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Abstract

The aim of this technical report is to present sahetailed explanations in order to use the soRBLEX within COIN-OR
environment. In particular, we describe how to dimad, install and use the corresponding source eodelibraries under Windows
and Linux operating systems. We will use an exantgken from the literature, with the experimectade and files written in C++, to
describe the whole process of editing, compilind amning the executable, to solve this optimizagiooblem by using this software. In
the case of the Windows environment, a C++ comfslatso needed. We will use the Visual C++ 2010 EgpiEdition.

Keywords: CPLEX, COIN-OR, C++
1. Introduction

COIN-OR, which stands for COmputational INfrastruetior Operations Research, is a collection of opaumrce software for
optimization, seéttp://www.coin-or.org The Open Source Initiative (OSI) is a non-prefirporation with global scoped formed to
build bridges among different constituencies indpen source community. There exist several solwélsOSI interfaces in COIN-OR
environment. One of them is IBM ILOG CPLEX, de#p://www-01.ibm.com/software/integration/optimiiwa/cplex-optimizer/ In this
case, the open access to this software willdredwith an academic license. The source codase of COIN-OR and libraries in
case of CPLEX will be compiled and linked with yawn code.

In this working paper we describe how to downloadtall and use the corresponding solvers underd@irs and Linux operating
systems. In both cases we present the installafitions for 32 bits machines, although it is pdssiamd very similar the installation in
64 bits machines. We will use an example with angpal program written in C++, for solving a sinaptimization problem.
Additionally to this principal program, we will cqrile several auxiliary functions, written as extrfiles (also with extension .cpp)
and describe how to link this code with COIN anBLEX libraries and with some others libraries wigneral and interface
applications to generate the executable for solwingd integer optimization problems.

In order to illustrate the procedure step by stege will use the farmer’s problem taken from Birgedd_ouveaux (1997). We will
describe the whole procedure under Windows andx:like operating systems. In Pérez and Garid@Chese same authors present
a similar description for using COIN-OR softwaretlie solution of linear/integer optimization prabe The reminder of the paper is
as follows: Section 2 presents an example takem fitee literature, over we have written the sourcdec Section 3 describes the
downloading process and basic installations of ERLCOIN-OR and Visual C++ 2010 under Windows-like teyss. Section 4
presents the details to create the Visual C++ ptoja order to generate an executable (solutioith WPLEX within COIN-OR
environment and running it, to solve an optimizatiroblem. Section 5, gives the main steps forkthsic installation of CPLEX
software within COIN-OR under Linux-like systen8ection 6, describes the process to link your owaae with CPLEX and COIN-
OR environment and running the executable underx.ifppendix A summarizes the source code filegtemi in C++, for the
example. Appendix B adds the Makefile file fomgailing and linking under Linux, and Appendix C peats the output file to check
the results of farmer problem. Finally, AppendixpBesents an easy interactive way to solve the diion problems with CPLEX.
The working paper finishes with some references.

2. lllustrative case

Let us consider the farmer’s problem taken from$leetion Introduction and Examples, pp. 4-15, ofyBiand Louveaux (1997). The
problem reads as follows:
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whereXy, X, andXs; are the first stage variables, i.e., represenisibers on land assignment, that have to be taken klmwever,
Wi, i=1---4 and Yiw j =12, are second stage variables, which representidesiabout sales and purchases, that depend on the

yields. These decisions depend also of a scenadiexic, with ¢ = 1,23, which corresponds to above average, averagelowbe
average yields, respectively. Assuming that thenéarwants to maximize long-run profit, it is reagble for him a solution that

maximizes his expected profit. If the three scammhave an equal probability e]3¥ the farmer’ problem reads as given above. The

optimal solution value is 108390, as you can chedke output fileresul-farmer.dat, given in the Appendix C.

At the beginning, we need to edit several fileshwdimensions, auxiliary functions and the principabgram corresponding to the
source code in order to define the problem statgnsee Appendix A for the source files. We consitiertwo stage stochastic problem
in compact representation,

Min CiX+ > PeCheYo
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where vectorx denotes the first stage variables and the vegtgand w,, the second stage variables.

To introduce the dimensions we must edit a file @dnsonst-farmer.h. We do not have the .mps file with the coefficiergo we are
going to introduce them by indices into the array£OIN-OR. The coefficients of the model are chargeith the auxiliary function
namedmodel-farmer.cpp. This information must be included in the arraf£®IN-OR. This is made by the auxiliary functiparam-




farmer.cpp. Finally, the principal program code is in fipeincipal-farmer-cplex.cpp. In this programs alsodescribed how to solve the
model if the information is read from a mps filefték solving the linear problem, we have addedpbssibility of solving a mixed-
integer problem by considering for example, thstfatage variables as integ@rheader file includes the needed solvers of CORI-O
and CPLEX. This is the filpm.h.

3. The downloading process and basic installations @PLEX, COIN-OR and Visual C++ 2010 under Windows-like systems

The first step is to download the COIN-OR code. Faind it, you must click odownload/Usein the left hand side of the home page
http://www.coin-or.org Then in the second Section titled Source Cod®my must click orhereto download the source code for the
latest stable releas¥ou can observe an index for the source of a nurabeCOIN projects. You must click o@oinAll/ to obtain the
list of last versions. In this case you will clicki and selec€oinAll-1.4.0zip Alternatively, you can go directly to the home page
http://www.coin-or.org/download/source/CoinAll/CoirAl.4.0.zip After saving the corresponding zip file, you mestract the code
into the subdirectory named, C:\CoinAll\.

The second step is to download the CPLEX librasitls academic license. To do it, go to the page
http://www-01.ibm.com/software/websphere/produgiifoization/academic-initiative/index.html

In the right hand side, middle page and underegiigraph Membership, you must to click dnin now for registration.
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The executable file is calledplex_studio122.acad.win-x86-32.ex8elect the directory to install it, with name
CAILOG\CPLEX_Studio_AcademicResearch122.
Clicking two times over the .exe file, it will begthe process of installation, you must selecfalaer of the installation,

LL Ll

¥ = 7
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[> PATH update
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= Installing... LA e S §
I> Postinstallation Steps ,C:\ILOG‘!,CPLEX_St.ldlo_Amdernldleseard'l122 |
[> Install Complete Restore Default Folder | | Choose...

IBM ILOG CPLEX is a product that needs a license k&g.back to the home page from where you have dmadeld the code, and
click onILOG supportin the paragraphiote about license keys.
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You must follow step by step the process for olitgjrthe license key. Click on theOG Optimization Key Requediutton at Step 2.
As membership, with your ID and password, you wiitain the following screen. Click dnownload nowbutton,and you will get a
text plain file, the key file acess.ilm. Follow thaide ILOGQuickStart.pdf for its installation. Bbtain this file, please click o@uick
Start guidebutton. Save a copy of the license keydibeess.ilmin the location C:\ILOG\ILM\.
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Once you have downloaded and installed the saade and libraries of COIN-OR and IBM ILOG CPLEX, yowst do the following
movement of files. Look at the filgplex.hin the following directory
C:A\ILOG\CPLEX_Studio_AcademicResearch122\cplex\inclilcidex.

Copy the filecplex.hinto the directory C:\CoinAINOsi\src\OsiCpx.

Now, go to the directory C:\CoinAll\Osi\src, and ltedhe following six header file©siSolverinterface.hpp OsiCollections.hpp
OsiSolverParameters.hpp OsiCut.hpp, OsiRowCut.hpp, and OsiColCut.hpp. Copy all of them to the subdirectory
C:\CoinAINOsi\src\OsiCpx.

Finally, you must add two environment variablesydur computer. To do it, go to your Desktop, alick on the Inicio button. Then,
click on the buttonsPanel de control ->Sistema ->Opciones Avanzadas -alfables de entorno Under the epigraph Variables de
usuario, you must add two new variables. Click oe fdueva button add a first variable with name PAT&hd value,
C:\ILOG\CPLEX_Studio_AcademicResearch122\cplex\bin\x@&32. Then, add a second variable with name ILAGENSE_FILE
and value C:\ILOG\ILM\access.ilm. After doing it, yanust restart your computer. The correspondingesis under Windows XP and
Windows 7, respectively, are as follow:
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: Direccion |[} Panel de control

Fiemd

Fiestaurar sistema | Actualizaciones autométicas |

eneral | Mombredeeguips | Hardware | Opciones avanz

o

nel de control

110 Lin Admiristiador para hacer la mayeria de lo

Vea también Yariables de usuario para Administrador macidn def procesador, uso de memoriay
W Windows Updal ‘ariable ‘alor @
TLOG_LICENSE_ .., i \ILOGHLMaccess. LM

@) Ayuday sopart]

uni....
TEMP Di\Documents and Settings\Administrad, ..
‘\Documents and Settings\administrad. ..

rio relacionada con su inicio de sesidn

(weva ) (e ) [ eimnar ) Eorfigaact]

Wariables del sistema

= sistemna e informacidn de depuracian

‘ariable Yalor 2|

Classpath DALINGO13\ingol 3.jar E @
ComSpec CAWINDOWS|system3zicmd .exe s
FP_NO_HOST_C... NG

LINGO_13_LICE... DiLINGO13Indingl3.lic

AN pell Inc. e ariables de entomo ] [ Informe de erores

[ Mueva ][ Modificar ][ Elirninar ]




il;}u ,|.'Bi » Panel de control

Ventana principal del Panel de
control
Administrader de dispostivos

Configuracién de Acceso
remato

Protecoidn del astema

< &<

Configuracién avanzada del
StEmMa

Propredades del tistema

 Nomtre de equpe :
Opciones avanzades Proteccain del ssiems ]
Para malirar ia mayoria de astos cambios, s sssdn como adminstrador
Fandments

Electon visusles, programaciin del procesador, uso de memons
remany velusl

Corfiguracdn
Pertios de usuano
Configuracitin del sscriofo comespondents a iricio de sesdn

Lva.

