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Motivation

General-purpose optimization
< Minimize/maximize a function of decision variables

+ Subject to equalities/inequalities
constraining the values of the variables

General-purpose optimization software

< Solvers
* apply algorithms to optimization problems
* specialized to mathematical problem types
< Modeling systems
* describe models to solvers
using representations familiar to people
% extended to problems & solvers of many types
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Traditional Paradigms

Continuous optimization
+ Interval domains for decision variables
<+ Smooth objective and constraint functions
+ Locally optimal solutions

Discrete optimization

+ Integer decision variables
% Often zero-one decision variables
% Often mixed with continuous decision variables

< Linear objective and constraint functions

. . . diverse problem types converted to these forms
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Non-Traditional Paradigms

Alternative problem types involving . . .
<+ Logic operators
+ Complementarity conditions
< Conic constraints
+ Globally optimal points

Varied solver strategies
+ Automated conversions
+ Extended traditional algorithms
<+ New non-traditional algorithms

Robert Fourer, Modeling & Solving Nontraditional Optimization Problems 5
Session 1a: Background — Chiang Mai, 4-5 January 2011



Sessions

1. Introduction
a. Background
b. Current features

2. Nontraditional specialized optimization
a. Second-order conic constraints
b. Complementarity conditions

3. Nontraditional discrete optimization
a. Modeling support
b. Solver support

4. Interfacing wih nontraditional solvers
a. Solver interfaces
b. Solver selection
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Session 1a: Background

Focus
< Survey of traditional systems
< Availability of software

Topics
< Solvers
<+ Modeling languages & systems

< Free solver sources
* NEOS Server
%k COIN-OR
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Solving: Problems & Algorithms

Linear programming
Integer programming
Quadpratic programming

Nonlinear programming
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Solving
Linear Programming

Algorithms
<+ Scope
* Linear objective
% Linear equations and inequalities

< Methods

% Primal simplex
% Dual simplex
% Barrier (interior-point)

Solvers

< Module within nonlinear
*x MINOS

+ Module within mixed-integer
X see next slide . . .
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Solving
Mixed-Integer Programming

Algorithms
+ Scope: linear programming with
% integer variables
% zero-one variables

< Method: branch-and-bound

% solve fractional subproblems by dual simplex
* improve fractional solutions by cut generation
% seek integer solutions by branching & heuristic search

Solvers

< Commercial
% CPLEX, Gurobi, MOSEK, XA, Xpress

< Open source
* CBC, GLPK, Ip_solve
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Solving

PSD Quadratic Programming
Algorithms

< Scope: linear with
* objective minimizing x’ Qx
% constraints of the form x’Qx <b
* ...where Q is positive semi-definite (x' Qx > 0 for all x)

<+ Methods: generalizations of linear algorithms
% Simplex methods
% Barrier methods
% Branch-and-bound procedures

Solvers

< Commercial
% CPLEX, Gurobi, MOSEK, Xpress
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Solving
Nonlinear Programming

Algorithms

<+ Scope
* Smooth nonlinear objective and constraints
* First-order necessary conditions for local optimums

+ Methods
% Generalized reduced gradient
% Sequential quadratic
% Interior-point (barrier)

Solvers

< Commercial
* CONOPT (GrG), KNITRO apr/sQ), LOQO ap),
MOSEK (1p), MINOS (GRG), SNOPT (sQ)
<+ Open source
* Ipopt (IP)
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Modeling: Languages & Systems
Goals

<+ Express models in forms that are
familiar and convenient to people

< Support the entire modeling process
% Formulate
* Solve
% Analyze
* Revise
* Deploy

Alternatives
< Program your own specialized system
< Adapt an existing language or program
+ Use a language & system designed for optimization
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Modeling
Alternatives

Adaptations for optimization modeling

+ Spreadsheets
* Frontline Excel Solver, What’s Best

< Math modeling systems
* MATLAB, Mathematica

+ Object-oriented programming languages
* C++: FLOPC++
% Python: Pyomo, POAMS, CVXMOD

Algebraic modeling languages for optimization
<+ Captive
% OPL (CPLEX), Mosel (Xpress), OPTMODEL (SAS)
+ General-purpose
*x AIMMS, AMPL, GAMS, MPL
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AMPL

Algebraic modeling language: symbolic data

set SHIFTS; # shifts

param Nsched; # number of schedules;
set SCHEDS = 1. .Nsched; # set of schedules

set SHIFT_LIST {SCHEDS} within SHIFTS;

param rate {SCHEDS} >= O; # pay rates
param required {SHIFTS} >= 0; # staffing requirements

param least_assign >= 0; # min workers on any schedule used
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AMPL

Algebraic modeling language: symbolic model

var Work {SCHEDS} >= 0 integer;
var Use {SCHEDS} >= 0 binary;

minimize Total_Cost:
sum {j in SCHEDS} rate[j] * Work[j];

subject to Shift_Needs {i in SHIFTS}:
sum {j in SCHEDS: i in SHIFT_LIST[j]l} Work[j] >= required[i];

subject to Least_Usel {j in SCHEDS}:
least_assign * Use[j] <= Work[j];

subject to Least_Use2 {j in SCHEDS}:
Work[j] <= (max {i in SHIFT_LIST[j]} required[i]) * Usel[jl;
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AMPL

Explicit data independent of symbolic model

set SHIFTS := Monl Tuel Wedl Thul Fril Satil
Mon2 Tue2 Wed2 Thu2 Fri2 Sat2
Mon3 Tue3d Wed3 Thu3 Fri3 ;

param Nsched := 126 ;

set SHIFT_LIST[1] := Monl Tuel Wedl Thul Fril ;
set SHIFT_LIST[2] := Monl Tuel Wedl Thul Fri2 ;
set SHIFT_LIST[3] := Monl Tuel Wedl Thul Fri3 ;
set SHIFT_LIST[4] := Monl Tuel Wedl Thul Satl ;
Monl Tuel Wedl Thul Sat2 ; .......

set SHIFT_LIST[5]

param required := Monl
Tuel
Wedl
Thul
Fril
Satl

100
100
100
100
100
100

Mon2 78
Tue2 78
Wed2 78
Thu2 78
Fri2 78

Sat2 78 ;

Mon3 52
Tue3 52
Wed3 52
Thu3 52
Fri3 52
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AMPL

Solver independent of model & data

ampl: model schedl.mod;
ampl: data sched.dat;

ampl: let least_assign := 7;

ampl: option solver cplex;
ampl: solve;

CPLEX 12.2.0.0: optimal integer solution; objective 266
419 MIP simplex iterations
39 branch-and-bound nodes

ampl: option omit_zero_rows 1, display_1lcol O;
ampl: display Work;

Work [*] :=
3 7 18 9 37 7 66 7 82 16 112 23 124 15
6 21 20 7 41 9 72 13 91 20 118 29
16 13 29 7 53 13 78 20 94 9 122 21

