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Abstract

The aim of this technical report is to present sa@iled explanations in order to help to usedien source software for optimization
COIN-OR. In particular, we describe how to downloadtall and use the corresponding solvers undenddivs and Linux operating
systems. We will use an example taken from thedlitee, with the corresponding source code writienC++, to describe the whole
process of editing, compiling and running the exalsle, to solve this optimization problem by usihiy software.

1. Introduction
COIN-OR, which stands for Computational Infraestruetdior Operations Research, is a collection of opeurce software for
optimization, seéttp://www.coin-or.org The code is written in C++, and it means tfzat be compiled and linked with your own code.

In this working paper we describe how to downlomstall and use the corresponding solvers underd@is and Linux operating
systems. We will use an example with a principedgpam written in C++, for solving a small optiration problem. Additionally to this
principal program, we will compile several auxiligunctions, written as external files (also wéhktension .cpp) and describe how to
link this code with COIN libraries from Clp (LP sefs), Cbc (MIP solvers) and Cgl (Cut generators) sorde others libraries with
general and interface applications to generatexbeutable for solving mixed integer problems.

In order to illustrate the procedure step by ste, will use the farmer’s problem taken from Birgeld.oveaux (1997). We will describe
the whole procedure under Windows and UNIX-lilge@ting systems. The reminder of the paper iokkmafs: Section 2 presents an
example taken from the literature, over we havetteni the source code. Section 3, describes the Idading process and basic
installation of COIN-OR software under Windows syste$action 4, presents the details to create a aVi€d+ project, in order to
generate an executable (solution) and running gptve an optimization problem. Section 5, deswithe downloading process and basic
installation of COIN-OR software under Unix-like systs. Section 6, gives the main steps to link yman code with COIN-OR
software and running the executeble under LinuxhthAppendix A, we summarize the source code ewith C++, for the example. In
the Appendix B, we add the Makefile for compilingdex Linux, and finally, in Appendix C, we preseng thutput file to check the results
of farmer’ problem.

2. lllustrative case
Let us consider the farmer’'s problem taken frtw@ $ection Introduction and Examples, pp. 4-18Biode and Loveaux (1997). The
problem reads as follows:

min150x, + 230, + 260, - %(170%1 — 238y, +150W,, — 210y, + 36w, +10w,, )

1
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whereX{, X, andX; are the first stage variables, i.e., represenisiets on land assignment, that have to be taken however,
W, i=1---4 and Yiw j =12, are second stage variables, which representidesisbout sales and purchases, that depend on the

yields. These decisions depend also of a scenataxic, with « = 1,23, which corresponds to above average, average owlmlerage
yields, respectively. Assuming that the farmer waot maximize long-run profit, it is reasonable fam a solution that maximizes his
expected profit. If the three scenarios have aralggrobability of 1/3, the farmer’ problem is readias given above. The optimal solution
value is 108390, as you can check in the outpeitrisul-farmer.dat, given in the Appendix C.

Where %, X, and x% are the first stage variables, i.e. representst®t on land assignment, that have to be taken Rlowever, w,
i=1,...,4 and y,, j=1,2, are second stage variables, which reptederisions about sales and purchases, that depetite yiels. These
decisions depend also of a scenario indexwith ®=1,2,3, which corresponds to above average, ageoagoelow average yields,
respectively. Assuming that the farmer wants toimée long-run profit, it is reasonable for him @gion that maximizes his expected
profit. If the three scenarios have an equal prioipatf 1/3, the farmer’ problem reads as giveroad. The optimal solution value is
108390, as you can check in the result figsul-farmer.dat, given in the Appendix C.

At the beginning, we need to edit several fileshvdimensions, auxiliary functions and the principadgram corresponding to the source
code in order to define the problem statement, Aggendix A for the source files. We consider the tetage stochastic problem in
compact representation,

Min CiX+ Y PeCheYo
w1Q
St.

b, < Ax<h,
h, STYX+W®y, <h,,
X, Y, 20

where vectorx denotes the first stage variables and the vegigand w,, the second stage variables.