Iricio y recLperscitn
Iracic dol sstema amores O satema & riormacidn de deouraciin

Variables de usuanio para Ros

Vishor

T \piranberry'\periibn;
SLSERFROFILE % \AppDatal.ocalTTemp
SWUSERPROFILE A \AppData L ocal (Temp

Viasor
CLASSPATH C:Program Fies\Java ljreS b\ e\ ...
ComSpec C:iindows igystem 33 \omd. exe
FP_NO_HOST C... NO

| FTP_PASSIVE 1

The third piece that you need for running your sewode is a C++ compiler. You can download theisli€++ 2010 Express Edition
(30/90 days free) from the home pddn://www.microsoft.com/Express/V.CClick on the Visual C++ 2010 express button inright
hand side of the screen, select the language ackd @h the INSTALAR AHORA button. After downloadingand save the file

vc_web.exe anywhere in your computer, you muskdiieo times over it to execute it and start thetatlation procedure. When it
finishes, you will see the following screen.

W& Microsoft Visual C++ 2010 Express Setup

Setup complete

O Visual C++2010

Express

Microsoft ¥isual C++ 2010 Express has been installed successfully.

i) Visit Microsoft Update to download the latest service packs and security updates.

Now, you must obtain a license key for using thee frersion of the C++ compiler. To obtain it, gdhe start page of Visual C++ 2011
and select the following sequence of buttons, $@ge-> Help->Register Product->Obtain a regisirakiey online.
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¥ Gloria - Microsoft Visual C++ 2010 Express
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Flp, since it is a minimization model

Microsoft Visual C++ 2010 Express

Micrasoftr
O Visual C++ 2010 Express

Microsoft ¥isual C++ 2010 Express will run for 23 more days.

Reqistration is required ko continue using Microsoft Yisual C++ 2010 Express. Registration is
free and provides wou with access to additional benefits.

Obtain a registration key online

Reqgistration Key:

Close

t From: | Build

S O S N = |

You need a Hotmail account, and a password tehgetfourteen digits code, that you have to coptharegistration key window and
obtain the free use of the product (Visual C++ 2010)

Now you can access to the compiler start page ntigttt look like this:

¥ Close page sier projectload
(7] Show page on startup

Showsuput o |

- [T BlE T

Get Started | Latest News

Welcome  Leam  Upgrade

5 Welcome to Visual C++ 2010 Express
Visual C+

What's New in Visual C:++ 2010 Express

4. Linking your code with CPLEX and COIN-OR and running the executable under Windows

You must create a Visual C++ project to compile éink your code. Remember that you must establistoeking directory, for
example C:\coin-projects\farmer-cplex, where yaurse code is.

From the Desktop, click two times on Visual C++ 2@d®pen it. You must select New Project in thé heind side options menu. Then
select the buttons General->Empty Project, andwitliget a screen like this:
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Recent Templates Sort by |Default | Search Installed Templates
Installed Templates = Fual
z: ++
) | *. Empty Project Visual C++ ype=: Mista
4 Visual C++ An empty project for creatin
CLR ! application
Win32 __é Makefile Project Visual C++
General
Name: farmer-cplex
Location: Chcoin-projects\farmer-cplex hs Browse.., |
Solution: I Create new solution x. |
Solution name: farmer-cplex [V Create directory for solution

You must choose a name for your project, for exarifarmer-cplex”, and enter the working directo@\coin-projects\farmer-cplex as
location where you have to write your programs .apgd .h, and a name if you want to create a nddisectory for the solution. Also
you can select to create the project in the cuiggntion or to create a newolution. If you click on OK, the projedarmer-cplex and
the solutionfarmer-cplex are created, and look likes this:

=] farmer-cplex - Microsoft Visual C+= 2010 Exprase i —

File. Edit View Project Build Debug Teols Window Help
Pl S 839 - - DBl B [Debug ~| | win32

Solution Explorer » 0 X

2=

4 Selution ‘farmer-cplex’ (1 project) |

;-ﬂ farmer-cplex
f;;_ﬁ External Dependencies
[ Header Files
.3 Resource Files

1 Source Files

In the working directory you have your own code stource code .cpp and header .h files showreid\gipendix A. You must click on
File and open the filerincipal-farmer-cplex.cpp from the Visual C++ compilerYou can also do it, by adding your own sourcesfidé

code (.cpp) and the headers (.h) as existing itéfnsdo it, you must click on the right buttoreothe Source Files button, and over the
Header Files button. Then, you can open the fiieking two times over its name. The screen, |6kés this:
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[ e Bhicosch Veunl Co 0D B

'J*r famer-cple - Microsoft Visual C++ 2010 B
iy

File Edit View Project Build Debug Tools Window Help

J'U;Hﬂlfa -J_‘j‘-":':”-"j'_'ﬂlP'|Debug = | Win2

=
Solution Explorer vix L=t 8 R‘ -
% 8 Solution Exglorer
Solution farmer-cplex (1 project] el
3 Sl

4| farmer-¢-'--
3 'mﬁéﬁa"\ [ Build

(3 Head Rebuild
[Resod  (pean

13 Soure

1 7] famer-cplex

Project Only 4 |57 Header Fles
Build Customizations..
Add o Newkem.  CubShifted i pm
References. i Existing Item., Shift+Aft+A
Set as StartUp Project New Fitter

Debug

4 Source Files

A Gt
Paste
Remave
Rename
Unload Project
Rescan Solution

; Properties

"P‘JJ.'l

22096 8459,

File Edit View Project Buld Debug Took Window Help
I rgaalias

Vi .

|31

b lpeeme  ~

v 0 X EEEEETTR I principal-famer-cplexcpp X

(Global Scope)

; Solution farmer-cpler’ (1 project)
g Exemal Dependencies
1] const-farmerh
|1 Resource Files
€] medel-famer.cpp

&) param-farmer.cpp
i principal-farmer-cplexcppl

B//This is the last version of the code principal-farmer-cplex.cpp
[{Copyright (C) 2011 by Gloria Pérez and M. Araceli Garin. ALL rights re:
/Mo part of this code may be reproduced, modified or transwitted, in am
#include "pn.h"

#include "const-farner.h”

extern void models(double *,double (*)[mi],

double *,double *,double *, double (*)[nix],double (*)[m],
double (*)[rw],double (*)[nix][mi],double (*)[niy][m]) ;
extern void param(double *,double (¥)[mw],

double *,double *,double *, double (¥)[nix],double (*)[m],
double (*)[rw],double (*)[nix][m],double (*)[niy][m],
double *,double *,double *,double *,double *,int *,

int *,double *,int &);

double c1{nix];double c2[niy][mi];

double p[nw]; double bi[ni]; double b2[ml];

double A[mi][nix]; double hi[m2][m];double h2[m2][mw];
double T[m2][nix][m];double W[m2][niy][m];

double drowlo[nrans]; double deollo[ncels];

double drowup[nrows]; double deolup[ncels];

double dobjfncols],dels[nelement];

Also you must change the Solution Configurationthfront of the screen, from Debug to Release.

2 farmer - MicroSaR Vsus

File Edit View Project Build Debug Tools Window Help

S Ak e,

- il el & a9 - - E- 0| b [Release  -|[winz2 -] # [mpi
D E @Bl
e 7 —

After doing it, you must click in the File buttoand add as Existing seven COIN projects. You musk for the path to the directory

where is each of them. The seven paths and pscjeet
C:\CoinAINChc\MSVisualStudio\v9\libChc\libCbc.veproj
C:\CoinAINCgl\MSVisualStudio\Ww9\libCgl\libCgl.vcproj
C:\CoinAINCIp\MSVisualStudio\Ww\libClp\libClp.vcproj
C:\CoinAl\CoinUtils\MSVisualStudio\w9\libCoinUtils\li€oinUtils.vcproj
C:\CoinAINOsi\MSVisualStudio\v9\libOsi\libOsi.vcproj
C:\CoinAINOsi\MSVisualStudio\v9\libOsiCbc\libOsiCbc.pmj
C:\CoinAINOsi\MSVisualStudio\v9\libOsiClp\libOsiClp.yroj

Then click on the file with extension .vcproj tpem and add it. After doing it, the screen loole$ikhis. Notice in the left hand menu,

where are the added projects.

el farmmercplax ~ Mitrosoft Vieusl Coe 2010 Expre e s —

File Edit View Project Build Debug Tools Window Help

P =5 e O # Sa0s®m - - D=L | B [Release | [ winzz2

(5 0 e ar

2 0ER LG ER -

- 15

tion Explorer param-farmer.cpp

principal-farmer-cplex.cpp -

[ &=

(Global Scope)

[a Solution ‘farmer-cplex' (8 projects)

4 [J1 farmer-cplex
& Externs| Dependencies
4 [Z% Header Files
n] const-farmer.h
(1] pm.h
[3 Resource Files
4 i Source Files
©+4 model-farmer.cpp
€] param-farmer.cpp
<+ principal-farmer-cpleccpp
70 libCbe
libCgl
libClp
libCoinUtils
libOsi
libOsiChec
21 libOsiClp

El//This is the last version of the code princ
/{Copyright (C) 2811 by Gloria Pérez and M.
/%o part of this code may be reproduced, mo
#include “pm.h™
#include "const-farmer.h™
extern void models(double *=,double (*)[rw],
double *,double *,double *, double (*)[nix],
double (*)[nw],double (*)[nix][nw],double (*
extern void param(double *,double (*)[nw],
double *,double *,double *, double (*)[nix],
double (*)[nw],double (*)[nix][nw].,double (*
double *,double *,double *,double *,double *
int *,double *,int &);
double cl[nix];double c2[niy][nw];
double p[nw]; double bli[ml]; double b2[ml];
double A[ml][nix]; double hl[m2][nw];double
double T[m2][nix][nw];double W[m2][niy][nw];
double drowlo[nrows]; double dcollof[ncols];
double drowup[nrows]; double deolup[ncols];
double dobj[ncols],dels[nelement];
int mcolindw[nelement]; int nrowindx[nelemen
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In the same way you have to add in libOsi fromadhiectory C:\CoinAll\Osi\src\OsiCpx and as Existitems, the files
OsiCpxSolverinterface.hpp and OsiCpxSolverinterfgme.c

