash.

timeout: Job timeout (in seconds). If the job doesn’t reach the front of the queue before
the specified timeout, the call will exit with a JOB_REJECTED error. Use a negative value
to indicate that the call should never timeout.

Example usage:
GRBenv *env;
error = GRBloadclientenv(&env, "gurobi.log",
"serverl.mydomain.com,server2.mydomain.com", -1,
"5, -1.0);

GRBloadcloudenv

int GRBloadcloudenv ( GRBenv **xenvP,
const char x*logfilename,
const char *accessID,
const char *secretKey,
const char *pool )

Create a Gurobi Instant Cloud environment. Optimization models live within an environment,
so this is typically the first Gurobi routine called in an application. This call will use an existing
Instant Cloud machine if one is currently running within the specified machine pool, and it will
launch a new one otherwise. Note that launching a new machine can take a few minutes.

You should visit the Gurobi Instant Cloud site to obtain your accessID and secretKey, con-
figure your machine pools, and perform other cloud setup and maintenance tasks.

You should keep your secretKey private. Sharing it with others will allow them to launch
Instant Cloud instances in your account.

In addition to creating a new environment, this routine will also check the current working
directory for a file named gurobi.env, and it will attempt to read parameter settings from this file
if it exists. The file should be in PRM format (briefly, each line should contain a parameter name,
followed by the desired value for that parameter).
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In general, you should aim to create a single Gurobi environment in your program, even if you
plan to work with multiple models. Reusing one environment is much more efficient than creating
and destroying multiple environments.

Return value:

A non-zero return value indicates that there was a problem creating the environment. Refer
to the Error Code table for a list of possible return values.

Arguments:

envP: The location in which the pointer to the newly created environment should be placed.

logfilename: The name of the log file for this environment. May be NULL (or an empty
string), in which case no log file is created.

accessID: The access ID for your Gurobi Instant Cloud license. This can be retrieved from
the Gurobi Instant Cloud website. When used in combination with your secretKey, this
allows you to launch Instant Cloud instances and submit jobs to them.

secretKey: The secret key for your Gurobi Instant Cloud license. This can be retrieved
from the Gurobi Instant Cloud website. When used in combination with your accessID,
this allows you to launch Instant Cloud instances and submit jobs to them. Note that you
should keep your secret key private.

pool: The machine pool. Machine pools allow you to create fixed configurations on the
Instant Cloud website (capturing things like type of machine, geographic region, etc.),
and then launch and share machines from client programs without having to restarte the
configuration information each time you launch a machine. May be NULL (or an empty
string), in which case your job will be launched in the default pool associated with your
cloud license.

Example usage:
GRBenv *env;

error = GRBloadcloudenv(&env, "gurobi.log",
"3dlecef9-dfad-eff4-b3fa", "ae6L23alJe3+fas", "");

GRBfreeenv

‘void GRBfreeenv ( GRBenv *env )

Free an environment that was previously allocated by GRBloadenv, and release the associated
memory. This routine should be called when an environment is no longer needed. In particular, it
should only be called once all models built using the environment have been freed.

Arguments:

env: The environment to be freed.

GRBgetconcurrentenv

GRBenv * GRBgetconcurrentenv ( GRBmodel *model,
int num )

Create/retrieve a concurrent environment for a model.

This routine provides fine-grained control over the concurrent optimizer. By creating your
own concurrent environments and setting appropriate parameters on these environments (e.g., the
Method parameter), you can control exactly which strategies the concurrent optimizer employs.
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For example, if you create two concurrent environments, and set Method to primal simplex for
one and dual simplex for the other, subsequent concurrent optimizer runs will use the two simplex
algorithms rather than the default choices.

Note that you must create contiguously numbered concurrent environments, starting with
num=0. For example, if you want three concurrent environments, they must be numbered 0, 1,
and 2.

Once you create concurrent environments, they will be used for every subsequent concurrent
optimization on that model. Use GRBdiscardconcurrentenvs to revert back to default concurrent
optimizer behavior.

Return value:

The concurrent environment. A NULL return value indicates that there was a problem
creating the environment.

Arguments:

model: The model for the concurrent environment.
num: The concurrent environment number.

Example usage:
GRBenv *env0

GRBenv *envl

GRBgetconcurrentenv(model, 0);
GRBgetconcurrentenv(model, 1);

GRBgetmultiobjenv

GRBenv* GRBgetmultiobjenv ( GRBmodel #*model,
int num )

Create/retrieve a multi-objective environment for the objective with the given index. This
environment enables fine-grained control over the multi-objective optimization process. Specifically,
by changing parameters on this environment, you modify the behavior of the optimization that
occurs during the corresponding pass of the multi-objective optimization.

Each multi-objective environment starts with a copy of the current model environment.

Please refer to the discussion of Multiple Objectives for information on how to specify multiple
objective functions and control the tradeoff between them.

Return value:

The environment associated with a given multiobjective number in the model. A NULL
return value indicates that there was a problem retrieving the environment.

Arguments:

model: The model from where we want to retrieve the multiobjecitve environment.
num: The multiobjective number.

