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GAMS Overview

Started as a Research Project at the World
Bank 1976

GAMS went commercial in 1987

Opened European Office in Cologne,
Germany 1996

10,000s of users 1n over 100 countries

Unique position between the academic and
commercial world



Basic Principles

Separation of model and solution methods

Model types
— LP, MIP, NLP, MINLP, MCP, MPEC
— Stochastic Programming, MPSGE

Multiple solvers
Computing platform independence



EDMLFP

CONOPT

CPLEX
DECIS
DICOPT
MILES
MINOS
MPSGE
OSL
OSLSE
PATH
SER
SNOPT

XPRESS

Supported Solvers

LP solver that comes with any GAMNS system

Large scale WLP solwver from ABET Consulting and Development

High-performance LE/MIP solver from Hog

Large scale stochastic programming solver from Stanford Tmversity

Framewortk for solvng MINLE models. Meeds both an MNLP sclver and a MMIP solver. From Carnegle Iv
WCP solver from University of Colorado at Boulder that comes with any GAMYS systemn

HLE solver from Stanford University

Iodeling Envirotmment for CGE models from University of Colorado at Boulder

High petrformance LE/IIP solver from IBIM

2%:L Stochastic Extenston for solnng stochastic models

Large scale MCP solver from Umversity of Wisconsin at WMadison

Branch-and-BEound algorithm from AREI Consulting and Development for solving MINLE models, requ
Large scale SQP based MLP solver from Stanford University

Large scale LP/MWIE system from Sunset Software

High performance LE/IIP solver from Dash



Beta Solvers

Beta Solvers

BARON Branch-And-Eeduce Optimization MNawigator for proven global solutions from The Optirmzation Firm
CONVERT Frame work for translating models into scalar models of other languages

Liz0 Lipschitz global optinizer from Pinter Consulting Services

MOSEE Large scale LE/WIF plus conic and convex non-hinear programmng systemn from EK A Consulting
NLPEC MPEC to MLE translator that uses other GAMWS IMLP solvers

DONLP Llulti-start method for global optimization from Optimal Methods Inc.

PATHNLP Large scale MLFE solver for convex problems from University of Wisconsin at IMadison

Coniributed Plug&Play Solvers

AMPLwrap Framework for using AWEL solver for GAWS models
DEA Large scale Data Envelop Analysis Solver from Umiversity of Wisconsm at Madison
Kestrel Framewortk for using remote NEOS solvers with a local GAMS system

) Pwrap uadratic programming in GAMNS



Supported Platforms

SolverPlatform availahility - 20.7  June 14, 2002
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GAMS/GLOBAL Solvers

The solvers differ in the methods they use, in whether
they find globally optimal solution with proven
optimality, and in the size of models they can handle,
and 1n the format of models they accept.

« BARON. Branch-and-Reduce algorithm from N.Sahinidis,
University of Illinois Urbana-Champaign

« LGO. Lipschitz Global Optimization from Pinter
Consulting Services, Canada

 OQNLP. OptQuest/NLP algorithms by OptTek Systems
and Optimal Methods



GAMS/OQNLP

GAMS Models
NLP, DNLP, MINLP

Model input l I Reliable Solutions

OQNLP
|
Evaluatij)n/ Starting Foints \Solution

OptQuest Local NLP
Scatter Search Solver




Local Optimization Today

e Nonlinear modeling available in GAMS from the
very beginning

« Variety of local solvers

— NLP: MINOS, CONOPT, SNOPT, LSGRG,PATHNLP
— MINLP: DICOPT, SBB

implementing different methods (SLP, SQP,
GRG, B&B, outer approximation...) improve
reliability of nonlinear modeling

 Initial point is crucial for success
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Global Codes and GAMS

* Global codes provide
— Independence of starting point
— Global/improved solutions
— Bounds for solution quality
* (Almost) seamless exchange of local solvers with
glObal solvers: Option nlp=ogqnlp;
e Minimize risk of new technology for customers
— Multiple Global Codes
— Fallback to Local Solvers
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Open Issues for Global Codes

Termination criteria
— When to stop a multi-start method?

