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Brief History of COIN-OR

@ TheCommon Optimization Interface for Operations Researdisliie was an
initiative launched by IBM at ISMP in 2000.

o IBM seeded an open source repository with four initial pctgeand created a
Web site.

@ The goal was to develop the project and then hand it over todh@emunity.

@ The project has now grown to be self-sustaining and was sfias @ nonprofit
educational foundation in the U.S. several years ago.

@ The name was also changed to themputational Infrastructure for Operations
Researclto reflect a broader mission.
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What is COIN-OR Today?

The COIN-OR Foundation

@ A non-profit foundatiopromoting the development and use of
interoperable, open-source software for operations resea

@ A consortiumof researchers in both industry and academia dedicated to
improving the state of computational research in OR.

@ A venuefor developing and maintaining standards.

o A forumfor discussion and interaction between practitioners and
researchers.

The COIN-OR Repository

@ A collectionof interoperable software tools for building optimization
codes, as well as a few stand alone packages.

@ A venue for peer reviewf OR software tools.

@ A development platforrfor open source projects, including an SVN
repository,
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The COIN-OR Foundation

@ The foundation has been up and running for several years.
@ We have two boards.

¢ A strategic boardo set overall direction
s A technical boardo advise on technical issues

@ The boards are composed of members from both industry amidaga, as well
as balanced across disciplines.

o Membership in the foundation is available to both indivildend institutions.
@ The foundation Web site and repository are hostethNGyORMS.
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What You Can Do With COIN

@ We currently have 30+ projects and more are being addedeirtte.

o Most projects are now licensed under thel (very permissive).

@ COIN has solvers for most common optimization problem @ass
@ Linear programming

Nonlinear programming

Mixed integer linear programming

Mixed integer nonlinear programmir{gonvex and nonconvex)

Stochastic linear programming

Semidefinite programming

Graph problems

o Combinatorial problem@VRP, TSP, SPP, etc.)

@ COIN has various utilities for reading/building/manipiifa/preprocessing
optimization models and getting them into solvers.
@ COIN has overarching frameworks that support implememtadf broad
algorithm classes.
o Parallel search

@ Branch and cut (and price)
@ Decomposition-based algorithms

¢ ¢ ¢ ¢ ¢ ¢
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COIN-OR Projects Overview: Linear Optimization)

@ Clp: COIN LP Solver
Project ManagerJohn Forrest
@ Chbc: COIN Branch and Cut
Project ManagerJohn Forrest

o SYMPHONY: a flexible integer programming package that supports stardd
distributed memory parallel processing, biobjective mation, warm starting,
sensitivity analysis, application development, etc.

Project ManagerTed Ralphs
o BLIS: Parallel IP solver built to test the scalability of the CH&fPamework.
Project ManagerTed Ralphs
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COIN-OR Projects Overview: Nonlinear Optimization

o Ipopt: Interior Point OPTimizer implements interior point metlsddr solving
nonlinear optimization problems.

Project ManagerAndreas Wéchter

@ Bonmin:Basic Open-source Nonlinear Mixed INteger programmingis f
(convex) nonlinear integer programming.

Project ManagerPierre Bonami
@ CouenneSolver for nonconvex nonlinear integer programming protde
Project ManagerPietro Belloti
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COIN-OR Projects Overview: Modeling and Interfaces

)

Osi: Open solver interface is a generic API for linear and mixeeger linear
programs.

Project ManagerMatthew Saltzman

GAMSIlinks: Allows you to use the GAMS algebraic modeling language arfid c
COIN-OR solvers.

Project ManagerStefan Vigerske
FLOPC++:An open-source modeling system.
Project ManagerTim Hultberg

CoinMP:A callable library that wraps around CLP and CBC, providingé|
similar to CPLEX, XPRESS, Gurobi, etc.

Project ManagerBjarni Kristjansson

Optimization ServicesA framework defining data interchange formats and
providing tools for calling solvers locally and remotelydlhgh Web services.

