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1
1.1

Introduction

Introduction

MOPS (Mathematical OPtimization System) is a high performance solver for large LP and IP models.

The abbreviation LP stands for "Linear Programming", which describes a class of optimization models
where all relations are linear and only continuous variables are allowed. IP stands for "Integer
Programming", which means pure integer or mixed models with integer and continuous variables. The
mathematical formulation for these model classes is:

Maximize / Minimize c'x
rlI<Ax<ru

I<x<u

X; integer forjedlcd

where J ={1,....n}, x,c, l,u € Rn, rl, ru e RMand Ais areal (m,n)-matrix. The vectors |, u, rl, ru
may have elements representing plus or minus infinity. This formulation includes free variables and
ranged constraints. This representation is called the external model representation (EMR) in contrast to
the internal model representation (IMR), which is the way a model is mapped into the MOPS internal
data structures.

MOPS V 8.x supports the following integer variable types:

Name Definition

Continuous variable can take on any real value in a specified range

Binary variable can take on only the values zero or one

Integer variable can take on only integer values in a specified range.
Semi-continuous variable This variable is either zero or can take on any real value in a
(SC-variable) specified positive range. It can also have a fixed charge cost K

associated with it if the variable is nonzero.

Semi-integer variable (Sl-variable) This variable is either zero or has an integer value in a specified
positive range. It can also have a fixed charge cost K associated
with it if the variable is nonzero.

Partial-integer variables (Pl-variable) An integer variable, which can only take integer values in a
small user defined range. Outside this range the variable can
take on any real value in a specified range.

Special Ordered Set of type 1 (SOS1) A set of variables, where at most one variable of this set may be
nonzero. These variables are not necessarily integer variables.

Special Ordered Set of type 2 (SOS2) A set of continuous variables, where at most two variables of this
set may be nonzero and they have to be adjacent.

Special Ordered Set of type 3 (SOS3) A set of 0-1-variables which sum up to 1.

LI-variables A set of 0-1-variables to linearize a separable function of
nonlinear continuous variables. The formulation of LI-variables is
an alternative modeling technique of SOS2.

The input format of the extended integer types in the new branch-and-cut code is described in Extended
Integer Types.

The MOPS libraries are primarily designed for use under Windows operating systems, but versions for
other platforms are also available. Under Windows the following interfaces are supported:

© 2007 MOPS Optimierungssysteme GmbH & Co. KG
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1.2

Dynamic Linked Library (MOPS.DLL, 32 and 64 bit)

Static Library (MOPS.LIB, 32 and 64 bit)

Command Line Executable (MOPS.EXE and MOPS64.EXE)
MOPS Studio

Clip-MOPS (Excel Plug-In)

These interfaces offer a variety of functions for generating, loading, modifying, saving and optimizing LP
and |IP models.

There is a MOPS White Paper which can be used in conjunction with this user manual. The MOPS
White Paper offers background to this user manual and covers:

history of the MOPS system,

basic algorithms and concepts,
system and its architecture,
research and development aspects,

references (books and research papers).

What's new in MOPS 9.x

MOPS 9.x has an improved memory management. The required amount of main memory is allocated
as a function of problem size and the parameter settings. The parameter xmreal (default is xmreal = 0)
determines if memory is allocated automatically or if xmreal > 0 if xmreal MB are to be allocated by
request.

MOPS 9.x uses a cut pool to store all derived cuts. If the parameter xusepl is greater than zero
(default is xusepl = 0) the cut pool is used otherwise all violated cuts are inserted into the coefficient
matrix at each supernode of IP-preprocessing.

Interior Point and Dual Simplex algorithm for solving LP models are significantly improved. See
parameter xIptyp for details. The best ordering heuristic to be used during the Interior Point Engine -
which is critically for its performance - is determined automatically. See also the parameter xoripm.

Another outstanding feature of the Interior Point Engine is that it can use multiprocessing. On the
Intel Core Duo architecture a 40% speed improvement can be obtained by specifying xnproc = 2
(number of processors to be used).

A new Branch and Bound / Cut algorithm with extended integer types is available. See parameter
xnewbb. The new algorithms include different heuristic (xheutp), branching (xbrheu) and node
selection (xnodse) strategies. Additionally local search strategies (x/ocs) can be executed. This
algorithm is the default and leads to large performance gains on many integer optimization problems.
The old branch-and-bound-algorithm can be used by setting xnewbb = 0.

The simplex engines and the crossover algorithm of the IPM engine use a newly implemented
LU-factorization and a new LU-update which use memory more efficiently. The old LU-factorization
and the old LU-update are possible. See the parameters xnwluf and xnwluu .

If the model contains range constraints, the IP-Preprocessing can be more efficient in many cases, if

© 2007 MOPS Optimierungssysteme GmbH & Co. KG
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these constraints are split into a pair of constraints (parameter xranha).

¢ An extended bound reduction technique is used during the IP-preprocessing. This technique
sometimes leads to shorter runtimes for some integer models. (parameter xbndrd).

¢ A new heuristic for the initial solution of an IP model is available (when setting parameters xnodse =
-3, xheutp = 4 and setting parameter xmnheu for the number of nodes in the heuristic).

e Saving and restoring of Branch and Bound trees is no longer supported.
¢ Improved Gomory Mixed Integer Cuts may reduce solution times for some models.

¢ Mixed-Integer rounding (xmirct) and flow (path) cuts (xflwct) result in significant performance gains on
some integer optimization problems.

¢ A new DLL-function Optimize combines and replaces OptimizeLP and OptimizelP.

¢ The status of an IP solution returned by Get/PSolution is now identical to the status returned by
Optimize.

¢ Modified return codes of DLL function MOPS.
e Completely reworked IMR interface for when using the static MOPS.LIB library from Fortran or C.

¢ Additional DLL functions for building and modifying models.

© 2007 MOPS Optimierungssysteme GmbH & Co. KG
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2
2.1

MOPS.DLL
Using MOPS.DLL

The Dynamic Link Library MOPS.DLL can be used under Windows from a variety of programming
languages. Any language that supports 32-bit DLL calls and features the data types listed below can
call the MOPS.DLL. The MOPS.DLL can be used from Visual Basic, C/C++, Fortran, Delphi as well as
from any .NET language such as VB.NET, C#, Delphi.NET etc. There is also a 64-bit version of the
MOPS.DLL

The most recent versions of MOPS.DLL provide besides the Basic Functions a set of Extended
Functions, that make it easier to set, retrieve and modify single items of a model, like costs, dual values,
right hand sides etc.

Steps for optimization with MOPS.DLL

The following flowchart shows the necessary steps when building and optimizing a model. We use
Visual Basic Syntax and assume that the model is transferred via PutModel() to the MOPS.DLL:

1. Data extraction and model generation
Primary data is extracted from a database or other sources and modified according to the given
problem. A model generator (in your favorite programming language) stores the model data in
the following arrays ia, ja, a, Ib, ub, c, typ. See PutModel() for a description of the arrays.

2. Initializing a new model to defaults
' A new feature since MOPS v9.x is the function Initialize(), which replaces the former functions
AllocateMemory()and
" InitModel() and which allocates memory automatically.
rc = Initialize()
If rc <> 0 then exit

3. Setting of non default parameters
' Use IPM engine for inititial LP and do not use IP-heuristic before the B&C
rc = SetPameter (" xIptyp=4 xheutp =0")
If rc <> 0 then exit

4. Transferring model to the DLL
rc = PutModel (intyp, inf, m, n, nz, ia(1), ja(1), a(1), Ib(1), ub(1), c(1), typ(1))
If rc <> 0 Then exit

5. Optimize model (LP and IP)
rc = Optimize(-1, Istatus, Iphase, dfunct)
' check return code and status if optimization was successful; -1 maximization, 1 minimization
"Iphase = 0: LP phase, Iphase = 1: IP-phase; Istatus = 0: optimal solution

6. Get LP solution or IP solution if optimal or time limit reached with an integer solution
if Iphase = 0 and Istatus = 0 then
'LP-model: optimal LP-solution found - store it in user arrays
rc = GetLPSolution(xIpsta, xfunct, xs(1), dj(1), stat(1))
else if Iphase = 1 and (Istatus = 0 or Istatus = 3) then
'optimal IP-solution or feasible IP-solution found (time limit) - store it in user arrays
rc = GetlPSolution(ipsta, xzbest, xs(1), dj(1), stat(1))
else
‘error or time limit and no integer solution

© 2007 MOPS Optimierungssysteme GmbH & Co. KG
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2.2

end if
If rc <> 0 Then exit

As a general principle a function returns an integer return code, which is zero if the call was successful
and nonzero in case of an error.

Declarations

To use MOPS.DLL, its exported functions must be declared. See chapter Embedding the DLL for
information about how to declare DLL functions.

Modellocking

Once the optimization has started, the model will be locked for functions which retrieve model
information or which change the model. If you try to use such functions while the model is locked, error
code 10 will be returned. After complete optimization, the model will be unlocked and you can for
example change parts of it for a new optimization run. This mechanism is necessary, because MOPS
transforms great parts of the model, notably during preprocessing. See parameter ximrrw, which
controls the saving of locked models.

Data types

MOPS.DLL requires in its interface exclusively the following data types. Make sure that your program
uses the same types when calling MOPS.DLL functions - if not, errors and crashes might occur.

Name used in this manual Fortran C/C++ VB

14 (integer) integer*4 long Long

R8 (floating point) real*8 double Double
Clen (string of length /en) character*len char mystring [len] String * len

For brevity this manual uses the following variables:
mor xm Number of constraints.
nor xn Number of structural variables.

xj =xn +xm Total number of variables (structural + logical).

Avoiding errors

Errors when passing variables

A correct calling sequence for the MOPS.DLL functions is essential for the stability of our application.
Mismatches of declaration or passed variables will result in errors or might even lead to a crash of you
development environment, including loss of data.

It is important, that the correct number of variables is passed to a function, that the type of these
variables is correct and that the necessary calling conventions are respected. Observe the following
hints for a stable application:

© 2007 MOPS Optimierungssysteme GmbH & Co. KG
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2.3
2.31

¢ Numerical values are passed either as 4-byte integers ("long") or as 8-byte reals ("double").

¢ Input strings must be zero terminated.

¢ Output strings must be sufficiently dimensioned. If the MOPS.DLL returns for example a 255 byte
long string, than the string passed to the function must also be at least 255 bytes long; the DLL will
not extend the string if it is too short.

e Scalar numerical input variables (long, double) are always passed By Value.

e Scalar numerical output variables (long, double) are always passed By Reference.

e Strings are always passed By Reference.

¢ Arrays are always passed By Reference.

e Calling Convention is STDCALL

Debugging

All DLL functions pass back a return code, which is zero if the function has been executed successfully,
otherwise it is nonzero. Return codes should always be checked to avoid consecutive faults.

If a return code is not zero, in most cases the MOPS parameters xertyp, xline1 and xline2 provide an
error code and a short description of the error. Check these parameters with GetParameter for a more
precise specification of the occurred error .

When developing your application, you can activate MOPS logging for debugging purposes. The
parameter xoutlv determines whether a logfile with name xfnmsg will be written. Most MOPS functions
will write short messages into this logfile when they are called, which it is a very helpful tool in the
debugging process. Writing a lodfile of course slows down your application, so don't forget to disable
logging when running optimizations in productive systems.