T e CpIe = MitrozoTt Visual U= 20T EXpress
0| File Edit View Project Build Debug Tools Window Help
=G | f a9 - - T-EL P [Release ~| | winz2 - % 1o B =

iEl

2 OME 83 e

Selution Explorer > 4. principal-farmer-cplexcpp

B | (Global Scape) -
; Solution 'farmer-cplex’ (8 projects) El//This is the last version of the code principal-farmer-cplex.cpp
4 :’;"ifarmer—cplex C righ b aci Srez [ a iGarin. All rcights peserved
I+ 4 Bxternal Dependencies i_tJ Add Existing [tem - libOsi
4 |7 Header Files S
ﬁ const-farmer.h @uv‘ » Equipo » OS(C) » Coindll » Osi » src » OsiCpx
] pm.h —
Bl Resource Files rganizar v Nueva carpeta
4 = ;U;::‘E:E;a,mampp ] Microsoft Visual Cas,  Tombre Fecha de meodifica.. Tipo
¢ param-farmer.cpp ] eplex 08/04/2011 11:54 C/C++ Header
©) principal-farmer-cplex.cpp [ Favoritos | Makefile.am 25/10/2010 15:20

|| Makefile.in 2571072010 15:20 A
Bl Escritorio |h] GsiCalCut 25/10/2010 15:20 C/C++ Header
4 DBibliotecas |h] OsiCollections 2 C/C++ Header
B gloria S OsiCpxSolverdnterface 04/05/20111238  Ce+ Source
1% Equipo | |n] osiCpxSelvernterface 25/10/2010 15:20 C/C++ Header
E_f, 08 (C) ,ﬂ OsiCut 25/10/2010 15:20 C/C++ Header
5 = DATAPARTL (D) (0] OsiRowCut Tipo: C/C++ Header
] i Unidad de VDRV 1] OsiSolverlnterface el TR 25/10/201015:20
i‘hﬂ Red |h] OsiSohverParameters gl
[ Panel de control

Finally, you must modify some of the properties/ou project in order to compile your code with thB®IN-OR source code and link
with the IBM ILOG CPLEX libraries. To do it, click othe right button beside the boldface name of tlegept, farmer-cplex, and
select the last item, Properties.

"] farmer-cplex - Microsoft Visual C++ 2010 Exprazs |
. File Edit V;ew—P_rpject Build Debug Tools Wing
e e A B I TN IR
SRRt == | e e
Solution Explorer - I 2
= | (Global Sc|

Build
Rebuild
Clean

Project Only »

Project Dependencies...

Project Build Order...

Build Customizations...

Add r

References...

Set as StartUp Project

Debug (3
#& Cut Chrf+X
T4 Paste Chrl+\f
X Remove Del

Rename F2

Unload Project

Rescan Solution

Properties

In the left menu, in Common Properties you must s&leen new references, clicking on the Add New Referdutton, and select the
seven projects: libCbc, libCgl, libClp, libCoinUtil§Osi, libOsiChc and libOsiClp.
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fewProject B
= IR

Salution Explorer "X

(3 Solution farmer-cplex @ projects)
» 7 farmer-cplex

T libChe

el

T libClp

7 tibCoinutils

7 libsi

T ib0siChe

7 lib0siClp

principahfamer-cplexcpp X

(Global Scope) i
=//This is the last version of the code principal-farmer-cplex.cpp
farmer-cplex Property Pages 2l =]
Corfiquetion: |N/A - pisfarm: [N/A -

permission of the|

4 Common Propeties
Framework and References;
4 Configuraton Properties
Generl
Debugging
Ve Directories
b CfC+
» Linker
 Manifest Tool
» XML Document Generator
» Browse Information
» Build Events
' Custom Build Step

| Configuration Manager..

References:

%) Add Reference

2 i

Name

Projects

libCoinUtils
libOsi
libOsiCbe
libOsiClp

Project Narme

Project Directory
inAINChe\MSVisualStudio\wa\libChel,
0inAINCgl\MSVisualStudielva\libCgh
CoinAINClp\MSVisualStudio\wd\ibClp\
oinAINCoinUtils\MSVisualStudio\v8\libCol
CACainAlNOsi\MSVisualStudiolv@\libOsi\
C\CoinAINOs\MSVisualStudio\vd\lib0siChe\
C\CoinAlNOsi\MSVisualStudio\v3\libOsiClp\

i ==

0K Cancel

The screen becomes as follows.

» libChe
b libCql

» [ libOsiCbe
© 2 libOsiClp

‘principal-farmer-cplex.cpp X

(Global Scope)

Eld,

is s il st

farmer-cplex Property Pages

csion of the cod

ipal-f; scplex.

quratior: | N/A

-| Platfarmi (/A

4 Common Properties

Framework and References

4 Configuration Properties
General

Debugging

VC++ Directories
C/Ca+

Linker

Manifest Teol

Browse Information
Build Events

XML Document Generator

Targeted framework: NETFrameworlk Vel

References:

Name 4
-2 libChe
“3libCgl
-3 libClp
-DibCointkils 4
-3 lbOsi

-DlibOsiChbe

In the Debugging options, you must establish wloeking directory, C:\coin-projects\farmer-cplexand click on Aplicar

button.

Solution Explorer

=

[ Solution *farmer-cplex' (8 projects)
121 farmer-cplex

fibChe /Mo tarmer-cplex Property Pages 1
7 libCgl :fﬂc
! inc
libClp exted | Configuration: [ ActivelRelease) | Platform: [Active(Win3z) ~| [ Configuration bj
libCoinUtils Fo
fibOsi ol b Eamren Praperes Debugger to launch:
libOsiChe cxted | | 4 Configuration Properties [Eoea WindomsDebumer
v [ZlibOsiClp doub: General =
doub ;
i Debugging Command S(TargetPath)
oul V- Directories
int » CiCr+ Command Arguments
doub: i b Waorking Directory Ci\coin-projects\farmer-cplex
doub ?
i Msnifest Tool Attach Ne
doutg Debugger Type Auta
doub: [ XML Document Generator| Ugger P!
doub. » Browse Information Envirenment
doub » Build Events Merge Environment Ves
doub: » Custom Build Step SQL Debugging Mo
int

principal-farmer-cplex.cpp >

(Global Scope)

5//This is the last version of the code principal farmer cplex.cpp

//Copycight (C) 2611 by Gloria Pérez and M. Avaceli Garin. All rights reserved
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Then, select the C/C++ and General button, and astédditional include directions the following foeen directories, all of
them separated by semi-colons:

C:\CoinAI\Cgl\src\CglProbing; C:\CoinAl\Cgl\src\CglGomyg
C:\CoinAINCgl\src\CglClique; C:\CoinAINCgl\src\CglKnapskCover;
C:\CoinAl\Cgl\src; C:\CoinAI\Clp\src;

C:\CoinAI\Cbc\src; C:\CoinAll\Osi\src;

C:\CoinAl\BuildTools\headers; C:\CoinAll\Osi\src\OsiCbc;
C:\CoinAl\Osi\src\OsiClp; C:\CoinAl\CoinUtils\src;
C:\CoinAINOsi\src\OsiCpx;
C:A\ILOG\CPLEX_Studio_AcademicResearch122\cplex\inclilcfdex;

These are the directories with the header filesiderl in the header filpm.h.

crosoft \;’isua'l:(‘;w-zﬁf_xp ess

[Fic Edt

iew Project Build Debug Tools Window Help
il S 6 [0 e D b [Retesse

w2 |8 BT

=S e e T B S e

Solution Explorer

e

:g Selution ‘farmer-cplex' (8 projects)
71 farmer-cplex

v I X

rrcpaamer-coecre < IR

E1//This is the last version of the code principal-farmer-cplex.cpp
| //Copyright (C) 2811 by Gloria Pérez and M. Araceli Garin. ALl rights reserved.

(Global Scope)

. libChe I N //No part of this code may be reproduced, modified or transmitted, in any form or by any means
' ¥
libCyl farmer-cplex Property Pages li‘i:_hj
o4 libClp -
L -:3 libCainl3 Configuration: | Active(Release} '] Platfarm: [Act:ve(WlnSl] Vl [ Configuration Manager... I
b 123 libOsi =
libOsiChg 1+ Comman Properties Additional Include Directories C:\(oinAII\CgI\sr(\CgIProhing,{:\CoinA.ll\Cgl\srt\(gIGE
libOsiClp 4 Configuration Properties Resolve #using References |
General Debug Infermation Format Program Database (/Zi) |
Debugging Commen Language RunTime Support |
VC++ Directories Suppress Startup Banner Yes (/nologo) |
@ C/Cs Warning Level Level3 (/W3) |
Genesa) Treat Warnings As Errors Mo (/WX-) |
Quotirization . z

In the Optimization options, set as follows andlclon the Aplicar button.

=

File Edit View

e

—-_-1 =y R_. A

Project Build Debug Tools Window Help
Hﬂ| & 5 _';3|".' - v'ﬂ'__;',| b |Release
=203 daad-

- [1p

~| |Win32

Solution Explorer
EES

-3 Solution 'farmer-cplex' (8 projects)
7 farmer-cplex
3 libChe

(7]

libOsiChy
1 libOsiClp

M param-farmercpp X principal-farmer-cpleccpp

(Global Scope)

El//This is the last version of the code param-farmer.cpp
//Copyright (C) 2818 by Gloria Pérez and M.

Araceli Garin. All rights
| //reserved.

e -
farmer-cplex Property Pages

Configuration: | Active(Release) VI Platform: [ActjvefWinEZ)

] Mevinize Speed (102

Inline Function Expansion Only _inline (/Obl1)

X ] | Config

» Commaon Properties
a4 Configuration Properties

General Enable Intrinsic Functions Yes (/0i)
Debugging Favor Size Or Speed Meither
VC++ Directories Omit Frame Pointers Mo (/Oy-]
a C/C+s Enable Fiber-Safe Optimizations Ne
General Wheole Program Optimization No

Optimization

Preprocessor

In Preprocessor, select the following definitio"dN32; NDEBUG; _CONSOLE;

on the Aplicar button

and _CRT_SECURE_NODEPRECATHEd elick
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(il Dehing) S M

P s a|a-o-

T Retece  -ffwinz ] -SRI

Solution Explorer

[

>0 x

(Global Scope)

=2 |0 E«damtd.

El//This is the last version of the code param-farmer.cpp
3 farmer-cplex //Copyright (C) 201@ by Gloria Pérez and M. Araceli Garin. All rights
//reserved.

farmer-cplex Property Pages
i

Configuration: IActive(ReEeBse]

| Platform: [ Active(Win32) ~| [ Configuration Manager..