Project Manages: Jun Ma, Gus Gassmann, and Kipp Martin
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COIN-OR Projects Overview: Frameworks

@ Bcp: A generic framework for implementing branch, cut, and péetgorithms.
Project ManagerLaci Ladanyi

o CHIPPS:A framework for developing parallel tree search algorithms
Project ManagerTed Ralphs

o DECOMP (coming very soonA framework for implementing
decomposition-based algorithms for integer programmiraiding
Dantzig-Wolfe, Lagrangian relaxation, cutting plane, anchbinations.

Project ManagerTed Ralphs
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COIN-OR Projects Overview: Miscellaneous)

o CppAD:a package for doing algorithmic differentiation, a key djent in
modern nonlinear optimization codes.

Project ManagerBrad Bell

@ CSDP:A solver for semi-definite programs
Project ManagerBrian Borchers

o DFO: An algorithm for derivative free optimization.
Project ManagerKatya Scheinburg
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CoinAll, CoinBinary, BuildTools, and TestTools

@ Many of the tools mentioned interoperate by using the cordiion and build
utilities provided by theBui | dTool s project.

@ TheBui | dTool s includes autoconf macros and scripts that allow PMs to
smoothly integrate code from other projects into their own.

@ TheCoi nAl | projectis an Uber-project that includes a set of mutually
interoperable projects and specifies specific sets of vessiat are compatible.

@ TheTest Tool s projectis the focal point for testing of COIN code.

@ TheCoi nBi nary projectis a long-term effort to provide pre-built binarfes
popular platforms.

o Installers for Windows
o RPMs for Linux
o .debs for Linux

@ You can downloadoi nAl | (source and/or binaries) here: here:

http://projects. coin-or.org/svn/ Coi nBi nary/ Coi nAl | /
htt p://ww. coi n-or. or g/ downl oad/ bi nary/ Coi nAl |
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Building CoinAll

o For MSVC++, there are project files provided.
@ In *nix environments (Linux, Solaris, AIX, CYGWIN, MSys, &)

Installing CoinAll

svn co http://projects.coin-or.org/svn/ Coi nBi nary/ Coi nAl | /rel eases/1.3.0 \
CoinAll-1.3.0

cd CoinAll-1.3.0

./get. All ThirdParty

nkdir build

cd build

../configure --enabl e-gnu-packages -C [--prefix=/path/to/install/location]

make -j 2

neke test

neke install
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Optimization Services (OS)

Optimization Services (OS) integrates numerous COIN-Gifepts. The OS project
provides:

@ A set of XML based standarder representing optimization instanceéss( L),
optimization results@Sr L), and optimization solver option&€oL).

@ A uniform APIfor constructing optimization problems (linear, nonlinea
discrete) and passing them to solvers.

@ A command line executabléSSol ver Ser vi ce for reading problem
instances in several formats and calling a solver eithallpor remotely.

@ Utilities that convert AMPL nl and MPS files into the OSIL foatn

o Client side software for creatingeb ServiceSOAP packages with OSiL
instances and contact a server for solution.

o Standards that facilitate the communication between tsliand solvers using
Web Services.

@ Server softwarthat works with Apache Tomcat.
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Solving a Problem on the Command Line

@ The OS project provides an single executabfi&ol ver Ser vi ce that can be
used to call most COIN solvers.

@ To solve a problem in MPS format

OSSol ver Service -nps ../ ../datal/ npsFil es/parinc. nps J

@ The solver also accepts AMPL nl and OSiL formats.
@ You can display the results in raw XML, but it's better to prio a file to be

parsed.
OSSol ver Service -osil ../../datal/osilFiles/parincLinear.osil
-osrl result.xn J

@ You can then in a browser using XSLT.

o Copy the stylesheets to your output directory.
o Open in your browser

T.K. Ralphs (Lehigh University) COIN-OR 29 September, 2009 2415



Specifying a Solver

OSSol ver Service -osil ../../data/osilFiles/p0033. osi
-sol ver chc J

To solve dinear program set the solver options to:
eclp
o dylp
To solve amixed-integer linear program set the solver options to:
@ chc
@ synphony
To solve acontinuous nonlinear program set the solver options to:
9 i popt
To solve amixed-integer nonlinear program set the solver options to:
@ bonnmi n

@ couenne
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Getting a Model into the Solver

@ What is the point of the OSiL format?