Resource limits

A number of MOPS parameters allows you to set resource limits, that lead to a stop or a break of the
optimization run when the respective value is reached. There are resource limits for optimization time,
quality of the solution, main memory and hard disk space. If you don't know beforehand how the model
will behave at run time, you should set resource limits! Particular large models might end up in sheer
endless optimization runs, if no resource limits have been set. To stop such a running application you
have to force a break, which might lead to a crash and loss of data of the whole development
environment (this is especially in Visual Basic 6.0 the case).

Basic functions
Basic functions

Alphabetical list of MOPS.DLL basic functions

Index

Initialize Finish GetlPSolution
GetLPSolution GetModel GetParameter
LoadModel MOPS Optimize

© 2007 MOPS Optimierungssysteme GmbH & Co. KG
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PutModel ReadMpsFile ReadProfile
ReadTripletFile SetParameter WriteMpsFile
WriteTripletFile

Discontinued functions

AllocateMemory FreeMemory InitModel

OptimizelP OptimizeLP

See Extended Functions for more functions.

Finish

Finish () frees all memory previously allocated for the model and closes all open files. This is usually the
last MOPS.DLL function you will call in your model generator.

Input
Output
Rc (14) 0: OK
<> 0: Error
Example
Rc = Finish ()

Back to index

GetlPSolution

GetlPSolution (IPStatus, IPFunct, Activity, RedCost, Status) returns the best found integer solution. If a
feasible solution has been found the arrays Activity, RedCost and Status will be filled with the
corresponding solution values.

Note, integer variables always get the status 0. Only non integer variables get their original status in the

LP-solution.
Input
Output
IPStatus (14) Status of the IP solution:
0: Optimal (search completed)
1: Optimality not proved
IPFunct (R8) Objective function value of the IP solution
Activity(1:xj) (R8) Activities of variables and constraints
RedCost(1:xj) (R8) Reduced costs of variables and dual values of constraints
Status(1:xj) (14) Status of variables in solution:

© 2007 MOPS Optimierungssysteme GmbH & Co. KG



MOPS User Manual MOPS.DLL 10

0: Integer variable, 1: Basic, 2: LB, 3: UB, 4: Fixed, 5: Superbasic,
6: below LB, 7: above UB

Rc (14) 0: OK
<> 0: Error

Example
Solution values for all variables (continuous or integer) > 0 will be written:

if xnints > 0 then
Rc = GetIPSolution (IpStatus, ipFunct, Activity, RedCost, Status)
do j =1 to xn
if dActivity(j) > 0.001 then
'Output values
End if
Enddo
End if

Where xnints is the number of integer variables previously returned by MOPS and xn is the number of
structural variables.

Back to index

GetLPSolution

GetLPSolution (LPStatus, LPFunct, Activity, RedCost, Status) returns the values of an optimal LP
solution. If a solution has been found, the arrays Activity, RedCost und Status will be filled with the
respective values.

Note, if the LP is detected as infeasible during LP-preprocessing the values of the returned solution is
meaningless. If you turn off LP-preprocessing (xrduce = 0) and use one of the simplex engines then the
values of the array Status indicates the infeasible variables.

Input
Output
LPStatus (14) Status of the LP solution:
0: optimal
1: infeasible
2: unbounded
3: not optimal
LPFunct (R8) Objective value of the LP solution
Activity(1:xj) (R8) Activities of variables and constraints
RedCost(1:xj) (R8) Reduced costs of variables and dual values of constraints
Status(1:xj) (14) Status of variables in solution
1: Basic, 2: LB, 3: UB, 4: Fixed, 5: Superbasic, 6: below LB, 7: above UB
Rc (14) 0: OK
<> 0: Error
Example

Return the activities of all basic variables if they are > 0:

Rc = GetLPSolution (LpStatus, LpFunct, Activity, RedCost, Status)

© 2007 MOPS Optimierungssysteme GmbH & Co. KG
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If LpStatus= 0 then
do j =1 to xj
if Status(j) = 1 and Activity(j) > 0.001 then
' Output of wvalues
End if

Enddo
End if

Back to index

GetModel

GetModel (Intype, inf, m, n, nz, ia, ja, a, Ib, ub, c, type) returns a complete model to MOPS.DLL. See
PutModel() for a detailed description of the arrays.

All arrays must be dimensioned sufficiently large. Use GetDim() to retrieve the dimensions of the current

model in main memory.

Input
Intype (14)

Output
inf (R8)

m (14)

n (14)

nz (14)
ia(1:nz) (14)
ja(1:nz) (14)
a(1:nz) (R8)
Ib(1:n+m) (R8)
ub(1:n+m) (R8)
c(1:n) (R8)
type(1:n) (14)
Rc (14)

Back to index

Mode of storing the model in the returned arrays ia, ja, a:

0: Tripletsin ia, ja, a. The triplets (i,j,aij) have no special order.

1: Row-wise storage, where ja contains in positions 7,..,m the start position
of the rows in arrays ja and a.

2: Column-wise storage, where ja contains in positions 1,..,n the start
positions of the columns in arrays ia und a.

Value to represent "infinity", i.e. any bound that has inf as its absolute
value is treated as unbounded

Number of rows

number of columns

Number of nonzero elements

Row indices (intyp = 0, 2) or start positions of rows (intyp = 1)
Columns indices (intyp = 0, 1) or start positions of columns (intyp = 2)
Nonzero elements of the matrix (triplets, row-wise or column-wise)
Lower bound for structural variables and constraints

Upper bound for structural variables and constraints

Objective function coefficients

Type of structural variable (0: continuous, <>0 integer)

0: OK
2: No model present or error in model
10: Model locked

GetParameter

GetParameter (Parameter, Value) returns a MOPS parameter. The parameter is always returned as as
string. UseSetParameter() to change a parameter. See chapter "MOPS Parameters" for a list of the
most important parameters.

© 2007 MOPS Optimierungssysteme GmbH & Co. KG
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Input
Parameter (C6) Name of the parameter
Output
Value (C80) Current value of the parameter
Rc (14) 0: OK
<> 0: Error
Example
Rc = GetParameter ("xmxmin", sValue)

returns the current value of parameter xmxmin.

Back to index

Initialize

Initialize() replaces in MOPS v.9.x the former functions AllocateMemory() and InitModel(). The function
must be called before a model is passed to the MOPS DLL (PutModel, LoadModel, ReadMPSFile,
ReadTripletFile). All parameters are set to default values. Parameters can be changed after a call to
Initialize by reading a MOPS profile (ReadProfile) or by SetParameter.

Input
Output
Rc (14) 0: OK
<> 0: Error
Example
Rc = Initialize ()

Back to index

MOPS

MOPS (FileName) carries out a complete standard optimization run. The passed variable FileName
contains the file name (optionally with path) of a MOPS profile, in which any MOPS parameter can be
set. The function MOPS() allocates memory, carries out all initializations, sets parameters specified in
the profile, reads the model from an MPS or triplet file, runs LP and IP optimization and writes solutions
to files (if xouts/ > 0). See chapter "MOPS Parameters" for a description of the most important
parameters.

In case of an error, you can use GetParameter() to retrieve xertyp, xline1 and xline2 to get a more
specific error description.

Input

FileName (C255) Name of profile to use (optionally with path, max. 255 characters).
Output

Rc (14) 0: OK

© 2007 MOPS Optimierungssysteme GmbH & Co. KG
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: Error while reading the profile.

: Generating default file names caused an error.

: Bad MOPS parameter (wrong name or value).

: Error while reading MPS or triplet file.

: Error in model generator.

: Error in LP optimization (see OptimizeLP() for details).
: Error while writing solution files.

: Error in IP optimization (see OptimizelP() for details).

ONO A WN -

LP-Example
A maximization problem is solved with MOPS parameters taken from c:\mops\xmops.pro. After the
optimization the return code of the LP run and the objective function value is retrieved:

fnpro = "c:\mops\xmops.pro"

Rc = MOPS (fnpro)

Rc = GetParameter ("xrtcod", returncode)
If (returncode = 0) Then

Rc = GetParameter ("xlpsta", lpsta)
If (lpsta = 0) Then
Rc = GetParameter ("xfunct", funct)
End if
End if

IP-Example

The profile contains all relevant optimization parameters. If the profile lies in the current working directory
you can only pass the filename of the profile, or else the filename must be preceded by a relative or
absolute path. After the optimization return code, IP status and objective function value are retrieved.

fnpro = "c:\mops\xmops.pro"

Rc = Mops (fnpro)

Rc = GetParameter ("xrtcod", returncode)
Rc = GetParameter ("xipsta", lpsta)

Rc = GetParameter ("xzbest", zbest)

Back to index

LoadModel

LoadModel (Intype, inf, m, n, nz, ia, ja, a, Ib, ub, rl, ru, c, type, fcpi) transfers a complete LP/IP model
to the MOPS.DLL.Compared to PutModel this function can transfer IP models with extended integer
types (SC-, SI-, PI-, Ll-variable and SOS of Type 1 and 2) to the DLL. A model with m constraints and n
structural variables must be in the following form:

min/max c'x
bl <Ax <bu
| < x<u

with xj being integer for every element j from set JI

The vectors x, ¢, |, u are real vectors of size n, A is a m x n matrix of type real, bl and bu are real m
-vectors. The vectors |, u, bl, bu can have elements, that are plus or minus infinite (+/- inf), to represent
unbounded variables or constraints. For equations the values b/ and bu must be identical. /={1,..,m}
and J = {1,..,n} are index sets for constraints and variables. J/ is a subset of J and contains all indices of
integer variables. If J/ is empty, the model is pure LP.

Note: The convexity constraints of special ordered sets S1-S3 should not be included in the above
model. They are generated automatically inside the function LoadModel. However, the size of the output
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arrays to be passed to the functions GetLPSolution and GetlPSolution have to be increased ton + m +
nsos (instead of m+n) where nsos represents the number of special ordered sets. This is so, because
the model contains m+ nsos constraints of which only m constraints are generated by the user.

Input
Intyp (14)

inf (R8)

m (14)

n (14)

nz (14)
ia(1:nz) (14)
ja(1:nz) (14)
a(1:nz) (R8)
Ib(1:n) (R8)
ub(1:n) (R8)
rl(1:m) (R8)
ru(1:m) (R8)
c(1:n) (R8)
type(1:n) (14)
fcpi(1:n) (R8)

Back to index

Mode of storing the model in the arrays ia, ja, a:

0: Tripletsin ia, ja, a. The triplets (i j,aij) have no special order.

1: Row-wise storage, where ia contains in positions 7,..,m the start position
of the rows in arrays ja and a.

2: Column-wise storage, where ja contains in positions 1,..,n the start
positions of the columns in arrays ia und a.

Value that represents infinity (e.g. 1.0E20)

Number of rows

Number of columns

Number of nonzeros

Row indices (intyp = 0, 2) or start positions of rows (intyp = 1)
Columns indices (intyp = 0, 1) or start positions of columns (intyp = 2)
Nonzero elements of the matrix (triplets, row-wise or column-wise)
Lower bound for structural variables

Upper bound for structural variables

Lower bound for constraints

Upper bound for constraints

Objective function coefficient

Type of structural variable

fix charge cost for SC- and Sl-variables, threshold values for Pl-variables
and zero for the rest

Optimize

Optimize (Direction, Status, Phase, ObjFunc) optimizes the LP/IP model presently in memory. If the
model is an IP model the IP run starts automatically after the model has been solved initially as an LP. If
an error occurs the return code gives further information. The output variable Phase states from which
optimization phase (LP or IP) the function returns.

Input
Direction (14)

Output
Status (14)

Optimization direction:
> 0: Minimization
< 0: Maximization

Solution status

0: Optimal LP or IP solution found.