To introduce the dimensions we must edit a file @droonst-farmer.h. We do not have the .mps file with the coefficgrsto we are going
to introduce them by indices into the arrays of CQIR. The coefficients of the model are charged hith auxiliary function named
model-farmer.cpp. This information must be included in the arraysG®DIN-OR. This is made by the auxiliary functiaram-
farmer.cpp. Finally, the principal program iprincipal-farmer.cpp. In this programs alsodescribed how to solve the linear model if you
can read the data from a mps file. After solving kihear problem, we have added the possibilitgal¥ing a mixed-integer problem by
considering for example, the first stage variableintegerA header file includes the needed solvers of COINs is the filepm.h.

3. Basic installation under WINDOWS-like systems

The first step is to download the code. For doihgyou must click onDownload/Usein the left hand side of the home page
http://www.coin-or.org Then in the second Section titled Source Codry ngust click orhereto download the source code for the latest
stable releasérou can observe an index for the source of a nurabeZOIN projects. You must click dnoinAll/ to obtain the list of last
versions. In this case you will click and sel€ctinAll-1.4.0.zip.

Alternatively you can go directly to the corresgimmy home pagéttp://www.coin-or.org/download/source/CoinAll/CoinAl.4.0.zip
After downloading the tarball you must extract togle into a new subdirectory, C:\CoinAll.

You need a windows C++ compiler, and you can doachldhe Visual C++ 2008 Express Edition ( 30/90 d&ge) from
http://www.microsoft.com/Express/\V.@&fter downoading and save the file vcstup.exganr computer, you must execute it.

You must choose the option “registrate on linaid avith a hotmail account and its password you gainthe fourteen digits code to
registrate free use the product.



After executing the file vcstup.exe, several reguients are downloaded and installed in your comphi@v you can access to the compiler
start page, that might look like this:

|| 9 5 B -

3 Welcome to Visual C+-+ 2010 Express

Show output from; |

(LT s Cl.. P B Code o R

3 m € & o WYY

4. Linking your code with COIN and running the executade under Windows

You must create a Visual C++ project to compile lmklyour code. Remember that you must establiglorking directory, for
example C:/coin-projects/farmer, where your socome is.

From the desktop, click on Visual C++ to open ituMaust select New Project in the File options ménuhis screen, you must
choose: General, Empty Project, a name for youjepto for example “farmer”, enter the workingetitory and a name if you
want to create a new subdirectory for the solutifith all these changes, the screen look likes thi

++ 2010 Expre

Id Debug Tools ‘Window Help

EE|Fey | -0 - S5 | b |Release v| ‘Win32 v| | [ |sense v| |
New Project
Recent Templates Sort by |DeFauIt
L Installed Templates
. R ] Gt Type: Visual
) “.| Emply Projec isual
= Wisual C++ An empty proj
CLR . application
Winsz = Makefile Project Visual C++
ries General
R
Mame: | Farmer| |
Location: | Cihcoin-projectsifarmer w |
Solution: |Create niew solukion v |
Solution name: | Farmer | [“]create directar

In this working directory you have to put your oewode, files .cpp and header files .h

If you click on OK, the projedarmer is created, and look likes this:



B farmer - Microsoft Visual C++ 2010 Express

File Edit ‘“iew Project Buld Debug  Tools  ‘Window Help

s_sﬂ'_.J'.Jdﬂﬂ % —ﬂ_ﬂ|"‘ - -‘:J-__:L| [ |Debug v||Win32 v||ﬂ!sense
Solution Explorer » 0¥
i | &

32 Solution ‘Farmer’ (1 praject)
(g External Dependencies
- [ Header Files

. [ Resaurce Files

" [ Saurce Files

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

zf farmer - Microsoft Visia 3

File Edit ew Project Build Debug Tools Window Help
i A9 - - G | b [Relesse - [wWin2 -/ | | mpi | F e R
(i fe =l 00 Con I

You must click on File and open the fibeincipal-farmer.cpp from the Visual C++ compiler You can also do it, by adding your own
source files of code (.cpp) and the headers (dhpxisting items. To do it, you must click on tight button over Source Files, and

over Header Files. Then, you can open the ¢lieking two times on its name. The screen, ldkéd this:

B farmer - Microsoft Visual C++ 2010 Express
Filz Edit ‘iew Project Buld Debug Tools ‘Window Help

el S @] 8

-._'-al 9 - - S-EL| R |Release -! |'n.-ﬁ3_2 -

H¥i
[

Pl e (= 2 2 [P & @ E N

~ 1 % B principal-farmer.cpp. 3¢

(Global Scope) -
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Build
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After doing it, you must click again in File anddads existing projects seven COIN projects. You rach for the path to the

directory where are each of them. Then click tinges on the file with extension .vcproj to opend aald it.
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The seven paths and projects are:
C:\CoinAINChc\MSVisualStudio\v9\libChc\libCbc.veproj
C:\CoinAINCgl\MSVisualStudio\w9\libCgllibCgl.vcproj
C:\CoinAINCIp\MSVisualStudio\Ww\libCIp\libClp.vcproj
C:\CoinAl\CoinUtils\MSVisualStudio\vO\libCoinUtils\lioinUtils.vcproj
C:\CoinAINOsi\MSVisualStudio\v9\libOsi\libOsi.vcproj
C:\CoinAINOsi\MSVisualStudio\v9\libOsiCbc\libOsiCbc.pmj
C:\CoinAINOsi\MSVisualStudio\v\libOsiClp\libOsiClp.yroj

After doing it, the screen look likes this:

B farmer - Microsoft Visual C++ 2010 Express

File Edit Wiew Projeck Build Debug Tools  Window Help
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Solution Explarer principal-farmer.cpp 3¢

| E);P {Glabal Scope) 'l

EgSnlutiDn 'Farmer' (& projects) El//Thisz iz the last wversion of the code principal-farmer.cpp
= :f;qfarmer [//Copyright (C) 2818 by Gloria Pérez and M. Araceli Garin. All
- [ﬂﬂ const-Farmer b [/freserved. No part of this code may be reproduced, modified ¢
- gjmadel-Farmer.cpp Jfany form or by any means without the prior written permissic
@‘_"lparam-l‘armer.cpp #include "pm.h"
& b #include “const-farmer.h”
&ﬂprlnclpal -farmer.cpp extern voild models(double *,double (*)[nw],
e libChe double *,double *,double *, double (*)[nix],double (*)[nw],
ol bCal double (*)[nw],double (*)[nix][nw],docuble (*)[niv][rnw]) 3
1ol IBClp extern void param(double *,double (*)[nw], #define niy 6
- :f;"ilihCDinUtiIs double *,double *,double *, double (*)[nix],do l,
-:f;'.ilibOsi double (*)[nw],double (*)[nix][nw],double (*)[niy][nw],
- fﬂlibOsiCbc double *,double *,double *,double *,double *,int *,
kil ibosici int *,double *,int &);
douhle cl[nlx] double c2[r113,':|[r1'|-.|']JI

' (R r ' Lar an [ |

Finally, you must modify the properties of your jeci. To do it, click on the right button beside tholdface name of the project,
farmer, and click on the last item, Properties.
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And you must write in this way, the following atidnal include directories:
"C:\CoinAll\Cgl\src\CglProbing";"C:\CoinAl\Cgl\src\CglGoory";
"C:\CoinAll\Cgl\src\CglClique";"C:\CoinAl\Cgl\src\CglKnagackCover";
"C:\CoinAll\Cgl\src";"C:\CoinAl\Clp\src";

"C:\CoinAI\Cbc\src";"C:\CoinAl\Osi\src";

"C:\CoinAll\BuildTools\headers";"C:\CoinAlI\Osi\src\OsiCly
"C:\CoinAll\Osi\src\OsiClp";"C:\CoinAl\CoinUtils\src";
These are the directories with the included fited appear in the header fipen.h
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In Code Generation, set as follows, and click oniggplbutton.
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In System, set the following options and click opliéar button:
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In the left menu, in Common Properties you must selkbn new references, clicking on the Add New Ratareébutton, and select the seve
projects: libCbc, libCgl, libClp, libCoinUtils, libOsiibOsiCbc and libOsiClp.