.
H
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AMPL

Language independent of solver

ampl: option solver gurobi;
ampl: solve;
Gurobi 4.0.0: optimal solution; objective 266

857 simplex iterationms
29 branch-and-cut nodes

ampl: display Work;

Work [*] :=
1 21 21 36 52 7 89 29 94 7 109 16 124 36
3 7 37 29 71 13 91 16 95 13 116 36
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AMPL

Nonlinear network example: symbolic data

set INTERS;

param EN symbolic;
param EX symbolic;

check {EN,EX} not within INTERS;
set ROADS within {INTERS union {EN}, INTERS union {EX}};

param time {ROADS} > 0;
param cap {ROADS} > 0;
param sens {ROADS} > 0;

param through > 0;
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AMPL

Algebraic modeling language: symbolic model

var Flow {(i,j) in ROADS} >= 0, <= .9999 * capli,jl;
var Time {ROADS} >= O0;
minimize Avg_Time:
(sum {(i,j) in ROADS} Timel[i,j] * Flow[i,j]l) / through;
subject to Travel_Time {(i,j) in ROADS}:
Time[i,j] = baseli,j] + (sensli, jl*Flowl[i,jl) / (1-Flowl[i,jl/capli,jl);
subject to Balance_Node {i in INTERS}:
sum{(i,j) in ROADS} Flow[i,j] = sum{(j,i) in ROADS} Flow[j,i];

subject to Balance_Flow:
sum{ (EN, j) in ROADS} Flow[EN,j] = through;
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AMPL

Explicit data independent of symbolic model

set INTERS := b

param EN := a;
param EX := d;

ab
ac
cb
b d
cd

param through :=

C (]

5

1
2
1
5

4;

10
30
10
30
10

param: ROADS: base cap sens :

= O ©O© © -
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AMPL

Solver independent of model & data

ampl :
ampl :

ampl :
ampl :

MINOS 5.51: optimal solution found.
7 iterations, objective 8.178571429
Nonlin evals: obj = 16, grad = 15, constrs = 16, Jac = 15.

ampl: display Flow, Time;
Flow

0O0oCT e E
Qo a0 o

model traffic_c.mod;
data traffic_c.dat;

option solver minos;

solve;

2

2
2
0
2

Time
5.25
2.92857
2.92857
2
5.25
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AMPL

Language independent of solver

ampl: model traffic_c.mod;
ampl: data traffic_c.dat;

ampl: option solver knitro;
ampl: solve;

KNITRO 6.0.0: Locally optimal solution.
objective 8.178571522; feasibility error 3.73e-07
4 jiterations; 5 function evaluations

ampl: display Flow, Time;

Flow Time =
ab 2 5.25
ac 2 2.92857
bd 2 2.92857
cb 4.13927e-07 2
cd 2 5.25
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NEO S WWW.NNECOS-SErver.org

Network Enabled Optimization System
< Guide
% tutorials, case studies, test problems, FAQs

% Server
% free Internet access to solvers
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NEOS Server

Since 1995 . ..

+ Hosted at Argonne National Laboratory (Illinois, USA)

+ Developed through 5 major releases
* many contributors @ Argonne, Northwestern & elsewhere
% increasingly sophisticated as Web has matured

+ 10-20,000 server submissions in a typical month

. . . has handled over 100,000

A research project
« Currently free of charge
+ Supported by grants & volunteer efforts

% Moved in December . . .
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NEOS @ WID

Wisconsin Institutes for Discovery (discovery.wisc.edu)
+ Wisconsin Institute for Discovery (public)
+ Morgridge Institute for Research (private)

Key participants
« Michael Ferris
% research theme leader, optimization in biology & medicine
% coordinator of NEOS move
< Miron Livny
% founder of the Condor distributed-computing project
% coordinator of computing technology for WID
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Design

Flexible architecture

< Central controller and scheduler machine
< Distributed solver sites

Standard formats
< Low-level formats: MPS, SIF, SDPA

+ Programming languages: C/ADOL-C, Fortran/ADIFOR
< High-level modeling languages: AMPL, GAMS

Varied submission options
< E-mail
<+ Web form

+ Direct call via XML-RPC
% from AMPL or GAMS client (Kestrel)
% from user’s client program using NEOS’s API

. . . Server processes submissions of new solvers, too
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Using NEOS

Learn About Your Problem

The NEOS Guide

< Optimization tree: Problem types

< Optimization software guide: Individual solvers

<+ Frequently asked questions: Varied listings & advice

fle Edt Wiew Favortes Tools Help

J NEDS Guide Optimization Tree - Microsoft Internet Explorer o =] 3]

NEOS Guide Optimization Tree

Canstrained.

Network
Programuning

- Unconstrained 5 -

Address I@ btk vvwms-Fp.mes a0l goviotejauide/Optveb/index html j @Gu ‘Lln)@ B

The Optimization Tree is an online guide to the field of munerical optimization. Tt introduces the different subfields of optimization and includes outlines
of the major algorithms in each area, with pointers to software packages where appropriate. The connections between the Tree's web pages mirrors
the relationships between these different areas. Follow the pathways through the tree to see how everything hangs together!

If you'd like to contribute a description of ene of the areas that we don't prezently cover, please get in touch with us

Matenal in the Tree can also be accessed through the search facility

Text only version of the Optimization Tree

@& [T [ | mernet

N
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Using NEOS
Investigate Solvers

NEOS Server home page

; NEDS Server for Optimization - Microsoft Internet Explorer

=10l x|

File Edit Y“ew Favorites Toolks Help

‘aBack v = @ ot | @Search (] Favorites @Med\a @ | %v =h - E

Adress [&] it fuwm-neos.mes.anl.gov = Pe ks >

Go glEvI @ search web  @iSearch Site e I esing Lucky  SRSearch Groups ‘ hNews ‘ FPagelank @Ppage Info ~ [EgUp -

»

Our optimization solvers represent the state-of-the-art in optimization software. Optimization preblems are solved automatically with minimal mput

from the user. Users only need a definition of the optimization preblem; all additional information required by the optimization solver is detenmined
automatically.

s User Feedback o Acknowledgements
o FAQ -MNEOS Server s Collaborators

Teo subgrt your optitnization job, first click on the WEOS Solvers icon to find a suitable solver.

Tou can also wew current job quenes and checl the progress of your jobs by mutnber and password.