1: LP or IP is infeasible.

2: LP model is unbounded.

3: Only a suboptimal LP/IP solution has been found, when a resource limit
(e.g. time limit) was reached.

4: No LP/IP solution has been found, when a resource limit (e.g. time limit)
was reached.
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Phase (14)

ObjFunc (R8)
Rc (14)

Example

Current phase of optimization

0: LP

1: IP

Objective function value of the LP/IP solution (if Status = 0 or 3)

0: OK

1: Resource limit (time, memory, iterations, nodes, number of IP solutions)
2: Input error (e.g. error in model)

3: Output error (e.g. no hard disk space)
4: Numerical problem

Running an IP optimization (minimization). The model has already been loaded.

rc = Optimize (0, stat, phase, funct)
if rc <> 0 exit
If phase = 0 Then
' Stopping in LP phase. This can happen:
' 1. If an error occurred when solving the initial LP
' 2. If the model is an LP
' 3. an IP model is solved as an LP (xlpmip=0)

If stat = 0 Then

Output "Optimal LP Solution found. Value=" & funct
rc = GetLPSolution(stat, funct, Activity(l), RedCost(l),

Status (1))
Else If stat = 1 Then
Output "LP is infeasible"
Else If stat = 2 Then
Output "LP is unbounded"
Else
Output "LP not solved. rc=" & r
End If
Else

' Report results for IP phase (LP was solved to optimality)
If stat = 0 Then

Status (1))

Output "Optimal IP Solution found. Value = & funct
rc = GetIPSolution(stat, funct, Activity(l), RedCost(l),

Output "index activity reduced costs status"
'NoCols has been retrieved previously by GetDim
For j = 1 To NoCols
Output j & " " & daActivity(j) & " " & daRedCost(j) & " "
laStatus (j)
Next

ElseIf stat = 1 Then

Output "IP is infeasible"

ElseIf stat = 3 Then

funct
Else

Output "IP Solution found - search not completed. Value=" &

Output "No IP Solution found - search not completed. rc=" & r

End If

End If

Back to index

PutModel

© 2007 MOPS Optimierungssysteme GmbH & Co. KG



MOPS User Manual MOPS.DLL 16

PutModel (Intyp, inf, m, n, nz, ia, ja, a, Ib, ub, c, type) transfers a complete LP/IP model to the
MOPS.DLL. A model with m constraints and n structural variables must be in the following form:

min/max c'x
bl <Ax <bu
| < x <u

with x; being integer for every element j from set Jl

The vectors x, ¢, I, u are real vectors of size n, A is a m x n matrix of type real, b/ and bu are real m
-vectors. The vectors |/, u, bl, bu can have elements, that are plus or minus infinite (+/- inf), to represent
unbounded variables or constraints. For equations the values b/ and bu must be identical. /= {1,..,m}
and J = {1,..,n} are index sets for constraints and variables. J/ is a subset of J and contains all indices of
integer variables. If JI is empty, the model is pure LP. The vector | must be stored in positions 1,...,n of
the input array Ib and b/ in positions n+1,..,n+m of Ib. Similarly the vector u must be stored in positions
1,...,n of the input array ub and bu in positions n+1,..,n+m of ub

Input
Intyp (14) Mode of storing the model in the returned arrays ia, ja, a:
0: Tripletsin ia, ja, a. The triplets (i,j,aij) have no special order.
1: Row-wise storage, where ia contains in positions 7,..,m the start position
of the rows in arrays ja and a.
2: Column-wise storage, where ja contains in positions 1,..,n the start
positions of the columns in arrays ia und a.
inf (R8) Value that represents infinity (e.g. 1.0E20)
m (14) Number of rows
n (14) Number of columns
nz (14) Number of nonzeros
ia(1:nz) (14) Row indices (intyp = 0, 2) or start positions of rows (intyp = 1)

ja(1:nz) (14)
a(1:nz) (R8)
Ib(1:n+m) (R8)
ub(1:n+m) (R8)
c(1:n) (R8)
type(1:n) (14)

Output
Rc (14)

Example

Columns indices (intyp = 0, 1) or start positions of columns (intyp = 2)
Nonzero elements of the matrix (triplets, row-wise or column-wise)
Lower bound for structural variables and constraints

Upper bound for structural variables and constraints

Objective function coefficient

Type of structural variable (0: continuous, <>0 integer)

0: OK.
1: The size of model passed is to large for the available memory.
2: Input data error

The following little model will be passed to MOPS.DLL in triplet form (intyp = 0):

Max 3x1 + 5x2
x1-20x2<0
x1-10x2> 2

x12> 0, x2 is a binary variable

Parameter for PutModel():
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m=2, n=2, nz=4, inf=1.e20

c = (3.0, 2.0)

typ = (0, 1)

1b = (0.0, 0.0, -1.e20, 2.0)
ub (1.e20, 1.0, 0.0, 1.e20)
ia = (1, 1, 2, 2)

Jja (L, 2, 1, 2)

a= (1.0, -20.0, 1.0, -10.0)

Back to index

ReadMpsFile

ReadMpsFile (FileName) reads an MPS model into the main memory. A path can be optionally

specified in FileName. Before calling this function you have to call AllocateMemory() and InitModel().

Input
FileName (C255) Name of the MPS file (optionally with path)
Output
Rc (14) 0: OK.

<>0: Error (I/O or syntactical error in MPS file)
Example

Rc = ReadMpsFile ("c:\mops\models\myfile.mps")
If Rc <> 0 Then

Rc = GetParameter ("xertyp", Errortype)

Rc = GetParameter ("xlinel", ErrorDescriptionl)

Rc = GetParameter ("xline2", ErrorDescription?2)
End If

Back to index

ReadProfile

ReadProfile (FileName) reads a MOPS Profile. A profile is a plain ASCII file, where you can set any
MOPS parameters. See section "Profiles" for an example.

Input
FileName (C255) Filename of the profile (optionally with path)
Output
Rc (14) 0: OK
<> 0: Error (I/O or syntactical)
Example
Rc = ReadProfile ("c:\mops\xmops.pro")
If Rc <> 0 Then
Rc = GetParameter ("xertyp", Errortype)
Rc = GetParameter ("xlinel", ErrorDescriptionl)
Rc = GetParameter ("xline2", ErrorDescription?2)
End If

Back to index
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ReadTripletFile

ReadTripletFile (FileName) reads triplet file into the main memory. Before calling this function you have
to call AllocateMemory() and InitModel(). See section "Triplet Files" for an example.If an error occurs,
check parameter xertyp for further information.

Input
FileName (C255) Name of the triplet file (optionally with path)
Output
Rc (14) 0: OK
<> 0: Error (I/O or syntactical)
Error types:
1. File I/O error.
2. Max model dimensions xmmax, xnmax, Xxnzmax, xrcmax exceeded.
3. Syntax error (Bad integer or floating point value, token longer than 64
characters, wrong row index or column index).
4. Logical error (e.g. Ib > ub)
Example

Rc = ReadTripletFile ("d:\mops\models\myfile.tri")
If Rc <> 0 Then

Rc = GetParameter ("xertyp", Errortype)

Rc = GetParameter ("xlinel", ErrorDescriptionl)

Rc = GetParameter ("xline2", ErrorDescription?2)
End If

Back to index

SetParameter

SetParameter (s) sets MOPS parameters. All parameters are initialized to defaults when calling
InitModel() and can be set individually afterwards. Several parameters can be specified if they fit into the
input string s.

Input
s (C255) Parameter and value. Syntax: <Parameter>=<Valuet>
Output
Rc (14) 0: OK
<> 0: Error
Example

Set parameter xoutlv to 1, so that no log messages are written to the logfile: Set parameter xoutsl = 0
implies that no solution file is written.

s = "xoutlv = 1 xoutsl = 0 "
Rc = SetParameter (s)

Back to index

WriteMpsFile
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WriteMpsFile (FileName) saves the model in main memory as MPS file to the hard disk..

Input
FileName (C255) Name of the MPS file (optionally with path)
Output
Rc (14) 0: OK
<>0: Error
10: Model locked
Example

Rc = WriteMpsFile ("c:\mops\models\myfile.mps")

Back to index

WriteTripletFile

Write TripletFile (FileName) saves the current model as a ftriplet file to the hard disk.

Input
FileName (C255) Name of the triplet file (optionally with path)
Output
Rc (14) 0: OK
<>0: Error
10: Model locked
Example

Rc = WriteTripletFile ("c:\mops\models\myfile.tri")

Back to index

AllocateMemory
This function is discontinued and only for backward compatibility. Use Initialize() instead.

AllocateMemory (Memory) allocates a block of continuous main memory and initializes internal default
values. You must call AllocateMemory before you use any other functions to build the model.

If a memory block has already been allocated by a previous call to AllocateMemory, re-invoking the
functions frees this memory and allocates a new block, all data in the previous block will be lost.

SetMaxLPDim() and SetMaxIPDim() change the default maximal dimensions of a model set by
AllocateMemory.

Input
Memory (14) Size of the memory block in megabyte [MB].
If Mem = 0, the default value of 300 MB will be used.
Output
Rc (14) 0: OK

<> 0: Not enough memory available
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Example
Rc = AllocateMemory (0) Allocates 300 MB (default) of main memory .
Rc = AllocateMemory (800) Allocates 800 MB of main memory.

Back to index

InitModel
This function is discontinued and only for backward compatibility. Use Initialize() instead.
InitModel () initializes a memory block and sets default values for parameters and internal variables. This

function must be called after AllocateMemory(). For maximal model dimensions default values are used
or the dimensions previously set by SetMaxLPDim() and SetMaxIPDim(), if these functions have been

called.
Input
Output
Rc (14) 0: OK
<> 0: Error
Example

Rc = InitModel ()

Back to index

FreeMemory
This function is discontinued and only for backward compatibility. Use Finish() instead.

FreeMemory () is called to free the memory block allocated by AllocateMemory(). All model data in main
memory is lost if you call this function.

Input
Output
Rc (14) 0: OK
<> 0: Error
Example
Rc = FreeMemory ()

Back to index

OptimizelP
This function is discontinued and only for backward compatibility. Use Optimize() instead.

OptimizelP (FrNod, Nodes, NintSol, Errtype, ObjFunc, LpBound) starts an IP optimization run. Before
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calling OpitimizelP() the model has to be solved successfully as an LP by calling OptimizeLP(). The IP
optimization will be stopped after having processed FrNod nodes or when an optimal solution has been
found. You can use a loop to call this solution until the problem will be solved; within the loop you can
analyze the results found so far or stop the optimization if appropriate.

Input
FrNod (14) Number of nodes until next break.
Output
Nodes (14) Current number of nodes in Branch & Bound tree
NIntSol (14) number of found IP solutions
Errtype (14) Error code for problems during optimization (e.g. resource problems)
0: OK
<>0: Error
ObjFunc (R8) Best objective function value found so far
LpBound (R8) Best possible objective function value of the IP solution
Rc (14) 0:  Optimization successfully terminated
-1:  LP s infeasible, unbounded or could not be solved because of a
resource limit (memory etc.)
-2:  No integer variables in model
2:  Input error (e.g. in basis or tree file)
3:  Output error
4:  Numerical problem
6: System error
999: Breakpoint reached (optimization can be continued)
Example

The IP optimization is always stopped after having processed 100 nodes and then continued.

xfrnod = 100
Do
rc = OptimizeIP (xfrnod, xnodes, xnints, =xertyp, xzbest, xzubnd)
If rc = 0 Then
MsgBox "IP optimization successfully finished."
Else If rc = 1 Then
MsgBox "Resource problem (memory, time, iterations)."
End If
Loop Until rc <> 999

Back to index

OptimizeLP
This function is discontinued and only for backward compatibility. Use Optimize() instead.