Solution Explorer Gonfiouration: 1A
fi=) | éﬂj .E =) Cammon Properties Tarqeted framework: NETFramework,Version=y4.0
_g E_‘Erliu:ion Farmer' (3 projects (g Iljramewnrk and References | peferences:
= gl IArmer |=)- Configuration Properties o T,
] Iﬂﬂ const-farmer.h - General Hame E Build Properties
& model-Farmer.cpp . Debugging 3Abche Copy Local :
&4 param-Farmer.cpp . YC+ Directories -3bcgl Copy Local Satelite Asse
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=] :ﬂ libChsi [#- Cuskom Build Skep fis ¢ Marne
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[ Build Properties

[ #dd Mew Reference, ., ] [ Remove Reference

Finally, click on Aplicar button and on Aceptar tmut to go to the start project screen.

Now you must modify some properties of your salnt{executable). To do it, click on the right buattover the icon beside
Solution “farmer” (8 projects), and select the kgstion, Properties. In the left screen, selectt@paProject in the Common
Properties, and in the right screen click on Sistgetup project to selefarmer project. After this, click on Aplicar button.
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Then, to set the Project Dependences, seledieinght hand screen farmer as project, and dickll the projects given below.
Finally, click on Aplicar button and then, on Acepbutton.
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Before running the solution (executable), selechenTools window, Settings and Expert Settings.

E¥ farmer - Microsoft Visual C++ 2010 Express
File Edt WView Project Buld Debug  Tools | Window Help
_Tl eEige i AR =Y

S = el

Attach ko Process. .. Chrl4+-alk+P

=

Code Snippets Manager, .. Chrl+k, Chrl+E

Soliition Explarsr Choose Toolbox: Iems...,

= He

|; Solution 'Farmer' {3 projects)

Extension Manager. ..

vl 4§ param{double *, ¢

Errar Laakup incipal-farmer.cpp
M. Araceli Garin. AlL rights
eproduced, modified or transmitted

ior written permission of the auths

> ILDasm
gﬂ const-farmer.h

gj model-Farmer. cpp
ﬁ“j param-Farmer.cpp
ﬁﬂ pri.h

Wisual Studio Command Prompt

External Tools...

Settings -

. ﬁ“j principal-farmer.cpp ! Easic Settings
fisc e Custarize. . | v | Expert Settings
libCal e |

Cpkions, .,
= hcn EHEL Resetii,

Now you can compile and link your code, i.e. you taild the solutionfarmer.dn. To do it, in the start screen, click on Build
and then, on Build Solution.

Window  Help

Build | Debug  Tools

File  Edit

Pt ﬂ Build Solution E7

P A b As | Rebuild Solution Chrl+alk+F7

View  Project

-1

-| | win3z

.!'4-.

Clean Solution

Solution Explarer

4 Build Selection

-

Rebuild Selection
on of the code principal-farmer.cpp

Gloria Pérez and M. Araceli Garin. A
2 - mmHdA e s - Avim A = L s |

Clean Selection

%4 Farmer

L Frmck_Favrnar B

If all went fine, you obtain 0 errors, and the Sinin (executable) has been built. This informatappears in the bottom of the
screen. The screen look likes this:
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Ll

File Edt Wiew Project Build Debug Tools  Window Help

e RtE RN = NI TETRECN - -~ E- 2 | b |Release ~| |win3z - | [# |sense
by A | 2 —20P3 3@

principal-Farmer.cpp 3¢

| Ex
i | 2 (2] =] (Global Scope) « Tl paramt
gSulut\un ‘farmer' (& projects) =1//This is the last version of the code principal-farmer.cpp
= [ farmer right (C) 201@ by a Pérez and M. Araceli Garin. All right
] comst-Farmer.h ved. No part of e may be repreduced, modified or tran
&t model-Farmer cpp /fany form or by any means without the prior written permission of t
& param-farmer.cpp #include "pm.h"
@ pmeh #include "const-farmer.h”
&1 principal-Farmer.cpp extern void models(double *,double (*)[nw],
® - 2 bcbe double *,double *,double *, double {*)[nix],double {*)[nw],
- [ Ibcal double (*)[nw],double (*)[nix][nw],double (*)[niy][nw]) ;
- [l bClp extern void param{double *,double (*)[rw],
w- [3 ibCointtls double *,double *,double *, double (*)[nix],double (*)[nw],
w1 [ ibosi double (*)[nw],double (*)[nix][nw],double (*)[niy][nw],
- [ Ibosiche double *,double *,double *,double *,double *,int *,
& [ ibosiclp int *,double ~,int &);
double cl[nix];double c2[niy][nw];
double p[nw]; double bl[ml]; double b2[ml];
double A[ml][nix]; double hi[m2][nw];double h2[m2][nw];
double T[m2][nix][nw];double Wm2][niy][nw];
Oukpuk
Shaows output From; | Build - UM R =
3¥------ Build started: Project: farmer, Configuration: Release Win32 -
3> LINK : /LTCG specified but no code generation required; remove /LTC
3> Farmer.vexproj -> Ciicoln-projectsifarmerifarmeriRelease\farmer.exe
== === Build: 3 succeeded, @ failed, 5 up-to-date, @ skipped ======

