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* Roots: Research 6project
World Bank, 197

e Pioneer in _
Algebraic Modeling Systems

« Went commercial in 1987

« GAMS Develolgment Corp.
(Washington, D.C)

e GAMS Software GmbH
(Cologne)

Used for economic modeling

Professional software tool
provider, not a consulting
company

Operating in a segmented
niche market

Broad academic & commercial
user base and network
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Typical Application Areas *

=4

e Agricultural Economics

« Chemical Engineering
 Econometrics
 Environmental Economics
 Finance

* International Trade
 Macro Economics
 Management Science/OR
* Micro Economics

Applied General Equilibrium
Economic Development
Energy

Engineering

Forestry

Logistics

Military

Mathematics

Physics

* [llustrative examples in the GAMS Model Library
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Companies with wide experience in GAMS modeling

a Details at: http://www.gams.com/specialists/
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Downloads

Total Downloads of Distribution 22.5 since 2007-06-01: 2097

Sorted by Platform:

1 AIX
4 AXU
46 Darwin
35 Linux64
94 Linux32
12 Solaris (x86)
10 Solaris (Sparc)
1671 Windows32
224 Windows64

~ 500 downloads
per Week



Algebraic Modeling Languages

High-level programming languages for large scale mathematical
optimization problems

« Algebraic formulation

§ Syntax similar to mathematical notation

§ Does not contain any hints how to process it
Do not solve optimization problems directly, but call appropriate
external algorithms (solvers)

¢

Goals
Support of decision making process
Efficient handling of mathematical optimization problems
Simplify model building and solution process
Increase productivity and support maintainable models
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GAMS at a Glance

[ gamside: D:\support\eva.gpr g [=] 3}
File Edit Search windows Utlites Help
EEEEE EREE - i
3 p:\support\d [E5m:\support\testchart.gc N ] =
chartdat.gms  chartdata.gds | testchartgch testchart gch
Stitle Create an example GDX file for the =
1 I . rv—.f/@g 3D|.§.
Ncreate gir File for charting demcy
1 StockData
'"s 104 & | —IBM
Sititle data for single Tines bars. piel 10, A A/\ o
S ' ¥ HP
s years / yl998+y2005 /9 A /\l\ / \ ’J
parameter YearDataA(years), YearDataB(year:| 1po A r —8UN
L0 surortichrt == J/\ b AN
[[chartdstn o ;
V(A Y RN
i 4
Seeit [Entry[Symbol — [Type[Dim|Nr Elem |ﬂ StockData A . L T
set
param 10 GanttData  Par | 3 14 Plane Index (smpty) ‘
scala
Qopo, | SPoms a2 20 foTEy Tuo[3e42 5472285617 ﬂ / YA Y
Lo 8/ScatterZD  Par | 2 40 = 0 \Vf 1 'V{\/
po- |  9ScalteSD  [Par | 2 60 DELL|x0|38742 5472285417 ‘\,J
;_: 13| ScenarioData Par 2 136,000 0 100 T T T - T
’ o Y 36.780 36,600 36.620 36.840
1 2[StockD 8
P o e ol
sstit’| 11 Surfacs Par 2 2500
set 0 100
SVector?D _ |Par | 2 8 SUN [x0| 38742 5472285417 Surace
6Vector2Db  Par 2 80 30 00
oo | et Par 2 T olEm [xo| 3743 5472285417 <
1YearDataA  Par 1 & = o Squeez‘
esel 4
-“E:tm 2YeaDataB Par | 1 § Em’;‘s |
b lax.
1 3 YeaDataC  Par 1 8 v _Son | Ordering: 1
E]| o
thandatl
05
——— Job chartdat.gms Start 05/05/06 13:08:00 04
GAMS Rev 145 Copyright (C) 1987-2006 GAMS Development. A1l right
Licensee: Franz Nelissen 5051012/
GaMS Software GmbH 03
-—- Starting compilation
--- chartdat.gms(133) 3 Mb 02
-—- Starting execution
--- chartdat.gns(126) 7 Mb
--- Putfile f D:\support\testchart.gch 01
=== Status: Normal completion =
--- Job chartdat.gms Stop 05/05/06 13:08:01 elapsed 0:00:01.422 ol
J | 0.1
il
! 0 2 ——————————— — 150
Close Openlog | I Summaryony B Updats 52 55 58 512516 520 524 528 532 536 540 545549 —
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General Algebraic Modeling System:

Algebraic Modeling Language,
Integrated Solver, Model Libraries,
Connectivity- & Productivity Tools

Design Principles:

Balanced mix of declarative and
procedural elements

Open architecture and interfaces to
other systems

Different layers with separation of:
— model and data

— model and solution methods

— model and operating system

— model and interface
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System Overview

Interactive

API / Batch

Connectivity Tools

Uniform Data

Exchange:

. ASCII

. GDX (ODBC,
SQL, XLS, XML)

GDX Tools

Component Library with

Interfaces to C++, Java,

NET,...

Distributed Execution

(Grid Computing)

Ext. programs

. EXCEL

. MATLAB

. GNUPLOT, ...
CONVERT

I 3

User Interfaces

GAMS Language Compiler
and Execution System

Productivity Tools

* Integrated Development
Environment (IDE)

* Integrated Data Browser and
Charting Engine

* Model Libraries

* Benchmarking and Deployment

* Model Debugger and Profiler

» Transparent and reproducible
Quality Assurance and Testing
System

» Data and Model Encryption

*  Grid Computing

* Scenario Reduction

* MPSGE for general equilibrium
modeling

Solvers

LP/MIP-QCP-MIQCP-NLP/DNLP-MINLP-
CNS-MCP-MPEC, global, and stochastic

ALPHAECP, BARON, COIN,
CONOPT, CPLEX, DECIS, DICOPT,
KNITRO, LGO,LINDO, MINQS,
MOSEK, OQNLP, PATH, SNOPT, XA,
XPRESS, ...




I GAMS Development / GAMS Software

I GAMS Grid Computing
I Compressed and Encrypted Input Files

Summary

12



TEENEAe s RO

15 Setup - GAMS 22.5

Welcome to the GAMS 22.5 Setup 1-3 . 0
Wizard _' . e d i xe

.il.p;il Z000, by Info-Z ] i Swku. edu) .

Thiz will inztall GAMS Distribution 22.5 an your cormputer.

It iz recommended that vou cloze all other applications before

15 Setup - GAMS 22.5

Inztalling
Please wait while Setup installs GAMS 22,5 on your computer,

Extracting files...
C:“Program FileshGAMS 22 Btestugmses_nx exe

[

Copy license file

Lack in: | £ GAMS22 Btest v 5 ]

ilakble @ 7

X ) coinfral 2] gmscmphT bxt
"D cplex | amsdi_er.txt
My Recent ) Dickionaries | amsos_er,bxt

Documents | dacs | gmsprmds.tat

= [—)gbin | grosprmbT kxt
i il ) ghin_riew

| nodelack.bxt
Deskiap ) grestlib
)inclib
Jinstal
__j"' imadlib

] QAdat
Iy Documents L)QAdats

2] gamserrs.txt
48

by Computer

“. “l File name; v

| gamsparmm.txt
| gamsstmp kxt
| grscrmp9s, ket

13
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A few Words about GAMS Syntax

2/5- New York
14

- Topeka

.8
ﬁ\. Chicago

San Diego

2.5

Seattle

Minimize  Transportation cost
subjectto Demand satisfaction at markets

14
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Mathematical Algebra
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am [l Edit Search Windows Utlites Help

o B/ % ¥ | % ERSEN|

trnsport.gms

Variables
®{1,7) shipment quantities 1in cases
Z total transportation costs in thousands of dollars ;

Positive Variable x ;

Equations
cost define objective function
supply (i) observe supply limit at plant 1

demand (7]} satisfy demand at market 7 ;

cost .. =e=  sumi (1,7}, ci{i,]r*=x(i,7)}) :

supply (i) .. sum({ ], ®x{1,7]))

demand(]) .. sum(1

Model transport /all/

Inzert
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GAMS Syntax
Symbols:

ESEEtE; s:EZmﬂters
Parameters /
Variables Variables
Equations  ueaer
Models File

ASCII Output Files

Statements

Declarations
Data Assignments
Equation Definition

i canhing plants S seattle, san-diego /;
ali) capacity of plant i in cases

Seattle 350

gan-diego  &00

*[(i,73) shipwent quantitiez in cases:

supplyii) obhserve supply limit at plant
transport fall/s :

=

sowe £ile / ‘ohchitext.txc’ F

Parameter c(i,]):

cii,j) = £ * dii,3) / 1oo0 ;
supplyiil .. sumi], =(i,3)) =1=
Joop (i, put £x i.tl):

option reslim=10;

Programming Flow Control

Option statement

i:

ali):
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EH Gams Model Library Version 27.0,

Search

B gamside: C:\tmp¥mp.gpr

Edit Search ‘“Windows Utilities
Mt Crb+
Cpen Chrl+0

Open in Editor
Open in project directory

Reapen Alt+R,
Open in New Window
Viesy in Explorer

Run F3
Carnpile Shift+F9

Save ks
Save in Unix Format
Save as

Close

Cptions
Print
Previous

Exit

Shift+Cerl+0

Help

Hands-on! Testing the installation

7 0|6

©pen User Model Library

1 C:YPragram Files\GaMS22 . Siwtoolslibiwtools.glb
2 C:\Program Files\GAMS2z2, 5\ gtestlibitestib.glb

| Application Area

Contributar Description

BLEND Management Science and OR Dartzig. GB Blending Froblem |
003 PRODMIX  Management Science and OR LP Dartzig. G B A Production Mix Problem
004 |WHOUSE | Management Science and OR LP Dartzig. GB | Simple Warehouse Problem
005 JOBT Management Science and OR LP Dartzig. GB | Onthe-lab Training
00 |SROUTE | Management Science and OR LP Dartzig. GB | The Shortest Route Prablem
07 DIET Micro Economics LF Dantzig, GEB  Stigler's Mutrition Mode!
008 AIRCRAFT  Management Science and OR LP Dartaig, GB  Aircraft Allocation Under Uncertain Demand
003 PRODSCH  Management Science and OF (P coc APEX - Production S cheduling Model
oo PDI Management Seience and OR LP ARCNET ARCNET - Praduction Distibution and [nventory
011 [ UIMP Management Science and OR LP Elison.EF | UIMP - Production Scheduling Problem
012 MAGIC Management Science and OR MIP | Garver, LL | Magic Power Scheduling Problem
13 FERTS Micro Economics LF Choksi, 4 M Eaypt - Static Fertiizer Model
014 FERTD Micro Economics MIP Chaksi, 4 M Eaypt - Dynamic Fertiizer Model
015 ME=SS Micro Economics LP Kendiick, D Mexico Steel - Small Static
016 MEXSD Hicra Econamics HIP Kendrick, D Mexico Steel - Small Dynamic
017 MEXLS Micro Economics LP Kendiick, D | Mexico Steel - Large Static
018 WEAPONS | Management Science and OR NLP | Bracken, J Weapons Assignment
3 BID Micro Ecanomics MIP | Bracken, ) Bid Evaluation
020 PROCESS  Chemical Engineering HLP Bracken, ) Alkylation Process Optimization
021 CHEM Chemical Engineering HLP Bracken, ) Chemnical Equiliorium Problem
022 SHIP NLP Bracken. J Stiuctural Optimization
023 LINEAR DMLP  Bracken. Linear Regression with Various Criteria
024 |LEAST NLP  |Bracken.J Nonlinear Regression Problem
025 |LIKE HLP |Bracken,J Maximum Likelihood E stimation
026 |CHANCE  Agicultural Economics NLP  |Bracken,) Chance Constrained Feed Mix Problem
027 SAMPLE NLP Bracken,J Stratified S ample Desian
022 PINDYCK  Eneray Economics MLP Pindyck, RS Optimal Pricing and Extraction for OPEC
024 ZLOOF Management Science and OR GAMS  Zloof. M M FRelational Database Example
030 WIETMAN  Micro Economics MIP Manne. A5 Vietoriscz Marne Fertiizer Model 1961
031 ALUM International Trade MIP Brown, M world Aluminum Made!
032 |MARCO Micro Ecanomics LP Auonalsky,d | Mini Dil Refining Model ~|