OptimizeLP (FrLog, Iter, Ninfeas, LPStatus, ObjFunc, Suminfeas) starts the LP optimizer. This function
must also be called when optimizing an IP model to solve the initial LP; OptimizelP() will be called
afterwards. When using the Simplex engine (see parameter xiptyp), the LP optimization will be stopped
after FrLog iterations. You can use a loop to break and continue the LP optimization run until the model
will be solved.

In case of an error, you can use GetParameter() to retrieve xertyp, xline1 and xline2 to get a more
specific error description.
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Input
FrLog (14)

Output
Iter (14)

Ninfeas (14)
LPStatus (14)

ObjFunc (R8)
Sumlnfeas (R8)
Rc (14)

Example

Number of simplex iterations until next break.

Cumulated number of iterations.
Number of infeasibilities.

Optimization status:
0: Optimal

1: Infeasible

2: Unbounded

Current objective function value.
Sum of infeasibilities.

0: Model optimally solved

1: Resource limit reached (memory iterations, time)

2: Input error

3: Output error

4: Numerical problem

6: System error

8: Error while reading or writing IMR to file

999: Breakpoint reached (optimization can be continued)

The optimization of the LP is stopped after each 100 iterations.

xfrlog = 100
Do
rc = OptimizelP (xfrlog, xiter, xnif, xlpsta, xfunct, xsif)
If rc = 0 Then
MsgBox "LP optimization successfully finished."
Else If rc = 1 Then
MsgBox "Resource limit (e.g. iteration limit)"
Else If rc = 2 Then
MsgBox "Input error occurred."
Else If rc = 3 Then
MsgBox "Output error occurred."
End If

Loop Until rc <> 999

Back to index

24

2.41 Extended functions

Extended functions

Alphabetical list of MOPS.DLL extended functions

Many of the following DLL functions have been added to MOPS.DLL since v8.x.

Index
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ChangeColLB
ChangeCost
ChangeRhs
FindName
GetColBase
GetColLPSolution
GetCost
GetLPObjValue
GetNumberOfColumns
GetRedCost
GetRowDualValues
GetRowLhs
GetSolutionStatus

PutRow

ChangeColType
Changelhs
DelCol
GenFileNames
GetCollPSolution
GetColType
GetDim
GetMaxDim
GetNumberOfNZ
GetRow
GetRowlIPSolution
GetRowRhs
PutCol
SetMalPDim

ChangeColUB
ChangeNonzeros
DelRow

GetCol

GetColLB
GetColUB
GetlPObjValue
GetNonzero
GetNumberOfRows
GetRowBase
GetRowLPSolution
GetRowType
PutNonzeros

SetMaxLPDim

ChangeCollLB

ChangeColLB (Colindex, LB) changes the lower bound of the structural variable with index Collndex.

Input
Collndex (14)
LB (R8)

Output
Rc (14)

Example

Column index
Lower bound

0: OK
1: Bad column index

2: Lower bound is greater than upper bound

10: Model locked

Change lower bound of column 2 to 0:

Rc = ChangeColLB (2,

Back to index

0)

ChangeColType

ChangeColLB (Colindex, LB) changes the lower bound of the structural variable with index Collndex.

Input
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Colindex (14) Column index
LB (R8) Lower bound
Output

Rc (14) 0: OK

1: Bad column index
2: Lower bound is greater than upper bound
10: Model locked

Example
Change lower bound of column 2 to 0:

Rc = ChangeColLB (2, 0)

Back to index

ChangeColUB

ChangeColType (Collndex, ColType) changes the type of a variable specified by Collndex.

Input
Colindex (14) Column index
ColType (14) Type of variable:
0: continuous
1: integer
Output
Rc (14) 0: OK
1: Bad column index
10: Model locked
Example

Change type of column 3 to integer:
Rc = ChangeColType (3, 1)

Back to index

ChangeCost

ChangeCost (Collndex, Cost) changes the objective function coefficient of the structural variable with
index Collndex.

Input
Colindex (14) Column index
Cost (R8) Objective function coefficient
Output
Rc (14) 0: OK
1: Bad column index
10: Model locked
Example
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Changes cost of column 3 to 0:
Rc = ChangeCost (3, 0)

Back to index

ChangelLhs
ChangelLhs (Rowindex, Lhs) changes the lower bound (left hand side) of the constraint with index
Rowlindex.
Input
RowlIndex (14) Row index
Lhs (R8) Lower bound (left hand side)
Output
Rc (14) 0: OK
1: Bad row index
2: Lower bound is greater than upper bound
10: Model locked
Example

Sets the lower bound of row 1 to 0:
r = ChangeLhs (1, 0)

Back to index

ChangeNonzeros

ChangeNonzeros (NElements, Rowindices, Collndices, NZs) changes a number of nonzero elements.
The last three parameters are arrays that contain the nonzero elements with their row and column
indices triplet-wise.

Input

NElements (14) Number of elements to be changed

Rowlndices (14) Array of row indices

Collndices (14) Array of column indices

NZs (R8) Array of nonzero elements

Output

Rc (14) 0: OK
1: Bad row index
2: Bad column index
3: One or more nonzero elements is 0
4: Nonzero element to be changed does not exist in the model
5: No rows or columns present, that can be changed
10: Model locked

Example

Change 2 nonzero elements (1,1,1) and (1,2,5):

ia(l) = 1: ja(l) = 1: a(l) =1
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ia(2) = 1: ja(2) = 2: a(2) =5
Rc = ChangeNonzeros (2, ia(l), ja(l), a(l))

Back to index

ChangeRhs
ChangeRhs (Rowlindex, Rhs) changes the upper bound (right hand side) of the constraint with index
Rowilndex.
Input
RowlIndex (14) Row index
Rhs (R8) Upper bound (right hand side)
Output
Rc (14) 0: OK
1: Bad row index
2: Lower bound is greater than upper bound
10: Model locked
Example

Sets the upper bound of row 1 to 0:
r = ChangeRhs (1, 0)

Back to index

DelCol

DelCol (Colindex) deletes a column of the model.

Input

Collndex (14) Column index

Output

Rc (14) 0: OK
1: Bad column index
6: Matrix is in false internal format
10: Model locked

Example

Rc = DelCol (8)

Back to index

DelRow
DelRow (Rowlndex) deletes a row of the model.

Input
RowlIndex (14) Row index

Output
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Rc (14) 0: OK
1: Bas row index
6: Matrix is in false internal format
10: Model locked

Example
Rc = DelRow (8)

Back to index

FindName

FindName (Name, Mode, Index) searches for row and column names and returns the corresponding
index if available.

Input
Name(C64) Row name or column name to be searched for.
Mode (14) 0 if looking for a row name, else column names.
Output
Index (14) Index of row or column. Zero if name could not be found.
Rc (14) 0: OK
<> 0: Error
10: Model locked
Example
Rc = FindName ("Constraint Berlin", 0, Index)

Back to index

GenFileNames

GenFileNames (FileName) generates names for all MOPS output files (solution files, statistic files etc.)
from a template.

Input
FileName (C64) Name of the file, that serves as a template
Output
Rc (14) 0: OK
1: Empty or invalid file name
Example
Generates names like for example "demomodel.lps" (LP solution file), "demomodel.sta" (statistic file)
etc. :
Rc = GenFileNames ("demomodel .mps")

Back to index

GetCol
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GetCol (Colindex, ColIName, ColType, NElements, Cost, LB, UB, Status, Activity, RedCost) returns

data of a structural variable.

Input
Colindex (14)

Output
ColName (C64)

ColType (14)
NElements (14)
Cost (R8)

LB (R8)

UB (R8)
Status (14)

Activity (R8)
RedCost (R8)
Rc (14)

Example

Rc = GetCol (17, ColName, ColType, NoElements, Cost, LB, UB,

Activity, RedCost)

Back to index

Column index

Name of the variable (max. 64 characters)
Type of the Variable (0: continuous, 1: integer)
Number of nonzero elements in the column
Objective function coefficient

Lower bound

Upper bound

Status of the variable in solution
1: basic

2: lower bound

3: upper bound

4: fixed

Activity (solution value) of the variable
Reduced cost of variable in solution

0: OK
1: Bad index
10: Model locked

Status,

GetColBase

GetColBase (StartCollndex, EndColindex, Status) gets the variable status after optimization. The array
Status will be filled and must have sufficient size, at least EndColIndex-StartCollndex+1.

Input
StartCollndex (14)
EndColindex (14)

Output
Status (14)

Rc (14)

Start index of columns
End index of columns

Array of variable status in solution

1: basic

2: lower bound

3: upper bound

4: fixed

0: OK

1: Start index greater than end index
2: Start index less than 1

3: End index greater than number of columns
10: Model locked
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Example
Fills array iaColBase with status indicators of columns 3, 4 and 5.

Rc = GetColBase (3, 5, iaColBase)

Back to index

GetCollPSolution

GetCollPSolution (StartColIndex, EndColindex, IPSol) gets the IP solution for a number of columns
after successful optimization. The array /PSol will be filled and must have sufficient size, at least
EndCollndex-StartCollndex+1.

Input

StartCollndex (14) Start index of columns

EndColindex (14) End index of columns

Output

IPSol (R8) Array of IP solution values

Rc (14) 0: OK
1: Start index greater than end index
2: Start index less than 1
3: End index greater than number of columns
4: No IP solution present

Example

Fills array da1PSol with IP solution values for columns 3, 4 and 5.
Rc = GetColIPSolution(3, 5, daIPSol)

Back to index

GetColLB

GetColLB (Colindex, LB) gets the lower bound of a column.

Input
Colindex (14) Column index
Output
LB (R8) Lower bound
Rc (14) 0: OK
1: Bad column index
10: Model locked
Example

Get lower bound of column 1:
Rc = GetCollLB(1l, dLB)

Back to index

GetColLPSolution
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GetColLPSolution (StartColindex, EndColindex, LPSol) gets the LP solution for a number of columns
after successful optimization. The array LPSo/ will be filled and must have sufficient size, at least
EndCollndex-StartColIndex+1.

Input
StartColindex (14) Start index of columns
EndColindex (14) End index of columns
Output
LPSol (R8) Array of LP solution values
Rc (14) 0: OK
1: Start index greater than end index
2: Start index less than 1
3: End index greater than number of columns
Example

Fills array daz.pPSol with IP solution values for columns 3, 4 and 5.
Rc = GetColLPSolution(3, 5, daLPSol)

Back to index

GetColType

GetColType (Colindex, ColType) gets the type of a column.

Input
Colindex (14) Column index
Output
ColType (14) Type of variable:
0: continuous
1: integer
Rc (14) 0: OK
1: Bad column index
10: Model locked
Example

Get type of column 1:
r = GetColType(l, 1ColType)

Back to index

GetColUB
GetColUB (ColIndex, UB) gets the upper bound of a column.

Input
Colindex (14) Column index

Output
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LB (R8) Upper bound

Rc (14) 0: OK
1: Bad column index
10: Model locked

Example
Get upper bound of column 1:

Rc = GetColUB (1, dUB)

Back to index

GetCost

GetCost (Collndex, Cost) gets the objective function coefficient of a variable.

