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Brief History of COIN-OR

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

@ 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 platfornfor open source projects, including a wide range
of project management tools.
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What You Can Do With COIN

@ We currently have 40+ 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 probleméVRP, 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

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

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

@ Clp: COIN LP Solver
Project ManagerJulian Hall

o DyLP: An implementation of the dynamic simplex method
Project ManagerLou Hafer

@ Cbc: COIN Branch and Cut
Project ManagerTed Ralphs

o SYMPHONY: a flexible integer programming package that supports stardd
distributed memory parallel processing, biobjective miation, 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

@ Cgl: Alibrary of cut generators
Project ManagerRobin Lougee
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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 Belotti

©

DFO: An algorithm for derivative free optimization.
Project ManagerKatya Scheinburg

(]

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

©

OBOE: Oracle based optimization engine
Project ManagerNidhi Sawhney
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COIN-OR Projects Overview: Modeling

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

@ Pyomo:A python-based modeling language.
Project ManagerBill Hart

@ PulLP:Another python-based modeling language.
Project ManagerStu Mitchell
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COIN-OR Projects Overview: Interfaces and Solver Link

)

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
AIMMSlinks: Allows you to use the AIMMS modeling system and call
COIN-OR solvers.

Project ManagerMarcel Hunting
MSFlinks: Allows you to call COIN-OR solvers through Miscrosoft Salve
Foundation.

Project ManagerLou Hafer
CoinMP:A callable library that wraps around CLP and CBC, providing’®!|
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 ManagersJun Ma, Gus Gassmann, and Kipp Martin
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COIN-OR Projects Overview: Frameworks

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

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

o DIP: A framework for implementing decomposition-based aldwris for integer
programming, including Dantzig-Wolfe, Lagrangian reléem, cutting plane,
and combinations.

Project ManagerTed Ralphs
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COIN-OR Projects Overview: Miscellaneous

)

CoinBazaarA collection of examples, application codes, utilities;. et
Project ManagerBill Hart

Coopr:A collection of Python-based utilities
Project ManagerBill Hart

Cgc: Coin graph class utilities, etc.
Project ManagerPhil Walton

LEMON: Library of Efficient Models and Optimization in Networks
Project ManagerAlpar Juttner

METSIib: METSIib, an object oriented metaheuristics optimizati@miework
and toolkitin C++

Project ManagerMirko Maischberger

PFunc:Parallel Functions, a lightweight and portable librarytth@vides C and
C++ APIs to express task parallelism

Project ManagerPrabhanjan Kambadur
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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:

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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The Old Build Philosophy

@ The root directory of each project contains scripts for diintg the presence of
sources.
@ The source for each project is contained in a subdirectory.
@ The source for externals are checked out into subdirestatithe same level
using the SVN externals
o Difficulties
o To tweak and build the source of one library, the sourcesldibahries must be
present.
o Cannot mix and match versions very easily.
o No smooth upgrade path.
9
)

Not very compatible with the philosophy of RPMs and .debs
Difficult to determine dependencies for building apps agfiimstalled libararies.
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New Build Philosophy

@ The new philosophy is to de-couple projects.

Libraries and binaries packaged separately for each pgrojec
Down-stream dependencies managed by installer, RPM, odglg-config.
Smooth upgrade path.

Separate release cycles for each project.

o New features supporting this philosophy
¢ Libtool library versioning.
o Support for pkg-config.
o Build against installed binaries.
¢ Third party open source projects treated in the same way 4 @fjects.

(9

¢ ¢ ¢
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Building Projects (old style)

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

Installing CoinAll

svn co http://projects.coin-or.org/svn/ Coi nBi nary/ Coi nAl | /rel eases/1.5.0 \
CoinAll-1.5.0

cd CoinAll-1.5.0

./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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Building Projects (new style)

o Assuming libraries are already installed/ipat h/ t o/ i nstal | /| ocati on

Tweaking a Single Library

svn co http://projects.coin-or.org/svn/ Chc/stabl e/ 2. 6/ Cbc Chc-2.6

cd Chc-2.6

nkdir build

cd build

../configure --enabl e-gnu-packages -C --prefix=/path/to/install/locatio
make -j 2

neke test

make install

@ Note that this checks out Chc without externals and linksresganstalled
libraries.