-
tinzport.gms  tmsportlst

trnspon]

Scalar T

Parameters

Tahle d(i, )

alil

capacity of plant i in cases

! seattle 350

san-diego &00  f

b3 demand at market j in cases
r new-york 325
chicago 300

seattle
san-diego

Parameter c(i,])

E No active process

topeka 275/

distance in thousands of miles

new-york chicago
2.5 1.7
2.5 1.8

transport cost in thousands of dollars per case

topeka
1.8
1.4 »

freight in dollars per oase per thousand miles /207 @

-—- Job trnsport.oms Start 07/03/07 10:25:45
GAMS Rewv 148 Copvright (C) 1987-2007 GAMS Development. All rights res:

Licensee:

Jan-Hendrik Jagla
GAMS Sofrware GubiH

GALMI/Cplex Jun

Cplex 10.2.0,

<

1,

Starting compilation
trunsport.oms (69)
Starting execution
Trusport.oms (45)
Generating LP model transport
trunsport.oms (66)

6 rows
Executing CPLEX

3 M

4 Mo

4 M

7 coluwns 15 non-zeroes

G070418/0001C]
D¢

2007 WIN.CP.CP 22.5 034.037.041.VI3 For Cplex 10

GAMS Link 34

|

>

3

i Transportation Problem (TRNSFPORT, SEQ=1)

~

Cloge

Open Log

™ Summary only ¥ Update
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Testing the installation

£ reagan.gams.com - PuTTY
—hazh-3.00% gamslib trnsport
Model trnsport.gms retrieved
-hash-3.005 gams trnsport
——— Joh trnsport Start 070307 10:33:08
GAMZ Rewv 148 Copyright (C) 1987-2007 GALMNZ Development. ALll rights reserwved
Licensee: GAMI Development Corporation, Washington, DC GET1201/00000C - AT]Y
Free Demo, 20Z-342-0180, sSalesfgams.coln, WWW.JSmsS . com DCoooo
Starting compilation
trnsport.omws (69) 3 Mb
Starting execution
trnsport.oms (45) 4 Mb
Generating LP model transport
trusport.omws (66) 4 Mb
6 rows 7 column=s 19 non-zeroes
Executing CPLEX

GAMI/Cplex Jun 1, 2007 LEX.CP.MAL 22.5 034.037.041.LEI For Cplex 10.2
Cplex 10.2.0, GALMZ Link 34

Feading data...

Jtarting Cplex...

Tried aggregator 1 time.

LP Presolwve eliminated 1 rows and 1 colunns.
Feduced LP has 5 rows, 6 colunns, and 12 nonzeros.
Presolwve time = 0.00 sec.

Iteration Dual Chjective In Variakhle out Variakhle
1 T3.125000 ¥ [seattle.new-yvork) demand (new-vork] s=lack
z 119.025000 ¥ [seattle.chicago) demand (chicago) slack
] 153 .675000 ¥ [gan—-diego.topeka) demand (topeka)l =lack
4 153.675000 xi(san-diego.new-york) supply (seattle] =lack
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Hands-on! IDE - A Guided