Input
Colindex (14) Column index
Output
Cost (R8) Obijective function coefficient
Rc (14) 0: OK
1: Bad column index
10: Model locked
Example

Get cost coefficient of column 1:

Rr = GetCost(l, dCost)

Back to index

GetDim

GetDim (NRows, NCols, NNz) returns current model dimensions.

Input
Output
NRows (14) Number of rows
NCols (14) Number of columns
NNz (14) Number of nonzero elements
Rc (14) 0: OK
<> 0: Error
Example

Rc = GetDim (NoRows, NoCols, NoNz)

Back to index
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GetIPObjValue
GetIPObjValue () returns the IP objective function value after optimization.

Input

Output
GetlPObjValue (R8) IP objective function value

Example
dObj = GetIPObjValue

Back to index

GetLPObjValue
GetLPObjValue () returns the LP objective function value after optimization.

Input

Output
GetLPObjValue (R8) LP objective function value

Example
dObj = GetLPObjValue

Back to index

GetMaxDim

GetMaxDim (MaxRows, MaxCols, MaxNz) returns the maximal model dimensions.
You can change these values with SetMaxLPDim(). Eventually you have to change also the size of the
memory block with AllocateMemory() beforehand.

Input
Output
MaxRows (14) Maximal number of constraints
MaxCols (14) Maximal number of columns
MaxNz (14) Maximal number of nonzero elements
Rc (14) 0: OK
<> 0: Error
Example
Rc = GetMaxDim (m, n, nz)

Back to index

GetNonzero
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GetNonzero (Rowindex, Collndex, Element) returns a single nonzero element from the matrix.

Input
RowlIndex (14) Row index
Collndex (14) Column index
Output
Element (R8) Matrix element
Rc (14) 0: OK

1: Bad index

10: Model locked
Example

Rc = GetNonzero( 1, 2, Element)
reads nonzero in row 1, column 2 and stores the coefficient in Element.

Back to index

GetNumberOfColumns

GetNumberOfColumns (NCols) returns the number of columns of the present model.

Input
Output
NCols (14) Number of columns
Rc (14) 0: OK

10: Model locked
Example

Rc = GetNumberOfColumns (1NCols)

Back to index

GetNumberOfNZ

GetNumberOfNZ (NNz) returns the number of nonzeros of the present model.

Input
Output
NNz (14) Number of nonzeros
Rc (14) 0: OK

10: Model locked
Example

Rc = GetNumberOfNZ (1NNz)
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Back to index

GetNumberOfRows

GetNumberOfRows (NRows) returns the number of rows of the present model.

Input
Output
NRows (14) Number of rows
Rc (14) 0: OK

10: Model locked
Example

Rc = GetNumberOfRows (1NRows)

Back to index

GetRedCost

GetRedCost (StartColindex, EndColindex, RedCost) gets the reduced cost of a number of columns
after optimization. The array RedCost will be filled and must have sufficient size, at least
EndCollndex-StartColIndex+1.

Input
StartCollndex (14) Start index of columns
EndColindex (14) End index of columns
Output
RedCost (R8) Array of reduced cost values
Rc (14) 0: OK
1: Start index greater than end index
2: Start index less than 1
3: End index greater than number of columns
Example

Fills array daRedCost with reduced cost values for columns 3, 4 and 5.
Rc = GetRedCost (3, 5, daRedCost)

Back to index

GetRow

GetRow (Rowlindex, RowName, RowType, Lhs, Rhs, Status, Activity, RedCost) returns data for one
row.
Wurde das Modell nicht optimal geldst, sind die Werte flr Status, Activity und RedCost nicht definiert.

The variable RowName must be long enough to receive the complete name of the constraint.
MOPS.DLL is not able to extend an insufficiently dimensioned string variable. Use "Dim sRowName as
string * 64" in Visual Basic 6.0 for a proper dimensioning.
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Input
RowlIndex (14) Row index
Output
RowName (C64) Row name (max. 64 characters)
RowType (14) Type of constraint

1: Unbounded

2: ll<="

3: ll>="

4: |l="

5: Ranged
Lhs (R8) Lower bound (left hand side)
Rhs (R8) Upper bound (right hand side)
Status (14) Solution status of constraint

1: Basis

2: Lower bound

3: Upper bound

4: Fix
Activity (R8) Activity of constraint in solution
RedCost (R8) Reduced cost (dual values) of constraint in solution
Rc (14) 0: OK

1: Bad index

10: Model locked
Example

Rc = GetRow (17, RowName, RowType, Lhs, Rhs, Status, Activity, RedCost)
reads values for row 17.

Back to index

GetRowBase

GetRowBase (StartRowlIndex, EndRowlndex, Status) gets the solution status of a constraint after
optimization. The array Status will be filled and must have sufficient size, at least
EndRowlndex-StartRowIndex+1.

Input
StartRowIndex (14) Start index of rows
EndRowlIndex (14) End index of rows
Output
Status (14) Solution status of constraint
1: Basis
2: Lower bound
3: Upper bound
4: Fix
Rc (14) 0: OK
1: Start index greater than end index
2: Start index less than 1
3: End index greater than number of rows
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Example
Fills array /aStatus with reduced cost values for rows 3, 4 and 5.

Rc = GetRowBase (3, 5, laStatus)

Back to index

GetRowDualValues

GetRowDualValues (StartRowIndex, EndRowindex, Duals) gets dual values of a number of rows after
optimization. The array Duals will be filled and must have sufficient size, at least
EndRowlndex-StartRowIndex+1.

Input
StartRowIndex (14) Start index of rows
EndRowlIndex (14) End index of rows
Output
Duals (R8) Array of dual values
Rc (14) 0: OK
1: Start index greater than end index
2: Start index less than 1
3: End index greater than number of rows
Example

Fills array daDuals with dual values values for rows 3, 4 and 5.
Rc = GetRowDualValues (3, 5, daDuals)

Back to index

GetRowlPSolution

GetRowlPSolution (StartRowIndex, EndRowlindex, IPSol) gets IP solution values of a number of rows
after optimization. The array /IPSol will be filled and must have sufficient size, at least
EndRowlindex-StartRowIndex+1.

Input

StartRowIndex (14) Start index of rows

EndRowlIndex (14) End index of rows

Output

IPSol (R8) Array of IP solution values

Rc (14) 0: OK
1: Start index greater than end index
2: Start index less than 1
3: End index greater than number of rows
4: No IP solution present

Example

Fills array dalPSol with IP solution values for rows 3, 4 and 5.

Rc = GetRowIPSolution (3, 5, daIPSol)
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Back to index

GetRowLPSolution

GetRowLPSolution (StartRowIndex, EndRowlIndex, LPSol) gets LP solution values of a number of rows
after optimization. The array LPSol will be filled and must have sufficient size, at least
EndRowlndex-StartRowIndex+1.

Input
StartRowlIndex (14) Start index of rows
EndRowlIndex (14) End index of rows
Output
LPSol (R8) Array of LP solution values
Rc (14) 0: OK
1: Start index greater than end index
2: Start index less than 1
3: End index greater than number of rows
Example

Fills array daLPSol with LP solution values for rows 3, 4 and 5.

Rc = GetRowLPSolution (3, 5, dalLPSol)

Back to index

GetRowLhs

GetRowLhs (Rowindex, Lhs) gets left-hand-side (lower bound) of a row.

Input
RowlIndex (14) Row index
Output
Lhs (R8) Lower bound (left hand side)
Rc (14) 0: OK
1: Bad row index
10: Model locked
Example

Rc = GetRowLhs (1, dLhs)

Back to index

GetRowRhs
GetRowRhs (Rowindex, Rhs) gets right-hand-side (upper bound) of a row.

Input
RowlIndex (14) Row index

Output
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Rhs (R8) Upper bound (right hand side)

Rc (14) 0: OK
1: Bad row index
10: Model locked

Example
Rc = GetRowRhs (1, dRhs)

Back to index

GetRowType

GetRowType (Rowlindex, RowType) gets type of a row.

Input
RowlIndex (14) Row index
Output
RowType (14) Type of constraint
1: Unbounded
2. ll<=ll
3. ll>=ll
4. |l=ll
5: Ranged
Rc (14) 0: OK
1: Bad row index
10: Model locked
Example

Rc = GetRowType(l, lRowType)

Back to index

GetSolutionStatus
GetSolutionStatus() gets the status of an IP or LP solution.

Input

Output

GetSolutionStatus (14)  -1: Status undefined

: Optimal LP-solution found

: LP infeasible

: LP unbounded

: LP iteration limit xmiter reached

: LP time limit for reached

: IP time limit xmxmin for B&B reached

: Node LP iteration limit xmitip reached

: Insufficient space xmxnen for LU factors
: Node limit xmxnod reached

: Nodes buffer size too small

10: Disk full

11: Granted disk space xmxdsk exhausted

O©CoOoO~NOUOPAWN-0
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Example
= GetSolutionStatus

1Stat

12: xmxnen must be larger than xnzero
13: Input error in IMR or basis

14: Output error

15: Numerical problem

16: frlog limit reached

17: Internal system error

18: Matrix singular

19: B&B finished, optimal solution found
20: B&B finished, no solution found

21: Node-, iteration- or time-limit in b&b reached
22: Input error in b&b tree or IMR

23: Output error in IP optimization

24: Numerical problem in IP optimization
25: Not enough memory for LU-matrices
26: Internal system error in IP optimization

PutCol

PutCol (Collndex, Mode, ColName, ColType, Cost, LB, UB) adds a new column to the model (when
Mode = 0) or updates an existing column (when Mode <> 0). A new column will be inserted before the

passed index Collndex, i.e. if a new column 17 is inserted, the present column 17 becomes column 18,

18 becomes 19 and so on.

Input

Colindex (14)
Mode (14)

ColName
ColType (14)

Cost (R8)
LB (R8)
UB (R8)

Output
Rc (14)

Example

Rc

PutCol

(17,

0,

Column index (values from 1 to number of columns +1)

0: Insert
1: Update

Column name (max. 64 characters)

Type of variable:
0: continuous
1: integer

Objective function coefficient
Lower bound
Upper bound

0: OK

1: Bad column index

2: Not enough memory

3: Lower bound is greater than upper bound

4: Not able to check for same column names

5: Another column already has got the same name
10: Model locked

Note:

Return codes 4 and 5 serve only for information purposes, they are no
severe errors and the process of inserting or updating a column will be
continued.

"MyCol 17", 1, 10.0, 0, 100)
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Back to index

PutNonzeros

PutNonzeros (NElements, Rowlindices, Colindices, NZs) adds NElements nonzeros to the model.

Before using this function you must define rows and columns.

If you want to modify a nonzero coefficient NElements must be 1, so only single nonzeros can be

modified.
For deleting a nonzero element, call PutNonzeros() with Aij < xdropm (Aji = 0).

Input
NElements (14) Number of elements to be transferred (NElements <= xmaxnz)
Rowlndices (14) Array of row indices
Collndices (14) Array of column indices
NZs (R8) Array of nonzero elements
Output
Rc (14) 0: OK.
1: No constraints defined.
2: No variables defined.
3: Bad row index.
4: Bad column index.
5: Not enough memory.
10: Model locked
Examples

1. Transferring several matrix coefficients:

Dim RowIndices () As Long, ColIndices() As Long, Aij() As Double,
Redim RowIndices (maxnonzero)

Redim ColIndices (maxnonzero)

Redim Aij (maxnonzero)

Rc = PutNonzeros (NoElements, RowIndices(l), ColIndices(l), Aij(1)).