Example usage:
GRBenv *env0O = GRBgetmultiobjenv(model,O) ;

GRBenv *envl = GRBgetmultiobjenv(model,1);

GRBsetintparam(envO, "Method", 2);
GRBsetintparam(envl, "Method", 1);

GRBoptimize (model) ;

GRBdiscardmultiobjenvs(model) ;
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GRBdiscardconcurrentenvs

‘void GRBdiscardconcurrentenvs ( GRBmodel * model )

Discard concurrent environments for a model.
The concurrent environments created by GRBgetconcurrentenv will be used by every subsequent
call to the concurrent optimizer until the concurrent environments are discarded.
Arguments:
model: The model for the concurrent environment.
Example usage:
GRBdiscardconcurrentenvs (model) ;

GRBdiscardmultiobjenvs

| void GRBdiscardmultiobjenvs ( GRBmodel *model )

Discard all multi-objective environments associated with the model, thus restoring multi objec-
tive optimization to its default behavior.
Please refer to the discussion of Multiple Objectives for information on how to specify multiple
objective functions and control the tradeoff between them.
Arguments:
model: The model in which all multi objective environments will be discarded.
Example usage:
GRBenv *env0 = GRBgetmultiobjenv(model,O);
GRBenv *envl = GRBgetmultiobjenv(model,1);

GRBsetintparam(envO, "Method", 2);
GRBsetintparam(envl, "Method", 1);

GRBoptimize (model) ;

GRBdiscardmultiobjenvs(model) ;
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2.2 Model Creation and Modification

GRBloadmodel

int GRBloadmodel (

GRBenv
GRBmodel
const char
int

int

int

double
double
char
double

int

int

int

double
double
double
char

const char
const char

*env,
*x*modelP,
*Pname,
numvars,
numconstrs,
objsense,
objcon,
*obj,
*sense,
*rhs,
*vbeg,
*vlen,
*vind,
*vval,

*1b,

*ub,
*vtype,
*kyarnames,
*xconstrnames )

Create a new optimization model, using the provided arguments to initialize the model data
(objective function, variable bounds, constraint matrix, etc.). The model is then ready for opti-
mization, or for modification (e.g., addition of variables or constraints, changes to variable types

or bounds, etc.).

If your constraint matrix may contain more than 2 billion non-zero values, you should consider
using the GRBXloadmodel variant of this routine.

Return value:

A non-zero return value indicates that a problem occurred while creating the model. Refer
to the Error Code table for a list of possible return values. Details on the error can be
obtained by calling GRBgeterrormsg.

Arguments:

env: The environment in which the new model should be created. Note that the new model
gets a copy of this environment, so subsequent modifications to the original environment
(e.g., parameter changes) won’t affect the new model. Use GRBgetenv to modify the
environment associated with a model.

modelP: The location in which the pointer to the newly created model should be placed.

Pname: The name of the model.

numvars: The number of variables in the model.

numconstrs: The number of constraints in the model.

objsense: The sense of the objective function. Allowed values are 1 (minimization) or -1

(maximization).

objcon: Constant objective offset.

41



obj: Objective coefficients for the new variables. This argument can be NULL, in which case
the objective coefficients are set to 0.0.

sense: The senses of the new constraints. Options are >=’ (equal), ’<’ (less-than-or-equal),
or ’>’ (greater-than-or-equal). You can also use constants GRB_EQUAL, GRB_LESS_EQUAL,
or GRB_GREATER_EQUAL.

rhs: Right-hand-side values for the new constraints. This argument can be NULL if you are
not adding any constraint.

vbeg: Constraint matrix non-zero values are passed into this routine in Compressed Sparse
Column (CSC) format. Each column in the constraint matrix is represented as a list of
index-value pairs, where each index entry provides the constraint index for a non-zero
coefficient, and each value entry provides the corresponding non-zero value. Each variable
in the model has a vbeg and vlen value, indicating the start position of the non-zeros for
that variable in the vind and vval arrays, and the number of non-zero values for that
variable, respectively. Thus, for example, if vbeg[2] = 10 and vlen[2] = 2, that would
indicate that variable 2 has two non-zero values associated with it. Their constraint indices
can be found in vind[10] and vind[11], and the numerical values for those non-zeros
can be found in vval[10] and vval[11].

vlen: Number of constraint matrix non-zero values associated with each variable. See the
description of the vbeg argument for more information.

vind: Constraint indices associated with non-zero values. See the description of the vbeg
argument for more information.

vval: Numerical values associated with constraint matrix non-zeros. See the description of
the vbeg argument for more information.

1b: Lower bounds for the new variables. This argument can be NULL, in which case all
variables get lower bounds of 0.0.

ub: Upper bounds for the new variables. This argument can be NULL, in which case all
variables get infinite upper bounds.

vtype: Types for the variables. Options are GRB_CONTINUOUS, GRB_BINARY, GRB_INTEGER,
GRB_SEMICONT, or GRB_SEMIINT. This argument can be NULL, in which case all variables
are assumed to be continuous.

varnames: Names for the new variables. This argument can be NULL, in which case all
variables are given default names.

constrnames: Names for the new constraints. This argument can be NULL, in which case
all constraints are given default names.

Important notes:
We recommend that you build a model one constraint or one variable at a time, using GRBad-

dconstr or GRBaddvar, rather than using this routine to load the entire constraint matrix at once.
It is much simpler, less error prone, and it introduces no significant overhead.