@ Old style builds will still work.
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Usingpkg- confi g

o pkg- confi g is a utility available on most *nix systems.
@ It helps automatically determine how to build against ilsthlibraries.
@ To determine the libraries that need to be linked againstcttmmand is

pkg-config --1ibs cbc J

o To determine the flags that should be given to the compilercdmmand is

pkg-config --cflags chc J

@ Note that the user no longer needs to know what any of the dogara
dependencies are.

@ Depending on the install location, may need to set the enment variable
PKG_CONFIG_PATH.

@ The .pcfiles are installed in
/path/to/install/location/lib/pkgconfig.
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Libtool versioning (shared libraries)

@ Libtools versioning allows smooth upgrading without brieglkexisting builds.
@ The libtool version number indicates backward compatibili

@ Versions of the same library can be installed side-by-sides{on number is
encoded in the name).

@ When a new version of a library is installed, codes built agithe older library
are automatically linked to the new version (if it is backdiaompatible).

@ Based on concepts afje, current, andrevision
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RNEUES

@ Coming soon!

@ We are developing cross-platform installers using the goemce InstallJammer.
o We'll be (re)deploying RPM and .deb support over the nextifieanths.

@ COIN can already be installed widpt - get on Ubuntu.
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Entry Points: CoinBazaar and Application Templates

o CoinBazaar is a collection of examples, utilities, and tigkeight applications
built using COIN-OR.

o Application Templates is a project within CoinBazaar thatvides templates for
different kinds of projects.

@ In CoinAll, it's in the exanpl es directory.
@ Otherwise, get it with

svn co https://projects.coin-or.org/svn/ Coi nBazaar/ pr oj
es/1.0.0

o Examples

o Branch-cut-price
¢ Algorithmic differentiation
o Cglcuts
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Entry Points: CoinEasy

@ How to get started quickly with COIN.
@ Talk about this later in the session.
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Entry Points: Optimization Services (OS)

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

@ A set of XML based standardfer 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 Service SOAP 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 -nmps ../ ../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 display the solution in a browser using XSLT.

o Copy the stylesheets to your output directory.
o Open in your browser
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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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Calling a Solver Remotely

You can use the OSSolverService to call a solver remotehgudieb services.

OSSol ver Service -osil ../../datalosilFiles/p0033.osil
-sol ver chc
-servicelocation
http://webdss.ise.ufl.edu: 2646/ OSSer ver/ servi ces/ OSSol ver Servi ce
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Getting a Model into the Solver

o 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.

@ Use a modeling language—AMPL, GAMS, MPL, and AIMMS all worlthv
COIN-OR solvers.

o Use FlopC++.

@ Use Pyomo or PuLP.

o 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 CSAmpl 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://webdss.ise.ufl.edu: 2646/ CSSer ver/ servi ces/ OSSol ver Ser vi ce"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() ; J

Step 5 Solve the problem.

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

TheOsSl 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 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 optinndrat

@ adds notion ofiariablesandconstraints

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

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

@ 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|

AlpsTreeNode [Apatiods]
A

AlpsNodeDesc.

Apssotuio] [t ]

A

H [a1psknowledgePool]
: A

[ApsSolutionPoo] [ApsSubTreePoo]

[Apsknowledgesroker]
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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 KnapMbdel (from Al 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 psknowl 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

o 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:
@ 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.

pgflastimage
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BLIS: Constraint Generators

BLIS constraint generator:

@ provides an interface between BLIS and the algorithms inNGOgl.

@ provides a base class for deriving specific generators.
@ has the ability to specify rules to control generator:

o where to call: root, leaf?
¢ how many to generate?
o when to activate or disable?

@ contains the statistics to guide generating.

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

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

pgflastimage
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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),
@ 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.

Alles
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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 over a given relaras the primary custom component of
any of these algorithms.
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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 over a given relaras 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 foromlati
o The framework takes care of reformulation and implemenafior all variants.
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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

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
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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 theapproximatiornof P’: SEP(x, P’) or
OPT(c, P').
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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 theapproximatiornof 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
@ awrapper class that calls (data access) methods BexonpApp
o Al psDeconpTreeNode : public Al psTreeNode
@ awrapper class that calls (algorithmic) methods fidaconpAl go

T.K. Ralphs (Lehigh University) COIN-OR 9 November 2010 66 /63



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! |
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