To run the solution and get the output file, gdhe start screen and click on Debug, and then art $ithout Debugging, in a
screen like this:

il
File. Edit “iew Project  Build Ijel:uug Tools  ‘Window  Help

HEERR ST R e §= R 1 windows v i [winaz v
l%_ ax | Z=3%=| = | b sStart Debugging F5

Stark \Without Debugging Chrl+FS

Attach to Process. ..

B <

s ’ . Exceptions. .. Ctrl+-Al+HE -
f-] Solution ‘Farmer’ (8 projects) | khe code principal-farme
= farmer *E  Step Into F11 Pérez and M. Araceli Ga
jj const-Farmer.h F=i ctasinne: Eil ge may be reproduced, mo

After that, you get a black screen and the outpas fesul-farmer.dat, output-models.dat and output-param.dat have been
generated in your working directory.

CAWINDOWS\system32\cmd. exe

5
C : 0 0 HB 370 0 H._H 3 0 H .86
H b 0 1 B P r 0 | 0 b [} § r
G 1pHliG 0 48374
C1 .mnns 0 0 48370
H 5 0 0 HE370
H G H 0 H3THA P 8 [) 7
H b y; 1 A8 390

¥} D E 4L ¥}
C Bl O THEY
C g E D D D HE37H D 0 D b 0 .80

H 0 0 GHERIT 00 H g 0 H 0
1 § 0
H ‘"E E b b E 0 0
H G 0 1 HaTHA P 8 [} b6
H v, 0 A8 374
S e .
C1lpBHBAT O 0 48320
H b 1 0 B3 370
P one 0
-
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5. Basic installation under UNIX-like systems

Again, the first step is to download the code of B@R. For doing it, you must click dnownload/Usdn the left hand side of
the home paghttp://www.coin-or.org Then in the second Section tittled Source Coaes must click orhere You can observe
an index for the source of a number of COIN pragje¥ou must click orCoinAll/ to obtain the list of last versions. In this case
you will click and selec€oinAll-1.4.0.tgz Alternatively, you can go directly to the home edgr this versionhttp://www.coin-
or.org/download/source/CoinAll/CoinAll-1.4.0.tFhis project will only build in Unix-like enviromes using theésNU autotools.
The compilergcc v4.1at least will be needed. After downloading théadiryou must extract the code, for example, with

$ tar xzvf CoinAll-1.4.0.tgz

Also you can create a subdirectory, for examphaeth CoinAll and then, by clicking on the right tout over the .tgz, extract
the code into. Then, go to the directory that yst flownloaded or extracted (in our case, CoinAlt) dype the following script

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

With this script, the projects between ™ and '@woeinstalled. They are not needed for solvingdimand/or integer problems.
If everything went fine, you will see at the endoé output

“Main configuration of CoinAll successful”

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 “incluleubdirectories, respectively.
Now you can compile and link your source code lith COIN-OR solvers.

6. Linking your code with COIN-OR and running the execuable under Linux

Assume that you have downloaded the COIN sourctwidirectory CoinAll and you have run configure k@and make install
obtaining a set of packages, each one in a sulbdliyedibraries in subdirectory /lib and includée§ in subdirectory /include.

For most COIN packages the main directory contamsxample subdirectory. Assuming that this isdhse for the package
Cbc, the directory CoinAll/Cbc/Examples contains a &féé that has been adapted to your system, seerfip B for Makefile
modified.