Example usage:

/* maximize X+ y+2z
subject to x+ 2y + 3z <=4
x+ y >= 1

X, y, z binary */

int vars 3;

2;

int constrs
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int vbegl[l = {0, 2, 43};

int vlien[]l = {2, 2, 1};

int vind[] = {0, 1, 0, 1, 0};

double vval[] = {1.0, 1.0, 2.0, 1.0, 3.0%};

double obj[] {1.0, 1.0, 2.03};

char  sense[] = {GRB_LESS_EQUAL, GRB_GREATER_EQUAL};
double rhs[] {4.0, 1.0%};

char vtypel[] = {GRB_BINARY, GRB_BINARY, GRB_BINARY};

error = GRBloadmodel(env, &model, "example", vars, constrs, -1, 0.0,
obj, sense, rhs, vbeg, vlen, vind, vval,
NULL, NULL, vtype, NULL, NULL);

GRBnewmodel

int GRBnewmodel ( GRBenv *env,
GRBmodel **xmodelP,
const char *Pname,

int numvars,
double *obj,
double *1b,
double *ub,
char *vtype,

const char **varnames )
Create a new optimization model. This routine allows you to specify an initial set of vari-
ables (with objective coefficients, bounds, types, and names), but the initial model will have no
constraints. Constraints can be added later with GRBaddconstr or GRBaddconstrs.
Return value:
A non-zero return value indicates that a problem occurred while creating the new model.
Refer to the Error Code table for a list of possible return values. Details on the error can
be obtained by calling GRBgeterrormsg.
Arguments:
env: The environment in which the new model should be created. Note that the new
model will get a copy of this environment, so subsequent modifications to the original
environment (e.g., parameter changes) won’t affect the new model. Use GRBgetenv to
modify the environment associated with a model.
modelP: The location in which the pointer to the new model should be placed.
Pname: The name of the model.
numvars: The number of variables in the model.
obj: Objective coefficients for the new variables. This argument can be NULL, in which case
the objective coefficients are set to 0.0.
1b: Lower bounds for the new variables. This argument can be NULL, in which case all
variables get lower bounds of 0.0.
ub: Upper bounds for the new variables. This argument can be NULL, in which case all
variables get infinite upper bounds.
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vtype: Types for the variables. Options are GRB_CONTINUQUS, GRB_BINARY, GRB_INTEGER,
GRB_SEMICONT, or GRB_SEMIINT. This argument can be NULL, in which case all variables
are assumed to be continuous.

varnames: Names for the new variables. This argument can be NULL, in which case all
variables are given default names.

Example usage:

double obj[] = {1.0, 1.0%};
char *names[] = {"varl", "var2"};
error = GRBnewmodel(env, &model, "New", 2, obj, NULL, NULL, NULL, names);

GRBcopymodel

| GRBmodel * GRBcopymodel ( GRBmodel #model )

Create a copy of an existing model.
Return value:
A copy of the input model. A NULL return value indicates that a problem was encountered.
Arguments:
model: The model to copy.
Example usage:
GRBmodel *copy = GRBcopymodel(orig);

GRBaddconstr
int GRBaddconstr ( GRBmodel *model,

int numnz,

int *cind,

double *cval,

char sense,

double rhs,

const char *constrname )

Add a new linear constraint to a model. Note that, due to our lazy update approach, the new
constraint won'’t actually be added until you update the model (using GRBupdatemodel), optimize
the model (using GRBoptimize), or write the model to disk (using GRBwrite).

Return value:

A non-zero return value indicates that a problem occurred while adding the constraint.
Refer to the Error Code table for a list of possible return values. Details on the error can
be obtained by calling GRBgeterrormsg.

Arguments:

model: The model to which the new constraint should be added.

numnz: The number of non-zero coefficients in the new constraint.

cind: Variable indices for non-zero values in the new constraint.

cval: Numerical values for non-zero values in the new constraint.

sense: Sense for the new constraint. Options are GRB_LESS_EQUAL, GRB_EQUAL, or GRB_-
GREATER_EQUAL.

rhs: Right-hand-side value for the new constraint.
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constrname: Name for the new constraint. This argument can be NULL, in which case the
constraint is given a default name.
Example usage:
int ind[] = {1, 3, 4};
double vall] {1.0, 2.0, 1.0%};
/¥ x1 + 2 x3 + x4 =1 %/
error = GRBaddconstr(model, 3, ind, val, GRB_EQUAL, 1.0, "New");

GRBaddconstrs

int GRBaddconstrs ( GRBmodel *model,
int numconstrs,
int numnz,
int *cbeg,
int *cind,
double *xcval,
char *sense,
double *rhs,

const char **constrnames )
Add new linear constraints to a model.  Note that, due to our lazy update approach, the
new constraints won’t actually be added until you update the model (using GRBupdatemodel),
optimize the model (using GRBoptimize), or write the model to disk (using GRBwrite).
We recommend that you build your model one constraint at a time (using GRBaddconstr),
since it introduces no significant overhead and we find that it produces simpler code. Feel free to
use this routine if you disagree, though.

