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In Table 17.1 we list sizes and attributes of representative models that are “large” in
the sense that they are near the limit of what is practical on a personal computer, along
with the model generation time (GAMS) and solution time (solver), both in minutes.
These examples were run on an 8 MHz AT with an 80287 coprocessor and 640K of RAM.
The times shown are to give you a rough idea of what is possible: these are not precisely
controlled benchmarks, and we have a host of performance improvements in mind for the
near future.

Table 17.1: Problem Characteristics

Number Number Number Generation Solution

Name of Rows  of Columns of Nonzeroes Time*® Time* lterations Solver
DINAMICO 318 425 4156 3.0 30.1 628 MINOS
SARF 532 542 3949 37.7 115.8 2775 MINOS
FERTD® 458 2968 7252 11.4 28.3 1368 ZOOM
CAMCGE“ 243 280 1356 0.8 7.0 189 MINOS
GANGES? 274 357 1405 1.8 7.3 187 MINOS
YEMCEM® 168 258 953 0.9 7.6 600 Z0O0OM
ECYPTY 281 618 3168 4.0 25.3 1551 ZOOM

“Measured in minutes.

EThe problem is too big for MINOS. ZOOM was used instead.

“A nonlinear problem. 63% of the non-zeroes are nonlinear.

A nonlinear problem. 58% of the non-zeroes are nonlinear.

“A mixed binary problem, with 55 binary variables (solved with a relative termination criterion of 10%).
/A linear problem, solved using XMP which is contained within ZOOM.

| A USER'S GUIDE

GAMS Users Guide (1988)
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Solver Technology

Productivity and Connectivity Tools

Interfacing GAMS with other Applications
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GAMS at a Glance

[ gamaide Dilswportienper

] =)s)

o] v =
% Istichai geh

TTCTE Create an exduple GO% T1Te Tor The

Fstitle data For sinple Tines, bars, pied
et VAP (R

parameter VearData&(yveEnrs), YearDutaBlyvear:
NenrDy

T (o ppart | chartdatag

wenr D chadrsin g

et e
[

i B O oo B

EtackData

104
103
0z

satie [EntneSymbol

it

[T v i Etem |ﬂ SiockDnta

== Job chartdst.pes Stert 0805/ 13:08:00
GAMES
Licansam: Franz \: ianan
ar
== Starting comiistion
i

--- Starting sxmcution
-—- chartdat. gra (1267 7 Mb
-~ Putfila f C:lsupport'testchart. pch
Status: Rormal complation
- Job chartdst.pes Stop 0570506 13:06:00 alapusd

v 141 Comright () 1847-2000 GAMS Davaloprant. a1l right [ 09
Z0i1me

p"'lu 10 GamiiData  Far 3 H Fiane Inefes (empty} L W Y ]r\_q
acalum : .
B, 4|Puims RN L = =~y = T | 1Y J%,'I[ =
Lo BlScaitaz  Far | 2 0 " | B TN
o 0 a Al
Pa- Soad)  Par | 3 A0 DELL s 3742 srzzmsan LI
0| 13 BcenmicOna Par | 2 136,00 el s
Ii bl IETE .60 =020 =60
Ao W | sy |
Saeit’ | U Eulea  Par | 3 2500
= i S W "
btpondly; Faii) o4 9 LN i 36742 sazasar Suriace
6 Voukat_|Pa i jn w i T
o ncioel; [ N 17 T T e
1YeuDatad  Far | 1 B R
SvewDust Par | 14| (L TR i
e
3auDaal  Far | 1 8 =l St | " Ordering: 1
[ |0 actren process P =] ng
chitda | K
05

03

D2
0
Q:00:01.432 i

01

Bummarny only & Updake

Cloes Cpmnlog | T

Ll

€2

52 55 58 512 5716520 524 528 532 536 540 345 49

General Algebraic Modeling System

* Roots: World Bank, 1976
« Went commercial in 1987
« GAMS Development Corp.
« GAMS Software GmbH

« Broad academic & commercial
user community and network
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' GAMS’ Fundamental concepts

Deployed models have often 15+ years lifecycle
— Changing environment (Hardware, OS, Interface)
— Improving solver technology

-> Different layers with separation of
— model and data
— model and solution methods
— model and operating system
— model and interface

> Interface> Data > Model > Solver > Interface>
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GAMS’ Fundamental concepts

- Models benefit from

— Advancing hardware

— Enhanced / new solver technology

— Improved / upcoming interfaces to other systems
- Backward compatibility

- Protection of user investments

> Interface> Data > Model > Solver > Interface>
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General Algebraic Modeling System