Problem modification

— Global solvers require bounding box
Limited algebra

— E.g. External functions (black box)

Solution quality metrics
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Research v.Commercial Codes

Run 1n “expert mode” tuned by the
developer for a particular problem

User wants to solve his business problem
and wants to treat the solver as a black box

Solver has to work decently 1n all cases

Even 1f the algorithm fails, the solver has to
be “fail-safe”
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QA Tests for Reducing Risk

* Replication of quality assurance results
critical factor for establishing a new solver
technology in the commercial world

* Non-reproducible tests damage the
reputation of a solver

* Requirement: low cost replication of such
results by an independent auditor
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Effective Testing

Test cases

— Widely available collection of standardized test
instances

Solution Verification - GAMS/Examiner

Data collection tools
— Automatic collection of solution and statistics

— Capture test environment setting (hardware, software)

Data analysis tools

— Standard quality and performance measurements
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Test Cases

e C(lassification
— Toy models
— Academic Application Models
— Commercial Application Models (difficult to collect)

. Growmg GAMS Model Collections

GAMS Model library http://www.gams.com/modlib/modlib.htm, with
about 250 models from over 18 application areas

— GLOBALLI1b http:/www.gamsworld.org/global/globallib.htm, with
about 250 scalar NLP models

—  MINLPLIib http://www.gamsworld.org/minlp/minlplib.htm, with about
180 scalar MINLP models

—  MPECLIb http://www.gamsworld.org/mpec/mpeclib.htm, which

produces over 10,000 NLP models
16



GAMS

GAMS World Home Page

GAMS World

The Worlds Welcome to the GAMS World
GLOBAL

MINLP This iz the home page of the GATS World, a web site atming to bridge the gap between academia and industry by providing highly
MPEC focused forums and dissermnation serwices in specialized areas of mathematical prograrmming,.

MPSGE substanbial progress was made m the 1980z and 1990g wath the development of algebra based modeling systems, algornthms, and
Performance computer codes to solve large and complex mathematical programs. The application of these tools, however, was less than
Translation egpected. The abstraction, gxpressign, and translation of real world problgms e reﬁable .ann::.l eﬂ"ec:tiv.e operational .systems requires
highly speciaized and domains specific knowledge. The process of acquisiion and dissemination of this knowledge 15 complex and
Search poctly understood and the number of "good modelers” iz much less than we all hoped for. Similatly, the process of transforming a
new algotithm into a reliable and effective solution system i a slow and expensive process and there are few "good implementers".
This web site hopes to address some of these problems by helping with the collection and dissemination of domain specific
wformation and knowledge that 15 outside the established channels becausze of tts content or form.

Contact

For example, model structures and results get published in commercial and academic papers but it 1z virtually impossible to
reproduce any of those results or lft model components and data from one study to be used in sotme other study. Algorithim
imnplementers face a similar diletnma when trying to get their hands on real world data models and data to test and refine their
systems. This web site offers a few, well focused and maintained services to help with the dissemination of problems and solutions.

GANS World 15 featured by GATS Development Corp. and GAWS Software GmbH
17




MINLP Lib

Address [ €] http:  fwew . gamsworld. org/minlp/minlplibfminlpst at. bt j oEn |Lil'|k5 2

[ MIMLF World Home | Board | Solvers | MIINLFPLib | Links | MIMNLP-List | Search | Contact |

BestInt at Point

Y

dstufen 99 150 43 319 ai 11632577000 el

alan 4 o 4 24 ] 2.9250 pl

batch 74 47 24 191 a2 285506 5000 pl

batchdes 20 20 9 a3 10 167427 77000 el

beuster 115 158 o2 398 159 1163480000 el

cecil 13 899 841 162 2812 360 -115570.3000 pl

contvar 285 297 a7 1281 5=0 a0914% 2000 el

csched] 23 77 63 174 8 -30639 2600 pl

cecheds 1386 401 308 958 S8 -166102.0000 el

dek10 130 183 11 692 432 209 4278 pl

debé 508 476 20 2342 1432 20177393 1

Aetk7? =98 214 10N 41164 2R1A 116 5246 ol LI
&) |_|_|_|ﬂ Internet 4
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Global Lib