If your constraint matrix may contain more than 2 billion non-zero values, you should consider
using the GRBXaddconstrs variant of this routine.
Return value:
A non-zero return value indicates that a problem occurred while adding the constraints
Refer to the Error Code table for a list of possible return values. Details on the error can
be obtained by calling GRBgeterrormsg.
Arguments:
model: The model to which the new constraints should be added.
numconstrs: The number of new constraints to add.
numnz: The total number of non-zero coefficients in the new constraints.
cbeg: Constraint matrix non-zero values are passed into this routine in Compressed Sparse
Row (CSR) format by this routine. Each constraint in the constraint matrix is represented
as a list of index-value pairs, where each index entry provides the variable index for a non-
zero coefficient, and each value entry provides the corresponding non-zero value. Each new
constraint has an associated cbeg value, indicating the start position of the non-zeros for
that constraint in the cind and cval arrays. This routine requires that the non-zeros for
constraint i immediately follow those for constraint i-1 in cind and cval. Thus, cbeg[i]
indicates both the index of the first non-zero in constraint i and the end of the non-zeros
for constraint i-1. To give an example of how this representation is used, consider a case
where cbeg[2] = 10 and cbeg[3] = 12. This would indicate that constraint 2 has two
non-zero values associated with it. Their variable indices can be found in cind[10] and
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cind[11], and the numerical values for those non-zeros can be found in cval[10] and
cval[11].

cind: Variable indices associated with non-zero values. See the description of the cbeg
argument for more information.

cval: Numerical values associated with constraint matrix non-zeros. See the description of
the cbeg argument for more information.

sense: Sense for the new constraints. Options are GRB_LESS_EQUAL, GRB_EQUAL, or GRB_-
GREATER_EQUAL.

rhs: Right-hand-side values for the new constraints. This argument can be NULL, in which
case the right-hand-side values are set to 0.0.

constrnames: Names for the new constraints. This argument can be NULL, in which case
all constraints are given default names.

GRBaddgenconstrXxx

Each of the functions described below adds a new general constraint to a model.

Mathematical programming has traditionally defined a set of fundamental constraint types:
variable bound constraints, linear constraints, quadratic constraints, integrality constraints, and
SOS constraints. These are typically treated directly by the underlying solver (although not always),
and are fundamental to the overall algorithm.

Gurobi accepts a number of additional constraint types, which we collectively refer to as general
constraints. These are typically not treated directly by the solver. Rather, they are transformed
by presolve into mathematically equivalent sets of constraints (and variables), chosen from among
the fundamental types listed above. These general constraints are provided as a convenience to
users. If such constraints appear in your model, but if you prefer to reformulate them yourself
using fundamental constraint types instead, you can certainly do so. However, note that Gurobi
can sometimes exploit information contained in the other constraints in the model to build a more
efficient formulation than what you might create.

The additional constraint types that fall under this general constraint umbrella are:

e MAX (GRBaddgenconstrMax): set a decision variable equal to the maximum value from
among a set of decision variables

e MIN (GRBaddgenconstrMin): set a decision variable equal to the minimum value from among
a set of decision variables

e ABS (GRBaddgenconstrAbs): set a decision variable equal to the absolute value of some
other decision variable

e AND (GRBaddgenconstrAnd): set a binary variable equal to one if and only if all of a set of
binary decision variables are equal to one

e OR (GRBaddgenconstrOr): set a binary variable equal to one if and only if at least one
variable out of a set of binary decision variables is equal to one

e INDICATOR (GRBaddgenconstrindicator): a given binary variable may only take a certain
value if a given linear constraint is satisfied

Please refer to this section for additional details on general constraints.
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GRBaddgenconstrMax

int GRBaddgenconstrMax ( GRBmodel *model,
const char *name,

int resvar,
int nvars,
intx* vars,
double constant )

Add a new general constraint of type GRB_GENCONSTR_MAX to a model. Note that, due to
our lazy update approach, the new constraint won’t actually be added until you update the model
(using GRBupdatemodel), optimize the model (using GRBoptimize), or write the model to disk
(using GRBwrite).

A MAX constraint r = max{z1,...,Z,,c} states that the resultant variable r should be equal
to the maximum of the operand variables x1, ..., x, and the constant c.

Return value:

A non-zero return value indicates that a problem occurred while adding the general con-
straint. Refer to the Error Code table for a list of possible return values. Details on the
error can be obtained by calling GRBgeterrormsg.

Arguments:

model: The model to which the new general constraint should be added.

name: Name for the new general constraint. This argument can be NULL, in which case the
constraint is given a default name.

int resvar: The index of the resultant variable r whose value will be equal to the max of
the other variables.

int nvars: The number n of operand variables over which the max will be taken.

const int *vars: An array containing the indices of the operand variables x; over which
the max will be taken.

double constant: An additional operand that allows you to include a constant ¢ among
the arguments of the max operation.