« Algebraic Modeling Language
« 25+ Integrated Solvers
* 10+ Supported MP classes
« 10+ Supported Platforms
« Connectivity- & Productivity Tools
- IDE
* Model Libraries
« GDX, Interfaces & Tools
« Grid Computing
« Benchmarking
« Compression & Encryption
« Deployment System
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LP MIP NLP MCP MPEC CNS DNLP MINLP QCP MIQCP Stoch. Global
ALPHAECP v v
BARCN 81 v v v v v v v v
EDMLP v v
COIN v v
CONOPT 3 v v v v v
CPLEX 11.0 v v v v
DECIS v v
DICOPT v v
ENITRO 5.1 v v v v
LINDOGLOBAL 50 v’ v v v v v v v
L0 v v v v v
MILES v
MINOS v v v v
MOSEE 5 v v v v v v
MPSGE
MENLP v v v v
NLFEC v v
OONLE v v v v v v
OSL V3 v v
OSLIE v v
PATH v v
SEB v v
SNOPT v v v v
A v v
HPRESS 1200 v v v

Contributed Plug&Play solvers

AWM Lwrrap v v v v v v v v v v v v
DE& v v
Festrel v v v v v v v v v v v v
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Solver/Platform availability - 22.7: May 1, 2008

*86 *B6_64 *86 86 64 SunSparc  Sun Sparc64  Sunlmel  HP 9000 DEC Alpha IBMRS-6000  Mac PowerPC  Mac Intel32  SGI

MS Windows  MS Windows Limux Linux  SOLARIS SOLARIS SOLARIS pgpux11!  Digital Unix 4.0 ATX 43 Darwin Darwin Rz
ALPHAECE v v v v v v v v v v v
BARON 2.1 v I2hit v Dbt v
BOMLF v v v v v v v v v v v v v
COIN v v v v v v v
CONCPT 3 v v v v v v v v v v v v v
CPLEX 110 v v v v v v v 100 g1 v v a1
DECIS v v v v v 2hit v v v v v
DICCPT v v v v v v v v v v v v v
EMP v v v v v v v v v v v v v
KNITRO 5.1 v I2hit v v v I2hit v v
LINDOGLOBAL 5.0 v v v v v v v v
L0 v v v v v v v v v v v v
LOGMIP v v v v
MILES v v v v v v v v v v v v v
MINCE v v v v v v v v v v v v v
MOSEK 5 v v v v v v v 32 v v
MPSGE v v v v v v v v v v v v v
LSHLE v v v v v 2hit v v v
NLPEC v v v v v v v v v v v v v
OQNLP v J2hit v 3ohit
0sL V3 v J2hit v 3ohit v J2hit V2 v V2
OSLSE v I2hit v 33bit v I2hit v
PATH v v v v v v v v v v v v v
BB v v v v v v v v v v v v v
SNOPT v v v v v v v v v v v v
W v 2hit v v v 2hit v v v
WPRESS 1500 v zhit v ihit v 2hit 16.10 v
U3 AMS distribution for HE 9000/HP-UX is 22.1.
DIAMS distribution for 30T IRTK is 223,

Contributed Plug&Play solvers

AMPLwrrap v v v v v v v v v v
DE& v v v v v v v v
Kestrel v I2hit v 33bit v

10



Downloads by Platform
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GAMS 22.5

GAMS 22.6

~525 downloads/week ~590 downloads/week
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11 ~590 downloads a week
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System Overview

Interactive APl / Batch

Productivity Tools

* Integrated Development
Environment

* Integrated Data Browser and

Connectivity Tools
* Uniform Data Exchange:

Scenario Reduction
MPSGE for general equilibrium

) ASCll Charting Engine
) )(?LDSX g(OMDL?C SaL, *  Model Libraries
’ * Benchmarking and Deployment
* Model Debugger and Profiler
+ GDXTools «  Transparent and reproducible
Quality Assurance and Testing
«  Component Libraries with . System
Interf%ces to C,C++,C# GAMS Language Compiler »  Data and Model Encryption
Delphi,Fortran,Java,VB,... and Execution System - Grid Computing

» Ext. programs

modeling
. EXCEL
. MATLAB
. GNUPLOQOT, ... ALPHAECP, BARON, COIN,
CONOPT, CPLEX, DECIS, DICOPT,
«  CONVERT KNITRO, LGO, LINDO, MINOS,

MOSEK, OQNLP, PATH, SNOPT, XA,
XPRESS, ...

