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Abstract
This document briefly describes a link between GAMS and MAT-
LAB, both of which the user is assumed to have already. The soft-
ware gives MATLAB users the ability to use all the optimization ca-
pabilities of GAMS, and allows visualization of GAMS models directly
within MATLAB. The most recent version can be downloaded directly
from http://www.cs.wisc.edu/math-prog/matlab.html

1 Introduction

Optimization is becoming more widely used in many application areas as can be
evidenced by its appearance in software packages such as Excel and MATLAB.
While the optimization tools in these packages are useful for small-scale nonlin-
ear models (and to some extent for large linear models), the lack the ability to
perform automatic derivatives makes them impractical for large scale nonlinear
optimization. In sharp contrast, modeling languages such as GAMS and AMPL
have had such a capability for many years, and have been used in many practical
large scale nonlinear applications.

On the other hand, while modeling languages have some capabilities for
data manipulation and visualization (e.g. Rutherford’s GNUPLOT), to a large
extent specialized software tools like Excel and MATLAB are much better at
these tasks.

This paper describes a link between GAMS and MATLAB. The aim of this
link is two-fold. Firstly, it is intended to provide MATLAB users with a so-
phisticated nonlinear optimization capability. Secondly, the visualization tools
of MATLAB are made available to a GAMS modeler in a easy and extendable
manner so that optimization results can be viewed using any of the wide variety
of plots and imaging capabilities that exist in MATLAB.
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Grant F49620-98-1-0417, the National Science Foundation Grant CCR-9619765 and GAMS
Corporation.

fComputer Sciences Department, University of Wisconsin — Madison, 1210 West Dayton
Street, Madison, Wisconsin 53706 (ferris@cs.wisc.edu)



We first give a simple example of a nonlinear optimization problem that
would benefit from this capability and describe the steps that are needed in
order to use our interface in this application.

2 Installation

The next two subsections describe the installation procedure for a PC and a
UNIX workstation respectively.

21 PC

First of all, you need to install both MATLAB and GAMS on your machine.
We will assume that the relevant system (installation) directories are

c:\matlab and c:\gams
Next, you need to copy the file matout.gms into the GAMS library directory.
:\ ¢ mat t gms c:\gams\ ncl b\mat t gms

If you do not have write permission in the GAMS library directory, then you
can put this file into whatever directory you run the MATLAB m-file from and
replace any libinclude below with batinclude . Alternatively, you can use
the idir command line argument to GAMS to change the library directory
per ob to a directory where you have write permission.

ou need to put the interface file into a directory on your MATLAB path.
To do this, you can either update your MATLAB path from within MATLAB
to include the directory where you have stored the gams.dll file, or put this
executable onto the standard MATLAB path. For example,

:\ c gams dll c:\matlab\t 1b \1 callgams dll
since
matlab\t 1b \1l cal

directory is automatically on your MATLAB path.
The GAMS system directory should also be in your normal path this can
be e ected in one of two ways

:\ at at c:\gams

or by setting the environment variable from the Control Panel.
At this stage, the installation should be complete.
To test the installation, carry out the following steps.

1. Start up matlab.

. In the matlab command window, change directories to the examples di-
rectory provided as part of the distribution. (This directory contains at
least two files, testinst.m and testinst.gms that are re uired for this test.)



. Run the example testinst that is found in the examples directory of the
distribution. At the MATLAB prompt you ust type

t st nst

The resulting output will depend on the platform on which you run this
from. It should include the output given below.

nam :
al: d bl
ans
nam :
al: d bl
nam :

al: c 11



nam :

al: d bl
nam :

al: c 11
nam :

al: d bl

ans

ans

ans

2.2

First of all, you need to install both MATLAB and GAMS on your machine.
We will assume that the relevant system (installation) directories are

s 1 cal matlab and s 1 cal gams
Next, you need to copy the file matout.gms into the GAMS library directory.
c mat t gms s 1 cal gams ncl b mat t gms

If you do not have write permission in the GAMS library directory, then you
can put this file into whatever directory you run the MATLAB m-file from and



replace any libinclude below with batinclude . Alternatively, you can use
the idir command line argument to GAMS to change the library directory
per ob to a directory where you have write permission.

ou need to put the interface file into a directory on your MATLAB path.
To do this, you can either update your MATLAB path from within MATLAB
to include the directory where you have stored the gams. file, or put this
executable onto the standard MATLAB path. For example, on a Solaris UNIX
system,

c gamsm s 1 matlab gamsm s 1

Note that the matlab directory (that you can create) is automatically on your
MATLAB path.