NEOS Information

»
Eestrel modeling language mterface Get neos-news !
to the NEOS Server
JAVA Submmssion Tool |
The MEOS Server 4.0 package
NEOS Guide |
IS:EHNHZ-E;O“EH Software Cuide | Subscribe to neos-news |
Frecuently Asled Questions on
Linear & Nonlinsar Propranming - neos-pews provides occasional
MEOQES Server Web stats since January 1, 2003 NEOS-related ennouncements
MEOQES Server Web stats for the past month :

Enter vour email address

-

=l

|&] pone ’7 ’7 ’7 |4 Internet

4

Robert Fourer, Modeling & Solving Nontraditional Optimization Problems

Session 1a: Background — Chiang Mai, 4-5 January 2011 30



Using NEOS
Investigate Solvers

NEOS Server home page (new @ WID)

E NEOS Server for Optimization - Windows Internet Explorel .L
QO | @] http://www.neos-server.org/neos/ '| 122} “7| x ‘ |\W r '

File Edit View Favorites Tools Help % @jConvert ~ [B)Select

x Google E| Y search -+ ip @ M- & @ FI- gk~ | @ Sharer __~ £ Sidewiki v {7 Bookmarksw = §) Translate v & AutoFill - T v @ der~

< Favorites (& NECS Server for Optimization T v B ~ [ dh v Pagev Safety~ Tools~v @~

University of Wisconsin - Madison
WISCONSIN INSTITUTES FOR
DISCOVERY

fl
I

Welcome to the NEOS server. L

Our optimization solvers represent the state-of-the-art in optimization software. Optimization problems are solved automatically with minimal input from the user. Users only need a definition of the

optimization problem; all additional information required by the optimization solver is determined automatically.

+ User Feedback + Acknowledgements
+ FAQ - NEOS Server « Collaborators
To submit your optimization job. first click on the NEOS Solvers icon to find a suitable solver.
\
NEOS . ISolvers

You can also view current job gueues and check job progress by number and password.

NEOS Information

+ The NEOS Application Programming Interface

+ Statistics

« Web Site Statistics

+ Downloads
M« Kestrel i
.\ & Internet | Protected Mode: On fa v H100% -
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Using NEOS
Investigate Solvers

NEOS Server solver type listing

] NEOS Solvers - Microsoft Internet Explorer 3l x|

Eile Edt VWiew Favorites Tools Help ﬁ

&aBack + = - @ ﬁﬁv | @Search [l Favarites @Medla 6 | %v 5 - E
Address [&] http: jwwn-neos.mes. anl.govjneos/server-solver-types.html 7| Pse |unks ?
Go gle-| 8 Search Web @ Search Site *I‘m Feeling Lucky  &25earch Groups ‘ @Naws ‘ PegeRiank @ page Info ~ Up ~ >

Cheose the type of optimization problem that you want to solve to see a list of solvers. If you are not sure of the type of optimization problem, consult
the Optimization Tree of the ITECS Guide for mformation on ophimization problems. The choice of solver is then dictated by the language used to
define the optimization problem. You can also choose your solver by input format

Each solver has sample problems and background information on the selver. Be sure to submit a sample problem to get a feel for how to submit
ophimization problems to IEQS. If you encounter problems, consult the NMEOS Server FAQ), or send mail to us by clicking on the Comuments and
Questions icon at the bottom of the page

Multi-solvers

Semi-infinite Optimization

Mixed Integer Nonline arly Constrained Optimization
Mixed Integer Linear Programming

Nonline arly Constramed Optimization
Semidefinite & Second Order Cone Programming
Line ar Progamming

Bound Constrained Optimization

Unconstrained Optimization

Linear Network Optnnization

Complementarity Frobleims

Nondifferentiable Optimization

Stochastic Linear Programming

Global Optunization

Application-specific Optimization
Mascellameous

o Administration

=
& L] (@ mee %
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Using NEOS
Investigate Solvers

NEOS Server solver listing

a NEDS Solvers - Microsoft Internet Explorer

=101 x|

Eile

Edit

View  Favorites  Tools  Help

GBack - - @D (1] A | @oearch FFavortes @iveda F | Fy- S W] - 5]

=

Address I@ http: ffvavev-neos,mes,anl, gov/neos/server-solvers, html#MNCO

e |L\nks B

Google - | {hsearch Web @i Search St A I'n Feelng Lucky  S25earch Groups | 2News | F208Ran @ page Info - [EjUp

- £

+ Nonlmearly Constramed Optimization

CONOPT [GAMS Input]

DONLF2 [AMPL Input]

FILTER [AMPL Input]

EKNITRO [AMPL Input]

LANCELOT [AMPL Input]

LOQO [AMPL Input]

MINOS [AMPL Input] [GAMS Input]

MOSEK [AMFL Input]

PATHNLF [GAMS Input]

SNOPT [Fortran Input] [AMPL Input] [GAMS Input]

Semidefinite & Second Order Cone Programning

CSDP [Matlab Binary Input] [Sparse SDPA Input]
CIRCUT [Graph Input]

DSDPF [Sparse SDEA Input]

MOSEK [Matlab Binary Input] [MES Input]
PENNON [Sparse SDPA Tuput]

SDP-LR [Graph Input]

SDPA [Sparse SDPA Input]

SDPT3 [Matlab Binary Iuput] [Sparse SDPA Input]
SeDulli [Matlab Binary Input] [Sparse SDPA Input]

Linear Programming

BDMLF [GAMS Input]

BPMFD [LFE Input] [MPS Input] [AMFL Input]
FortMFP [MES Input] [ANMPL Input]

MOSEK [MES Input] [AMPL Input] [LE Input]
00QP [AMPL Input] [MPS Input]

PCx [MPS Input] [AMPL Iuput]
XPRESS-MPBARRIER [MPS Input]
XPRESS-MP/SIMPLEX [MPS Input]

Bound Constrained Optimzation

BLMVM [C Input] [Fortvan Input] [AMPL Input]
L-BFGS-B [Fortran Input] [AMPL Tuput]
TRON [Fortran Input] [GAMS Input] [AMPL Tnput]

=

=] [ [ [ [ mternet

El
Y
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Using NEOS
Investigate Solvers

Individual solver listing

/Z} NEOS Server: KNITRO (AMPL input) - Microsoft Internet Explorer

=0l x|
Eile Edt VWiew Favorites Tools Help ﬁ
&aBack + = - @ ﬁﬁv | @Search [l Favarites @Medla 6 | %v 5 - E
Address |®j http: ffwwmn-neas.mes. anl. govinens solvers (NCO:KMITRO-AMPL] j e |L|nks »
Go gle-| 8 Search Web @ Search Site *I‘m Feeling Lucky  &25earch Groups ‘ @Naws ‘ PegeRank @ page Info ~ e - >

11 NEOS Intexfaces to KNITRO (AMPL input)
N E O S WWW Formn & Sample Submissions

Serverim « St

Submission Tool or Kestrel Client

KNITRO (AMPL input)

The MEOS Server offers KNITRO (formerly WNITRO) for the solution of nonlinearly constramned optimization problems i AWPL format. ENITRO 15
a primal-dual interior-point method which uses trust regions.

For a more complete description of KNITRO, see An Intetior Point Alporithm for Large Scale MNonlinear Programming , Siam Journal on
Optimization, 9(4):877-900, Sept. 195% (F. H. Byrd, M. E. Hribar, J. Nocedal).