12
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Improvements on all Frontiers

— Solver Technology
« Updates for existing solvers
* New solvers

— Productivity Tools
* |IDE improvements
« Documentation and Wikis

— Connectivity Tools
« Gams Data eXchange and GDX Tools
« Component Libraries/APls



GAMS — An Introduction

Productivity and Connectivity Tools

Interfacing GAMS with other Applications

14
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Updates

Solver

Continuous updates of existing solvers

— BARON 8.1

— Goin-OR Solvers
« CoinCBC 2.1
« CoinGLPK 4.22
« Coinlpopt 3.3
« CoinBonmin 0.99
— CPLEX 11.1
— LINDOGLOBAL 5.0
— MOSEK 5.0

— XPRESS 18.0
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New Solvers

Continuous addition of new solvers, e.g.

. ComSClp http://scip.zib.de/
LP/MIP solver developed at Zuse Institute Berlin (ZIB)
— Branch-and-cut framework
— Supports GAMS/BCH facility to allow additional control of the
solution process
— free for academic users

* |In-core communication solvers
— Bdmlpd, Conoptd, Cplexd, ...

» (Experimental) Extended Mathematical Programming
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Improved Global Optimizers in GAMS

 Practical optimization problems are often nonlinear and
non-convex, with discrete variables

« They may contain disconnected feasible regions with
multiple local optima

A psin
sl =

B ity g
2N, R e
. '\‘A‘. .;s;:l;' "“":‘”,"/
W el
) o p4
/
-4

—> Find the best of all local optima

-4
—_—

- BARON

. LINDOGLOBAL | Proven global optimum

* LGO __ Stochastic convergence
« OQNLP/MSNLP | to global optimum




' Globa Benchmark Summary

Performnance Profile
80
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1 250 models
MINLPs from MINLIB

 timelimit: 600 sec

78

« gap tol.: 0%

Percent 0Of Hodels Solwed

* Lindoglobal 5.0.1

LINDOGLOBAL —— | BaI‘On 7.8.1

BARON ——
CAN_SOLYE —#—

38

1
1 18 188 1888

Tine Factor

18
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' Coin-R

An initiative to spur the development of
open-source software for the OR community

http://www.coin-or.org/

A repository of currently ~30 open-source projects
— Solvers
— Interfaces
— Tools

* An active OR community
— Mailing lists
— Google group
—  Wikis

OR



The Com OR / GAMSLmks Prolect

https://projects.coin-or.org/GAMSIinks
Stefan Vigerske (Humboldt-University Berlin) OR

Goals

» easy access to COIN-OR solvers via GAMS

» broadening the audience of COIN-OR

» broadening the audience of GAMS

* help developers to connect their solvers to GAMS

 provide access to GAMS benchmarking and quality
assurance tools

20
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The Com OR / GAMSLmks Prolect

GAMS interfaces to open-source Solvers

« COIN-OR Linear Programming (CLP)
and Branch and Cut (CBC)

— state of the art LP and MIP solver from J. Forrest

« Gnu Linear Programming Kit (GLPK)
— LP and MIP solver from A. Makhorin

* Interior Point Optimizer (IPOPT)

— large scale NLP solver from A. Wachter

OR



The Com OR /| GAMSLIinks Prolect

GAMS interfaces to open-source Solvers

» Basic Open-source Nonlinear Mixed Integer OR
programming (BONMIN)

— Branch and Cut based MINLP solver from
P. Bonami et.al.

« Lagrangian Global Optimizer (LaGO)
— Convexification and Branch and Cut based MINLP solver
from I. Nowak and S. Vigerske

« Solving Constraint Integer Programs (SCIP)
— LP/MIP solver developed at Zuse Institute Berlin (ZIB)

22



Available on

« Linux (32- and 64-bit x86-CPUs) OR
* MacOS Darwin (PowerPC-based G4/G5)

« Solaris (64-bit x86-CPUs)

« Windows (32-bit and 64-bit x86-CPUs)

Corresponding GAMS Systems distribute free coin solvers
« Coinlpopt

CoinBonmin

CoinCbc

CoinGilpk

CoinScip (academic only)

23
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Percent 0Of Hodels Solved
& =

8

B

CPLEX —+—

CBC —— 7

GLPK —#—
CAN_SOLYE —H&—

P | 1 1 1 1 L 1 P | 1 1
18 . 188 1060
Tine Factor

125 models:
MIPs from LINLib

timelimit: 1 hour
gap tol.: 0.01%
CELEX 1 7§
CBC (Aug. '07)
GLPK 4.20



rcent Of Hodels Solwved

BARON —+—
LaG0 ——
BOMHIN —#—

CAN_SOLYE —H&—

149 models ,
MINLPLib MINLPs
with < 1000 var.