» Common Properties
4 Configuration Properties
General
Debugging
VC++ Directories
4 CfCes
General
Optimization
Preprocessor

Code Generation

Preprocessor Definit WIN32;NDEBUG;_CONSOLE;%(PreprocessorDefinition

Undefine Preprocessor Definitions

Undefine All Preprocessor Definitions No
Ignore Standard Include Paths No
Preprocess to a File Mo
Preprocess Suppress Line Numbers MNe
Keep Comments Mo

In Code Generation, set as follows and click on&pkcar button.

ject B
= - e

=

Solution Explorer > 0 x

|4 Solution 'farmer-cplex' (8 projects) J=//This is the last version of the code principal-farmer-cplex.cpp

principal-farmer-cpleccpp X

(Global Scope)

//Copyright (C) 2811 by Gloria Pérez and M. Araceli Garin. ALl rights reserw
//lo part of this code may be reproduced, modified or transmitted, in any fo

farmer-cplex Property Page:
Configuration: | Active(Release) +| Platform: | ActivelWinz2) | [ con
i Common Properties Enable String Pooling Yes /GF)
a Configuration Properties Enable Minimal Rebuild No (/Gm-)
General Enable C++ Exceptions Ves (/EHsc)
Debugging Smaller Type Check No
VC++ Directories Basic Runtime Checks Default
a C/Ces Runtime Library Multi-threaded /MT)
Genert Struct Member Alignment Default
Optimizafion Buffer Security Check Yes (/GS)
z:;:‘;j:zt‘;fm Enable Function-Level Linking Yes UGy)
Enable Enhanced Instruction Set Mot Set
Language Floating Point Model Precise (/fp:precise)
Precompiled Headers it
it Enable Floating Point Exceptions
i Create Hotpatchable Image

In Linker, click on General and set the followiogtions. Then, click on Aplicar button.

Sol

lution Explorer

e

(Global Scope)
g Selution ‘farmer-cplex' (8 projects) El//This is the last version of the code param-farmer.cpp
s m'arme[ﬂlﬂ ‘N’Ccpyright (C)} 2010 by Gloria Pérez and M. Araceli Garin. All rights
> m libChe ” J //reserved.
b A libCgl farmer-cplex Property Pg:lges Lﬂ
i lgil libClp =
b g :‘E;“f"” Configuration: | Active(Release) | Platform: | Active(Win32) »| [ configuration Manager... |
b lgd hbQOsi
(] :'..’3 libOsiChy i Commen Properties Output File S{0utDin5(TargetMName)§(TargetExt)
73 libOsiClp 4 Configuration Properties Show Pregress Mot Set
General Version
Debugging No VINCREMENTALNO) B
WC++ Directories Suppress Startup Banner Yes (fNOLOGO)
b L/ Ignore Import Library Mo
4 Linker Register Output Mo
Gsneral Per-user Redirection Mo
Iopur Additional Library Directories
Manifest File Z
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In Input button, select Additional Dependenciesl aud the location
C:A\ILOG\CPLEX_Studio_AcademicResearch122\cplex\lib\8tdows_vs2008\stat_mta\cplex122
for Windows 32bits.

dib

\-1 o,

= _.;| l‘ |Re|ease | win32

-l = E e

5_'_a~i.€LA& = =l = e Q= o e e
Solution Explorer v X
i[5t (Global Scope)
-’; Solutien ‘farmer-cplex’ (& projects) El//This is the last version of the code param-farmer.cpp
2 farmer-cplex |//Ccpyrlght {C) 2018 by Gloria Pérez and M. Araceli Garin. All rights
1 libChe //reserved.
libCgl farmer-cplex Property Pages \ _@_. =
libClp =
:‘Egc’_""“ Configuration: |Active[Release) =] Platform: [ ActiveWin32) ~| [ Configuration Manager...
ibOsi
libOsiCh: 1 Common Properties Additional Dependencies kernel32.lib;uzer32 lib;gdi32 lib;winspoollib;comdlg32 lib;ad
;’3 libOsiClpl 4 Configuration Properties Ignore All Default Libraries
General Ignere Specific Default Libraries
Debugging Medule Definition File | agditional Dependencies m‘
VC++ Directories Add Module to Assemb
b C/C+ Embed Managed Resou | nicResearchl22cplexilib\x86_windows vs2008\stat_mta\cplexd22.lib | -
4, Linker Force Symbol Referenc
Brniiel Delay Loaded Dlls
Input <
5 Assembly Link Resourcs
Manifest File -
Debugging El 1 L
System
Optirnization Inherited values:
Embedded IDL kernel32.lib -
Advanced user32.lib };

In System, set the following options and click ba Aplicar button:

File Edit View Project Build Debug Tools

_U BE Egﬂ|$—_ﬂ'ﬁ“’] [“. _‘.J L._L|i‘l_e[ease
=22 | D3 e ESE -

- 0 %

~| | win32 ~| | (@ | 1p

Solution Explorer

principal-farmer-cplex.cpp >

@

(Global Scope)

'; Selution farmer-cplex' (8 projects) l=2//This is the last version of the code principal-farmer-cplex.cpp

//Copyright (C) 2011 by Gloria Pérez and M. Araceli Garin. All rights reserved.
| | //No part of this code may be reproduced, modified or trapsmitted, in any form

i b
farmer-cplex Property Pages

Configuration: IAcﬁve{Release) 'I Platform: |A,<_:tive('\l\fir82} '] [ Configy
P
b a Configuration Properties Console (/SUBSYSTEM:CONSOLE)
b ::3 libOsiClp General L1} Minimum Required Version
Debugging Heap Reserve Size
VC++ Directories Heap Commit Size
4 C/C++ Stack Reserve Size
Gen.era.l ) Stack Commit Size
Optimization Enable Large Addresses
Rrcptocestr : Terminal Server
Code Gerieration Swap Run From CD No
Languag? Swap Run From Network No
Precompiled Heade R
Output Files C Driver Not Set
Browse Information
Advanced
Command Line
a4 Linker
General
Input
Manifest File
Debugging
System | 4
Optimization

Finally, click on the Aceptar button to go to tharsproject screen.
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Now you must modify some properties of your solnt{executable). To do it, click on the right battover the icon beside
Solution “farmer-cplex” (8 projects), and seleet Idst option, Properties.

In the left screen, select Startup Project in tloen@on Properties, and in the right screen clickSergle Startup project you
have to have selectéar mer-cplex project, like in the screen.

(Global Scope)
Zj Solution 'farmer-cplex' (8 projects) E1//This is the last version of the code principal-farmer-cplex.cpp
b -ﬂ farmer-cplex //Copyright (L) 2011 by Gloria Pérez and M. Araceli Garin. All rights reserved
7 i //No part of this code may be reproduced, modified or transmitted, in any form
121 libChe Ll P y p y
libCgl Solution ‘farmer-cplex’ Property Pages | 9
> libClp e
- E:P']:?:;D'mu N/A Piatform: | NAA Caonfiguration Mana
edl libOsi g S
14 libOsiChd 4 Common Properties 1 Current selection
» (7 libOsiClg Startup Project @) Single startup project
Project Dependencies - -
Debug Source Files it i
» Configuration Properties () Multiple startup projects:
Project Action +
farmer-cplex None =
libChbc MNone
libCgl MNone
libClp None
libCoinUtils Mone
lib(si Mone

To set the Project Dependences, select in tlint hignd screefarmer-cplex as Project, and click on all the projects given

below. Finally, click on the Aplicar button and then the Aceptar button.
? == rosoft Visual C++ 2010 Express

F_ll& Edit View P_m_j_et_:r._. Build Debug Tools Window _Hefp 5 . _
il - S E % @]9 - - E-E | P [Release -| [ winz2 - # e Bl

(300 A | ;2“:‘ W03 5 B
Solution Explorer = J.X principal-farmer-cplexcpp X
I {Global Scope)
; Solution ‘farmer-cplex' (8 projects) El//This is the last version of the code principal-farmer-cplex.cpp
B 'ﬂ farmer-cplex /{Copyright (C) 2811 by Gloria Pérez and M. Araceli Garin. All rights reserved.
libChe L | //No part of this code may be reproduced, modified or transmitted, in any form or by any

libCgl Solution "farmer-cplex' Property Pages &Iﬁ
libClp =
libCoinlf

b
b NIA N/A Configuration M

o 70 libOsi e

b e libOsiChy 4 Common Properties Project:

» 2 bosicClg Startup Project e o

Project Dependencies
Debug Source Files Depends on:

1= Configuration Properties

W libClp
bl libCoinltils
vl libOsi

vl libOsiChe
bl libOsiClp

Before running the solution (executable), selechenTools window, Settings and Expert Settings.
=] Farmer-cpiex - Micrasot Visual v+ 2010 Express ]
File Edit View Project Build Debug | Tools | Window Help

Pl e S @ & G2 9 B Atachto Process.. Ctrl+ Alt+P | [# | hash -
A T Z 2 |[J& & CodeSnippets Manager... Ctrl+K, Ctrl<B : - |

Choose Toolbox Items...