¢ Provides a single interchange standard for all classes tfematical programs.
o Makes it easy to use existing tools for defining Web serviets,
o Generally, however, one would not build an OSiL file directly

@ To construct a model and pass it to a COIN solver, there aeraknoutes.

o Use a modeling language—AMPL, GAMS, and MPL work with COINR®olvers.
o Use FlopC++.
¢ Build the instance in memory using COIN-OR utilities.
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Using AMPL with OS

To use OS to call solvers in AMPL, you specify theAnpl Cl i ent as the solver.

nodel hs71. nod;
# tell AMPL that the solver is OSAmpl di ent
option sol ver OSAnpl dient;

# now tell OSAnpldient to use |popt
option CSAnpl Cient_options "sol ver ipopt";

# now sol ve the problem
sol ve;

In order to call a remote solver service, set the sabearvi ce option to the address
of the remote solver service.

option ipopt_options
"service http://gsbkip.chi cagogsb. edu/ os/ OSSol ver Servi ce. jws"; J
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Building a Model in Memory using OS

Step 1 Construct an instance in a solver-independent formagusia@ OS API.
Step 2:Create a solver object

Coi nSol ver =*sol ver = new Coi nSol ver () ;
sol ver - >sSol ver Nane = "cl p"; J

Step 3 Feed the solver object the instance created in Step 1.

sol ver - >0si nst ance = o0si nst ance; )

Step 4 Build solver-specific model instance

sol ver - >bui | dSol ver | nst ance() ; )

Step 5 Solve the problem.

sol ver - >sol ve(); )
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Building an OS Instance

TheOsl nst ance class provides an API for constructing models and gettingeh
models into solvers.

o set () andadd() methods for creating models.

o get () methods for getting information about a problem.

o cal cul at e() methods for finding gradient and Hessians using algorithmic
differentiation.
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Building an OS Instance (cont.)

@ Create arOSI| nst ance object.

CSl nst ance *osinstance = new OSI nstance(); J

@ Put some variables in

osi nst ance- >addVari abl e(0, "x0", 0, OSDBL_MAX, 'C, OSNAN, "");

osi nst ance- >set Vari abl eNunber ( 2);
osi nst ance- >addVari abl e(1, "x1", 0, OSDBL_MAX, 'C, OSNAN, " ");J

@ There are methods for constructing

the objective function

constraints with all linear terms
guadratic constraints

constraints with general nonlinear terms

¢ ¢ ¢ ¢
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Other Options for Linear Problems

@ Coi nUt i | s has a number of utilities for constructing instances.
o PackedMat ri x andPackedVect or classes.
@ Coi nBui | d
o Coi nModel

@ Osi provides an interface for building models and getting theta solvers for
linear probes.
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Quick Summary of SYMPHONY Features

Using SYMPHONY
o C Library API
@ OSI C++ interface
@ Interactive shell
o AMPL/GMPL, GAMS, FLOPC++
@ Framework for customization
Advanced Features
@ Shared and distributed memory parallel MIP (since 1994)
o Biobjective MIP
o Warm starting for MIP
@ Sensitivity analysis for MIP
SYMPHONY Applications
o TSP/VRP
@ Set Partitioning Problem
@ Mixed Postman Problem
o Capacitated Node Routing
@ Multicriteria Knapsack
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Quick Introduction to CHIPPS

@ CHIPPS stands for COIN-OR High Performance Parallel Search

o CHIPPS is a set of C++ class libraries for implementing searclalgorithms
for both sequential and parallel environments.

CHiPPS Components (Current)

ALPS (Abstract Library for Parallel Search)

@ is the search-handling layer (parallel and sequential).

@ provides various search strategies based on node prioritie
BiCePS (Branch, Constrain, and Price Software)

@ is the data-handling layer for relaxation-based optinnirat

@ adds notion ofiariablesandconstraints

@ assumes iterative bounding process.
BLIS (BiCePS Linear Integer Solver)

@ is a concretization of BiCePS.
@ specific to models witlinearconstraints and objective function.
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ALPS: Design Goals

o Intuitive object-oriented class structure.
o Al pshWodel
@ Al psTreeNode
@ Al psNodeDesc
@ Al psSol ution
e Al psPar anet er Set
Minimal algorithmic assumptions in the base class.
o Support for a wide range of problem classes and algorithms.
@ Support for constraint programming.
Easy for user to develop a custom solver.
Design forparallel scalability, but operate effective in a sequential environmer

Explicit support formemory compression techniques (packing/differencing)
important for implementing optimization algorithms.