ENITEO was developed by Richard Byrd, MMatry Beth Hribar, Jorge Mocedal and Richard Walte with addiional help from Guanghu Lin, Marcelo
Marazz, Todd Plantenga and Jose Luis Morales.

Additional information on ENITRO (including information on how to obtain KINITRO) can be found at the KNITRO website.

Using the NEOS Server for KNITRO

The user must submit a model in AMPL format to solve a nonlineatly constrained optimization problem. Exarples of models m AWPL format can be
found in the netlib collaction

The model is specified by a model file, and optionally, a data file and a commands file. Do not include the solve cormmand in the model or data
file. If a command file is specified it must contain the AMFL solve command; otherwise the solve command is invoked automatically by
the Server.

The commands file can contain any AWPL command or set options for KNITRO, for example,
option knitro options "maxitc=50":

See the ENITRO ophions table for a list of options

Printine direrted to atandard et is retirmed to the neer sith the anteat =
A

=] [l [ o emet
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Using NEOS

Try a Solver: Web Interface

Sample submission form

<+ “Comments and Questions” button on every page

3 KNITRO {AMPL input) Sample Submissions - Microsoft Internet Explorer

(=]
Elle Edit uew Favorites Tools Help
¢Back - = - (D 2 | @search [lFavortes @hveda 4 | B S5 -
Address I@ hitkps ) fwe-neos, mes,anl,goy fneossolvers [MCO:KNITRO-AMPL/solver -sample, html j @Go | Links
Google - | o search Web  @Search Site  #fs T Feeling Lucky  §25earch Groups ‘ Tonews | PigeRenk @Ppage Info - [EyUp - £
0} ' \ Sample Submissions
NEOS J g™
~ran gt KNITRO (AMPL input
Servei ( put)
Select one of the following problems to subrmut to KEINITEQ (AWPL nput). The job results will be dizplayed on your browser. The tokens to delimit
files as shown in the sample submissions are inserted automatically when using the Web or Submission Toel interfaces
& ALSOTAME
© ATRPORT
¢ EIGENCCO
Enter your e-mail address if you would like a copy of the sample submission and job results mailed to you
e-mail address
Submitto NEOS | Clear this Faorrn
Comments
El
& [ = 7
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Using NEOS

Try a Solver: Web Interface

Submission form for your problem

Z} NEOS Server: KNITRO (AMPL input) WWw Interface - Microsoft Internet Explorer

Eile Edt VWiew Favorites Tools Help

=0l x|

&aBack + = - @ ﬁﬁv | @Search [l Favarites @Medla 6 | %v 5 - E

Address [ €] http: ffuww-neos. mes.anl. govineos/solversNEO:KNITRO-AMPL fsolver-uwmus, bt

j e |L|nks »

Go gle-| 8 Search Web @ Search Site *I‘m Feeling Lucky  &25earch Groups ‘ @Naws ‘ PegeRank @ page Info ~ e - >

NEOS

Server

WWW Interface
KNITRO (AMPL input)

found in the netlib collection

command.

UtpUL.

The user must submit a model in AMFEL format to solve a nonlinearly constrained optimization problem. Examples of models m AMWPL format can be

The model is specified by a model file, and optionally, a data file and a commands file. If the command file is specified it must contain the AMPL solve

The cotnmands file can contait any AWNPL command or set options for ENITRO, Printing directed to standard out is returned to the user with the

Enter the AMPL model

AMPL model{local file):
IC\RHF\TaIks\\MA\MD[:IE\S\NDnhnear\nliranse mod Browse

Enter the AWPL data (optional)

AMPL dataflocal file)
|C:\RHF\TaIks\\MA\Mode\s\NDnhnear\nItrans.dat Browse...

Enter the AWPL cotnmands {optional)

AMPL cormunandsilecal fle):
|C:\RHF\TaIks\\MA\M0de\S\Nonhnear\nltranse run Browse...

&

=
yililil. Internet &
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Using NEOS

Try a Solver: Web Interface

Start of your run

ZJ NEOS Job #240233 - Microsoft Internet Explorer

Eile Edt VWiew Favorites Tools Help

=0l x|
=

&aBack + = - @ ﬁﬁv | @Search [l Favarites @Medla @ | %v 5 - E

Address [&] http: ffvww-neos. mes. anl. govjnens/neos-caifNCOSKNITRO-AMPL fnph-solver-wrw.cgi

j e |L|nks »

Go gle-| 8 Search Web @ Search Site *I‘m Feeling Lucky  &25earch Groups ‘ @Naws ‘ PageRank @ page Info ~ e - >

Job #240233
Job password 10FCLWpM

Ifbrowser stops loading without results, enter the job number and password in the form at httpefwww-neos mes. anl gowheos/neos-catfcheck-

status.cg.
Welcome to IEOS!

<CLEAR_SCREEN=>
Parsing:

798 bytes witten to knitro mod (AMPL model)
672 bytes written to knitro dat (AMPL data)
76 bytes written to kaitre. com (AMPL commands)

Scheduling:

This job #240233, password ioFCLWphi.
If wou wish to terminate your job or dequeus it,
subrmit this number and password to the Kill Tob solver.

Selver Quenes

NCOENITRO-AMPL: 240233:

Jobs Executing:

Job#239356 executing on eos.la asu.edu---3DP:CEDE.

Job#2d0227 executing on schwinn mes anl gov---MMINCOMITLP-ANPL
job#240155 executing on akitamces anl gov---MINCO SBE-GAMS.

Job#23%9969 executing on uffiz iems northwestern edu--- OO ENITRO-AWFL
Job#240022 executing on tate. iems. northwestern. edu---NCOKNITRO- AWPL.
job#238743 executing on eos la asu edu---3DP-CSDF

Job#239266 exzecuting on pergamon tems. notthwestern edu---MILP XPRESS-GADS.
Job#240152 ezecuting on hurdygurdy mes. anl gow---MINCO SBE-GANMS
Job#239277 exzecuting on prade.tems northwestern. edu---MILP.XPRESS-GAMSE.

Executing job #240233 with password 10F CLWphd

|®:| Opening page http: ! frmav-neos mes.anl, gov/neosineas-cgifMC O KMITRO-AMPL nph-solver -, cgi. .. ’i

’7 ’7 ’7 |Q Internet

|
4
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Using NEOS

Try a Solver: Web Interface

Beginning of your solution listing

osoft Internet Explorer

Eile Edt VWiew Favorites Tools Help

daback ~ = - @D 7t | @search [GlFavorites EiMedia L | B S W

v E|

Address [&] http: ffvww-neos. mes.anl. govjnens/jobs(240233 htmi

Go gle-| 8 Search Web @ Search Site *I‘m Feeling Lucky  &25earch Groups ‘ @Naws ‘ PegeRank @ page Info ~

TR T TR T AT AT AR AR T TR T AT AR AR AT RS AT AT AT AT RTATRSATTAEE

NEO3 Serwver Version 4.0

Job# : 240233

Solver : KNITRO (AMPL input)

Start @ 03/25/2003 12:53:51

End : 03/25/2003 12:54:08

Host ¢ louvre.iems.northwestern.edn

Eestrel Interface: check out our new client for sending jobs
to the NEOS Server from your AMPL or GAMS modeling session

and receiving results back into the session for further
cowputation. See http://uvw-neos.wes.anl.gov/neos/kestrel.html

Feedback Requested!!