The GAMS system directory should also be in your normal path this can
be e ected using

st at s 1 cal gams at

At this stage, the installation should be complete.
To test the installation, carry out the following steps.

1. Start up matlab.

. In the matlab command window, change directories to the examples di-
rectory provided as part of the distribution. (This directory contains at
least two files, testinst.m and testinst.gms that are re uired for this test.)

. Run the example testinst that is found in the examples directory of the
distribution. At the MATLAB prompt you ust type

t st nst

The resulting output will depend on the platform on which you run this
from. It should include the output given in the previous subsection.

1 l us r turnin alu s

The first step is to generate a working GAMS model. For example, we can set
up a simple model file to solve a uadratic program

min -
sub ect to

This file is as follows

s t

al as



a am t

a abl b
st a abl

at ncst dal

d al sm g b
mdl c st d al

s 1 sngnl mnm ng b
This model will run directly at the command prompt using
gams

The optimal value is . . If you use the example file provided with the distri-
bution, you should make sure that no files named matglobs.gms and mat-
data.gms currently exist.

In order to run the same model within MATLAB and return the solution
vector x back into the MATLAB workspace, one change is re uired to the GAMS
file, namely to add the line

1 bncld mat t 1

after the solve statement. This ust writes out the level values of the solution
to a file that can be read back into MATLAB. In MATLAB, you ust execute
the following statement



gams

This command ust executes gams p using a system call, and then collects
the results, returning them back to MATLAB as a structure with two fields, a
name and a val . In this example name would be set to x.1 and val would
be a x1 vector of doubles, holding the optimal solution values. If you prefer
ust to get a MATLAB vector containing the optimal values, you can change
the output style from GAMS using

gams t t std
gams

In this case, x will ust be a by 1 vector containing the solution values ( 1)
, and the name x.1 will be discarded.

If you have an m-file that states gams , then it is important to note
that the file foo.gms must be found in the directory that matlab executes the
command gams(’foo’) .

If you wish to retrieve multiple vectors (matrices) from the solve, then other
return values can be written out from the GAMS file. For example, if you want
the solution vector and the multipliers, then add the two lines

lbncld mat t 1
lbncld mat tdalm

to your GAMS file and issue the following MATLAB command
gams

Note that order is important here. The first output (x.1) from GAMS is put
into the first output argument of the MATLAB call, x. The multipliers are
the second argument from GAMS, and this gets returned as the u vector
to MATLAB. If the numbers of outputs in these files do not match, the sys-
tem defaults appropriately (it discards GAMS output, or does not assign to
the MATLAB return arguments). Multiply dimensioned parameters can be re-
turned by appending the appropriate indexing sets after I or in the above.
Further examples of the use of this utility are given in the ensuing sections. In
particular, it is possible to return strings from GAMS into MATLAB, and to
pass back cell arrays containing the text labels of (ordered) GAMS sets. ow-
ever, we will first look at the issue of updating parameter values in the GAMS
file directly from MATLAB.

1 1 us odi in ara t rs

It is often useful to run a series of optimizations, at each iteration changing ust a
small number of parameters. For example, one may wish to try multiple starting
points or solve multiple uadratic programs, each of which has a di erent right
hand side. This can be carried out easily with the GAMS interface by setting
up multiple inputs to the GAMS file.



For example, if you wish to update the vector b, then the relevant call in
MATLAB would be

b
gams b

This call writes out the new values of b to a file that we need to include into
the model. Thus, we also need to update the p.gms file to read in the new
values. We suggest that the following line is added immediately before the solve
statement of p.gms

st matdata gms ncl d matdata gms

Thus, if the file matdata.gms does not exist, the original data is used. Other-
wise, the values of b are killed at GAMS compile time and replaced by their
new values of 1 and respectively. Note that this does not merge the new
values of b with the old values, but kills o the existing values and puts in the
new values given as b. The GAMS user must be aware of the fact that the
existing values are replaced (as data) at compile time. If the GAMS program
contains any execution time statements modifying the parameter (for example,
assignment statements), these modifications will continue to overwrite the data
that is imported from MATLAB.