IDE Project Management

Documentation
User’'s Guide

— McCarl User’'s Guide
— Solver Manuals

Model Library
Solver Selection
Option Editor
Listing file

Tree view

Error navigation

Spell checking

[Ed gamside: D:\support\eva.opr _ (ol x|
File Edit Search ‘Windows LUkilities Help
S| E| % v | =l JJ_II - &
\support\testchart.gch S=TFC
chartdat.ams  chartdata.gdx | testchart.ach Ilaslthall gch
3titTe Create an example GDX Tile for the
5 < @@ =k
StackData
104 s [—Bm
: . Y R
ssritie data for s1ng'|e Tines, bars. pieq 103 \ HP
A PRl
parameter YearbataAlyearls, vearbatas(year: 102 /\ hk‘ M\/\'J\ \ —SUN
il
D: n
bl 5 - \support\chartdata.gd S=TE]
€arD: [ chatdatagds )ﬁ \t\f
1
Sstit” [Entry[Symbol |TvPE|D‘r"|f\”EIem |j StackData
set 10 GanttDat P ?\ /\
par am anttData ar Plane Index (empty) Y .Y
Poaia
T 4|Points Par | 2 200 A[iBm [0]35742 5472286417 —\'\—ﬁ%
Loorty 8 Scatter2D  Par | 2 40 50 100
&
9|ScattersD  |Par | 2 50 DELL [x0|38742.5472285417 (Wil
13 ScenaricData Par | 2| 136.000 5 00 : . . ¥ .
38,780 38,800 38,820 38.840
(StockData __[Par |3 00| AP [x0| 36742 5472288417
Surface Par 2,500
0 100
5 Vector2D  Par 80 Surface

SUN |x0(38742.5472285417

Vector2Db Par 80
v0

100§

YearDataB Par

2
2
2
Vector3D Par 2 120
1
1
YearDataC Par 1

6
7
1 YearDataA Par
2
3

Sont | AlrIMax

t2|IBM |x0|38743.56472285417 ~|

_Reset | pogimals 7 Sauesz

Ordering: 1

=o

chartdat |

--- Job chartdat.gms Start 05/05/06 13:08:00

GAMS Rev 145 Copyright (C) 1987-2006 GAMS Development. A1l right

Licensee: Franz Nelissen 5051012/
GaMS Software GmbH

Starting compilation

chartdat.gms(133) 3 Mb

Starting execution

chartdat.gms(126) 7 Mb

Putfile f D:\supporttestchart.gch

Status: Normal completion

Job chartdat.gms Stop 05/05/06 13:08:01 elapsed 0:00:01.422

SN

Close Openlog | ™ Summarsonly  Update

06
05
04
03
0.2
01
0
01
02

s2 55 58 512 516 520 524 526 532 536 540 545549

Ll
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Solver Option Files

e Pass solver specific options
— e.g. tolerances, limits, algorithm selection

e Solver option file solver.opte.g. cplex.opt with
solver specific options (one per line)

 Activate solver option file
— optfile=1 on command line/parameter window

— <modelname>_optfile=1; before solve

e Multiple option files:
— solver.opt optfile=1
— solver.op2 optfile=2

— go Iver.999 optfi1l1e=999




x86 x86_64 x86 xB6_64 Sun Spare Sun Intel HP 9000 DEC Alpha IBM RS-6000 LIac PowerPC 5GI
IS Windows MS Windows Linux Linux SOLARIS SOLARIS HP-UX 11} Digital Unix 4.0 ATX 43 Darwin R
ALPHAECP v v v v v v v v v
BAROH 7.2 v 32hit v 32hit v
EDNLE v v v v v v v v v v v
COI v 32hit v v v
CONOPT 3 v v v v v v v v v v v
CPLEX 10.1 v v v v v v 100 21 v a1
DECIS v v v v v v v v v
DICOPT v v v v v v v v v v v
ENITRO 5.1 v 32hit v v v
LINDOGLOBAL 4.1 v v v v v v
L0 v 4 4 v v v v 4 v v
MILES v v v v v v v v v v v
MINOS v v v v v v v v v v v
MMOZEK 4 v v v v v 32 v
MPSCE v v v v v v v v v v v
MSNLP v v v v v v v
MLFEC v 4 4 v v v v 4 4 v v
OQNLE v 32hit v 32hit
L W3 v 32hit v 32hit v V2 v V2
CELEE v 32hit v 32hit v v
PATH v v v v v v v v v v v
SEB v v v v v v v v v v v
SNOPT v v v v v v v v v v v
)N v 32hit v v v v v
ZPEEIS 17.10 v 32hit v 32hit v 16.10 v
U34S distribution for HP 2000/HP-UX is 221,
GAMS distribution for ST TRIE is 223,
Contributed Plug &Flay solvers
AMPLwrap v 4 4 v v v v 4 4 v
DEA v 14 14 v v v 14 14
Kestrel v 32hit v 32hit v
For backward compatibility we maintain older versions of operating systems and solvers. Pleaze call.