(]

(]

©

©
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ALPS: Overview of Features

The design is based on a very general concephofiledge.

Knowledge is sharedsynchronouslthroughpools andbrokers.
Management overhead is reduced with tieester-hub-worker paradigm.
Overhead is decreased usimgnamic task granularity

Two static load balancintechniques are used.

Threedynamic load balancintgchniques are employed.
Usesasynchronoumessaging to the highest extent possible.

A scheduler on each process manages tasks like

@ node processing,

load balaning,

update search states, and
termination checking, etc.

¢ € © © ¢ ¢ ¢ ¢

¢ ¢ ¢
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Knowledge Sharing

o All knowledge to be shared is derived from a single base @adshas an
associate@ncoded form.

@ Encoded form is used fadentification storaggandcommunication
@ Knowledge is maintained by one or mdaeowledge pools.
@ The knowledge pools communicate througiowledge brokers.

Node pool

Process A Solution pool Process B Solution pool
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Master-Hub-Worker Paradigm

Master Hubs Workers
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Alps Class Hierarchy

[ApsKnowiedge] [AlpsEncoded|

AlpsSolution| [

AlpsSubTree

A

A!ﬁsfre@

[AtpsknowledgePool]

A

[ApsSolutionPoo]

[ApsSubTreePoo]

[Apsknowledgesroker]

Ralphs (Lehigh University)
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Using ALPS: A Knapack Solver

The formulation of the binary knapsack problem is

m m
max(» pix: > sx <cxe{01},i=12...,m}, (1)
i—1

i=1
We derive the following classes:
o KnaphMbdel (fromAl pshbdel ) : Stores the data used to describe the
knapsack problem and implementsad| nst ance()
o KnapTreeNode (fromAl psTreeNode) : Implementsr ocess() (bound)
andbr anch()

@ KnapNodeDesc (from Al psNodeDesc) : Stores information about which
variables/items have been fixed by branching and which dréet.

o KnapSol uti on (fromAl psSol ut i on) Stores a solution (which items are ir
the knapsack).
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Using ALPS: A Knapack Solver

Then, supply the main function.

int main(int argc, charx argv[])

{
KnapModel nodel

#i f defi ned( SERI AL)

Al psknow edgeBr oker Seri al broker(argc, argv, nodel);
#el i f defi ned( PARALLEL_MPI)

Al psknow edgeBr oker MPI br oker (argc, argv, nodel);
#endi f

br oker. search();
broker. printResult();
return O;
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BiCePS: Support for Relaxation-based Optimization

@ Adds notion ofmodeling objects (variables and constraints).
@ Models are built from sets of such objects.
@ Bounding is an iterative process that produces new objects.

o A differencing scheme is used to store the difference batilee descriptions of
a child node and its parent.

struct BcpsObj ect Li st Mbd t enpl at e<cl ass T>

{ struct BcpsFi el dLi st Mod
int nunRenove; {
i nt+ posRenove; bool relative;
int numAdd; int numvbdify;
BcpsObj ect **obj ects; int =*poshodify;
BcpsFi el dLi st Mod<doubl e> | bHar d; T xentries;
BcpsFi el dLi st Mod<doubl e> ubHar d; };
BcpsFi el dLi st Mod<doubl e> | bSoft;
BcpsFi el dLi st Mod<doubl e> ubSoft;

b
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BLIS: A Generic Solver for MILP

MILP

min  c'x 2
st. Ax<b 3)
X €Z Viel 4)

where(A, b) € R™ () ¢ ¢ RN

Basic Algorithmic Components

@ Bounding method.
@ Branching scheme.
o Object generators.
@ Heuristics.
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BLIS: Branching Scheme

BLIS Branching scheme comprise three components:
o Object has feasible region and can be branched on.