2. Changing a single matrix coefficient:

Rc = PutNonzeros(1l,4,2,10.0)

Replaces element in row 4, column 2 with coefficient 10. If not present the element will be added.

3. Deleting a nonzero element:
Rc = PutNonzeros( 1, 4, 2, 0.0)

Back to index

PutRow

PutRow (Rowlndex, Mode, RowName, Lhs, Rhs) adds a new row to the matrix (if Mode = 0) or updates

an existing row (if Mode <> 0). A new row will be inserted before Rowlindex, i.e. if a new row 17 is

inserted, the present row 17 becomes row 18, 18 becomes 19 and so on.
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Input
RowlIndex (14)

Mode (14)

RowName (C64)
Lhs (R8)
Rhs (R8)

Output
Rc (14)

Example

Row index

0: Insert
1: Update

Row name (max. 64 characters)
Lower bound (left hand side)
Upper bound (right hand side)

0: OK

1: Bad row index

2: Not enough memory

3: Lower bound is greater than upper bound

4: Not able to check for identical row hames

5: Another row already has got the same name
10: Model locked

Note:

Return codes 4 and 5 serve only for information purposes, they are no
severe errors and the process of inserting or updating a row will be
continued.

1. Adding an unbounded constraint:

DIM xinf As Double, 1lb As Double, ub As Double
Rc = GetParameter ("xinf", Value )
xinf = CDbl (Value)

lb = -xinf
ub = xinf

Rc = PutRow (RowIndex, 0, "MyRow 1", 1lb, ub)

2. Adding a "<= 5" constraint.

1lb = -xinf
ub
Rc

Back to index

5
PutRow (1RowIndex, 0, "MyRow 2", 1lb, ub)

SetMaxIPDim

SetMaxIPDim (NCIi, Nimp, NZcl, NNod) changes the maximal IP model dimensions defined in
AllocateMemory(). The maximal dimensions of the LP are not changed. If a value is zero, its default
value will be used. Call SetMaxIPDim() before building the model and calling Optimize().

Input
NCIli (14)
NImp (14)
NZcl (14)
NNo (14)

Max. number of cliques

Max. number of entries for clique and implications
Max. number of entries for clique elements

Max. number of nodes in main memory node table

© 2007 MOPS Optimierungssysteme GmbH & Co. KG



MOPS User Manual MOPS.DLL 42

Output
Rc (14) 0: OK
<> 0: Error
Example
Set the number of nodes of the main memory node table to 2000 and keep defaults for the other
parameters:

Rc = SetMaxIPDim(0,0,0,2000)

Back to index

Back to index
SetMaxLPDim

SetMaxLPDim (mx, nx, nzx, lunzx, rcnx, adm, adn, adnz) changes the maximal dimensions of an LP
model set in AllocateMemory(). If zero is passed for a parameter, its default value remains unchanged.

Input
mx (14) Max. number of constraints
nx (14) Max.number of structural variables
nzx(14) Max. number of nonzero elements in the matrix
unzx(14) Max.number of nonzero elements in LU factorization
rcnx (14) Max. number of characters for storing row and column names
0: No names will be stored
1: (mx + nx) * xdfnal
> 1. Actual number passed
adm (14) Max. number of additional constraints (e.g. for cuts)
adn (14) Max. number of additional rows
adnz (14) Max. number of additional nonzeros (e.g. for cuts)
Output
Rc (14) 0: OK
<> 0: Error
Example

Set number of nonzeros to 600000 and use defaults for all other parameters:
Rc = SetMaxLPDim(0,0,600000,0,1,0,0,0)

Back to index

2.5 Embedding the DLL
2.5.1 Declarations

You can use MOPS.DLL from a almost any programming language available under Windows, but most
languages require that you declare the functions you are about to use. Usually these declaration are
done before the actual program, for example in headers or in declaration sections. We used Hungarian
Notation for the names of the function parameters, with the following abbreviations indicating the type of
the variable expected by MOPS.DLL: d=double, I=long, i=integer, s=string, a=array. So the variable
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2.5.2

iaMyVariable is an array of integers.

Declarations of all MOPS.DLL functions are available for the most popular programming languages.
Simply copy and paste them into your code:

Visual Basic 6.0
Visual C/C++ 6.0
Visual Basic .NET
o C#

See also the demos, that are distributed with MOPS.DLL for examples how to embed MOPS.DLL and
how to call functions.

Visual Basic 6.0

Copy and paste these declarations to your VB 6.0 module. Names of functions are case-sensitive, you
should not modify them. Eventually the location of the MOPS.DLL must be adapted.

Declare Function AllocateMemory Lib "mops.dll" (ByVal lMemoryé&) As Long

Declare Function DelCol Lib "mops.dll" (ByVal 1ColIndex&) As Long

Declare Function DelRow Lib "mops.dll" (ByVal 1lRowIndexé&) As Long

Declare Function FindName Lib "mops.dll" (ByVal sName$, ByVal 1Modeg&, lIndex&) As Long

Declare Function Finish Lib "mops.dll" () As Long

Declare Function FreeMemory Lib "mops.dll" () As Long

Declare Function GetCol Lib "mops.dll" (ByVal 1ColIndexé&, ByVal sColName$, 1ColTypes,
INElementsé&, dCost#, dLB#, dUB#, lStatus&, dActivity#, dRedCost#) As Long

Declare Function GetDim Lib "mops.dll" (1NRowsé&, 1NCols&, 1NNz&) As Long

Declare Function GetIPSolution Lib "mops.dll" (l1IPStaé&, dIPFunct#, daActivity#, daDj#, laStas&)
As Long

Declare Function GetLPSolution Lib "mops.dll" (1LPStaé&, dLPFunct#, daActivity#, daDj#, laStas&)
As Long

Declare Function GetMaxDim Lib "mops.dll" (1MaxRowsé&, lMaxCols&, 1MaxNzé&) As Long

Declare Function GetModel Lib "mops.dll" (ByVal 1lIntypeé&, INF#, 1NRowsé&, 1NCols&, 1NNz&,
laRowIndicesé&, laColIndices&, daNZs#, dalBs#, daUBs#, daCosts#, laColTypess&)
As Long

Declare Function GetNonzero Lib "mops.dll" (ByVal lRowIndexé&, ByVal 1ColIndex&, dElement#) As
Long

Declare Function GetParameter Lib "mops.dll" (ByVal sParameter$, ByVal sValue As String) As Long

Declare Function GetRow Lib "mops.dll" (ByVal lRowIndex&, ByVal sRowName$, lRowTypeé&, dLhs#,
dRhs#, lStatusé&, dActivity#, dRedCost#) As Long

Declare Function Initialize Lib "mops.dll" () As Long

Declare Function InitModel Lib "mops.dll" () As Long

Declare Function MOPS Lib "mops.dll" (ByVal sFileName$) As Long

Declare Function Optimize Lib "mops.dll" (ByVal lDirectioné&, 1Statusé&, lPhase&, dObjFunc#) As
Long

Declare Function OptimizeIP Lib "mops.dll" (ByVal 1FrNodé&, 1Nodesg&, 1NIntSol&, lErrtypes,
dObjFunc#, dLpBound#) As Long

Declare Function OptimizeLP Lib "mops.dll" (ByVal 1FrlLog&, lIter&, 1NInfeas&, 1LPStatusg,
dObjFunc#, dSumInfeas#) As Long

Declare Function PutCol Lib "mops.dll" (ByVal 1ColIndexé&, ByVal 1Mode&, ByVal sColName$, ByVal
1ColTypes&, dCost#, dLB#, dUB#) As Long

Declare Function PutModel Lib "mops.dll" (ByVal lIntypeé&, ByVal INF#, ByVal 1NRowsé&, ByVal
1INCols&, ByVal 1NNz&, laRowIndicesé&, laColIndices&, daNZs#, dalBs#, daUB#,
daCosts#, laColTypesé&) As Long

Declare Function PutNonzeros Lib "mops.dll" (ByVal 1NElementsé&, laRowIndicess&, laColIndicessg,
daNZs#) As Long

Declare Function PutRow Lib "mops.dll" (ByVal lRowIndexé&, ByVal 1Mode&, ByVal sRowName$, dLhs#,
dRhs#) As Long

Declare Function ReadMpsFile Lib "mops.dll" (ByVal sFileName$) As Long

Declare Function ReadProfile Lib "mops.dll" (ByVal sFileName$) As Long
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2.5.3

Declare
Declare

Declare

Declare
Declare
Declare

Declare
Declare
Declare
Declare
Declare
Declare

Declare
Declare
Declare

Declare

Declare
Declare

Declare
Declare
Declare
Declare
Declare
Declare
Declare
Declare
Declare

Declare
Declare
Declare
Declare
Declare
Declare

Declare
Declare

Function
Function

Function

Function
Function
Function

Function
Function
Function
Function
Function
Function

Function
Function
Function

Function

Function
Function

Function
Function
Function
Function
Function
Function
Function
Function
Function

Function
Function
Function
Function
Function
Function

Function
Function

ReadTripletFile Lib "mops.dll" (ByVal sFileName$) As Long

SetMaxIPDim Lib "mops.dll" (ByVal 1NClig&, ByVal 1NImpé&, ByVal 1NzZclg, ByVal
1NNo&) As Long

SetMaxLPDim Lib "mops.dll" (ByVal 1NRowsé&, ByVal 1NColsé&, ByVal 1NNzé&, ByVal
1INLunzé&, ByVal 1Rcné&, ByVal 1NAdRowsé&, ByVal 1NAdColsé&, ByVal 1NAdNzé&) As
Long

SetParameter Lib "mops.dll" (ByVal sParameter$) As Long

WriteMpsFile Lib "mops.dll" (ByVal sFileName$) As Long

WriteTripletFile Lib "mops.dll" (ByVal sFileName$) As Long

ChangeCollB Lib "mops.dll" (ByVal 1ColIndex&, ByVal dLB#) As Long

ChangeColType Lib "mops.dll" (ByVal 1ColIndex&, ByVal 1ColTypeé&) As Long

ChangeColUB Lib "mops.dll" (ByVal 1ColIndexé&, ByVal dUB#) As Long

ChangeCost Lib "mops.dll" (ByVal 1ColIndex&, ByVal dCost#) As Long

ChangeLhs Lib "mops.dll" (ByVal lRowIndexé&, ByVal dLhs#) As Long

ChangeNonzeros Lib "mops.dll" (ByVal 1NElementsé&, laRowIndicesé&, laColIndicesg,
daNZs#) As Long

ChangeRhs Lib "mops.dll" (ByVal lRowIndexé&, ByVal dRhs#) As Long

GenFileNames Lib "mops.dll" (ByVal sFileName$) As Long

GetColBase Lib "mops.dll" (ByVal 1StartColIndexé&, ByVal 1EndColIndexég,
laStatusé&) As Long

GetColIPSolution Lib "mops.dll" (ByVal 1lStartColIndexé&, ByVal 1EndColIndexég,
daIPSol#) As Long

GetColLB Lib "mops.dll" (ByVal 1ColIndex&, dLB#) As Long

GetColLPSolution Lib "mops.dll" (ByVal 1StartColIndexé&, ByVal 1EndColIndexég,
daLPSol#) As Long

GetColType Lib "mops.dll" (ByVal 1ColIndex&, 1ColTypeé&) As Long

GetColUB Lib "mops.dll" (ByVal 1ColIndexé&, dUB#) As Long
GetCost Lib "mops.dll"™ (ByVal 1ColIndexé&, dCost#) As Long
GetIPObjValue Lib "mops.dll" () As Double
GetLPObjValue Lib "mops.dll" () As Double

GetNumberOfColumns Lib "mops.dll" (1NColsé&) As Long

GetNumberOfNZ Lib "mops.dll" (1NNz&) As Long

GetNumberOfRows Lib "mops.dll" (1NRowsé&) As Long

GetRedCost Lib "mops.dll" (ByVal 1StartColIndex&, ByVal 1EndColIndexég,
daRedCost#) As Long

GetRowBase Lib "mops.dll" (ByVal 1lStartRowIndex, ByVal lEndRowIndex, laStatusé&)
As Long

GetRowDualValues Lib "mops.dll" (ByVal 1lStartRowIndexé&, ByVal 1lEndRowIndexég,
daDuals#) As Long

GetRowIPSolution Lib "mops.dll" (ByVal lStartRowIndexé&, ByVal l1EndRowIndexég,
daIPSol#) As Long

GetRowLPSolution Lib "mops.dll" (ByVal lStartRowIndexé&, ByVal lEndRowIndexég,
daLPSol#) As Long

GetRowLhs Lib "mops.dll" (ByVal lRowIndex&, dLhs#) As Long

GetRowRhs Lib "mops.dll" (ByVal lRowIndexé&, dRhs#) As Long

GetRowType Lib "mops.dll" (ByVal lRowIndexé&, lRowTypeé&) As Long

GetSolutionStatus Lib "mops.dll" () As Long

Visual Basic .NET

Copy and paste these declarations to your VB.NET module. Names of functions are case-sensitive, you
should not modify them. Eventually the location of the MOPS.DLL must be adapted. See Samples and
VB.NET documentation for usage of IntPtr for passing Arrays to the unmanaged MOPS.DLL.