More sophisticated GAMS users may wish to update global variables
(strings) in the GAMS model from MATLAB. This can be carried out by pass-
ing a MATLAB string as an input argument to the gams call. The interface
takes this string and writes it into a file matglobs.gms using a s tgl bal
command.

It is also possible to modify GAMS set declarations from MATLAB. The
techni ue to carry this out is to declare a MATLAB logical array, and pass
this on the command line to GAMS. For example, if the file s ts t gms contains
the following lines

st
st matdata gms ncl d matdata gms
d s la

then

gams s ts t

ensures that ayna@H)yYcne ).

To pass on set label strings (instead of indices) from MATLAB to GAMS,
see a later section.

In summary, the three ways you may wish to update the data in your GAMS
file are

1. If you wish to set or update the values of global strings in the GAMS file,
then add the following line after any relevant s tgl bal commands in
the GAMS file



st matgl bs gms ncl d matgl bs gms

. To update any scalars, parameters or sets, add the following line after the
parameter set has been declared in the GAMS file

st matdata gms ncl d matdata gms

. To retrieve values from GAMS in MATLAB, use the GAMS batch utility
matout as follows

lbncld mat t 1
lbncld mat t 1b

. The next example above shows how strings can be sent back to MATLAB.
The corresponding MATLAB variable will be set to the string ’grunt’.

1 bncld mat t matst g nt

. In some GAMS programs, strings are found as labels in system variables
or as fields of some of the declared parameters, sets, variables or e ua-
tions. The following example shows how to retrieve these strings back
into MATLAB.

1l bncld mat t matlbl s stm t tl
1l bncld mat t matlbl ts

In the first example, the string that is set in the title command is sent
back as a MATLAB string. In the second example, the symbol text asso-
ciated with the variable v is passed back into a MATLAB string.

. The final example shows how to pass back labels associated with set el-
ements. These come in two ways, either as text labels (tl) or as text
elements (te).

1l bncld mat ¢t
1l bncld mat t tl
lbncld mat t t

The first two matout statements return the text labels associated with the
GAMS set . The third example passes back the text elements (the strings
associated with each of the elements of the set). The return arguments in
MATLAB are cell arrays, each element of which is a string corresponding
to the element of the GAMS set. This is a useful mechanism to retrieve
the GAMS labels within the MATLAB envionment.



Note that we can only setglobals on input or change the values of parameters.
It might be convenient to update level values, etc on input but this is currently
possible only via a parameter.

To change the output parameters from structures to (standard MATLAB)
matrices the variable

gams t t std

must be set in the m-file that calls gams .
Figures 1 and show how to use this interface to implement a replacement
popt for the Optimization Toolbox routine p , assuming that you have an
NLP solver for GAMS. The implementation described in the two files  popt.m
and popt.gms uses the same calling se uence but carries out the optimization
using whatever nlp solver is in use by the GAMS system.

Another point to note for e ciency is that MATLAB sparse matrices are
written out to the matdata.gms file ordered by rows. This is carried out in the
interface by transposing the sparse matrix internally, and then writing out the
appropriate values in row oriented format. This greatly increases the speed of
reading in large sparse matrices into GAMS. ense matrices are not treated in
this manner, so such matrices may read into GAMS more slowly.

d anc d s a s

We have brie y mentioned the fact that set labels can be returned from the
GAMS file to MATLAB. We now describe in more detail the MATLAB syntax
that works with these labels. In this context, both structures and cells are used
in the MATLAB environment.

The basic ob ect that is used in the MATLAB interface is a structure. In all
the calls we have mentioned so far, the structure has at least two fields, namely
a name field that holds the GAMS name of the ob ect, and a val field that
is used for the values that are passed between GAMS and MATLAB. (If the
argument passed to or from MATLAB is not a structure, then the argument
is used as the val field, and the name defaults to the MATLAB name of the
argument.) A third optional field of the structure is the labels field. If this
field is used, it should be a cell array. The size of this array should be one by
the number of dimensions of the val field. Each entry in the cell array should be
another cell array, this array being one by the dimension of the corresponding
dimension of the val field. This second cell array should hold the strings that
will be used as labels for the val parameter.