Jur funding agency has asked for a report on our work, and
feedback from our users would be greatly appreciated. The
information of interest is the type of work vou are doing

on MEOS, whether for business, education, or other purposes,

and the solwvers used.

Flease send your comments to dolanBmcs.anl.gov, morefmcos.anl.gov.

Disclaimer:

This information is provided without any express or
implied warranty. In particular, there is no warranty
of any kind concerning the fitness of this
information for any particular purpose.

TR T TR T AT AT AR AR T TR T AT AR AR AT RS AT AT AT AT RTATRSATTAEE

#*+*KNITRO [AMPL input) *#%%

21 wvariables, =all nonlinear
10 monstraints, all linear: 42 nonzeros
1 nonlinear objective; Z1 nonzeros.

’7 ’7 ’7 |Q Internet

|®:| Done

S Kl
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Using NEOS

Try a Solver: Web Interface

End of your solution listing

NEDS Job #240233 - Microsoft Internet Explorer 3l x|
File Edit Wiew Favorites Tools Help ﬁ
daback ~ = - @D 7t | @search [GlFavorites EiMedia L | B S E|
Address [&] https jwwn-naos.mes. anl.govineos/jobs{240233.html 7| Pse |unks ?
Go gle-| 8 Search Web @ Search Site *I‘m Feeling Lucky  &25earch Groups ‘ @Naws ‘ PegeRank @ page Info ~ - >

13 0K B Oe0E+OS SJZEHOT IUSZESD L IAE+00 1) :I
15 CK 3.550403E+05 9.08E-13 E.11E+02 3.41E+D:Z u}
15 OK 3.548G5643E+05 4.55E-13 Z2.91E+03 1.49E+01 o
17 COK 3.543000E+05 4.55E-13 E.57E+03  1.07E+D:Z u}
15 OK 3.542509E+05 4.55E-13 1.2ZE+01 1.34E+01 o Z.00E-0Z
19 OK 3.5427658E4+05 4.55E-13 3.73E+01 1.32E+01 u} 4.00E-03
Iter Step Chijective Infeas KETerror | 13cep] | CGiters m
zZ0 0K 3.542765E+05 4.55E-13 1.03E+02 1.04E+00 iz S.00E-04
z21 CK 3.542767E405 4.55E-13 3.17E-01 1.79E+00 u} 1.60E-04
Zz 0K 3.542767E+05 4.55E-13 1.24E+02 1.69E+01 [n)
23 rej 3.542767E4H05 2.27E-13 6.27E+02 S5.595E-01 u}
z4 0K 3.542767E+05 3.41E-13 A.27YE+02 4.98E-01 2
25 OK 3.540856E+05 1.S50E4+00 1.47E-02 4.59BE+00 u} 3.20E-05
26 OK 3.542485E+05 2.31E-01 9.01E+00 4.52E+00 [n) 6.40E-06
27 COK 3.542720E+05 3.88E-0Z 1.84E+02 6.71E+00 u}
28 0K 3.542762E+05 4.01E-03 3.83E+02 B3.36E+01 [n)
29 OK 3.542767E+05 1.14E-1Z ©&.58E+03 5.10E-03 5 1.Z8E-08
EZIT: OPTIMAL SOLUTICN FOUND.
Final Statistics
Final objective VvAlUE. . eiertasas s nnsan 3.54276716892401E+05
Final EKT error of NLP.......covvunnnnns 3.73E-04
Final feasibility error of HLP......... 1.14E-12
# 0f Qiterations...........cieienaenann, 29
# of function/oonstraint evaluations... 30
# of gradient evaluations.............. 29
# of Hessian evaluationS............... 3t
Total program cime (Sec) ..........o.e.a. a.09
Trans [*,*] (tr)

H CLEV GLRY PITT =
DET S86.369 191.858 421.773
FRA 292.114 75.1475 532.738
FRE 365.319 370.z202 364.479
LAF 455.976 3.95953e-10 511.0z4
Lan 293.751 2.89883e-08 301.249
STL 469.141 TRZ.79Z 465 .066
WIN 99,3297 1.47915e-06 300.67

|
|®:| Done ’7 lilﬂ Internet &
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Using NEOS

Try a Solver: Kestrel Interface

Kestrel client download page

Wiew Go Communicator Help

Server

Kestrel

The Kestrel client/server is a way of sending your optimdzation job to be solved wia the NEOS Server from within
your modeling environment and receiving results that can be interpreted directly by your modeler.

| Modeling Exvironment | Currenily availahle versions of the Kesivel client

windows

‘ AMPL? | Lisya™ ‘ solaris™

| GAMS | lirma | solaris | windows

‘ PTested on Red Hat Linux 6.0, Solaris 7, Windows NT and Windows 92

‘ "These Kestrel clients ate tarred compressed with gzip.

& complete users guide to Festrel is available in PostSeript and PDF.

Short guide to using the Kestrel AMPL, client

Installation:
& Criwve the hinary for your system the name kestrel and make certain it is in wour execution path.
Within the AMPL Environment:

* Design vour model as you normally would, When choosing options, everything should remain as per vsual
with the following exceptions.
o Choose option solwver kestrel;instead of the usual solver name.
o Choose the solver you want with
Antien kaarrel amtionas anlwerscanluerilames

= =0=|

|Document: Done

=

T E IR
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Using NEOS
Try a Solver: Kestrel Interface

Applying a local solver to an AMPL model

i AMPL: running nampl =10l =|

File Edit Help

sw: ampl —vu
AMPL CPL beta Uersion 28828516 (M5 UC++ 6.8

ampl: model g=28@8@b.mod;
ampl: data g=280088b._dat;

ampl: option solver minos;
ampl: option show_stats 1;
ampl: solve;

Presolve eliminates 188 constraints.
Adjusted problem:
4298 variables:

4268 binary variables

38 linear variahles
733 constraints,. all linear: 36340 nonzeros
1 linear objective; 38 nonzeros.

MINOS §.5:
Sorry, the student edition is limited to 388 variabhles and
388 constraints. You have 4298 variables and 7?33 constraints.

exit code 1
<BREAK>
ampl: |

-

i 2
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Using NEOS
Try a Solver: Kestrel Interface

Applying a NEOS solver to an AMPL model . . .