Address [ €] http:f fwww. gamsworld. org/glabaliglobalibfex?_3_6.htm j oEn |Lil'|k5 2

Y

.- A [ GLOBAL World Home | Board | Solvers | GLOBATLib | Links | GLOBAL-List | Search | Contact]

ex7 3 6.gms:
References:

o Floudaz, T A, Pardalos, P M, Adyitnan, C 5, Espostto, W B, Gumus, £ H, Harding, 5 T, Elepeis, T L, Meyer, C A, and
schweiger, C A, Handboolk of Test Problems in Local and Global Optitrization. Kluwer Academic Publishers, 1999

s Barmish, B E, MNew Tools for Eobustness of Linear Svatems. Machillan Publishing Company, New York, MY, 1994,

o Abate, M, Barmish, B, Murillo-Sanchez, C, and Tempo, B, Application of Some MNew Tools to Eobust Stabiity Analysis of Spark
Ienition Engines - & Case Study. IEEE Trans. Contr. Syst. Tech 2 {19943, 22,

» Ongnal source: Global Model of Chapter 7 ex7 3.6 gms from Floudas e.a. Test Problems

Point: 11
Best known point: 1 with value 0.0000

€] L[| 4 mtermet

a (B
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GAMS

MPEC Lib

Address @ hikkps f fwaie, garmsworld, org/mpecimpeclibfcredits, bkm

| @0 ks »
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mavard, 3 cavelsbersh, MW P mcholtes, = oohwelger, O A sheral, HD

moyster, A L Tin-Lot, F Townsley, B Trick, MM A

TWesterbers, AW Wichmann, = J Zowe, ]

o]

o
o]
o]

Credit Lisi:

Adjiman, C §:

o Floudaz, T A, Pardalos, P M, Adjitnan, © 5, Espostto, W E, Gumus, 2 H, Harding, 5 T, Elepeis, T L, Meyer, C A, and
schweiger, C A, Handbook of Test Problems i Local and Global Optiruzation. Kluwer Academic Publishers, 1999

s Miodels:

ex? 1 1m

ex? 1 Zm

ex? 1 5m

ex? 1 dm

| KN

l_ l_ l_ /4 Internet
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Data Collection Tools

 Status/performance/exception information

 GAMS Trace facility automatically collects
— Model statistics
— Non-default input options
— Solver and solution statistics

— Execution environment information

 Version control of solvers
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Data Analysis Tools

 Integral part of the quality assurance
process at GAMS

* Processing of trace results
— Build-1n tools for status information
— Custom GAMS programs
— Performance World Tools

e Performance measurements

 Graphical/tabular representations
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GAMS

Editorial Board

Performancelib

Performance Tools

Performance List

Related Links

Search

Contact

Performance World

Performance World

Welcome to the Performance World!

Performance World 15 a forum for discussion and dissemmnation of mformation and tools about all aspects of performance testing
of mathematical programmung problems. This world has been established i response to user demands for mdependent and
reproducible performance results.