@ Branching Object
o is created from objects that do not lie in they feasible negior objects that will be
beneficial to the search if branching on them.
@ contains instructions for how to conduct branching.
@ Branching method
@ specifies how to create a set of candidate branching objects.
o has the method to compare objects and choose the best one.

Branching Method

Best Branching Object Branching Objects
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BLIS: Constraint Generators

BLIS constraint generator:
@ provides an interface between BLIS and the algorithms inNZOgl.
@ provides a base class for deriving specific generators.
@ has the ability to specify rules to control generator:
@ where to call: root, leaf?

o how many to generate?
o when to activate or disable?

@ contains the statistics to guide generating.

Controller =

Generator Statistics

>

(C

BLIS Constraint Pool

BLIS Constraint Generator
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BLIS: Heuristics

BLIS primal heuristic:
o defines the functionality to search for solutions.
@ has the ability to specify rules to control heuristics.
o where to call: before root, after bounding, at solution?

@ how often to call?
@ when to activate or disable?

@ collects statistics to guide the heuristic.
@ provides a base class for deriving specific heuristics.

T.K. Ralphs (Lehigh University) COIN-OR 29 September, 2009 48/5



BLIS Applications

BLIS can be customized easily by deriving the base C++ cfasse

Sample Applications (Scott DeNegre, Ted Ralphs, Yan Xu,aihdrs)
@ Vehicle Routing Problem (VRP)
@ Traveling Salesman Problem (TSP)
o Mixed Integer Bilevel Programming (MiBS)
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BLIS Applications: VRP Formulation

min Z:cexe

ecE
> =2k (5)
e={0,j}€E
Z Xe=2VieN, (6)
e={i,j}€E

> xe>2b(S) VSCN, [§ > 1, ©)

e={i,j}€E

i€eSj¢s
0<x<2Ve={ij} €E, 9)
Xe €Z Veec E. (20)
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BLIS Applications: VRP

First, derive a few subclasses to specify the algorithm aodeh
o VrpModel (fromBl i shvbdel),
@ VrpSol ution (fromBl i sSol uti on),
@ Vr pCut Gener at or (from Bl i sConCener at or),
o Vr pHeur TSP (from Bl i sHeur i sti c),
@ VrpVari abl e (fromBl i sVari abl e), and
@ VrpPar anet er Set (from Al psPar anet er Set ).
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BLIS Applications: VRP (cont.)

int main(int argc, char* argv[])
{

GCsi Cl pSol ver I nterface | pSol ver;

Vr pModel nodel ;

nodel . set Sol ver (& pSol ver);
#i fdef CO N_HAS_MPI

Al pskKnowl edgeBr oker MPI broker (argc, argv, nodel);
#el se

Al pskKnowl edgeBr oker Seri al broker (argc, argv, nodel);
#endi f

br oker . sear ch( &mdel ) ;

br oker . pri nt Best Sol uti on();

return O;

Shameless Self-Promotion

In October, 2007, the VRP/TSP solver won the Open Contesaiaiiel
Programming at the 19th International Symposium on ConmArighitecture
and High Performance Computing.
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DECOMP Framework: Motivation

DECOMP Framework

DECOMPis a software framework that provides a virtual sandbox dstibhg and comparing various
decomposition-based bounding methods.

A o i oo r e
Decomposition
FOR

EuMMIES

A Reference for
the Rest of Us!

by MathewGalat  +

=5
KOY
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DECOMP Framework: Motivation

DECOMP Framework

DECOMPis a software framework that provides a virtual sandbox dstibhg and comparing various
decomposition-based bounding methods.

@ It's difficult to compare variants of decomposition-baségbathms.

@ The method for separation/optimization o7ef is the primary custom component of any of these
algorithms.

(T e VTP ot powee A
Decomposition
FOR

EuMMIES

A Reference for
the Rest of Us!

by MathewGalat  +

=5
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DECOMP Framework: Motivation

DECOMP Framework

DECOMPis a software framework that provides a virtual sandbox dstibhg and comparing various
decomposition-based bounding methods.

@ It's difficult to compare variants of decomposition-baségbathms.

@ The method for separation/optimization o7ef is the primary custom component of any of these
algorithms.

@ DECOMPabstracts the common, generic elements of these methods.