Copy this Makefile in your working directory wher®w have edited your own code, i.e. the fitemst-farmer.h, model-
farmer.cpp, param-farmer.cpp, principal-farmer.cpp andpm.h. In order to modify this Makefile to compile your nveode, you
only have to change some things. Edit the Makeéiled where you put the name of the executablegtwim the example is
“driver” now you must write a name for our execuéabfor example “farmer”. You must change a ses@iftences that you can
look in the Makefile given in Appendix B.

From the prompt of your working directory, type

$ make -k farmer

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

Again, if all went fine you will see at the endtb& output,

Cbc00351 Maximum depth 0, 0 variables fixed on redlicost
Clp00061 0 Obj 0 Primal inf 729.907 (6) Dual infZ091 (12)
Clp00061 15 Obj -108390

ClIp0000I Optimal - objective value -108390

ClIp0000I Optimal - objective value -108390

Also in your directory, now there exists a newfilesul-farmer.dat, with the output of the execution, see Appendid ke files
output-models.dat andoutput-param.dat have also been generated in your working directory

12



You can also use an editor like emacs, that allpsisto compile C++ code moreover than latex codehis case, to run the
executable, you can do it from the prompt of thekivay directory where the executable is.

7. Appendix A
7.1 Fileconst-farmer.h

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

/ICopyright (C) 2010 by Gloria Pérez and M. Aracedir(d. All rights reserved. No part of this code nhayreproduced,
/Imodified or transmitted, in any form or by angams without the prior written permission of thi¢hars.
IlInteger constantshich define the dimensions of the stochastic versif the farmer' problem.

/IModel (1.5), pp.11, Birge and Louveaux (1997)

/INumber of scenarios

#definenw 3

/INumber of first stage continuos variables

#definenix 3

/INumber of second stage continuos variables

#defineniy 6

/INumber of first stage constraints

#defineml 1

/INumber of second stage constraints

#definem2 4

/INumber of variables and constraints of the whtghlem

#definencols nix+niy*nw

#definenrows ml1+m2*nw

#definenelement m1*nix+m2*(nix+niy)*nw

7.2 Filepm.h

/[This is the last version of the code pm.h
/ICopyright (C) 2010 by Gloria Pérez and M. Aracedir@®. All rights reserved. No part of this code nbayreproduced,
/Imodified or transmitted, in any form or by angams without the prior written permission of taethors.
#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"
#include"CglClique.hpp"
#include"CglGomory.hpp"
#include"CglProbing.hpp"

7.3 Filemodel-farmer.cpp

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

/ICopyright (C) 2010 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 withtbwet prior written
/lpermission of the authors.

#include"pm.h"

#include"const-farmer.h"

void models@oublecl[nix],doublec2[niy][nw],
doublep[nw], doubleb1[m1],doubleb2[m1],
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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]=1.0Atv0);
/lobj coefficients c1,c2
¢1[0]=150.;
c1[1]=230.;
c1[2]=260.;
/lobj coeficientes WITHOUT weigths
for (ilomega=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][iomega]=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][iomega]: j=1,m2;i=1,nix;iomega=1,nw

T[O][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

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

Il
/Iscenario 2
iomega=1;

1
Il T[j-1][i-1][iomega]: 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][0][ilomega]=0.; T[1][1][iomega]=-3.; T[1][2]iomega]=0.;//equation 2
T[2][0][ilomega]=0.; T[2][1][iomega]=0.; T[2][2lbmega]=-20.;//equation 3
T[3][0][iomega]=0.; TI[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][O][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.;
W[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;
/Iscenario 3

iomega=2;
/IT[-1][i-1][iomegal: j=1,m2;i=1,nix;iomega=1,nw

T[0][O][lomega]=-2.; T[0][1][iomega]=0.; T[0][2]iomega]=0.;

/lequation 1

T[1][O][lomega]=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][ilomegal=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
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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.;
}

7.4 File param-farmer.cpp

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

/ICopyright (C) 2010 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 withthet prior written
/lpermission of the authors.