timelimit: 1 hour
gap tol.: 1%
BARON 7.8.1
LaGO (Aug. '07)
BONMIN (Aug. '07)
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‘The Coin-OR / GAMSLinks

4000

12.32%
3000

2000

1000+

Time in seconds

0

11.2%

8.4%

1.26% 1.00x

not solved 68%

/4% 63%

21% 16% 13%

Project

Symphony 5.1.6
M Lpsolve 5.5
B GLPK 4.26
W CBC 2.0
B SCIP 1.00 - SoPlex 1.3.2
B SCIP 1.00 - CLP 1.6

Performance Benchmark of MIP codes free for academic use by H. Mittelmann. Solution times are geometric means
where unsolved instances were assigned a 2 hours solution time (time limit). Details at scip.zib.de

GAMS QA and testing supports
maturing of COIN-OR solvers!

Coin-OR solvers enable GAMS
to offer dependable free solvers!
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GAMS — An Introduction

Solver Technology

Interfacing GAMS with other Applications
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Integrated Development

Environment
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Project management

Integrated Development Environment

Editor / Syntax coloring / Spell checking

Launching and monitoring of (multiple) GAMS processes

Listing file / Tree view / Syntax-error navigation
Solver selection / Option selection

GDX viewer
— Data cube

— Data export (e.g. to MS Excel)

— Charting facilities
Documentation
Model libraries




* Distributed Documentation
— GAMS Users Guide
— Expanded GAMS Users Guide (McCarl)
— Solver Manuals
— GAMS Utility Manuals

 Wikis
— Support Wiki  http://support.gams-software.com
— Interfaces Wiki htitp://interfaces.gams-software.com

30
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Distriuted Model Libraries

. GAMS Model Library

— Example and user-contributed
models

Very often used as templates
Tests for

iaAMS Model Library

2AMS Test Library

aAMS Daka Ukilities Models

Practical Financial Cptimization Models

e Solver robustness and correctness

« Backward compatibility

« GAMS Test Library

— Transparent and reproducible Quality Assurance Tests

Tests for

« Solver correctness
« Special functions
« GAMS utilities



g

' Distributed Model Libraries

+ GAMS Data Utilities Library [TEEIEEEN Her
— Demonstration of the various GAMS Model Library
utilities interfacing GAMS with GAMS Test Library
other app”cations i3AMS Datka Ukilities Models
— e.g. GDX utilities Practical Financial Optimization Models

* Practical Financial Optimization Models
Models of the forthcoming book

“PRACTICAL FINANCIAL OPTIMIZATION —

PRACTICAL

FINANGIAL A Library of GAMS Models”
2oy

by Consiglio, Nielsen and Zenios

e

32
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The Worlds

CONE
GLOBAL
MINLP
MPEC
MPSGE
Performance
Translation

Search

Contact

GAMS World

Maintained libraries of established and varied set
of both theoretical and practical test models:

« CONELib

« GLOBALLIib
* LinLib

« MINLPLIib

« MPECLIib

« MPSGELIb
* PrincetonLib
« XPRESSLIib
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G

ams Data eXchange

Binary Data Exchange

» Fast exchange of data

» Syntactical check on data before

model starts

« Data Exchange at any stage (Compile

and Run-time

» Platform Independent
. Rlig?ct GDX interfaces and general

» Scenario Management Support
» Full Support of Batch Runs

GDX Tools

Invert |DE GDX Viewer

LN

GAMS +—_

GDX2XLS <

GDXxrw /'

MDB2GMS

GDXrank

HAR2GDX

T GDXmerge
\

\ GDXdump

GDXdiff

4 GDX2HAR /

GDXcopy




GAMS in Control

Direct GDX Direct GDX
Interface Interface

‘ External Databas;] External Database GUIs

. Import Export
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Application in Control

GDX API

v

GDX API

|

GDX
Container

GAMS
(Executable / DLL)

|

Creating

Input

Call GAMS

GDX
Container

Reading
Solution
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Calllng GAMS from an Appllcatlon

Works from basically every environment

— MS Office Application / VBA
— Programming languages:
 C,C++,C#
 Delpnhi
- Java
VB.NET
Fortran
— Web application (server side)
— ERP Systems: Oracle, SAP
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Interfacing with GIS Applications
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Interfacing with MATLAB

cantimelers

Figure 1: US dollar short rate scenarios

Scenarios from tree
T T 15

Years

25 5
canlimalars

Dollar Short

Dollar Long

Figure 2: Short vs. long rates

Correlations for Dollar Short and Dollar Long

1999
2000
2001
2002

Dollar Short

centimeters
L ]
th

25
centimeters

on
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Interfacing with GNUPLOT

Investment Asset Balances with Borrowing
Lifzcyele Consumption-Savings Madel

Ramsey Growth Model
T 100 T T

100

200

300

400

S0

A0

700

0.8 L L L L

2010 2020 2030 2040 2050 .
Investment

I'an Plot of Output Distribution Capital Tax Impacts with Structural Uncertainty
Ramsey Growth Model a5 9

A

40 . 0 ; . : .