[ sw: running ampl M=l B3

File Edit Help
[—

sy ampl —wv
AMPL Uersion 20088516 (M5 UC++ 6.8>

ampl: model g=2008h.mod;
ampl: data gs28@@b.dat;

ampl: option solver kestrel;
ampl: option kestrel options ‘solver=logo’;
ampl: option logo_options ‘minlocfil outlev=1‘;

ampl: option show_stats 1;
ampl: solve;

Preszolve eliminates 188 constraints.
Adjusted probhlem:
4298 variables:

426@ hinary variahles

3@ linear variables
733 constraints, all linear; 36348 nonzeros
1 linear ohjective; 3@ nonseros.

Job haz been submitted to Hestrel
Kestrel/NEOS Job number : 115486
KestrelsNEOS Job password : GEKkIXglu

Check the following URL for progress report -
http:/ vww—neos.ncs.anl.gov/neossneos—cgischeck—status.cgi? job=115486&pass=GKkIgllu

In caze of problems, e—mail :
neos—comments@mecs.anl.gov

S

Jai | Al
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Using NEOS
Try a Solver: Kestrel Interface

. . . and receiving a solution from the NEOS

[ sw: running ampl | _ O] =]
Fil= Edit Help
Check the following URL for progress report : ‘:J

http: A wwmr—neosz _mcs.anl.govsneossneos—cgischeck—status _cgi? job=1154868&pazzs=GKkIXgUu

In case of problems, e—mail :
neoz—commentslmecs _anl. gou

Intermediate Solver OQutput:
Checking the AMPL files
Executing algorithm...

LOQ0O 6.808: minlocfil

outlev=1
It's a QP.
ignoring integrality of 4260 variahles
i 8.808000 e +A8 2.1e+@2 —4.263593e+85 1.7e+83
2 2.839512e+A3 1.1e+81 —4.206438e +A5 8.8e+@1
3 2.803%62e+A32 L.8e—01 —3.084425e +85 3.7e+88
4 1.860498%e+A3 7.8e—A2 —2.765997e+84 1.4e—13 DF
5 3.154594e +RA2 1.1e—Q2 —-3.913235e+83 1.7e-13 DF
6 3.771682%e+81 1.2e—A3 —-2.2819%4e+82 4.6e—-14 DF
? 2.235%023e+81 6.4e—A4 —-1.872541e+81 3.6e—14 DF
] 1.708888e +A1 3.1e—P4 2.429985e +008 2.%e—14 DF
? 1.536%74%e+81 1.4e—04 2?.418120e+08 4.6e—-14 DF
i@ 1.446494e+81 4_4e—A5 1.2713%4e+81 3.8e—14 i DF
11 1.405838e+A1 2.4e—B6 1.326864e+A1 3.8e-14 1 DF
12 1.4608320e +A1 1.4e—A7 1.396308e+A1 3.5e-14 3 PF DF
13 1.4608016e +A1 7.3e—A9 1.399815e+01 3.%e—14 4 PF DF
14 1.46880A1 e +A1 3.6e—18 1.399991e+81 3.5e-14 5 PF DF
15 1.40800Re +A1 1.8e—11 1.408RAAe +A1 4.1e—14 6 PF DF
16 1.4080800e +A1 ?.1e—13 1.408088e +01 3.5%e-14 ] PF DF

Finished call
LOQO 6.80: optimal solution (16 QP iterations. 31 evaluations2
primal ohjective 14.80000082

dual objective 13.99999977

ampl: display MinMotDom,. MaxMotDom:

H MinMotDom MaxMWotDom
Office Americas 3 4
H

ampl: -

ol 2
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Using NEOS
Try a Solver: Kestrel Interface

Web form for checking your run’s status

ob 5Status NEOS - Netscape
File Edit “iew Go Communicatar Help
# w" Bookmarks \.& Location:lhttp: Lhw-neos. mes. anl. govdneosneos-cgi/check -pwd. cgi B

NEOS

Server

Refresh Results Jump ta End
Resulis
Welcome to NEOS!
Parsing:
75 bytes written to problew.env (Enw Variables)

606323 bytes written to problewm.nl (AMPL HNL File)
Scheduling:

Fou are job #115407.

Solver Queues:

KESTREL_AMPL:LOQO: 115407:

Jobs Executing:

Job#108154 executing on uffizi.iems.nwu. edu-NCO:MINOS-AMPL.
Jjob#115401 executing on sokrates.la.asu.edu-MILP:GLPE.
job#115402 executing on sokrates.la.asu. edu-MILP:BONSAIG.

=
S T = R Y

|=F [=B= |Document: Done
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Using NEOS
Try a Solver: Kestrel Interface

Intermediate status listing

Job Status HEOS - Netscape

File Edit View Go Communicator Help
# w"Bookmarks \.& Location:Ihttp:.-"a"www-neos.mcs.anl.gow’neosx’neos-cgi!check-pwd.cgi -
—]
[
Jobs Executing:
Job#1056154 executing on uffizi.iems.nmmi. edu-NCO: MINOS-AMPL.
Job#115401 executing on sckrates.la.asu.edu-MILP:GLPE.
Job#115402 executing on sokrates.la.asu.edu-MILP:BON3ATG.
oo o e e o o ol o o el o e o o o o e e o
Executing: job #115407 with password VPIFESEV
oo o e e o o ol o o el o e o o o o e e o
job_client.pl: alarm in 604300 seconds
job_client.pl: commecting to hermitage.iems.nmi.edu; 4012
job_client.pl: commected
job_client.pl: sending request
job_client.pl: 103146 bytes sent
job_client.pl: receiwving data
conms-daemon.pl: doimloading user data............
conms-daemon.pl: uncompressing. ..
conns-daemon.pl: untarring...
comms-daemon.pl: launching FESTREL_AMPL:LOQO driwer...
————————— Begin Standard output/error--------
Checking the AMPL files
Executing algorithm. ..
LOQ0 6.00: minlocfil
outlew=1
It's a QF.
ignoring integrality of 4260 wariables
1 1.400000e+01 Z.1e+02 -d.266000e+05 1.7e+03
Z 2.641369e+03 1.1le+01 -&.206215e+05 g.4e+01
3 Z.79654%e+03 5.6e-01 -3.07534le+05 3. 4e+00
B 1.702060e+03 5. 59e-02 -2.948373e+04 5. 5e-04
5 3.024584%7e+02 l.le-02 -3.871923e+03 1l.5e-02
& 3.705138e+01 1.2e-03 -2.158584%+02 9. 3e-07 oF
7 2.220345e+01 G.de-04 -1.070050e+01 4, 4e-08 oF
g 1.685978e+01 3.0e-04 2. 596295:e+00 1.5e-08 DF
Refresh Results Jump to Top I —
-
|2 [=B= |Dacument: Done S TEIN S o
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Using NEOS
Try a Solver: Kestrel Interface

Final result listing

Job Status NEOS - Netscape

File Edt “iew Go Communicator Help

- - . - -
: wt Bookmarks Jg Locatlon:Ihttp:f!www-neos.mcs.anI.g0va"neos!neos-cgla’check-pwd.cgl -
=

3 PV T
oo o o o ol o i o o i e o o o o e e o o o ol o o ;I

job_client.pl: alarm in 604500 seconds

job_client.pl: comnecting to hermitage.iems.nmni, edu: 4012
job_client.pl: comnected

job_client.pl: sending regquest

job_client.pl: 103146 bytes sent

job_client.pl: receiving data

comns-daemon.pl: dovmloading user data............
comns-daemon.pl: uncompressing. ..

comns-daemon.pl: untarring...

commns-daemon.pl: launching KESTREL_AMPL:LOQ0 driwver...
————————— Begin dtandard output/error--------

Checking the AMPL files

Executing algorithm...