Example usage:
/* x5 = max(xl, x3, x4, 2.0) *x/

int ind[] = {1, 3, 4};
error = GRBaddgenconstrMax(model, "maxconstr", 5,
3, ind, 2.0);

GRBaddgenconstrMin

int GRBaddgenconstrMin ( GRBmodel *model,
const char *name,

int resvar,
int nvars,
intx* vars,
double constant )

Add a new general constraint of type GRB_GENCONSTR_MIN to a model. = Note that, due to
our lazy update approach, the new constraint won’t actually be added until you update the model
(using GRBupdatemodel), optimize the model (using GRBoptimize), or write the model to disk
(using GRBwrite).
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A MIN constraint 7 = min{x, ..., x,, c} states that the resultant variable r should be equal to
the minimum of the operand variables x1,...,x, and the constant c.
Return value:
A non-zero return value indicates that a problem occurred while adding the general con-
straint. Refer to the Error Code table for a list of possible return values. Details on the
error can be obtained by calling GRBgeterrormsg.
Arguments:
model: The model to which the new general constraint should be added.
name: Name for the new general constraint. This argument can be NULL, in which case the
constraint is given a default name.
int resvar: The index of the resultant variable r whose value will be equal to the min of
the other variables.
int nvars: The number n of operand variables over which the min will be taken.
const int *vars: An array containing the indices of the operand variables x; over which
the min will be taken.
double constant: An additional operand that allows you to include a constant ¢ among
the arguments of the min operation.
Example usage:
/* x5 = min(x1, x3, x4, 2.0) */
int ind[] = {1, 3, 4};
error = GRBaddgenconstrMin(model, "minconstr", 5,
3, ind, 2.0);

GRBaddgenconstrAbs

int GRBaddgenconstrAbs ( GRBmodel *model,
const char *name,
int resvar,
int argvar )

Add a new general constraint of type GRB_GENCONSTR_ABS to a model. Note that, due to
our lazy update approach, the new constraint won’t actually be added until you update the model
(using GRBupdatemodel), optimize the model (using GRBoptimize), or write the model to disk
(using GRBwrite).

An ABS constraint r = abs{z} states that the resultant variable r should be equal to the
absolute value of the argument variable z.

Return value:

A non-zero return value indicates that a problem occurred while adding the general con-
straint. Refer to the Error Code table for a list of possible return values. Details on the
error can be obtained by calling GRBgeterrormsg.

Arguments:

model: The model to which the new general constraint should be added.

name: Name for the new general constraint. This argument can be NULL, in which case the
constraint is given a default name.

int resvar: The index of the resultant variable r whose value will be to equal the absolute
value of the argument variable.
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int argvar: The index of the argument variable = for which the absolute value will be
taken.

Example usage:
/* x5 = abs(xl) */

error = GRBaddgenconstrAbs(model, "absconstr", 5, 1);

GRBaddgenconstrAnd

int GRBaddgenconstrAnd ( GRBmodel *model,
const char *name,

int resvar,
int nvars,
int* vars )

Add a new general constraint of type GRB_GENCONSTR_AND to a model. Note that, due to
our lazy update approach, the new constraint won’t actually be added until you update the model
(using GRBupdatemodel), optimize the model (using GRBoptimize), or write the model to disk
(using GRBwrite).

An AND constraint » = and{z1,...,z,} states that the binary resultant variable r should be 1
if and only if all of the operand variables z1, ..., z, are equal to 1. If any of the operand variables
is 0, then the resultant should be 0 as well.

Note that all variables participating in such a constraint will be forced to be binary; indepen-
dently of how they were created.

Arguments:

model: The model to which the new general constraint should be added.

name: Name for the new general constraint. This argument can be NULL, in which case the
constraint is given a default name.

int resvar: The index of the binary resultant variable » whose value will be equal to the
AND concatenation of the other variables.

int nvars: The number n of binary operand variables over which the AND will be taken.

const int *vars: An array containing the indices of the binary operand variables z; over
which the AND concatenation will be taken.

Return value:

A non-zero return value indicates that a problem occurred while adding the general con-
straint. Refer to the Error Code table for a list of possible return values. Details on the
error can be obtained by calling GRBgeterrormsg.

Example usage:
/* x5 = and(x1, x3, x4) */

int ind[] = {1, 3, 4};
error = GRBaddgenconstrAnd(model, "andconstr", 5, 3, ind);

GRBaddgenconstrOr

int GRBaddgenconstrOr ( GRBmodel *model,
const char *name,

int resvar,
int nvars,
int* vars )
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Add a new general constraint of type GRB_GENCONSTR_OR to a model. Note that, due to our
lazy update approach, the new constraint won’t actually be added until you update the model
(using GRBupdatemodel), optimize the model (using GRBoptimize), or write the model to disk
(using GRBwrite).

An OR constraint r = or{zy,...,z,} states that the binary resultant variable r should be 1 if
and only if any of the operand variables x1, ..., x, is equal to 1. If all operand variables are 0, then
the resultant should be 0 as well.

Note that all variables participating in such a constraint will be forced to be binary; indepen-
dently of how they were created.

Arguments:

model: The model to which the new general constraint should be added.

name: Name for the new general constraint. This argument can be NULL, in which case the
constraint is given a default name.

int resvar: The index of the binary resultant variable r whose value will be equal to the
OR concatenation of the other variables.

int nvars: The number n of binary operand variables over which the OR will be taken.

const int *vars: An array containing the indices of the binary operand variables x; over
which the OR concatenation will be taken.

Return value:

A non-zero return value indicates that a problem occurred while adding the general con-
straint. Refer to the Error Code table for a list of possible return values. Details on the
error can be obtained by calling GRBgeterrormsg.