#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]doubledcollo[ncols]doubledcolup[ncols],

int nrowindx[nelementjnt mcolindx[nelement],
doubledels[nelementint &nocero)

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

/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++;

}
16




}

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+niyy/Total variables

}

nocero=Newnelemenft:Total nonzero elements

}

7.5 File principal-farmer.cpp

/[This is the last version of the code principahfar.cpp
/ICopyright (C) 2010 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 withthet prior written
/lpermission of the authors.
#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@ouble*,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]; doubleh1[m2][nw];doubleh2[m2][nw];

doubleT[m2][nix][nw]; doubleW[m2][niy][nw];
doubledrowlo[nrows];doubledcollo[ncols];
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doubledrowup[nrows];doubledcolup[ncols];
doubledobij[ncols],dels[nelement];
int mcolindx[nelement]int nrowindx[nelement];

int main()

{

ofstream result§esul-farmer.dafj; //output file

int i,jomega,j,nocero;
doubletiempol, tiempoO, tiempo01;
doublep[nw];

results<&armer' 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®- COIN
nocero=0;
param(c1,c2,p,bl,b2,A h1,h2,T,W,dobj,drowlo,
drowup,dcollo,dcolup,nrowindx,mcolindx,dels, pow);

/ISTEP 2. DEFINE THE MODEL IN COIN-OR

/lwithout using interface (OSIClpSolverinterface)
/I ClpSimplex *sol1; soll=new ClpSimplex;
/lor alternatively, by using interface

OsiClpSolverinterface sol1;

//Load the matrix coefficients by indices or aftatively, you can //read the data from a .mps file
/I In this case you do not need models and parautifins
/I soll.readMps("model-farmer.mps");
CoinPackedMatrix AAue nrowindx,mcolindx,dels,nocero);
soll.loadProblem(AA,dcollo,dcolup,dobj,dto,drowup);

results<<CPU time: input COIN £<CoinCpuTime()<&n";
tiempo01=CoinCpuTime();
results<&Number of variablesg<soll.getNumCols()<¥n";
results<&Number of constraints€<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";
resultsg&r ok xRN ;

//Set max(-1), min(1) or without objective functi¢d;

soll.setObjSense(1);

/IWRITE DATA in mps file
soll.writeMps(model-farmery;

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

//Add the set of integer variables. For examplefittsé stage //variables
int setint[nix];
for(i=0;i<nix;i++) setInt[i]=i;
for(i=0;i<nix;i++) soll.setinteger(setint[i]);
CbcModel pmi(soll);

//IOBTAINING A LINEAR SOLUTION
soll.initialSolve();
if (soll.isProvenPrimalinfeasible() ){resultsSse linear problem is infeasibl&&"\n";
gotol969;}
if (!soll.isProvenOptimal() ){results<Ihe optimum is not foun&<"\n";
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gotol969;}
/I-zlp, since it is a minimization model
results<<Optimal Linear solution with COIN%<-sol1.getObjValue()<&\n";

results<£ First stage variables x** \n"

for (j=0;j<nix;j++) results<< soll.getColSolution(}fk " ";
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()jtiomega*niy+jj<<"";

results<&n “;

}

/I OBTAINING AN OPTIMAL MIXED-INTEGER SOLUTION
pml.branchAndBound();
if (pm1.getBestPossibleObjValue()>1e31){result8#¥ Unbounded;

gotol969;}

if ('pm1.isProvenOptimal()){results<<The optimum is not foungl"
gotol969;}

results<&rrrrs Kk AR AR ek kkA R )1

1

/l-pm1.getColSolution()[j], since it is a minimtzan model
results<<Optimal mixed-integer solution with COIN¢«pm1.getObjValue()<4n";
results<< First stage variables x** \n"
for (j=0;j<nix;j++) results<< pm1l.getColSolution()[}"";
results<&n ";
results<€ Second stage variables y** {n"
for (lomega=0;iomega<nw;iomega++){
results<&Scenario £<iomega+1<4n";
for (j=0;j<niy;j++) results<< pm1l.getColSolution()[rilomega*niy+j]<<"";
results<&n ";

results<¢CPU time: output COIN<<CoinCpuTime()<&n";
tiempol=CoinCpuTime(); results<& \n" ;
results<€TOTAL Time COIN: "<<tiempol-tiempo01<¥n";

1969: results.close();
return0;}

[/Ivisual c++ version
#include "model-farmer.cpp”
#include "param-farmer.cpp”

8. 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

HHHHHH R R T R T
# You can modify this example makefile to fit farur own program. #

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

# add the argument DRIVER=problem_name to make

DRIVER = farmer

# 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 define the probatement

#OBJS = $(DRIVER).0

OBJS= principal-farmer.o \
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model-farmer.o\

param-farmer.o\

# CHANGEME: Additional libraries

ADDLIBS = -D.