Solution Explorer

51 E‘H Extension Manager...
‘.2 Selution 'farmer-cplex' (8 projects) Error Lockup -farmer.cpp
7 farmer-cplex LDasm Braceli Garin. All rights
; g::gi:lc Visual Studio Command Prompt Hify or transmitted, in
-',3 libClp External Tools.., written permission of the
- !
7 libCoinlitils Settings 4 Basic Settings
- = I!bO;\ Customize... ¥ Expert Settings
> 33 libOsiChe o
10R5...
2 liOsiClp P Reset...

double hi[m2][nw], double h2[m2][nw],double
double W[m2][niy][nw], double dobj[ncols],dc

Import and Export Settings...
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Now you can compile and link your code, i.e., yan duild the solutionfarmer-cplex.din. To do it, in the start screen, click on the
Build button and then, on Build Solution. If all wefite, you obtain O failed, and the Solution (exeble) has been built. This
information appears in the bottom of the screer t¢reen look likes this:

TEF U TOUT T UENERAT IO
tiempo@=CoinCpuTime();
results<<"CPU time for loading data model "<<CoinCpuTime()<<™\n";
madels{cl,c2,p,bl,b2,A,h1,h2,T,W);
//STEP 1. INTRODUCTION OF THE COEFFICIENTS IN THE ARRAYS OF COIN
nocero=8;
param(cl,c2,p,bl,b2,A,h1,h2,T,W,dob],drowla,
drowup, dcollo,dcolup, nrowindx,mcalindx, dels, nocera);
=//STEP 2. DEFINE THE MODEL IN COIN-OR
//without using interface (0SIClpSolverinterface)
// Clpsimplex *soll; soll=new ClpSimplex;

Flar altarnativaly  hu usine intarfacs

0% -+

Output

Show output from: | Build " | P | ESIE ‘
2>Project not selected to build for this sclution configuration
e Skipped Build: Project: libCoinUtils, Configuration: Release Win32 -----
3»Project not selected to build for this solution configuration

S Skipped Build: Project: libClp, Configuration: Release Win32 ------
4>»Project not selected to build for this solution configuration

[-E Skipped Build: Project: 1ibCgl, Configuration: Release Win32 ------
5»Project not selected to build for this solution configuration

Br------ Skipped Build: Project: libCbc, Configuration: Release Win32 ------
6»Project not selected to build for this solution configuration

Tr---oo- Skipped Build: Project: 1ib0siClp, Configuration: Release Win32 ------
7»Project not selected te build for this seolution configuration
=== Build: @ succeeded, @ failed, 1 up-to-date, 7 skipped ==

To run the solution and get the output file, gdhe start screen and click on Debug, and then an &tthout Debugging, in a screen
like this:

Windows v h32 - | % |hashl
Start Debugging F5 :
Start Without Debugging Ctrl+F5
Attach to Process..,
Exceptions... Cirl+Alt+E
s oAt e code principal-farmer-cplex.cpp
farmer-cplex Step Into F11 Pérez and M. Araceli Garin. All rights rese
o (g External Dependencies| [ Step Over Fi0 Eproduced, modified or transmitted, in any
| Header Fil
B s ToggleBreakpoint Fo
|n] const-farmer.h R ble [+
[i] pmh New Breakpoint b e (*)[rw],
i o : . lble (*)[nix],double (*)[nw],
L_.l Resource Files J D All Breakpoints Cirl+Shift+Fa rw],double (*)[niy][nw]) ;
4 NEopureebies Clear All DataTips L= (*)[nw],
©+ model-farmer.cpp _ R i ble (*)[nix],double (*)[nw],
yart DataTips ... :
€] param-farmer.cpp S Eat nw],double (*)[niy][nw],
.;:] priﬂcipa\-farmar-(ﬁ Import DataTips .. le *,double *,int *,
b [ libChe Opticns and Settings...
libCgl y

w5
double p[rnw]; double bil[mi]; double b2[ml];
double A[ml][nix]; double h1[m2][nw];double h2[m2][nw];
double T[m2][nix][nw];double W[m2][niy][nw];
double drowlo[nrows]; double dcollo[ncols];

libClp
libCoinUtils
libOsi

After that, you get a black screen and the outiritésul-farmer.dat has been generated in your working directory.
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Em CAWindows\system32\cmd.exe = | E

Tried aggregator 1 time.

LF Presolve eliminated 3 rows and 6 columns.

Reduced LP has 18 r»ows. 21 columns, and 38 nonzeros.
Presolve time = B.88 szec.

) Scaled infeas = 239.999998

= 28508 . 00E00A
sec. Objective = 78000 .00868
= 8.8 sec.
MIP emphasis: balance optimality and feasibility.
MIP search method: dynamic search.
Parallel mode: deterministic. using up to 8 threads.
Hoot relaxation solution time = B.81 sec.

Modes Cuts~
Mode Left Objective IInf Best Integer Best Mode ItCnt

B+
B+
B+
B+
B+
B+
B+
B+
B+
B+
ad a integral -188378. 08808

Elapsed real time = A.A1L szec. .A@ MB,. solutions =

Ead
Ead
Ead
Ead
Ead
£
Ead
£
Ead
Ead

“EDODEAIREE

ey
[y

Root node processing (hefore hicl:
Real time = Aa.91
Parallel b&c. 8 threads:
Real time
Suync time f{average)
Wait time {average)

Total {root+branchicutl

Default column names x1, x2 ... being created.
Default rouw namez cl, c2 __. bheing created.
Prezione una tecla para continuwar . . .

5. The download process and basic installation of CPLEMithin COIN-OR under Linux-like systems

Again, the first step is to download the sourceecofiCOIN-OR. In similar way as is described in Sat8, for doing it, you must click
on Download/Usén the left hand side of the home pag#p://www.coin-or.org Then in the second Section tittled Source Codmy y
must click onhere You can observe an index for the source of a numbeZ®@fN projects. You must click o@oinAll/ to obtain the list
of last versions. In this case you will click arelest CoinAll-1.4.0.tgz Alternatively, you can go directly to the home eédgr this
version, http://www.coin-or.org/download/source/CoinAll/CoinAl.4.0.tgz This project will only build in Linux-like environents
using the GNU autotools. The compilgec v4.1at least will be needed. After downloading the &rigou must extract the code, for
example, typing in the prompt

$ tar xzvf CoinAll-1.4.0.tgz

This sentence creates a subdirectory (by defaatedaCoinAll-1.4.0), that you can rename as CoinAlhere is the source code. You
can also by clicking on the right button over titgz, extract the code into. Then, go to the dingcthat you just downloaded or
extracted (in our case, CoinAll) and type thedwaihg script,

$ ./configure COIN_SKIP_PROJECTS="Smi Alps Bcp Bcps Blisdparty SYMPHONY’

With this script, the projects between * and ' amd installed. They are not needed for solvingdmand/or integer optimization
problems. If everything went fine, you will seetla¢ end of the output “Main configuration of CoinAliccessful”

In the directory where you ran the configure s¢rypu must install the code. To do it, you type
$ make install

After this, you will find the executables, librasiand header files in the “bin”, “lib” and “inclutisubdirectories, respectively. Now you
can compile and link your source code with the CQIR solvers.
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As in the case of Windows systems, if we want te tiee solvers of IBM ILOG CPLEX, in a second step mest download the
CPLEX libraries with academic license. The full pres has been detailed in Section 3 for Windowsysand now, we will present
the main steps in Linux environments. At the beiignyou must go to the home page
http://www-01.ibm.com/software/websphere/produgitiization/academic-initiative/index.html

In the right hand side, middle page and under gigraph Membership, you must click dnin now,for registration. After doing it, you
must complete process to become a member of thdefa Initiative. In the first step click oRegistey and complete the required
information.  You must give your institutional PM/EHU, if case) e-mail address, and a password click onSign inbutton. After
obtaining your membership, you can access to tid Mademic Initiative resources. You can back te tBM Academic Initiative
home page, and click on the second optiget full-version softwaref the epigraph Member offerings under the Memhprshigraph.
In the following screen, select tilwnload from the Software Catalogtion in the middle of the page. You will see gage entitled
IBM Academic Initiative Program, where you must klien theSubmitbutton if you are agree that IBM may process yatadAfter
submitting, you go to the following page and in t&ie hand side of the screen you must click onfittst item Search for softwareyou
must type CPLEX in the box of Find by search teRefore clicking onSearch to filter your search, type in the box of Find jbgrt
number, CZJS3ML and then, click on the search buffbe selected version must be IBM ILOG CPLEX Optiaion Studio Research
Edition v12.2 for Linux x86 and x86-64 MultilinguaClick also on | agree, and at the end of theestrelick on theDownload now
button. By default, the software has been downlddadehe directory named DownloadDirector. In thisation, there are two files,
cplex_studiol22.acad.linux-x86.bianddimgr.pra You must type

$ chmod 777 cplex_studio122.acad.linux-x86.bin

to get the executable file, and then, type

$ ./cplex_studiol22.acad.linux-x86.bin

to start the installation in the directory ILOG. héh the installation is completed, the messagedrstreen is:

IBM ILOG CPLEX Optimization Studio Academic Researckdition 12.2 has been successfully installed to:
/home/ILOG/CPLEX_Studio_AcademicResearch122

IBM ILOG CPLEX is a product that needs a license Kayget it, go back to the home page from wherehate downloaded the code
and click onlLOG supportin the paragraphiote about license keys.

You must follow step by step the process for oligjrihe license key. Click on tHeOG Optimization Key Requediutton at Step 2.
As membership, with your ID and password, you wiitain the following screen. Click dhownload nowbutton and you will get a
plain text file, the key file acess.ilm. Followetlguide [ILOGQuickStart.pdf for its installationo Dbtain this file, please click on
Quick Start guiddoutton. Save a copy of the license key diteess.ilmin the location /home/ILOG/ilm. You must creatdrklwith the
directory /usrl/ilog. To do it, type

$ In -s /home/ILOG /usrlilog

Now you must create the library OsiCpxSolverintezfiz To do it, go to the locations /CoinAll/Cbc andoinAll/Osi and type in both
of them,

$ ./configure

$ make
$ make install

Look at the directory /ILOG/CPLEX_Studio_Academic®arch122/cplex/include/ilcplex the filplex.h Copy this file into the
directory /CoinAll/Osi/src/OsiCpx.

Go to the directory /CoinAll/Osi/src, and locate tfalowing six header files:OsiSolverinterface.hpp OsiCollections.hpp
OsiSolverParameters.hpp OsiCut.hpp, OsiRowCut.hpp, and OsiColCut.hpp. Copy all of them to the subdirectory
/CoinAll/Osi/src/OsiCpx. Now, go to the location i8All/Osi/src/OsiCpx and type,

$ make
Now in this directory the library OsiCpxSolverintact.lo has been created. Copy it to the directorin&Chbc/lib/

Finally, you must add two environment user vagablin your computer. To do it, you can edit thédkeh file .bashrc, and add at the
end of this file both definitions as follows

ILOG_LICENSE_FILE= "/home/ILOG/ILM/access.ilm"
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PATH= $PATH; /home/ILOG/CPLEX_Studio_AcademicReasdd 22/cplex/bin/x86_sles10_4.1
Now, you must save the file and restart your cotep
6. Linking your code with CPLEX within COIN-OR and runni ng the executable under Linux

Assume that you have downloaded and installed thetNEIR sources in the directory CoinAll, and downloddind installed the
CPLEX code in the directory /ILOG/CPLEX_Studio_AcadeResearch122/, and made all the steps in theirjstallation procedure
described in Section 5.