Logo 6.00: minlocfil

outlew=1

It'z a QP.

ignoring integralitcy of 4260 wariables
1 1.400000e+01 Z.1le+02 —-d.266000e+05 1.7e+03
z Z.541369e+03 1.1e+01 -4, 20621 5e+05 G.4e+01
3 Z.79654%e+03 5.5e-01 -3.07534le+05 3.4e+00
4 1.7659060e+03 G.9%e-02 -Z.945373e+04 5. 5e-04
5 3. 02454%e+02 l.1le-02 -3.6719253e+03 1.5e-05
& 3.705138e+01 1.2e-03 -2.158584%=+02 9.3e-07 DF
7 2.220345e+01 G.de-04 -1.070050e+01 4. de-08 DF
g 1.685978e+01 3.0e-04 2.596295e4+00 1.5e-08 DF
a 1.534095e+01 1.de-04 9.491761le+00 4. 8e-09 DF
10 1.445050e+01 4. 4de-05 1.2584805e+01 9.2e-10 1 DF
11 1.405725e+01 Z.4de-06 1.333832e4+01 4.1le-10 1 DF
1z 1.400315e+01 1.de-07 1.396657e+01 Z.0e-11 3 FF DF
13 1.400016e+0L1 T.2e-08 1.399535e+01 1.0e-12 3 PF DF
14 1.400001e+0L1 J.6e-10 1.399992e+01 6.6e-14 5 PF DF
15 1.400000e+0L1 1.5e-11 1.400000e+01 4, 3e-14 7 PF DF
1la 1. 400000e+0L 9.1e-13 1.400000e+01 3.7e-14 g PF DF

Finished call

————————— End Standard outputiferror----------

comms-dasmon.pl: 117172001 19:28:0: returning job results

Refresh Results Jump to Top I LI
2

|=F [=B=| |Dacument: Done =l e S R w2
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NEOS Frequently Asked Questions

Who uses it?
% Where are its users from?

< How much is it used?

What kinds of solvers does it offer?

< Who supplies them?
< Which are most heavily used?
< Where are they hosted?

How is it supported?
< Who answers user questions?
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Who Uses NEOS? (a sample)

< We are using NEOS services for duty-scheduling for ground
handling activities in a regional airport environment.

+ We used NEOS to solve nonlinear optimization problems
associated with models of physical properties in chemistry.

+ Our company is working with various projects concerning
R&D of internal combustion engines for cars and brakes for
heavy vehicles.

+ We are working on bi-dimensional modeling of earth's
conductivity distribution.

< I am dealing with ultimate limit-state analyses of large dams by
means of a non-standard approach (“direct method”); this
requires solving problems of linear and non-linear
programming. The NEOS server is an extraordinary tool to
perform parametric tests on small models, in order to choose
the best suited solver.

< I have used NEOS with LOQO solver to optimize an
interpolator. ... My domain is digital receivers where the
receiver clock is not changed to match the transmitter clock.
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Who Uses NEOS? (more)

<+ I have been able to build and solve a prototype combinatorial
auction MIP model using AMPL and NEOS in a fraction of the
time it would have required me to do this had I needed to
requisition a solver and install it locally.

.0

< Our idea is trying to design antennas by using the computer.
... We have tried various solvers on NEOS to see if this is
possible at all.

< I am using the LOQO solver and code written in AMPL to
perform numerical optimization of a spinor Bose-Einstein
condensate.

+ We are using the NEOS Server for solving linear and nonlinear
complementarity problems in engineering mechanics and in
robotics.

< I have been working on a system for protein structure
prediction. ... I had need to incorporate a nonlinear solver to
handle packing of sidechain atoms in the protein.

. . . more at www-neos.mcs.anl.gov/neos/stories.html
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NEOS Users

Where are They From?

Standard domains

50000
45000
40000
35000
30000
25000
20000
15000
10000
5000 I
0
.net .edu .com 2oV .mil .0rg
(2010 through October)
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NEOS Users

Where are They From?

Country domains (< 40000)

40000

35000

30000

25000

20000

15000

10000

5000

it .co .de .es .uk .ca .at .pt .eg .br .se .no .nl

an fr .mx .cl .pl .za .ch .nz .tw .ec .th .hk .tr .jp .cz .au .rs

(2010 through October)
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NEOS Users

Where are They From?

Country domains (< 4000)

4000

3500

3000

2500

2000

1500

1000

500

.ca .at .pt .eg .br .se .no .nl

n

fr .mx .cl

.pl .za .ch .nz tw .ec .th .hk .tr .jp .cz .au .rs .gr .be .kr .ar

(2010 through October)
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NEOS Users

Where are They From?
Country domains (< 400)

400
350 -
-1
~JHH
JHUHH
HuHH
LLARRRRAEEND
th .hk .tr .jp .cz .au .rs .gr .be .kr .ar .us .ve .fi .ru .id .l .hu.eu .lb .sg .dz .ua .pe .ie .uy .sk .vn .gt .bo
(2010 through October)
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NEOS Users

How Much Do They Use It?
Monthly rates since 1999

50000

45000

40000

35000

30000

25000

20000

15000
10000
5000 I I
o | . . | | | | | | | | | |
> Qv S

20000/month ~ 25/hour
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NEOS Users

How Much Do They Use It?

Monthly rates for past year

50000

45000

40000

35000

30000

25000

20000

15000 -

10000

5000

0 -

O Q Q O Q Q O

S N N N N N N N

S F FEF W Y

N N
<

V‘\) ®
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What Solvers Does NEOS Offer?

For familiar problem types
< Linear programming
< Linear network optimization
< Linear integer programming
< Nonlinear programming
< Stochastic linear programming
< Complementarity problems

For emerging problem types
< Nondifferentiable optimization
+ Semi-infinite optimization
< Global optimization
< Nonlinear integer programming
< Semidefinite & 2nd-order cone programming

. . . virtually every published semidefinite programming code
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NEOS Solvers

Who Supplies Them?