2od poieli] i T4l
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Cadet Schedules with Constraint Yiolations, AYT 2001-1

—Header Information

Select Constraint Type: |3 FREE HOUR COMSTRAIMNT

Unbalanced Schedule Violations:

j Free Hour Violations:

j Design Group Yiolations:

—Cadets With Schedule VYiolations

FREE HOUR CONSTRAINT

arme

BROWN, JAMEY &.

1= Details
B __ Detits |
EM3E24 BLINTING, BRIAM k. 2002 [ :
Efd301 A CHOMOSH], DAYID P, 2002 [
EM302 COOPER, GRAIGW. 2002 -
Ema01a CULLUMBER, CRAIG M. 2002 I_
EM3G2A DOMMELL, TYLER R. 2002 [
Efd 3624 EDGAR, BEMJAMIN T. 2002 |l |
Cadets: 43
FOS1] civil Engineering Major [ FOSZ:
Eng Seql VL ERMGINEERING
Activity
Coders); e (3) 1Day TOPA2 414 CQOFAL 2 EO9 {31 2 Day
Hour | Caurse Yiolatian Ovartide Hour | Course Violatian Override Schedule
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Distributed APls

« Component Libraries
— GAMS
— GDX

— Option

 Interfaces for
— C, C++, C#
— Delphi
— Fortran
— Java
— VBA, VB.Net

N Examples/Documentation
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GAMS — An Introduction

Solver Technology

Productivity and Connectivity Tools
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‘Sample GAMS Applications

Integrated Model of the US Electricity, Coal and
Emission Markets
- GAMS model is in control

Hotdip Galvanizing Scheduling Model
—> Application is in control



T TEEERE s TR

Integrated US Energy Model

Coal Class Costs and Supply, Coal, Gas, Oil and Other Air Pollutants
Coal Transportation Costs Power Plants and Units

o

L]

= Clean-up Equipments,
g Coal Class Expansion Unit Expansion ® | Combinations, Efficiencies
» “ © “ E and Costs

[ = =

) : @ | Electricity Transmission =W i

.E Coal Usage Penalties i Costs and Capacities E Emission Limits

i o @

g Gas Cost and Supply, 2 Electricity Demand E Allowance Pools

Q Gas Basis Differential w and Reserve Margin 1T} and Trading Rules

Y
P| Least Cost Optimization |«

Greenmont

46



47

s P, Y
i i

Varyig Size of the Problem

3,500,000 Constraints

40 min

7,500,000 Variables

900,000

1,400,000

5,000,000

1.3GB

6 GB

26,000,000 Non-zero Entries

13 hours




GDX
Container

R

GDX GDX
Container Container

{ GDX Container

-

[ GDX Container }
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Given

Set of jobs

Gas usage for reheating job i after job j is completed
Set of jobs not allowed to follow each other

Gas costs

« Wanted.:

— Schedule minimizing

total gas costs

\\\\\\
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Hot-dip Galvanizing Scheduling Problem

 Can be formulated as a TSP like Model

 Need of subtour elimination constraints

Fi‘f Nl T/
T T V}/\(

 Single ‘Brute force’ model cannot be solved

 Algorithmic Approach using dynamic cuts
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'GAMS Beta 22.8

GAMS Beta Distribution 22.8 is available for download

http://beta.gams-software.com

New Solver Libraries, e.g.
- CPLEX 11.1
- Coin-OR Solvers
Experimental Solvers offering in-core communication
Two new Model Libraries
New utilities (gdx2xls, invert, xlstalk)
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: Contacting GAMS

Europe USA

GAMS Software GmbH GAMS Development Corp.
Eupener Str. 135-137 1217 Potomac Street, NW
50933 Cologne Washington, DC 20007
Germany USA

Phone: +49 221 949 9170 Phone: +1 202 342 0180
Fax: +49 221 949 9171 Fax: +1 202 342 0181
http://www.gams.de http://www.gams.com
info@gams.de sales@gams.com
support@gams-software.com support@gams.com
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