For most COIN-OR packages the main directory contamexample subdirectory. Assuming that this ésdhse for the package Cbc,
the directory CoinAll/Cbc/Examples contains a Malefihat has been adapted to your system, see Appénétir the Makefile
modified.

Copy this Makefile in your working directory wherew have edited your own code, i.e., the fitesst-farmer.h, model-farmer.cpp,
param-farmer.cpp, principal-farmer-cplex.cpp andpm.h. In order to modify this Makefile to compile your aveode, you only have to
change some things. Edit the file Makefile, whgoe put the name of the executable, which in themgde is “driver” now you must
write a name for our executable, for example “farTplex”. You must change a set of sentencesyiiatcan look in the Makefile
given in Appendix B.

From the prompt of your working directory, type
$ make -k farmer-cplex

to compile and link the code. If all went finen executable namdermer-cplex exists in your directory. To run it, you must type
$ ./farmer-cplex

Again, if all went fine you will see the followingutput, IBM ILOG License Manager: "IBM ILOG Optimitzan Suite for Academic
Initiative" is accessing CPLEX 12 with option(s):rffeb g ".

Tried aggregator 1 time.
LP Presolve eliminated 3 rows and 6 columns.
Reduced LP has 10 rows, 21 columns, and 30 nonzeros.

Presolve time = 0.00 sec.

Iteration log . . .

Iteration: 1 Scaled infeas = 239908

Switched to devex.

Iteration: 3 Objective = 205010000

Found feasible solution after 0.02 sec. Objecti@3000.0000
Probing time = 0.00 sec.

MIP emphasis: balance optimality and feasibility.
MIP search method: dynamic search.
Parallel mode: deterministic, using up to 4 threads
Root relaxation solution time = 0.04 sec.

Nodes Cuts/

Node Left Objective linf Best IntegerBest Node ItCnt Gap

* 0+ O 98000.0000 0o -
* 0+ O -14150.0000 0o -
* 0+ O -19100.0000 0o -
* 0+ O -24050.0000 0o -
* 0+ O -29000.0000 0o -
* 0+ O -33950.0000 0o -
* 0+ O -38900.0000 0o -
* 0+ O -43850.0000 0o -
* 0+ O -48800.0000 0 -
* 0+ O -53750.0000 0o -
* 0 O integral 0 -108390.000008390.0000 0 0.00%

Elapsed real time = 0.09 sec. (tree size = MBQsolutions = 11)
Root node processing (before b&c):
Real time = 0.08
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Parallel b&c, 4 threads:

Real time = 0.00

Sync time (average) = 0.00

Wait time (average) = 0.00
Total (root+branch&cut) = 0.08 sec.
Default column names x1, x2 ... being created.
Default row names c1, c2 ... being created.

Notice that the two last rows in the file princigatmer-cplex.cpp must be commented for the Linampilation. After the execution,
in your directory there exists a new fitesul-farmer.dat, with the output of the execution, see Appendix C.

You can also use an editor like emacs, that allgausto compile C++ code moreover than latex codéhiks case, to run the executable,
you can do it from the prompt of the working digtwhere the executable is.

Appendix A
A.1 File const-farmer.h

/[This is the last version of the code const-farmer

/ICopyright (C) 2011 by Gloria Pérez and M. Aracedir(a. All rights reserved. No part of this code
/Imay be reproduced, modified or transmitted, iy fanm or by any means without the prior writtemmpéssion of
/lthe authors. Integer constamikich define the dimensions of the stochastic ivarsf the farmer' problem.
/IModel (1.5), pp.11, Birge and Louveaux (1997)

/INumber of scenarios

#definenw 3

/INumber of first stage continuous variables

#definenix 3

/INumber of second stage continuous variables

#defineniy 6

/INumber of first stage constraints

#defineml1 1

/INumber of second stage constraints

#definem?2 4

/INumber of variables and constraints of the whpoleblem

#definencols nix+niy*nw

#define nrows m1+m2*nw

#define nelement m1*nix+m2*(nix+niy)*nw

A.2 File pm.h

/[This is the last version of the code pm.h
/ICopyright (C) 2011 by Gloria Pérez and M. Aracedir{d. All rights reserved.
/INo part of this code may be reproduced, modifietransmitted, in any form or by any means
[/lwithout the prior written permission of the aoith.
#include<string.h>

#include<stdlib.h>

#include<math.h>

#include<assert.h>

#include<stdio.h>

#include<iostream>

#include<fstream>

usingnamespacstd;

#include<cstdlib>

#include"ClpSimplex.hpp"
#include"CoinHelperFunctions.hpp"
#include"CoinTime.hpp"
#include"CoinBuild.hpp"
#include"CoinModel.hpp"
#include"OsiClpSolverinterface.hpp"
#include"CbcModel.hpp"
#include"CoinPackedMatrix.hpp"
#include"CglKnapsackCover.hpp"
#include"OsiCuts.hpp"
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#include"CglClique.hpp"
#include"CglGomory.hpp"
#include"CglProbing.hpp"

llcplex

#include"cplex.h"
#include"OsiCpxSolverinterface.hpp"

A.3 File model-farmer.cpp

/[This is the last version of the code model-farcpy

/ICopyright (C) 2011 by Gloria Pérez and M. Aracedir®. All rights reserved.

/INo part of this code may be reproduced, modifietransmitted, in any form or by any means
/lwithout the prior written permission of the autho

#include"pm.h"

#include"const-farmer.h"

void models@oublecl[nix],doublec2[niy][nw],
doublep[nw], doubleb1[m1],doubleb2[m1],
doubleA[m1][nix], doubleh1[m2][nw],
doubleh2[m2][nw] doubleT[m2][nix][nw],
doubleW[m2][niy][nw])

/IModel coefficients of farmer' problem. Birge anduveaux(1997),pp.4-15
{

inti,jomega;
/lweights p
for (lomega=0; iomega<nw; iomega++) p[iomega]=1.0Ativ0);
/lobj coefficients c1,c2
c1[0]=150.;
c1[1]=230.;
c1[2]=260.;
/lobj coeficientes WITHOUT weigths
for (lomega=0;iomega<nw;iomega++)

c2[0][iomega]=238.;
c2[1][iomega]=210.;
c2[2][iomega]=-170.;
c2[3][iomega]=-150.;
c2[4][iomega]=-36.;
c2[5][iomega]=-10.;

}
/Nleft and right hand sides: b1,b2, hl and h2

b1[0]=-1e31;

b2[0]=500;

for (lomega=0;iomega<nw;iomega++)

{
h1[0][iomega]=-1e31; h2[0][iomega]=-200.;
h1[1][iomega]=-1e31; h2[1][iomega]=-240.;

h1[2][iomega]=-12000.; h2[2][ioged=0.0;

h1[3][iomega]=0.; h2[3][iomega]=6000.0;

/Imatrix A, x variables
for (i=0;i<nix;i++) A[O][i]=1.0;
/I matrices T and W
/Iscenario 1
iomega=0;
Il T[j-1][i-1][lomega]: j=1,m2;i=1,nix;iomega=1,nw

T[0][O][ilomega]=-3.;T[0][1][iomega]=0.; T[0][2][ianega]=0.//equation 1
T[1][0][ilomega]=0.; T[1][1][iomega]=-3.6; T[1][2][omega]=0//equation 2
T[2][0][iomega]=0.; T[2][1][iomega]=0.; T[2][2][ionega]=-24 //equation 3
T[3][0][iomega]=0.; T[3][1][iomega]=0.; T[3][2][ionega]=0.;/equation 4
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/IW[j-1][i-1][lomega]:j=1,m2;i=1,niy;iomega=1,nw
/lequation 1
WI[O][0][iomega]=-1.//y 1
WI[O][1][iomega]=0.//y_2
WI[O][2][iomega]=1.//w_1
WI[O][3][iomega]=0.//w_2
WI[O][4][iomega]=0.//w_3
WI[O][5][iomega]=0.//w_4
/lequation 2
WI[1][0][iomega]=0.;
WI[1][1][iomega]=-1.;
WI[1][2][iomega]=0.;
WI[1][3][iomega]=1.;
WI[1][4][iomega]=0.;
WI[1][5][iomega]=0.;
/lequation 3
WI[2][0][iomega]=0.;
WI[2][1][iomega]=0.;
W[2][2][iomega]=0.;
WI[2][3][iomega]=0.;
W[2][4][iomega]=1.;
WI[2][5][iomega]=1.;
/lequation 4
WI[3][0][iomega]=0.;
WI[3][1][iomega]=0.;
WI[3][2][iomega]=0.;
WI[3][3][iomega]=0.;
WI[3][4][iomega]=1.;
WI[3][5][iomega]=0;

[[Frrrans
/Iscenario 2
iomega=1;

I
/I T[j-1][i-1][ilomega]: j=1,m2;i=1,nix;iomega=1,nw

T[0][O][ilomega]=-2.5; T[O][1][ilomega]=0.; T[O0][2Jomega]=0.;//equation 1
T[1][O][ilomega]=0.; T[1][1][iomega]=-3.; T[1][2lomega]=0.;//equation 2
T[2][O][ilomega]=0.; T[2][1][iomega]=0.; T[2][2lbmega]=-20.;//equation 3
T[3][0][ilomega]=0.; T[3][1][iomega]=0.; T[3][2lbmega]=0.;//equation 4

/IW[j-1][i-1][lomega]:j=1,m2;i=1,niy;iomega=1,nw
/lequation 1
WI[O][0][iomega]=-1./ly_1
WI[O][1][iomega]=0.//y_2
WI[O][2][iomega]=1.//w_1
WI[O][3][iomega]=0.//w_2
WI[O][4][iomega]=0.//w_3
WI[O][5][iomega]=0.//w_4
/lequation 2
WI[1][0][iomega]=0.;
WI[1][1][iomega]=-1.;
WI[1][2][iomega]=0.;
WI[1][3][iomega]=1.;
WI[1][4][iomega]=0.;
WI[1][5][iomega]=0.;
/lequation 3
WI[2][0][iomega]=0.;
WI[2][1][iomega]=0.;
WI[2][2][iomega]=0.;
WI[2][3][iomega]=0.;
W[2][4][iomega]=1.;
WI[2][5][iomega]=1.;
/lequation 4
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WI[3][0][iomega]=0.;