For example, if we have a x matrix with the following labeling

fred bill
pizza 1
beer
the MATLAB code to send this to GAMS would be

nam 1 s



nct n

lambda t 1b

andl m ss ng a g m nts
na gn n
na gn
na gn b
na gn 1b
nd nd nd nd
ncst nas s
nas ma 1 ngt 1 ngt nas
smt n n nd
smt snas nd
smt 1b 1b n nsnas
smt b b n nsnas
smt nas nd
smt nd
ct ct s
1b 1b : b b
n m n smt
1s
a s t ssmm¢t c
n m n s
nd
nd
1 nt ac t ma a mat b
ncst
ncst
ncst
nd
n nt st n
ncst nt st ncst
nas nt st n a s
gams t t std
lambda gams t 1b

Figure 1 Example
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n ncst

n

a

S



nmt
ncl d matgl bs gms

ncst gt nc nst
st ncst 1t nas

s d 1 n cst
1t nt
gt bd

lab 1 nc nst

st d mm 1t n
lab 1 bd
a am t b

1b b

ncl d matdata gms

al as
a abl s b
at ns c st al t 1l n
c st b s m s m
sm
al t s m b
1l n 1t s m 1t 1 b 1t
1 1b b 1
mdl all
s 1 sngnl mnm ng b

a am t lambda
lambda al t m lambda 1t 1

1l bncld mat t 1
1 bncld mat t lambda

Figure = Example popt.gms



al
lab 1s a b d bll
gams lab 1s

ere the GAMS file labels.gms is simply

st 1 d b1l
c mm d a b

a amt 1 s cmmd 1
st matdata gms ncl d matdata gms

dsla 1 s

A simple extension of the above allows one to declare the set labels within
GAMS and pass them back to MATLAB automatically. The key idea is to use
a global variable in the GAMS code, that gets set di erently from MATLAB
during two calls to GAMS. In the first call, we ust return the values of the
set labels, while in the second call, these labels are used to assign values to the
parameters. The resulting MATLAB and GAMS code is shown below

g ts ts s
cmm d 1 gams lab 1ls g ts ts
nam 1 s
al
lab 1s cmmd al 1 al

gams lab 1s
ere the GAMS file labels.gms is simply

st matgl bs gms ncl d matgl bs gms

st 1 d b1l
c mm d a b

ntstgl bal g ts ts gt c nt c
lbncld mat t cmmd
lbncld mat t 1

t
lab 1 c nt c

aamt 1 s cmmd 1
st matdata gms ncl d matdata gms

dsla 1 s



A simplification to the MATLAB calling se uence is available for vectors.
For single dimensioned val fields, the labels field can ust be a cell array of
strings (as opposed to a 1x1 cell array containing a cell array of strings). For
example, we could use the following MATLAB commands

nam ct

al

lab 1s cmmd al
gams ct

Note that if labels are used, then a label must be provided for each dimension
of the val field. If the default indexing ’1°,” ’,...’m’ is suitable for a particular
dimension of the parameter, then the corresponding MATLAB commands pro-
duce the re uired cell for that dimension

c 1llst n m st :m

Note that the MATLAB variable 'm’ here needs to be an integer. Future im-
plementations may allow an empty cell to be passed here instead.

As an alternative, the set labels can be generated in MATLAB and passed
through to GAMS. To create the sets 1 and ¢ mm d from MATLAB, the
following MATLAB se uence can be used

nam 1

lab 1s d b1l

al 1l gcal nss lab 1s
nam cmm d

lab 1s a b

al nss lab 1s

nam 1 s

al

lab 1s lab 1s lab 1s

gams lab 1s

Note that the third and sixth lines set up the respective val fields as logical
arrays in MATLAB. The GAMS file labels .gms is now simply

st 1 cmm d

aamt 1 s cmmd 1
st matdata gms ncl d matdata gms

dsla 1 s

an in d ault a iour

There are currently three variables that can be set in the MATLAB program
that calls GAMS to a ect the behaviour of the program. These are as follows.



gams_ t t If this is set to the string ’std’, then the output from the
GAMS call will be returned as a string or matrix. Otherwise, the default is
to return a MATLAB structure with two fields, a name field containing
the GAMS name, and a val field that contains the string or matrix.

gams_s This is only relevant on a Windows platform. This controls
how the command box that runs GAMS appears on the desktop. The
three possible values are

‘minimized’ (default) The command prompt appears iconified on
the taskbar.

‘invisible’ No command prompt is seen.