# CHANGEME: Additional flags for compilation (e.gnclude flags)
ADDINCFLAGS =-I.

# CHANGEME: Directory to the sources for the (exaggroblem definition
# files

SRCDIR = /home/coin-projects.

HH R 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. #

HHHHHH R R T R T R
# C++ Compiler command

CXX = g++

# C++ Compiler options

CXXFLAGS = -03 -fomit-frame-pointer -pipe -DNDEBUG egantic-errors -Wimplicit -Wparentheses -Wreturpety-Wcast
qual -Wall -Wpointer-arith -Wwrite-strings -Wconaon

# additional C++ Compiler options for linking

CXXLINKFLAGS = -WI,--rpath -WI,/home/CoinAll/lib

# C Compiler command

CC =gcc

# C Compiler options

CFLAGS = -03 -fomit-frame-pointer -pipe -DNDEBUG -gedic-errors -Wimplicit -Wparentheses -Wsequencietpdreturn-
type -Wcast-qual -Wall

# Directory with COIN header files

COININCDIR = /home/CoinAll/include

# Directory with COIN libraries

COINLIBDIR = /home/CoinAll/lib

# Libraries necessary to link with Clp

LIBS = -L$(COINLIBDIR) -ICbc -ICgl -IOsiClp -IOsi -ICIp -ICmUtils \
-Im \

‘cat $(COINLIBDIR)/cgl_addlibs.txt™ \

“cat $(COINLIBDIR)/clp_addlibs.txt™ \

“cat $(COINLIBDIR)/coinutils_addlibs.txt"

#LIBS = -L$(COINLIBDIR) -IClp -ICoinUtils \

#-Im “cat $(COINLIBDIR)/coinutils_addlibs.txt"

# Necessary Include dirs (we use the CYGPATH_W bdeto allow

# compilation with Windows compilers)

INCL = -I'$(CYGPATH_W) $(COININCDIR)" $(ADDINCFLAGS)

# 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 =\

addBits.o addBits \

addColumns.o addColumns \

addRows.o addRows \

decompose.o decompose \

defaults.o defaults \

driver2.o driver2 \

driver.o driver \

driverC.o driverC \

dualCuts.o dualCuts \

ekk.o ekk\

ekk_interface.o ekk_interface \

hello.o hello \
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makeDual.o makeDual \

minimum.o minimum \

network.o network \

piece.o piece \

rowColumn.o rowColumn \

sprint2.0 sprint2 \

sprint.o sprint \

testBarrier.o testBarrier \

testBasis.o testBasis \

testGub2.0 testGub2 \

testGub.o testGub \

testQP.o testQP \

useVolume.o useVolume

all: $(EXE)

.SUFFIXES: .cpp .c .0 .0bj

$(EXE): $(OBJS)

bla=;\

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

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

rm -rf $(CLEANFILES)

.cpp.o:

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

$(CXX) $(CXXFLAGS) $(INCL) -c -0 $@ "if test -f ‘$<then $(CYGPATH_W) '$<'; else $(CYGPATH_W) '$(SRCDIRJ(Hi"
.C.0:

$(CC) $(CFLAGS) $(INCL) -c -0 $@ ‘test -f '$<' || ecB(SRCDIR)/"$<

.c.obj:

$(CC) $(CFLAGS) $(INCL) -c -0 $@ "if test -f '$<";e¢h $(CYGPATH_W) '$<'; else $(CYGPATH_W) '$(SRCDIR)/$#K";

9. Appendix C. File resul-farmer.dat

Farmer' Problem: OUTPUT

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

Number of variables:21

Number of constraints:13

Number of nonzero elements:111
Matrix density:39.5714

Optimal Linear solution with COIN: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 with COIN:108390
First stage variables x**
170 80 250
Second stage variables y**
Scenario 1
0031048 60000
Scenario 2
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00225050000
Scenario 3
048 140040000
CPU time: output COIN 0.004

Fkkk Fkkk

TOTAL Time COIN: 0.004
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