WI[3][1][iomega]=0.;

WI[3][2][iomega]=0.;

WI[3][3][iomega]=0.;

WI[3][4][iomega]=1.;

WI[3][5][iomega]=0;

/Iscenario 3

iomega=2;

[IT[-1][i-1][iomegal: j=1,m2;i=1,nix;iomega=1,nw
T[O][O][ilomega]=-2.; T[O][1][iomega]=0.; T[0][2Jiomega]=0.//equation 1
T[1][0][ilomega]=0.; T[1][1][iomega]=-2.4; T[1][2Jlomega]=0.;//equation 2
T[2][0][ilomega]=0.; T[2][1][iomega]=0.; T[2][2llomega]=-16.;//equation 3
T[3][0][ilomega]=0.; T[3][1][iomegal=0.; T[3][2llomega]=0.; //fequation 4

[IW[j-1][i-1][lomega]:j=1,m2;i=1,niy;iomega=1,nw
/lequation 1
WI[O][0][iomega]=-1./ly_1
WI[O][1][iomega]=0.//y_2
WI[O][2][iomega]=1.//w_1
WI[O][3][iomega]=0.//w_2
WI[O][4][iomega]=0.//w_3
WI[O][5][iomega]=0.//w_4
/lequation 2
WI[1][0][iomega]=0.;
WI[1][1][iomega]=-1.;
WI[1][2][iomega]=0.;
WI[1][3][iomega]=1.;
WI[1][4][iomega]=0.;
WI[1][5][iomega]=0.;
/lequation 3
WI[2][0][iomega]=0.;
WI[2][1][iomega]=0.;
WI[2][2][iomega]=0.;
WI[2][3][iomega]=0.;
W[2][4][iomega]=1.;
WI[2][5][iomega]=1.;
/lequation 4
WI[3][0][iomega]=0.;
WI[3][1][iomega]=0.;
WI[3][2][iomega]=0.;
WI[3][3][iomega]=0.;
WI[3][4][iomega]=1.;
WI[3][5][iomega]=0.;

}

A.4 File param-farmer.cpp

/[This is the last version of the code param-faropgr

/ICopyright (C) 2011 by Gloria Pérez and M. Aracedir®. All rights reserved.

/INo part of this code may be reproduced, modifietransmitted, in any form or by any means
[/lwithout the prior written permission of the aoith.

#include"pm.h"

#include"const-farmer.h"

void param(@oublec1[nix],doublec2[niy][nw],
doublep[nw], doubleb1[m1],doubleb2[m1],doubleA[m1][nix],
doubleh1[m2][nw], doubleh2[m2][nw] doubleT[m2][nix][nw],
doubleW[m2][niy][nw], doubledobj[ncols]doubledrowlo[nrows],
doubledrowup[nrows]gdoubledcollo[ncols]doubledcolup[ncols],
int nrowindx[nelementint mcolindx[nelement],
doubledels[nelementint &nocero)

{

int Newnelement=0jnt Newnrows=0jnt Newncols=0;
inti,iomega,j;

26




/IMatrix A: first stage matrix coefficients
if(m1!=0)

{
for (j=0;j<mZ1;j++)
for (i=0;i<nix;i++)

dels[Newnelement]=A][j][i];
mcolindx[Newnelement]=i;
dobj[mcolindx[Newnelement]]=c1[i];
dcollo[mcolindx[Newnelement]]=0.;
dcolup[mcolindx[Newnelement]]=1e31;
nrowindx[Newnelement]=j;
Newnelement++;

drowlo[Newnrows]=b1[j];
drowup[Newnrows]=b2[j];
Newnrows++;
}
}
Newncols=nix;

/IMatrices T and W: second stage matrix coeffigent
/I x-variables, Matrix T
if (m2!=0){

for (ilomega=0;iomega<nw;iomega++)

{
for (j=0;j<m2;j++)
{
for (i=0;i<nix;i++)

dels[Newnelement]=T[j][i][iomega];
mcolindx[Newnelement]=i;
nrowindx[Newnelement]=Newnrows;
dobj[mcolindx[Newnelement]]=c1[i];
dcollo[mcolindx[Newnelement]]=0.;
dcolup[mcolindx[Newnelement]]=1e31;
Newnelement++;

/I y-variables, Matrix W
for (i=0;i<niy;i++)

dels[Newnelement]=WT[j][i][iomega];

mcolindx[Newnelement]=Newncols+i;

nrowindx[Newnelement]=Newnrows;

dobj[mcolindx[Newnelement]]=c2[i][iomega]fipmega];

dcollo[mcolindx[Newnelement]]=0.;

dcolup[mcolindx[Newnelement]]=1e31;
Newnelement++;

drowlo[Newnrows]=h1][j][iomega];
drowup[Newnrows]=h2[j][iomegal;
Newnrows++j/Total constraints

Newncols=Newncols+niy//Total variables

}

nocero=NewnelemenfTotal nonzero elements

}
}
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A.5 File principal-farmer-cplex.cpp

/[This is the last version of the code principahfar-cplex.cpp
/ICopyright (C) 2011 by Gloria Pérez and M. Aracedir(d. All rightsreserved.
/INo part of this code may be reproduced, modifiettansmitted, irany form or by any means
[lwithout the prior written permission of thethors.
#include"pm.h"

#include"const-farmer.h"

externvoid models¢louble*,double(*)[nw],
double*,double*,double*, double(*)[nix], double(*)[nw],
double(*)[nw], double(*)[nix][nw], double(*)[niy][nw]) ;
externvoid param@louble*, double(*)[nw],
double*,double*,double*, double(*)[nix], double(*)[nw],
double(*)[nw], double(*)[nix][nw], double(*)[niy][nw],
double*,double*, double*,double*,double*,int *,

int *,double*,int &);

doublecl[nix];doublec2[niy][nw];

doublep[nw]; doubleb1[m1]; doubleb2[m1];

doubleA[m1][nix]; doublehl[m2][nw];doubleh2[m2][nw];
doubleT[m2][nix][nw]; doubleW[m2][niy][nw];
doubledrowlo[nrows];doubledcollo[ncols];
doubledrowup[nrows];doubledcolup[ncols];
doubledobij[ncols],dels[nelement];

int mcolindx[nelement]int nrowindx[nelement];

int main()

{

ofstream resultsS(esul-farmer.daf); //output file

int i,jomega,j,nocero;

doubletiempol, tiempoO, tiempo01;

doublep[nw];

results<<Farmer' Problem: OUTPUT \n"

/ISTEP 0. MODEL GENERATION

tiempo0=CoinCpuTime();

results<<CPU time for loading data modet£CoinCpuTime()<&n";
models(cl,c2,p,bl,b2,Ah1,h2, T,W);

/ISTEP 1. INTRODUCTION OF THE COEFFICIENTS IN THE ARRAY&E- COIN
nocero=0;

param(cl,c2,p,b1,b2,Ah1,h2,T,W,dobj,drowlo,
drowup,dcollo,dcolup,nrowindx,mcolindx,dels,nocero)
/ISTEP 2. DEFINE THE MODEL IN CPLEX within COIN-OR
OsiCpxSolverinterface soll;

//Load the matrix coefficients by indices or al@imely, you can
/Iread the data from a .mps file

/I'In this case you do not need models and paratifins

Il soll.readMps("model-farmer.mps");

CoinPackedMatrix AAtfue nrowindx,mcolindx,dels,nocero);
soll.loadProblem(AA,dcollo,dcolup,dobj,drowlo,drgwu
results<<CPU input time COIN £<CoinCpuTime()<&n";
tiempo01=CoinCpuTime();

results<<Number of variablesg<soll.getNumCols()<¥n";
results<<Number of constraintsg<soll.getNumRows()<¥n";
results<<Number of nonzero elements€nocero<£\n";
doubledens=(nelement*100.0)/((ncols*1.0)*(nrows*1.0));
results<<Matrix density:'’<<dens<<£\n";

results<< Hekdk ok * \n" ;
/ISet max(-1), min(1) or without objective functi¢);
soll.setObjSense(1);

/ISTEP 3. OBTAINING OPTIMAL LINEAR SOLUTION AND INITALIZATION OF CPLEX SOLVER

/IAdd the set of integer variables. For examplefittsé stage
[Ivariables

int setInt[nix];

for(i=0;i<nix;i++) setInt[i]=i;

for(i=0;i<nix;i++) soll.setinteger(setint[i]);

//IOBTAINING A LINEAR SOLUTION
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soll.initialSolve();

if (soll.isProvenPrimalinfeasible() ){resultsSse linear problem is infeasibl&&"\n";
gotol969;}

if (!soll.isProvenOptimal() ){results¥Ihe optimum is not foun&<"\n";
gotol969;}

/I-zlp, since it is a minimization model

results<<Optimal Linear solution¥<-soll.getObjValue()<4n";
results<< First stage variables x** \n"

for (j=0;j<nix;j++) results<< soll.getColSolution()[jK" ";

results<<\n ";

results<< Second stage variables y** \n"

for (lomega=0;iomega<nw;iomega++){

results<<Scenario ¥<iomega+1<&n";

for (j=0;j<niy;j++) results<<
soll.getColSolution()[nix+iomega*niy+j]<<";

results<€\n ";

}

/I OBTAINING AN OPTIMAL MIXED-INTEGER SOLUTION WITH CR.EX
soll.branchAndBound();

/IWRITE DATA in mps file

soll.writeMps{model-farmery;

if (sol1.getObjValue()>1e31){results¥dIP Unbounded;

gotol969;}

if(Isoll.isProvenOptimal()){results<<The optimum is not foung"
gotol969;}

results<< \n" ;

/I-sol1.getColSolution()[j], since it is a minimizan model
results<<Optimal mixed-integer solution<k<-soll.getObjValue()<4n";
results<< First stage variables x** \n"

for (j=0;j<nix;j++) results<< soll.getColSolution()[jK" ";
results<€\n ";

results<< Second stage variables y** \n"

for (lomega=0;iomega<nw;iomega++){
results<<Scenario ¥<iomega+1<&n";

for (j=0;j<niy;j++) results<<
soll.getColSolution()[nix+iomega*niy+j]<&";
results<<\n ";

results<<CPU output time COINK<CoinCpuTime()<«n";
tiempol=CoinCpuTime();

results< L rrrkiiitiiiioiok RN ;
results<<TOTAL Time COIN: "<<tiempol-tiempo01l<¥n";
1969: results.close();

return0;}

[Ivisual c++ version

#include"model-farmer.cpp”
#include"param-farmer.cpp”