'normal’ The command prompt appears on the desktop and focus
is shifted to this box.

gams_. t _data If this is set to no or No , then all parameters on
the call to GAMS are ignored, except the program name. This is useful
for dealing with large datasets. Consider the following invocation

gams la g data
gams s 1

The first call generates a file matdata.gms containing the elements of the
matrix for use in the largedata.gms program. The second call rewrites a
new matdata.gms file that again contains A. If we wish to save writing
out A the second time we can use the following invocation

gams la g data

gams t data n
gams s 1
cl a gams t data

or the e uivalent invocation

gams la g data

gams t data n
gams s 1
cl a gams t data
d anc d s lottin

One of the key features of the GAMS MATLAB interface is the ability to visu-
alize optimization results obtained via GAMS within MATLAB.

Some simple examples are contained with the program distribution. For
example, a simple two dimensional plot with four lines can be carried out as
follows. First create the data in GAMS and export it using the matout utility
outlined above



t tl am 1 s 1l tt ng tns a

stt abcd

a
1 t at at n m
aam t a a t dt
mtsm data nt mddl t ga

at a t gt a t 1

lbncld mat t at

l1bncld mat t tt

1l bncld mat t

1 bncld mat t matlbl s st m t tl

We make an assumption that the user will write the plotting routines in
the MATLAB environment. To create the plot in MATLAB, the se uence of
MATLAB commands in Figure should be input (saved as do_plot.m)

Figure is an example created using this utility (and print -depsc simple).

MATLAB supports extensive hard copy output or formats to transfer data
to another application. For example, the clipboard can be used to transfer meta
files in the PC enviroment, or encapsulated postscript files can be generated.
The 1 nt command in MATLAB details the possibilities on the current
computing platform.

Scaling of pictures is also most e ectively carried out in the MATLAB en-
vironment. An example of rescaling printed out is given in Figure

Note that the output of this routine is saved as a peg file rescale. pg .

Other examples of uses of the utility outlined in this paper can be found in
the m files

d 1

d bstacl
ta 1t
1tt
1l tngn

lacin at lot S

Libinclude utilities similar to those provided for use with GNUPLOT (as a
GAMS subsytem) have been developed. These are included as the file mat-
plot.gms note that this utility should be used only from GAMS directly, and
not from MATLAB. The libinclude file creates a file called matplot.m in the



gams t t std

a lab 1s 1 gnds t t tl st gams s m 1
g
1t tt l1nscntand na
mat s ngt t dagmnt

l1ta

nl t lab 1s n a s at a nt als
t c : :1 ngt lab 1s

lab 1s lab 1s t c
s t gca c tc
s t gca c ab 1l 1lab 1s

dd t tl lab 1s t a s
t tl t tl st

lab 1 a tm st ann al
lab 1 al
dd algnd 1 tt ng c s s t n ng

lgndca 1gndst

matc a st data addg d1lnst 1t
a stgt
g d

Figure  Simple plot in MATLAB



Examples for plotting routines via MATLAB
T T

T
al
35
3l
E
[
>
25F
2l
15
14 1 1 1 1 1 1 1
1990 1995 2000 2005 2010 2015 2020 2025
Year —— time step annual
Figure  Simple figure created using interface
d 1t

n ts g t gc a n ts

s t gc a n ts nc s

g s g t gc st n

a s g t gc a st n
n a
n a
n a

gtt as ct at t sam n t nt t
n a s n a s g s g s
s t gc a st n n a s

nt d g scal g

s t gc a st n a s
s t gc a n ts n ts

Figure  Rescaling printed output from MATLAB
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current directory that includes a bunch of commands that will generate the
re uired plot.

To use this, you need to copy the file matplot.gms into the GAMS library
directory

:\ ¢ mat 1 t gms c:\gams\ ncl b\mat 1 t gnms
c mat 1 t gms s 1 cal gams ncl bmat 1 t gms

and ensure the executable matplot is on your standard path, for example

:\ ¢ mat 1 t c:\gams\mat 1 t
c mt 1t s 1cal gams mat 1 t

MATLAB is invoked after the file matplot.m is written using the exe-
cutable matplot , which executes these commands immediately to create the
plot. An example can be seen using

gams t 1t

Multiple plots can be created using multiple calls to matplot. Each of the
plots can be saved to the clipboard or printed from the figure window that is
created containing the plot. Extensions can be easily added in the future by
modifying the file matplot.gms. Note that the behaviour of this facility may be
slightly di erent if you have a separate MATLAB process running as well.

cno ld nts

The author would like to thank Steven irkse, Todd Munson and Thomas
Rutherford for constructive comments on the design and improvement of this
tool.