Example usage:

/* x5 = or(x1l, x3, x4) *x/
int ind[] = {1, 3, 4};
error = GRBaddgenconstrOr(model, "orconstr", 5, 3, ind);

GRBaddgenconstrindicator

int GRBaddgenconstrIndicator ( GRBmodel *model,
const char *name,
int binvar,
int binval,
int nvars,
intx* ind,
doublex* val,
char sense,
double rhs )

Add a new general constraint of type GRB_GENCONSTR_INDICATOR to a model. Note that, due
to our lazy update approach, the new constraint won’t actually be added until you update the
model (using GRBupdatemodel), optimize the model (using GRBoptimize), or write the model to
disk (using GRBwrite).

An INDICATOR constraint z = f — alz < b states that if the binary indicator variable z is
equal to f € {0,1}, then the linear constraint a”« < b should hold. On the other hand, if z = 1— f,
the linear constraint may be violated. The sense of the linear constraint can also be specified to be
CC:W or “>77.
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Note that the indicator variable z of a constraint will be forced to be binary; independently of
how it was created.
Arguments:
model: The model to which the new general constraint should be added.
name: Name for the new general constraint. This argument can be NULL, in which case the
constraint is given a default name.
int binvar: The index of the binary indicator variable z.
int binval: The value f for the binary indicator variable that would force the linear
constraint to be satisfied (0 or 1).
int nvars: The number n of non-zero coefficients in the linear constraint triggered by the
indicator.
const int *ind: Indices for the variables x; with non-zero values in the linear constraint.
const double *val: Numerical values for non-zero values a; in the linear constraint.
char sense: Sense for the linear constraint. Options are GRB_LESS_EQUAL, GRB_EQUAL, or
GRB_GREATER_EQUAL.
double rhs: Right-hand-side value for the linear constraint.
Return value:
A non-zero return value indicates that a problem occurred while adding the general con-
straint. Refer to the Error Code table for a list of possible return values. Details on the
error can be obtained by calling GRBgeterrormsg.
Example usage:
/¥ x7 =1 ->x1 +2x3 + x4 =1 %/
int ind[] = {1, 3, 4};
double vall] {1.0, 2.0, 1.0};
error = GRBaddgenconstrIndicator(model, NULL, 7, 1,
3, ind, val, GRB_EQUAL, 1.0);

GRBaddqconstr

int GRBaddqconstr ( GRBmodel *model,
int numlnz,
int *1ind,
double *x1val,
int numqgnz,
int *qrow,
int *qcol,
double *qval,
char sense,
double rhs,
const char *constrname )

Add a new quadratic constraint to a model. Note that, due to our lazy update approach,
the new constraint won’t actually be added until you update the model (using GRBupdatemodel),
optimize the model (using GRBoptimize), or write the model to disk (using GRBwrite).

A quadratic constraint consists of a set of quadratic terms, a set of linear terms, a sense, and a
right-hand side value: 7 Qxz 4 ¢"x < b. The quadratic terms are input through the numgnz, grow,
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qgcol, and qval arguments, and the linear terms are input through the numlnz, 1ind, and lval
arguments.

Important note: the algorithms Gurobi uses to solve quadratically constrained problems can
only handle certain types of quadratic constraints. Constraints of the following forms are always
accepted:

o 27Qx + ¢"x < b, where Q is Positive Semi-Definite (PSD)

o 17z <42, where x is a vector of variables, and y is a non-negative variable (a Second-Order
Cone)

e 17z < yz, where x is a vector of variables, and y and z are non-negative variables (a rotated
Second-Order Cone)

If you add a constraint that isn’t in one of these forms (and Gurobi presolve is unable to transform
the constraint into one of these forms), you'll get an error when you try to solve the model.
Constraints where the quadratic terms only involve binary variables will always be transformed
into one of these forms.
Return value:
A non-zero return value indicates that a problem occurred while adding the quadratic con-
straint. Refer to the Error Code table for a list of possible return values. Details on the
error can be obtained by calling GRBgeterrormsg.
Arguments:
model: The model to which the new constraint should be added.
numlnz: The number of linear terms in the new quadratic constraint.
lind: Variable indices associated with linear terms.
lval: Numerical values associated with linear terms.
numglnz: The number of quadratic terms in the new quadratic constraint.
grow: Row indices associated with quadratic terms. A quadratic term is represented using
three values: a pair of indices (stored in qrow and qcol), and a coefficient (stored in qval).
The associated arguments arrays provide the corresponding values for each quadratic term.
To give an example, if you wish to input quadratic terms 2x3 + xox1 + x%, you would call
this routine with numgnz=3, qrow[] = {0, 0, 1}, qcol[l = {0, 1, 1}, and qval[] =
{2.0, 1.0, 1.0}
gcol: Column indices associated with quadratic terms. See the description of the qrow
argument for more information.
gval: Numerical values associated with quadratic terms. See the description of the qrow
argument for more information.
sense: Sense for the new quadratic constraint. Options are GRB_LESS_EQUAL or GRB_-
GREATER_EQUAL.
rhs: Right-hand-side value for the new quadratic constraint.
constrname: Name for the new quadratic constraint. This argument can be NULL, in which
case the constraint is given a default name.
Example usage:
int lind[] = {1, 2};
double 1lvall[] {2.0, 1.0};
int grow[] = {0, 0, 1};
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int qcol[] {0, 1, 13};

double gvalll {2.0, 1.0, 1.03};

/* 2 x072 + x0 x1 + x172 + 2 x1 + x2 <=1 */

error = GRBaddqconstr(model, 2, lind, lval, 3, qrow, qcol, gval,
GRB_LESS_EQUAL, 1.0, "New");

GRBaddgpterms
int GRBaddgqpterms ( GRBmodel =*model,
int numqgnz,
int *qrow,
int *qcol,

double *qval )

Add new quadratic objective terms into an existing model. Note that new terms are (numer-
ically) added into existing terms, and that adding a term in row i and column j is equivalent to
adding a term in row j and column i. You can add all quadratic objective terms in a single call,
or you can add them incrementally in multiple calls.