Some commercial solver vendors
< Xpress-MP, MOSEK, FortMP (mixed integer)
< CONOPT, KNITRO, MOSEK (nonlinear)

Universities and their researchers
< BonsaiG (mixed integer)
<« DONLP2, LANCELOT, LOQO, MINOS, SNOPT (nonlinear)

Open-Source Enthusiasts
<+ GLPK, CBC, Bonmin (mixed integer)

with thanks to . . .
<« AMPL and GAMS developers
< Hans Mittelmann, Arizona State
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NEOS Solvers

Which are Most Heavily Used?
Solver submissions (< 50000)
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NEOS Solvers

Which are Most Heavily Used?

Solver submissions (< 5000)
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NEOS Solvers

Which are Most Heavily Used?

Solver submissions (< 500)
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NEOS Solvers

Where are They Hosted?

Varied workstations at
« Aachen University of Technology, Germany
+ Argonne National Laboratory
< Arizona State University
+ Lehigh University
< National Taiwan University
< Universidade do Minho, Portugal
< University of Wisconsin at Madison

. . . new hosts readily added anywhere on the Internet
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How is NEOS Supported?

Grants

+ National Science Foundation, Operations Research
Program, grant DMI-0322580

+ National Science Foundation, Information Technology
Research Program, grant CCR-0082807

< U.S. Department of Energy, Office of Advanced Scientific
Computing, Mathematical, Information, and

Computational Sciences Division subprogram, Contract W-
31-109-Eng-38

« National Science Foundation, Challenges in Computational
Science Program, grant CDA-9726385

Donations
+ Processor cycles

L)

» Many people’s time
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NEOS Support

Who Answers Users’ Questions?

Large mailing list for support questions
<+ NEOS developers

+ Solver developers

Support request buttons on every page

[s » W8 a z .
.. Comments and Questions

* . Bac¢kground:

] o

’_ ’_ ’_ | Internet

KN
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NEOS Limitations
Limited choices for MIP

< But now offers Gurobi solver

Limited input standardization
% Some AMPL, some GAMS
< Varied low-level formats

Limited support
< Maintenance
<+ Computing power

Limited funding model
% Grants?
< User fees?

. . . recent move may change things!
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To Learn More . ..

Websites

< WWW.DeoS-Server.org

Overview

< Elizabeth D. Dolan, Robert Fourer, Jorge J. Moré,
and Todd S. Munson, “Optimization on the NEOS

Server.” SIAM News 35:6 (July/August 2002) 4, 8-9.
www.sSiam.org/pdf/news/457 .pdf

Modeling system interfaces

< Elizabeth D. Dolan, Robert Fourer, Jean-Pierre Goux,
Todd S. Munson and Jason Sarich, “Kestrel: An
Interface from Optimization Modeling Systems to the
NEOS Server.” INFORMS Journal on Computing 20
(2008) 525-538. dx.doi.org/10.1287/ijoc.1080.0264
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COIN-OR WWW.COoin-or.org

Computational Infrastructure for Operations Research
+ Repository for open-source software for optimization
< Mission:
% Develop, manage & distribute
* OR software, models, and data so that

% OR professionals can benefit from
* peer-reviewed, archived, openly-disseminated software

< Strongest in optimization

Since 2000 . . .
< Origins at IBM
+ Transferred to nonprofit COIN-OR Foundation
<+ Hosted by INFORMS
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COIN-OR

# http://www.coin-or.org/
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COIN-OR Home

News

Projects

FAQs

Download/Use

Mailing Lists

Get Involved
Events

Related Resources

COIN-CR Foundation

Members

Corporate Members

Donate
Terms of Service

COIN-OR

COmputational INfrastructure for
Operations Research

- open source for the operations research community -

CELEBRATE!
"John Forrest-fest | COIN-OR 10th"

Come party with us
Sunday, November 7
2010 INFORMS Annual Meeting

The Computational Infrastructure for Operations Research (COIN-OR™*, or simply COIN) project is an initiative to spur the development of
open-source software for the operations research community.

Why open source? The Open Source Inifiative explains it well. When people can read, redistribute, and modify the source code, software
evalves Peaple improve it, people adapt it, people fix bugs. The results of apen-source development have been remarkable Community-
based eﬂor@s to develop software under open-source licenses have produced high-quality, high-performance code-—code on which much of

m,

& & Internet | Protected Made: On 5 v 0%

-
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Open-Source Software

Things to know
+ Free, but subject to licensing restrictions
< Licenses vary considerably
< Equally available to all user classes
+ Possibly owned (in part) by
* Co-authors
* Employer
% Granting Agencies
% Owner of the machines it was developed on

Examples
+ GNU Public License, GNU Library Public License
< Common Public License, Eclipse Public License
< Mozilla Public License
< Apache License

% BSD Licenses
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Open-Source Software at COIN-OR

Solvers
< Linear continuous & discrete
< Nonlinear continuous & discrete
< Semidefinite
< Stochastic
. . . source & binary

Infrastructures
< Developer tools
« Optimization utilities
+ Interfaces
+ Modeling systems and environments
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Open-Source Software at COIN-OR

E COIN-OR Projects - Windows Interet E:

@ l(/;l = ‘ # http://www.coin-or.org/projects/
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This page gives links to the web pages for all COIN-OR projects. An alphabetical list follows the

COIN-OR Home categorical list below. B
News R
Projects by category:
Projects
EAQs Developer tools
Download/Use . BuildTooI;: C_OIN-OR _Unix developer too_ls and docurr_lentatiorj, tools for m_anaging configuration
and compilation of various COIN-OR projects under Linux, Unix, and Cygwin

Mailing Lists « CoinBazaar: The COIN-OR Bazaar, small examples and extensions of COIN-OR projects

+ CoinBinary: COIN-OR Binary Distributions, pre-compiled binary distributions of COIN-OR projects
Get Involved » CoinWeb: COIN-OR Web Services, COIN-OR Web pages, Subversion, Trac, etc.

« Coopr: A COmmon Optimization Python Repository , the Coopr software project integrates a

Events variety of Python optimization-related packages. Coopr supports a diverse set of optimization
| capabilities that can be used formulate and analyze optimization applications.
Related Resources TestTools: TestTools, Python scripts to automatically download, configure, build, test, and install

I COIN-OR projects
COIN-OR Foundation

Graphs
Members

« CGC: COIN-OR Graph Classes, a collection of network representations and algorithms
« LEMON: Library of Efficient Models and Optimization in Networks, a C++ template library aimed
at combinatorial optimization tasks, especially those working with graphs and networks.

Corporate Members

Donate
Interfaces
Terms of Service « AIMMSlinks: AIMMS/COIN-OR Links, links between the modeling language AIMMS and solvers
that are hosted at COIN-OR
! » CoinMP: CoinMP, a lightweight APl and DLL for CLP, CBC, and CGL
o« GAMSIlinks: GAMS/COIN-OR Links. links between GAMS (General Alaebraic Modelina Svstem) 2

|[Done & @ Internet | Protected Mode: On G~ ®1B5% -
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