+ Key: The user defines methods in the space of the compact foromnlati
o The framework takes care of reformulation and implemeniafior all variants.

(T e VTP ot powee A
Decomposition
FOR

EuMMIES

A Reference for
the Rest of Us!

by MathewGalat  +

=5
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Traditional Decomposition Methods

The Cutting Plane Method (CHjeratively builds arouter approximation ofP’ by solving acutting plane
generation subproblem
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Traditional Decomposition Methods

The Cutting Plane Method (CHjeratively builds arouter approximation ofP’ by solving acutting plane
generation subproblem

The Dantzig-Wolfe Method (DW)iteratively builds aninner approximation ofP’ by solving acolumn

generation subproblem
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Traditional Decomposition Methods

The Cutting Plane Method (CHjeratively builds arouter approximation ofP’ by solving acutting plane
generation subproblem

The Dantzig-Wolfe Method (DW)iteratively builds aninner approximation ofP’ by solving acolumn

generation subproblem

Thelagrangian Method (LDiteratively solves d agrangian relaxation subproblem
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Common Threads

@ TheLP boundis obtained by optimizing over the intersection of two egitlly

defined polyhedra.
neapoy z2p = mliRg{ch [xe Q'nQ"}
Xe

T.K. Ralphs (Lehigh University) COIN-OR 29 September, 2009 55/5



Common Threads

T

@ TheLP boundis obtained by optimizing over the intersection of two egitlly
defined polyhedra. .
i poly! Zp = m|n{cTX|XE Q' NnQ"}
XERN
@ Thedecomposition bouni$ obtained by optimizing over the intersection of one
explicitly defined polyhedron and one implicitly defined ytwédron.

ZCP:ZDW:ZLD:ZD:xrglqu{ch‘xeplmQN}ZZLP

@ Traditional decomposition-based bounding methods cortten primary steps O
o Master Problem: Update the primal/dualolutioninformation. C oo
@ Subproblem: Update theapproximatiorof P’: SEP(x, P’) or
OPT(c, P').

0

P nol
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Common Threads

T

@ TheLP boundis obtained by optimizing over the intersection of two egitlly

defined polyhedra.
neapoy z2p = mliRg{ch [xe Q'nQ"}
Xe

@ Thedecomposition bouni$ obtained by optimizing over the intersection of one
explicitly defined polyhedron and one implicitly defined ytwédron.

ZCP:ZDW:ZLD:ZD:xrglqu{ch‘xeplmQN}ZZLP

@ Traditional decomposition-based bounding methods cortten primary steps

o Master Problem: Update the primal/dualolutioninformation. C oo
@ Subproblem: Update theapproximatiorof P’: SEP(x, P’) or
OPT(c, P').

9 Integrated decomposition methafisther improve the bound by considering two ) O
implicitly defined polyhedra whose descriptions are iteedy refined.

@ Price and Cu(PC)
¢ Relax and Cu(RC)
o Decompose and C(DC)
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DECOMP Framework

@ TheDECOMPframework, written in C++, is accessed through two userfates:

o Applications InterfaceDeconpApp
o Algorithms Interface DeconpAl go
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DECOMP Framework

@ TheDECOMPframework, written in C++, is accessed through two userfates:
o Applications InterfaceDeconpApp
o Algorithms Interface DeconpAl go

@ DECOMPprovides the bounding method for branch and bound.

@ ALPS (Abstract Library for Parallel Search) provides the fraragfor parallel tree search.
o Al psDeconpMbdel : public Al psibdel
9 awrapper class that calls (data access) methods BexonpApp
o Al psDeconpTreeNode : public Al psTreeNode
@ awrapper class that calls (algorithmic) methods fidaconpAl go
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COIN needs your help!

o Contribute a project

» Help develop an existing project
» Use projects and report bugs

» Volunteer to review new projects
o Develop documentation

» Develop Web site

o Chair a committee

Questions? & Thank You! |

T.K. Ralphs (Lehigh University) COIN-OR 29 September, 2009 57/5



	Introduction to COIN
	Overview of Projects
	Using COIN
	Optimization Services
	SYMPHONY
	CHiPPS
	DECOMP

	Conclusion