Declare
Declare
Declare
Declare

Declare

Declare
Declare

Declare

Declare

Function
Function
Function
Function

Function

Function
Function

Function

Function

AllocateMemory Lib "mops.dll" (ByVal 1lMemory As Integer) As Integer
DelCol Lib "mops.dll" (ByVal 1ColIndex As Integer) As Integer

DelRow Lib "mops.dll" (ByVal lRowIndex As Integer) As Integer

FindName Lib "mops.dll" (ByVal sName As String, ByVal 1Mode As Integer, ByRef
1Index As Integer) As Integer

Finish Lib "mops.dll" () As Integer

FreeMemory Lib "mops.dll" () As Integer

GetCol Lib "mops.dll" (ByVal 1ColIndex As Integer, ByVal sColName As
StringBuilder, ByRef 1ColTyp As Integer, ByRef 1NElements As Integer, ByRef
dCost As Double, ByRef dLB As Double, ByRef dUB As Double, ByRef 1Status As
Integer, ByRef dActivity As Double, ByRef dRedCost As Double) As Integer

GetDim Lib "mops.dll" (ByRef 1NRows As Integer, ByRef 1NCols As Integer, ByRef
1NNz As Integer) As Integer

GetIPSolution Lib "mops.dll" (ByRef 1IPSta As Integer, ByRef dLPFunct As Double,
ByVal pdXs As IntPtr, ByVal pdDj As IntPtr, ByVal 1Sta As IntPtr) As Integer
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Declare

Declare

Declare

Declare

Declare

Declare

Declare
Declare
Declare
Declare

Declare

Declare

Declare

Declare

Declare
Declare
Declare
Declare
Declare
Declare
Declare

Declare
Declare

Declare
Declare
Declare
Declare
Declare
Declare
Declare
Declare

Declare

Declare
Declare

Declare

Declare

Function

Function

Function

Function

Function

Function

Function
Function
Function
Function

Function

Function

Function

Function

Function
Function
Function
Function
Function
Function
Function

Function
Function

Function
Function
Function
Function
Function
Function
Function
Function

Function

Function
Function

Function

Function

GetLPSolution Lib "mops.dll" (ByRef 1IPSta As Integer, ByRef dLPFunct As Double,
ByVal pdXs As IntPtr, ByVal pdDj As IntPtr, ByVal 1Sta As IntPtr) As Integer

GetMaxDim Lib "mops.dll" (ByRef 1MaxRows As Integer, ByRef 1MaxCols As Integer,
ByRef 1MaxNz As Integer) As Integer

GetModel Lib "mops.dll" (ByVal lIntyp As Integer, ByRef dInf As Double, ByRef
1NRows As Integer, ByRef 1NCols As Integer, ByRef 1NNz As Integer, ByVal
plRowIndices As IntPtr, ByVal plColIndices As IntPtr, ByVal pdAij As IntPtr,
ByVal pdLBs As IntPtr, ByVal pdUBs As IntPtr, ByVal pdCosts As IntPtr, ByVal
plColTyps As IntPtr) As Integer

GetNonzero Lib "mops.dll" (ByVal iRowIndex As Integer, ByVal 1ColIndex As
Integer, ByRef dElement As Double) As Integer

GetParameter Lib "mops.dll" (ByVal sParameter As String, ByVal sWert As
StringBuilder) As Integer

GetRow Lib "mops.dll" (ByVal lRowIndex As Integer, ByVal sRowName As
StringBuilder, ByRef 1RowTyp As Integer, ByRef dLoRhs As Double, ByRef dUpRhs
As Double, ByRef 1lStatus As Integer, ByRef dActivity As Double, ByRef dRedCost
As Double) As Integer

Initialize Lib "mops.dll" () As Integer
InitModel Lib "mops.dll" () As Integer
Mops Lib "mops.dll" (ByVal fnpro As String) As Integer

Optimize Lib "mops.dll" (ByVal 1lDirection As Integer, ByRef 1Status As Integer,
ByRef 1Phase As Integer, ByRef dZf As Double) As Integer

OptimizeIP Lib "mops.dll" (ByVal 1FrNod As Integer, ByRef 1Nodes As Integer,
ByRef 1INIntSol As Integer, ByRef lResou As Integer, ByRef dZf As Double, ByRef
dLpBound As Double) As Integer

OptimizeLP Lib "mops.dll" (ByVal 1FrlLog As Integer, ByRef 1lIter As Integer,
ByRef 1NoInfeas As Integer, ByRef 1LPStatus As Integer, ByRef dZf As Double,
ByRef dSumInfeas As Double) As Integer

PutCol Lib "mops.dll" (ByVal 1ColIndex As Integer, ByVal 1Mode As Integer, ByVal
sColName As String, ByVal 1ColTyp As Integer, ByRef dCost As Double, ByRef dLB
As Double, ByRef dUB As Double) As Integer

PutModel Lib "mops.dll" (ByVal 1lIntyp As Integer, ByVal dInf As Double, ByVal
1NRows As Integer, ByVal 1NCols As Integer, ByVal 1NNz As Integer, ByVal
plRowIndices As IntPtr, ByVal plColIndices As IntPtr, ByVal pdAij As IntPtr,
ByVal pdLBs As IntPtr, ByVal pdUBs As IntPtr, ByVal pdCosts As IntPtr, ByVal
plColTyps As IntPtr) As Integer

PutNonzeros Lib "mops.dll" (ByVal 1NElements As Integer, ByVal plRowIndices As
IntPtr, ByVal plColIndices As IntPtr, ByVal pdAij As IntPtr) As Integer

PutRow Lib "mops.dll" (ByVal iRowIndex As Integer, ByVal 1Mode As Integer, ByVal
sRowName As String, ByRef dLoRhs As Double, ByRef dUpRhs As Double) As Integer

ReadMpsFile Lib "mops.dll" (ByVal sFileName As String) As Integer

ReadProfile Lib "mops.dll" (ByVal sFileName As String) As Integer

SetMaxIPDim Lib "mops.dll" (ByVal 1MMax As Integer, ByVal 1NMax As Integer,
ByVal 1NZMax As Integer) As Integer

SetMaxLPDim Lib "mops.dll" (ByVal 1MMax As Integer, ByVal 1NMax As Integer,
ByVal 1NZMax As Integer) As Integer

SetParameter Lib "mops.dll" (ByVal s As String) As Integer

WriteMpsFile Lib "mops.dll" (ByVal sFileName As String) As Integer

WriteTripletFile Lib "mops.dll" (ByVal sFileName As String) As Integer

GetIPObjValue Lib "mops.dll" () As Double

GetLPObjValue Lib "mops.dll" () As Double

ChangeColLB Lib "mops.dll" (ByVal 1ColIndex As Integer, ByVal dLB As Double) As
Integer

ChangeColType Lib "mops.dll" (ByVal 1ColIndex As Integer, ByVal 1ColTyp As

Integer) As Integer

ChangeColUB Lib "mops.dll" (ByVal 1ColIndex As Integer, ByVal dUB As Double) As
Integer

ChangeCost Lib "mops.dll" (ByVal 1ColIndex As Integer, ByVal dCost As Double) As
Integer

ChangeNonzeros Lib "mops.dll" (ByVal 1NElements As Integer, ByVal plRowIndices
As IntPtr, ByVal plColIndices As IntPtr, ByVal pdAij As IntPtr) As Integer

Changelhs Lib "mops.dll" (ByVal lRowIndex As Integer, ByVal dLhs As Double) As
Integer

ChangeRhs Lib "mops.dll" (ByVal lRowIndex As Integer, ByVal dRhs As Double) As
Integer

GenFileNames Lib "mops.dll" (ByVal sFileName As String) As Integer

GetColBase Lib "mops.dll" (ByVal 1lStartColIndex As Integer, ByVal 1EndColIndex
As Integer, ByVal plSta As IntPtr) As Integer

GetColIPSolution Lib "mops.dll" (ByVal 1lStartIndex As Integer, ByVal lEndIndex
As Integer, ByVal pdVal As IntPtr) As Integer

GetCollB Lib "mops.dll" (ByVal 1ColIndex As Integer, ByRef dLB As Double) As
Integer
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Declare Function GetColLPSolution Lib "mops.dll" (ByVal 1lStartIndex As Integer, ByVal lEndIndex
As Integer, ByVal pdvVal As IntPtr) As Integer

Declare Function GetColType Lib "mops.dll" (ByVal 1ColIndex As Integer, ByRef 1ColTyp As Integer)
As Integer

Declare Function GetColUB Lib "mops.dll" (ByVal 1ColIndex As Integer, ByRef dUB As Double) As
Integer

Declare Function GetCost Lib "mops.dll" (ByVal 1ColIndex As Integer, ByRef dCost As Double) As
Integer

Declare Function GetNumberOfColumns Lib "mops.dll" (ByRef 1NCols As Integer) As Integer

Declare Function GetNumberOfNZ Lib "mops.dll" (ByRef 1NNz As Integer) As Integer

Declare Function GetNumberOfRows Lib "mops.dll" (ByRef 1NRows As Integer) As Integer

Declare Function GetRedCost Lib "mops.dll" (ByVal lStartIndex As Integer, ByVal 1ColIndex As
Integer, ByVal pdRedCost As IntPtr) As Integer

Declare Function GetRowBase Lib "mops.dll" (ByVal lStartIndex As Integer, ByVal 1EndIndex As
Integer, ByVal plSta As IntPtr) As Integer

Declare Function GetRowDualValues Lib "mops.dll" (ByVal 1lStartIndex As Integer, ByVal lEndIndex
As Integer, ByVal pdvVal As IntPtr) As Integer

Declare Function GetRowIPSolution Lib "mops.dll" (ByVal 1lStartIndex As Integer, ByVal lEndIndex
As Integer, ByVal pdvVal As IntPtr) As Integer

Declare Function GetRowLhs Lib "mops.dll" (ByVal lRowIndex As Integer, ByRef dLhs As Double) As
Integer

Declare Function GetRowLPSolution Lib "mops.dll" (ByVal 1lStartIndex As Integer, ByVal lEndIndex
As Integer, ByVal pdvVal As IntPtr) As Integer

Declare Function GetRowRhs Lib "mops.dll" (ByVal lRowIndex As Integer, ByRef dRhs As Double) As
Integer

Declare Function GetRowType Lib "mops.dll" (ByVal lRowIndex As Integer, ByRef 1RowTyp As Integer)
As Integer

Declare Function GetSolutionStatus Lib "mops.dll"™ () As Integer

Visual C/C++ 6.0

Copy and paste these declarations into a C/C++ header file, name it for example "mopsdll.h", and
include this header into your C/C++ code.