Owerall performance highly depends on problem formulation, solver, and tuning parameters. Our performance tools are designed
to serve the different needs of our user community. One user may be mterested in finding the most reliable way to solve a
proprietary or classified model. On the other hand, an acadermic researcher may be mterested in testing a new algonthm aganst a
set of existing test problems and competing approaches. The main features are:

o TUniform access to a comprehensive set of established and new test problems
s Automation tools for collecting performance measurements
+ Tools for analyzing and wsualizing test results

Whai's New:

o Try our online PAVEE Server for automated performance analysiz and batch file creation
+ Mew tools for analvane non-convex or discrete models

o MIMNLE type models from the MINLE "World have been added to the Performancelib A tutorial (August, 2002)
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Open Testing Architecture

* Test models
— Open source GAMS models
— Automatic translation into different formats, e.g. AMPL
— Web/Email interface for this translation service

* Trace facility API

— 1mport/export of trace files (solution info, CSV format)
e Analysis tools

— open source GAMS programs

— Web interface for PAVER (Performance Analysis and
Visualization for Effortless Reproducibility)
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Translation Services

[ GAMS World Home | GMIS2XX Translator | Search | Contact |

Instructions

In order to use the GRIS233 translation service which 15 based on the "solver" GAMS/CONVEERT you have to attach your
maodel to an email and send it to our translation server at gmaZm@eamsworld ore. Tou specify the language in the subiject
line, for example

Zubject: GAMS
At the moment we suppott the following Jangrages:

o AMPL
« BARON
o CpleslP
. CpleshdPS
o CAMS

. LGO

. LINGO

« MINOPT

o ATL (this creates scalar versions of all supported languages, listed abowve) 75



Performance Tools

Dovwnload Performance tools:

Download the Performance Tools and sample data.

s Ptools zip

Includes the following tools:

s pprocess.oms - petforms all petformance tools on a given set of trace files and combines output i a summary
HIML page.

pprofile gms - petformance profile routine tor solver comparisons

plotprof oms - performance profile plothng routine using Gruplotoy (Windows only)

restime. ons - Eesource titne cotparison utility

schulz ons - termmation routne to ensure solvers terrmimate at resource tine limit

square.ons - solver outcome cotnparison utility

Also mcludes the followang sample data files, where solvers have been renamed to genenc &, B, C to hide proprietary
data;

26



PAVER Web Submission

[ Performance World Home | Board | Tools | Performancelib | Links | Performance-
List| Search | Contact ]

PAVER - Performance Analysis Web Submission Tool

Email Address (required): |SDirkse@gams.cum

Submit trace file: Rename solver:
Trace 1 {required) |COMOPT.TXT Browse... ||
Trace 2 {required) [MINOS T>T Browse... ||
Trace 3 |SNOPT TxT Browse.. ||
Trace 4 |OQNLPCONOPT. TXT Browse.. |[OQNLF/CONOPT
Trace 5 |OQNLPMINOS TXT Browse.. |[OQNLPMINOS
Trace & |OQNLPSNOPT TXT Browse.. |[OQNLP/SNOPT]

Trace 7 | Browse... “
Trace 8 | Erowse. .. “

Submit Trace Files Clear Form |

27



GAMS

i Open Testing Architecture

“Solve”
Web
CONVERT/
I
GMSOXX mpoﬂ/ExFort
| GAMS
Or Web
GAMS | GAMS *GAMS. Trace< rwe
Models Solve Facility GAMS
System . |GAMS Trace

Analysis




Example

* 99 instances of NLP models from Floudas, C A,
Pardalos, P M, Adjiman, C S, Esposito, W R,
Gumus, Z H, Harding, S T, Klepeis, J L, Meyer, C
A, and Schweiger, C A, Handbook of Test
Problems in Local and Global Optimization.
Kluwer Academic Publishers, 1999

* Run all GAMS local NLP solvers and OQNLP in
default mode.

e Compare Performance using PAVER.
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Performance Profile - Local Solvers with and without OQNLP

OQNLP/CONOPT
OQNLP/MINOS
—— OQNLP/SNOPT
— ALL/OQNLP
CONOPT
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— SNOPT

— -ALL/LOCAL

Cut Factor




Conclusions

Framework for reliability and performance testing of
(global) optimization codes.

Open architecture for using this framework with
models, modeling languages and solvers that are not
necessarily connected with GAMS.

Commitment to quality assurance 1n the
optimization world (critical for success in the
commercial environment).

Presentation with all examples (will be) available at
http://www.gams.com/presentations
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