Note that, due to our lazy update approach, the new quadratic terms won’t actually be added
until you update the model (using GRBupdatemodel), optimize the model (using GRBoptimize),
or write the model to disk (using GRBwrite).

To build an objective that contains both linear and quadratic terms, use this routine to add the
quadratic terms and use the Obj attribute to add the linear terms.

If you wish to change a quadratic term, you can either add the difference between the current
term and the desired term using this routine, or you can call GRBdelq to delete all quadratic terms,
and then rebuild your new quadratic objective from scratch.

Return value:

A non-zero return value indicates that a problem occurred while adding the quadratic terms.
Refer to the Error Code table for a list of possible return values. Details on the error can
be obtained by calling GRBgeterrormsg.

Arguments:

model: The model to which the new quadratic objective terms should be added.

numgnz: The number of new quadratic objective terms to add.

grow: Row indices associated with quadratic terms. A quadratic term is represented using
three values: a pair of indices (stored in qrow and qcol), and a coefficient (stored in qval).
The three argument arrays provide the corresponding values for each quadratic term. To
give an example, to represent 23 + zox1 + 23, you would have numgqnz=3, qrow[] = {0,
0, 1}, qcol[]l = {0, 1, 1}, and qvall] = {2.0, 1.0, 1.0}

gcol: Column indices associated with quadratic terms. See the description of the qrow
argument for more information.

gval: Numerical values associated with quadratic terms. See the description of the qrow
argument for more information.

Important notes:

Note that building quadratic objectives requires some care, particularly if you are migrating
an application from another solver. Some solvers require you to specify the entire ) matrix, while
others only accept the lower triangle. In addition, some solvers include an implicit 0.5 multipler
on (Q, while others do not. The Gurobi interface is built around quadratic terms, rather than a Q)
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matrix. If your quadratic objective contains a term 2 x y, you can enter it as a single term, 2 x y,
or as a pair of terms, x y and y x.
Example usage:
int qrow[] {0, 0, 1};
int gcol(] = {0, 1, 1};
double qvall]l = {2.0, 1.0, 3.0};
/* minimize 2 x72 + x*y + 3 y~2 */
error = GRBaddqpterms(model, 3, qrow, qcol, gval);

GRBaddrangeconstr

int GRBaddrangeconstr ( GRBmodel *model,
int numnz,
int *cind,
double *cval,
double lower,
double upper,
const char *constrname )

Add a new range constraint to a model. A range constraint states that the value of the input
expression must be between the specified lower and upper bounds in any solution. Note that,
due to our lazy update approach, the new constraint won’t actually be added until you update the
model (using GRBupdatemodel), optimize the model (using GRBoptimize), or write the model to
disk (using GRBwrite).

Return value:

A non-zero return value indicates that a problem occurred while adding the constraint.
Refer to the Error Code table for a list of possible return values. Details on the error can
be obtained by calling GRBgeterrormsg.

Arguments:

model: The model to which the new constraint should be added.

numnz: The number of non-zero coefficients in the linear expression.

cind: Variable indices for non-zero values in the linear expression.

cval: Numerical values for non-zero values in the linear expression.

lower: Lower bound on linear expression.

upper: Upper bound on linear expression.

constrname: Name for the new constraint. This argument can be NULL, in which case the
constraint is given a default name.

Important notes:

Note that adding a range constraint to the model adds both a new constraint and a new variable.
If you are keeping a count of the variables in the model, remember to add one whenever you add
a range.

Note also that range constraints are stored internally as equality constraints. We use the extra
variable that is added with a range constraint to capture the range information. Thus, the Sense
attribute on a range constraint will always be GRB_EQUAL.

Example usage:

int ind[]
double vall[]

{1, 3, 4};
{1.0, 2.0, 3.0%};
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/* 1 <= x1 + 2 x3 + 3 x4 <=2 %/
error = GRBaddrangeconstr(model, 3, ind, val, 1.0, 2.0, "NewRange");