// mopsdll.h PI 01/08
//
// This header has to be included, when the MOPS.DLL is used from C/C++ programs

typedef long
typedef long
typedef long
typedef long

__stdcall *ALLOCATEMEMORY) (long) ;

__stdcall *DELCOL) (long) ;

__stdcall *DELROW) (long) ;

stdcall *FINDNAME) (char*, long, long*);

typedef long (_ stdcall *FINISH) (void);

typedef long (_ stdcall *FREEMEMORY) (void) ;

typedef long (_ stdcall *GETCOL) (long, char*, long*, long*, double*, double*, double*, long*,
double*, double¥*) ;

typedef long (_ stdcall *GETDIM) (long*, long*, long*);

(
(
(
(
(
(

typedef long (_ stdcall *GETIPSOLUTION) (long*, double*, double*, double*, long*);

typedef long (_ stdcall *GETLPSOLUTION) (long*, double*, double*, double*, long*);

typedef long (_ stdcall *GETMAXDIM) (long*, long*, long*);

typedef long ( stdcall *GETMODEL) (long, double*, long*, long*, long*, long*, long*, double*,

double*, doublE;, double*, long¥*);
typedef long (_ stdcall *GETNONZERO) (long, long, double*);
typedef long ( stdcall *GETPARAMETER) (char*, char*);
typedef long ( stdcall *GETROW) (long, char*, long*, double*, double*, long*, double*, double¥*);
typedef long (
typedef long (
typedef long (
typedef long (_ stdcall *OPTIMIZEIP) (long, long*, long*, long*, double*, double*);
typedef long (_ stdcall *OPTIMIZELP) (long, long*, long*, long*, double*, double*);

(

(

(

(

(

(

__stdcall *INITIALIZE) (void);
__stdcall *INITMODEL) (void) ;
__stdcall *MOPS) (char¥*) ;

typedef long stdcall *OPTIMIZE) (long, long*, long*, double¥*);
typedef long
typedef long
double*, doubl
typedef long

::stdcall *PUTCOL) (long, long, char*, long, double*, double*, double¥*);
__stdcall *PUTMODEL) (long, double, long, long, long, long*, long*, double%*,
e*, double*, long¥*);

stdcall *PUTNONZEROS) (long, long*, long*, double*);
typedef long stdcall *PUTOBJ) (long, double) ;
typedef long (__ stdcall *PUTROW) (long, long, char*, double*, double*);
typedef long ( stdcall *READMPSFILE) (char¥*);
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typedef long (__ stdcall *READPROFILE) (char¥*);
typedef long (_ stdcall *READTRIPLETFILE) (char*);
typedef long (_ stdcall *SETMAXIPDIM) (long, long, long, long);
typedef long (_ stdcall *SETMAXLPDIM) (long, long, long, long, long, long, long, long);
typedef long (__ stdcall *SETPARAMETER) (char¥) ;
typedef long (__ stdcall *WRITEMPSFILE) (char¥*) ;
typedef long (__ stdcall *WRITETRIPLETFILE) (char*);
typedef double (_ stdcall *GETIPOBJVALUE) () ;
typedef double (_ stdcall *GETLPOBJVALUE) () ;
typedef long (_ stdcall *CHANGECOLLB) (long, double);
typedef long (_ stdcall *CHANGECOLTYPE) (long, long);
typedef long (_ stdcall *CHANGECOLUB) (long, double);
typedef long (_ stdcall *CHANGECOST) (long, double);
typedef long (_ stdcall *CHANGENONZEROS) (long, long*, long*, double*);
typedef long (__ stdcall *CHANGELHS) (int, double);
typedef long (_ stdcall *CHANGERHS) (int, double);
typedef long (__ stdcall *GENFILENAMES) (char¥*) ;
typedef long (_ stdcall *GETCOLBASE) (long, long, long*);
typedef long (_ stdcall *GETCOLIPSOLUTION) (long, long, double*);
typedef long (_ stdcall *GETCOLLB) (long, double*);
typedef long (_ stdcall *GETCOLLPSOLUTION) (long, long, double*);
typedef long (_ stdcall *GETCOLTYPE) (long, long*);
typedef long (_ stdcall *GETCOLUB) (long, double*);
typedef long (_ stdcall *GETCOST) (long, double*);
typedef long (__stdcall *GETNUMBEROFCOLUMNS) (long*) ;
typedef long (_ stdcall *GETNUMBEROFNZ) (long*) ;
typedef long (_ stdcall *GETNUMBEROFROWS) (long*) ;
typedef long (_ stdcall *GETREDCOST) (long, long, double*);
typedef long (_ stdcall *GETROWBASE) (long, long, long*);
typedef long (_ stdcall *GETROWDUALVALUES) (long, long, double*);
typedef long (_ stdcall *GETROWIPSOLUTION) (long, long, double*);
typedef long (_ stdcall *GETROWLHS) (long, double¥);
typedef long (_ stdcall *GETROWLPSOLUTION) (long, long, double*);
typedef long (_ stdcall *GETROWRHS) (long, double¥);
typedef long (_ stdcall *GETROWTYPE) (long, long*);
typedef long (__ stdcall *GETSOLUTIONSTATUS) () ;
255 C#

In C#, MOPS.DLL functions calls must be encapsulated into a class. You call the static methods of this

class from the model generator. Add a new class to your project and copy this code to the class file

CMops.cs.

using System;
using System.Runtime.InteropServices;
using System.Text;

namespace CS_Caller MOPSDLL

{

public
{

// C# Inclusion class for MOPS.DLL v9.x

// Copy this class to your C# code and call the static methods of the class

//
// Prefixes of variable names indicate type (hungarian notation) :
// i = integer, d = double, s = string, a = array

class CMops

private const string mopsFile = "mops.dll";

// All external, unmanaged DLL functions must be static
[Dl1lImport (mopsFile)] public static extern int AllocateMemory (int iMemory) ;

DllImport (mopsFile

public static extern int DelCol (int iColIndex);

[ )1
[Dl1lImport (mopsFile)] public static extern int DelRow (int iRowIndex) ;
[ )1

DllImport (mopsFile

ref int iIndex);
[Dl1lImport (mopsFile)] public static extern int Finish();
[Dl1lImport (mopsFile)] public static extern int FreeMemory () ;
[Dl1lImport (mopsFile) ] public static extern int GetCol (int iColIndex,
StringBuilder sColName, ref int iColType, ref int iNElements, ref double dCost,

public static extern int FindName (string sName, int iMode,

PI 12/07
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ref double dLB, ref double dUB, ref int iStatus, ref double dActivity,
ref double dRedCost) ;
[Dl1lImport (mopsFile)] public static extern int GetDim(ref int iNRows,
ref int iNCols, ref int iNNz) ;
[Dl1lImport (mopsFile)] public static extern int GetIPSolution(ref int iIpSta,
ref double dIpFunct, IntPtr daXs, IntPtr daDj, IntPtr iaSta);
[Dl1lImport (mopsFile)] public static extern int GetLPSolution(ref int ilLpSta,
ref double dLpFunct, IntPtr daXs, IntPtr daDj, IntPtr iaSta);
[Dl1lImport (mopsFile)] public static extern int GetMaxDim(ref int iMaxRows,
ref int iMaxCols, ref int iMaxNz) ;
[Dl1lImport (mopsFile)] public static extern int GenFileNames (string sFileName) ;
[Dl1lImport (mopsFile)] public static extern int GetModel (int iIntype,
ref double dINF, ref int iNRows, ref int iNCols, ref int iNNz,
IntPtr iaRowIndices, IntPtr iaColIndices, IntPtr daNZs,
IntPtr dalBs, IntPtr daUBs, IntPtr daCosts, IntPtr iaColTypes);
[Dl1lImport (mopsFile)] public static extern int GetNonzero (int iRowIndex,
int iColIndex, ref double dElement) ;
[Dl1lImport (mopsFile)] public static extern int GetParameter (string sParameter,
StringBuilder sValue);
[Dl1lImport (mopsFile) ] public static extern int GetRow (int iRowIndex,
StringBuilder sRowName, ref int iRowType, ref double dLhs,
ref double dRhs, ref int iStatus, ref double dActivity, ref double dRedCost);

DllImport (mopsFile)] public static extern int Initialize();

DllImport (mopsFile)] public static extern int InitModel();

DllImport (mopsFile)] public static extern int MOPS(string sFileName) ;

DllImport (mopsFile)] public static extern int Optimize (int iDirection,
ref int iStatus, ref int iPhase, ref double dObjFunc) ;

[DllImport (mopsFile)] public static extern int OptimizeIP (int iFrNod,
ref int iNodes, ref int iNIntSol, ref int iErrtype, ref double dObjFunc,
ref double dLpBound) ;

[DllImport (mopsFile)] public static extern int OptimizeLP (int iFrLog,
ref int iIter, ref int iNInfeas, ref int iLpStatus, ref double dObjFunc,
ref double dSumInfeas);

[DllImport (mopsFile)] public static extern int PutCol (int iColIndex, int iMode,
string sColName, int iColType, ref double dCost, ref double dLB,
ref double dUB) ;

[DllImport (mopsFile)] public static extern int PutModel (int iIntype, double dINF,
int iNRows, int iNCols, int iNNz, IntPtr iaRowIndices, IntPtr iaColIndices,
IntPtr daNZs, IntPtr dalBs, IntPtr daUBs, IntPtr daCosts, IntPtr iaColTypes) ;

[DllImport (mopsFile)] public static extern int PutNonzeros (int iNElements,
IntPtr iaRowIndices, IntPtr iaColIndices, IntPtr daNZs);

[DllImport (mopsFile)] public static extern int PutRow (int iRowIndex, int iMode,
string sRowName, ref double dLhs, ref double dRhs) ;

DllImport (mopsFile)] public static extern int ReadMpsFile (string sFileName) ;

DllImport (mopsFile)] public static extern int ReadProfile (string sFileName) ;

DllImport (mopsFile)] public static extern int ReadTripletFile(string sFileName) ;

DllImport (mopsFile)] public static extern int SetMaxIPDim(int iNCli, int iNImp,
int iNZcl, int iNNo) ;

[DllImport (mopsFile)] public static extern int SetMaxLPDim(int iNRows, int iNCols,
int iNNz, int iNLunz, int iRcn, int iNAdRows, int iNAdCols, int iNAdNz) ;

[DllImport (mopsFile)] public static extern int SetParameter (string sParameter);

[DllImport (mopsFile)] public static extern int WriteMpsFile (string sFileName) ;

[DllImport (mopsFile)] public static extern int WriteTripletFile (string sFileName) ;

[Dl1lImport (mopsFile) ] public static extern int

ChangeColLB 