Appendix B. File Makefile

# Copyright (C) 2006 International Business Machinebs@thers.

# All Rights Reserved.

# This file is distributed under the Common Publicelnse.

# $1d: Makefile.in 726 2006-04-17 04:16:00Z andve&s

I R T T T
# You can modify this example makefile to fit fmur own program. #

# Usually, you only need to change the five CHANME entries below. #
I R T T T
# To compile other examples, either changed tHeviilg line, or

# add the argument DRIVER=problem_name to make

#DRIVER =

DRIVER = farmer-cplex
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# CHANGEME: This should be the name of your exedetab
EXE = $(DRIVER)
# CHANGEME: Here is the name of all object filesresponding to the source
# code that you wrote in order to defime problem statement
#OBJS = $(DRIVER).0
OBJS = principal-farmer-cplex.o \

model-farmer.o \

param-farmer.o
SYSTEM = x86_sles10_4.1
# Directory with COIN header files
COININCDIR = /home/CoinAll/include
# Directory with COIN libraries
COINLIBDIR = /home/CoinAll/lib
# Directory with CPLEX
CPLEXDIR= /usr/ilog/CPLEX_Studio_AcademicResearch1f@ic
# Directory with CPLEX header files
CPLEXINCDIR = $(CPLEXDIR)/includef/ilcplex
# Directory with CPLEX libraries
CPLEXLIBDIR =$(CPLEXDIR)/lib/$(SYSTEM)/static_pic/libdpx.a
CPLEXBINDIR =$(CPLEXDIR)/bin/$(SYSTEM)
# CHANGEME: Additional libraries
ADDLIBS =
# CHANGEME: Additional flags for compilation (e.gnclude flags)
ADDINCFLAGS =
# CHANGEME: Directory to the sources for the (exaggroblem definition
# files
SRCDIR =.
HH A R R R
# Usually, you don't have to change anything bel®iete that if you #
# change certain compiler options, you might havecompile the  #
# COIN package. #
I T R
# C++ Compiler command
CXX = g++
# C++ Compiler options
CXXFLAGS = -03 -fomit-frame-pointer -pipe -DNDEBUGegantic-errors -Wimplicit -Wparentheses -Wreturpety
-Wecast-qual -Wall -Wpointer-arith -Wwrite-string@/eonversion -m32 -O -fPIC -fexceptions -DIL_STD
# additional C++ Compiler options for linking
CXXLINKFLAGS = -WI,--rpath -WI,$(COINLIBDIR) -WI,$(CPLELIBDIR)
# Libraries necessary to link with Clp and Cpx
LIBS = -L$(COINLIBDIR) -ICbcSolver -IChc -ICgl -I0siClp -I8ICbc -IOsi -IClp -ICoinUtils -IOsiCpx
-L$(CPLEXBINDIR) -lcplex122 \

-lm
# Necessary Include dirs (we use the CYGPATH_W Wéetto allow
# compilation with Windows compilers)
INCL = -I'$(CYGPATH_W) $(COININCDIR) $(CPLEXINCDIR)" $(ADINCFLAGS)
# The following is necessary under cygwin, if natcompilers are used
CYGPATH_W = echo
# Here we list all possible generated objects ecetables to delete them
CLEANFILES =\

principal-farmer-cplex.o pricipal-farmer-cplex \

model-farmer.o model-farmer \
param-farmer.o param-farmer

all: $(EXE)
.SUFFIXES: .cpp .c .0 .0bj
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$(EXE): $(OBJS)

bla=;\

for file in $(OBJS); do bla="$$bla "$(CYGPATH_W) $i$f"; done; \

$(CXX) $(CXXLINKFLAGS) $(CXXFLAGS) -0 $@ $$bla $(ADDIBS) $(LIBS)
clean:

rm -rf $(CLEANFILES)
.Cpp.o:

$(CXX) $(CXXFLAGS) $(INCL) -c -0 $@ ‘test -f '$<'dtho '$(SRCDIR)/"$<
.cpp.obj:

$(CXX) $(CXXFLAGS) $(INCL) -c -0 $@ "if test -f '$<then $(CYGPATH_W) '$<’; else $(CYGPATH_V
'$(SRCDIR)/$<"; fi’

.c.0:

$(CC) $(CFLAGS) $(INCL) -c -0 $@ ‘test -f '$<’ |hec$(SRCDIR)/"$<
clean_o:

rm -rf $*.0
.c.obj:

$(CC) $(CFLAGS) $(INCL) -c -0 $@ 'if test -f '$<’; theb(CYGPATH_W) '$<’; else $(CYGPATH_W

~

'$(SRCDIR)/$<"; fi’

Appendix C. File resul-farmer.dat

Farmer' Problem: OUTPUT

CPU time for loading data model 0
CPU input time COIN 0

Number of variables:21

Number of constraints:13

Number of nonzero elements:111
Matrix density:39.5714

Optimal Linear solution:108390
First stage variables x**
170 80 250
Second stage variables y**
Scenario 1
0031048 60000
Scenario 2
00225050000
Scenario 3
048 140 0 4000 0
Optimal mixed-integer solution:108390
First stage variables x**
170 80 250
Second stage variables y**
Scenario 1
0031048 60000
Scenario 2
00225050000
Scenario 3
048 140 0 4000 0
CPU output time COIN 0.004

TOTAL Time COIN: 0.004
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Appendix D. On using interactive CPLEX

In the installation of Windows, and in the diregtor C:\ILOG\CPLEX_Studio_AcademicResearch122\cplex#6_win32 is the
executable file cplex.exe. Copy it in the workingedtory C:\coin-projects\farmer-cplex.

In the Linux environment, and in the directory ortie/ILOG/CPLEX_Studio_AcademicResearch122/cplext8é sles10_4.1 is also
the executable cplex. Copy it in your working dioggt

In both environments, an in the working directoygu must have the corresponding .mps file with dlata of the example (you can
obtain it from the partial execution of the codmpipal-farmer-cplex.cpp). It is named model-fammps.

If you execute this program (in Windows, clickihgo times over the file cplex.exe, and in Linuxityp in the prompt S ./cplex). In
both cases you will see the prompt CPLEX>

Now, you must type:
CPLEX> read model-farmer.mps

And then,
CPLEX> mipop

You will solve the minimization farmer’ problem wée coefficients are in the file model-farmer.mps] will see the following screens,

e+ C:\coin-projectsifarmer_cplexicplex.exe

IBM ILOG CPLEX Optimization Studio Academic Research Edition

Welcome to IBM(R» ILOG{R> CPLEH{R)> Interactive Optimizer 12_.2.8.08
with Simplex, Mixed Integer & Barrier Optimizers

L725-A@6 5725-A29 5724-Y48 5724-Y49 L724-¥Y54 5724-Y¥55

Copyright IBM Corp. 1988, 2018. All Rights Reserved.

Type 'help’ for a list of availabhle commands.
Type 'help’ followed by a command name for more
information on commands.

CPLEX > read model—farmer.mps
Selected ohjective sense: MINIMIZE
Selected ohjective name: OBJROW
felected RHE name: RHE
Selected range name: RANGE
telected bound name: BOUND
Problem ‘model-farmer.mps’ read.
Head time = B.88 zec.

ICPLEX > mipop

\coin-projects\farmer_cplexicplex.exe

oot relaxation solution time =

Nodes Cuts/
Node Left Objective IInf Best Integer Best MNode ItCnt

a+ 28008 . 3808

a+ A §49508. A80A

a a integral A -1A8370.0080 —1A8390.060680
Elapsed real time = B.05% sec. (tree size = @.88 MB. solutions

Root node processing C(hefore hkc):
Real time =
Parallel b&c,. 2 threads:
Real time
Sync time <{average)
Wait time <{average)

Total (root+branchicut?
Solution pool: 3 solutions saved.

MIP — Integer optimal solution: Objective = —-1.83370080A0e +BB5
Solution time = B.86 zec. Iterations = 14 MNodez = 8

CPLEX >
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To change the optimization direction to maximigirset CPLEX>change sense obj max

The input file "model-farmer.mps" is

ROWS

N obj

Lcl

L c2

L c3

G c4

G c5

L c6

L c7

G c8

G c9

L cl0

L cll

G cl2

G cl3

COLUMNS
MARKO000
x1 obj
x1 cl
x1 c2
x1 c6
x1 cl0
X2 obj
X2 cl
X2 c3
X2 c7
X2 cll
x3 obj
x3 cl
x3 c4
x3 c8
x3 clz2
MARKO0001
x4 obj
x4 c2
x5 obj
x5 c3
X6 obj
X6 c2
X7 obj
X7 c3
x8 obj
x8 c4
X8 c5
X9 obj
X9 c4
x10 obj
x10 c6
x11 obj
x11 c7
x12 obj
x12 c6
x13 obj
x13 c7
x14 obj
x14 c8
x14 c9
x15 obj
x15 c8
x16 obj
x16 cl0
x17 obj
x17 cll
x18 obj
x18 cl0
x19 obj
x19 cll

NAME OsiDefaultName

'MARKER'

'MARKER' 'INTEND

79.3333333333333
-1
70
-1
-56.6666666666667
1
-50
1
-12
1
1
-3.33333333333333
1
79.3333333333333
-1
70
-1
-56.6666666666667
1

-50
1
-12
1
1
-3.33333333333333
1
79.3333333333333
-1
70
-1
-56.6666666666667
1
-50
1

'INTORG
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x20 obj -12
x20 cl2 1
x20 cl3 1
x21 obj -3.33333333333333
x21 cl2 1
RHS
rhs cl 500
rhs c2 -200
rhs c3 -240
rhs c4 -12000
rhs c6 -200
rhs c7 -240
rhs c8 -12000
rhs cl0 -200
rhs cll -240
rhs cl2 -12000
RANGES
rng c4 12000
rng c5 6000
rng c8 12000
rng c9 6000
rng cl2 12000
rng cl3 6000
BOUNDS
LI bnd x1 0
LI bnd X2 0
LI bnd x3 0
ENDATA
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