GRBaddrangeconstrs

int GRBaddrangeconstrs ( GRBmodel *model,
int numconstrs,
int numnz,
int *cbeg,
int *cind,
double *cval,
double *lower,
double *upper,

const char **constrnames )
Add new range constraints to a model. A range constraint states that the value of the input
expression must be between the specified lower and upper bounds in any solution. Note that,
due to our lazy update approach, the new constraints won’t actually be added until you update the
model (using GRBupdatemodel), optimize the model (using GRBoptimize), or write the model to
disk (using GRBwrite).
If your constraint matrix may contain more than 2 billion non-zero values, you should consider
using the GRBXaddrangeconstrs variant of this routine.
Return value:
A non-zero return value indicates that a problem occurred while adding the constraints
Refer to the Error Code table for a list of possible return values. Details on the error can
be obtained by calling GRBgeterrormsg.
Arguments:
model: The model to which the new constraints should be added.
numconstrs: The number of new constraints to add.
numnz: The total number of non-zero coefficients in the new constraints.
cbeg: Constraint matrix non-zero values are passed into this routine in Compressed Sparse
Row (CSR) format by this routine. Each constraint in the constraint matrix is represented
as a list of index-value pairs, where each index entry provides the variable index for a non-
zero coeflicient, and each value entry provides the corresponding non-zero value. Each new
constraint has an associated cbeg value, indicating the start position of the non-zeros for
that constraint in the cind and cval arrays. This routine requires that the non-zeros for
constraint i immediately follow those for constraint i-1 in cind and cval. Thus, cbegl[i]
indicates both the index of the first non-zero in constraint i and the end of the non-zeros
for constraint i-1. To give an example of how this representation is used, consider a case
where cbeg[2] = 10 and cbeg[3] = 12. This would indicate that constraint 2 has two
non-zero values associated with it. Their variable indices can be found in cind[10] and
cind[11], and the numerical values for those non-zeros can be found in cval[10] and
cvall[11].
cind: Variable indices associated with non-zero values. See the description of the cbeg
argument for more information.
cval: Numerical values associated with constraint matrix non-zeros. See the description of
the cbeg argument for more information.
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lower: Lower bounds for the linear expressions.
upper: Upper bounds for the linear expressions.
constrnames: Names for the new constraints. This argument can be NULL, in which case

all constraints are given default names.

Important notes:
Note that adding a range constraint to the model adds both a new constraint and a new

variable. If you are keeping a count of the variables in the model, remember to add one for each
range constraint.

Note also that range constraints are stored internally as equality constraints. We use the extra

variable that is added with a range constraint to capture the range information. Thus, the Sense
attribute on a range constraint will always be GRB_EQUAL.

GRBaddsos

int GRBaddsos ( GRBmodel *model,
int numsos,
int nummembers,
int *types,
int xbeg,
int *ind,

double *xweight )

Add new Special Ordered Set (SOS) constraints to a model. Note that, due to our lazy update

approach, the new SOS constraints won’t actually be added until you update the model (using
GRBupdatemodel), optimize the model (using GRBoptimize), or write the model to disk (using
GRBwrite).

Please refer to this section for details on SOS constraints.
Return value:
A non-zero return value indicates that a problem occurred while adding the SOS constraints.
Refer to the Error Code table for a list of possible return values. Details on the error can
be obtained by calling GRBgeterrormsg.
Arguments:
model: The model to which the new SOSs should be added.
numsos: The number of new SOSs to add.
nummembers: The total number of SOS members in the new SOSs.
types: The types of the SOS sets. SOS sets can be of type GRB_SOS_TYPE1 or GRB_S0S_-

TYPE2.

beg: The members of the added SOS sets are passed into this routine in Compressed Sparse

Row (CSR) format. Each SOS is represented as a list of index-value pairs, where each
index entry provides the variable index for an SOS member, and each value entry provides
the weight of that variable in the corresponding SOS set. Each new SOS has an associated
beg value, indicating the start position of the SOS member list in the ind and weight
arrays. This routine requires that the members for SOS i immediately follow those for
SOS i-1 in ind and weight. Thus, beg[i] indicates both the index of the first non-zero
in constraint i and the end of the non-zeros for constraint i-1. To give an example of
how this representation is used, consider a case where beg[2] = 10 and beg[3] = 12.
This would indicate that SOS number 2 has two members. Their variable indices can be
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found in ind[10] and ind[11], and the associated weights can be found in weight [10]
and weight [11].

ind: Variable indices associated with SOS members. See the description of the beg argument
for more information.

weight: Weights associated with SOS members. See the description of the beg argument
for more information.

Example usage:

int  types[] = {GRB_SOS_TYPE1, GRB_SOS_TYPE1};

int beg[] = {0, 2};
int ind[] = {1, 2, 1, 3}
double weight[] = {1, 2, 1, 2};

error = GRBaddsos(model, 2, 4, types, beg, ind, weight);

GRBaddvar

int GRBaddvar ( GRBmodel *model,
int numnz,
int *vind,
double *xyval,
double obj,
double 1b,
double ub,
char vtype,

const char *varname )

Add a new variable to a model. Note that, due to our lazy update approach, the new variable
won’t actually be added until you update the model (using GRBupdatemodel), optimize the model
(using GRBoptimize), or write the model to disk (using GRBwrite).

Return value:

A non-zero return value indicates that a problem occurred while adding the variable. Refer
to the Error Code table for a list of possible return values. Details on the error can be
obtained by calling GRBgeterrormsg.

Arguments:

model: The model to which the new variable should be added.

numnz: The number of non-zero coefficients in the new column.

vind: Constraint indices associated with non-zero values for the new variable.

vval: Numerical values associated with non-zero values for the new variable.

obj: Objective coefficient for the new variable.

1b: Lower bound for the new variable.

ub: Upper bound for the new variable.

vtype: Type for the new variable. Options are GRB_CONTINUOUS, GRB_BINARY, GRB_INTEGER,
GRB_SEMICONT, or GRB_SEMIINT.

varname: Name for the new vari