22
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Multiple Model Types

e LP Linear Programs

e MIP Mixed Integer Programs

e QCP Quadratically Constrained Programs

e MIQCP Quadratically Constrained MIPs

« NLP Nonlinear Programs

« DNLP NLP with Discontinuous Derivatives

« MINLP Mixed Integer Nonlinear Programs

e MCP Mixed Complementarity Programs

« MPEC NLP with Complementarity Constraints
e CNS Constrained Nonlinear Systems

« Stochastic Optimization
* Global Optimization




- — "EEERaa s "IN

LP MIP NLP MCP MPEC CNS DNLP MINLP QCP MIQCP Stoch. Global
ALPHAECP v v
EARON 7.2 v v v v v v v v
IBDMLP v v
COTH v v
CONOFT 3 v v v v v
CPLEX 10.1 v v v v
DECIS v v
DICOPT v
KNITRD 5.1 v v v v
LINDOGLOEAL 4.1 v v v v v v v
ifce} v v v v v
MILES v
LINOS v v v v
LOSEK 4 v v v v v v
MPSGE
MSNLP v v v v
NLFEC v v
OONLE v v v v v v
O3S V3 v v
OALSE v v
|EATH v v
SEE v v
SNOPT v v v v
b v v
XPRESS 17.10 v v v
Contiibuted Plug&Flay solvers
AP Lwrrap v v v v v v v v v v v v
DEA v v
Kestrel v v v v v v v v v v v v

24
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Special Solvers

Solvers that do not solve the problem:

CONVERT

— Converts the model into different formats

BENCH

— Benchmarking solver

EXAMINER

— Checks quality of a solution found by different solver

AMPL/LINGO/AECPWRAP

— Converts model into AMPL/LINGO syntax and calls
the other system to solve the problem
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File Edit

Search  Windows  Utilities Help

Sl LTI

BEEE,

trnzport, let

trhsport. gris

Hnsponl

iTitle
fontext

L Transportation Problem

{TRNSPORT, SEQ=1) ~

This problem Fincds 3 least cosat shipping schedule that m
reguirements at markets and supplies at factories.

Dantzig, & B, Chapter 5.5. In Linear Programming and Ext
Lrinceton Vniversity Press, Princeton, New Jersev, 1963,

This Formuplation is descriked in detail in:
Rosenthal, R E, Chapter Z2: A GAMS Tutorial. In GAMS: A U
The Scientific Press, Redwood City, California, 1955.

The line numbers will not match those in tke book becaus|
comments.

jOffrext

i canning plants / seattle, san-diego /
3 markets / new-vork, chicago, topeka .

Parameters

ali) capacity of plant i in cases
/ Zeattle 350
san-diego s00

demand at mwarket j in cases
new-york 325 w

Reading parsmeter {s) from "C:\Documents and SettingshJaniMy#s

i

Finished reading from "C:iDocuwents and SettingshyJansMy Doc

A1l

Writing
Writing
Weiting
Weiting
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Weiting
Weiting
Weiting
Writing

Lipl

Arp 1IMLC
Baron
CplexLP
CplexHMP3
FixedMP3
Gams
Lago
LindoMPI
Lingo
LlphaECP
Hinopt
MNLPZMCP
Viennalao
CoinFHML
Dict
Jacobian
Lo

arop 1. mod
amplnle.o
gatns . oar
cplex.lp
cplex.mps
fixed.mps
RIS . IS
lago. gms
lindo.mpi
lingo. lng
alpha.ecp
minopt.dat
EIMSWC Y . CoS
vienna.dag
coinfml.xml
dict.tHt
Jacobian. gdx
lgomain. for

Festarting execution
trnsport.oms (66)

0 Mb
Feading solution for model transport

Executing after solve
trnsport.oms (68)
Normal completion
Job trnsport.gms Stop 03/10/07 22:38:05 elapsed D:DD:DD;

Status:

3 Mb

Close

Open Log

[ Summary only W Update

Inzert
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e ) [i and Se psla [Jp P presentatio i i RO-Prag demolb
File Edit Search Windows Ukiities Help
= %;E “r % | ﬂ al| S |Ip=hench optfile=1
E (o e and se i1 2 L]
tnsport.gms  trnsport, st EH Mo a A T
Thiz problem 1rn5p|:|rt|
reguirements
~
Daptzag, G B M| BENCH SUMMARY:
Princeton Uni
Jolver Modstat Solstat Chijective ReslUsd Examiner
This Fformulatl| o
Rosenthal, R CPLEX 1 1 153 . 6750 0.078 B/P
The Scientzifz COINCEC 1 1 153 .6750 0.0oo0 B/P
COINGLEPE 1 1 153.6750 0.o0o0 P/P
The line numb MO3EK 1 1 153.6750 0.062 P/P
commments. XPRESS 1 1 153.6750 0.062 P/P
SOffrext ——— Bestarting execution
——— trunsport.gmsiet) 0 Mo
——— Beading solution for model transport
Sets ——— Executing after solve
B k|- trnsport.gms(63) 3 Mb
< | **F Status: Normal completion
-—— Job trnsport.gms Stop 07/03/07 11:39:46 elapsed 0:00:02.500 —
w

27

|l

Close Openlog | [ Summary only W Lpdate
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Convert online - www.gamsworld.org

PAVER - Pe

File Edit ‘Wiew History Bookmarks Tools  Help

</_:| - s @ ﬁ “@ hitkp: few, gamsworld, org/performance jpaver fconverk_submit.htm |‘| P] !E'|

PAVER
%()) [ Home |Tools | Links/Other | Performance World |

PAVER - GAMS Model Translation Web Submission Teol (GMS2XX)

The PAVER GAMSE model translation web-submizsion tool runs the GAMS/CONVERT "solver" to translate GANS models nto the following supported languages:

+ AlphaECP

+ ANPL

+ BARON

+ ComFML

+ CplexlP

+ CplexlP2 1
+ Dict

* FrzedhPS

+ GAMS (scalar)

+ Lago

* Lgo

* LTIGO

+ NMINOPT

+ ViennaDag

+ ALL (this creates scalar versions of all supported languages, listed above)

The service requries that all models be zelf contained. TUpeon submizsion, the resulting translated models will be sent via e-mail.

Creating a Self Contained Model:

The translation service requires a self contamed model with no $inchide or Fhatmclude. The GANS system provides an easy way to produce such a model even ff it contains nested Finclude and Feall
staternents. Eun your model m the usual way but add the GAMS parameter dumpopt=11:

28 gamws wymwodel durpopt=11


http://www.gamsworld.org

M e i =

Benchmark online - www.cgamsworld.oro

PAVER — Server
Performance Analysis and Visualization
for Efficient Reproducibility

Perfornance Profile

ent Of Hodels Solved

Tine Factor

29
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http://www.gamsworld.org

Excursus: Solver Links

o Standardized Solver Interface
— Return Codes, Limits, Interrupts, ...
— Common attributes (e.g. time) through GAMS options
— Specific options through option file
aallows “hassle free” replacement of solvers:
option nlp=conopt;

e Open architecture assures seamless communication
— 1O Library (C, Fortran, Delphi) provides access to
Matrix, Function/Derivative Evaluator, ...

alLinking your Solver to GAMS
THE COMPLETE NOTES Don't Panic !!

30
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' Input/Output through ASCII Files

e ASCII Input Data
— Part of model input ($1nclude file.txt)

— Posix Utilities are part of GAMS Windows System
* Platform independent data file preparation
* sed, awk, grep, cut, ...

$call cut -d, -f1,3- file.txt > filenew.txt

o ASCII File Output
— GAMS Put Facilities

file X / result.txt /;

x.pc=5; tx.lw=0; fX.nw=10; fx.nd=4;
loop((1,3)$(x-1(i,J)>0),

put fx i.tl j.tl x 1(i,j) 7/;

);



http://i.tl
http://i.tl
http://j.tl
http://j.tl
http://i.tl
http://i.tl
http://j.tl
http://j.tl
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Gams Data eXchange

Binary Data Exchange

e [Fast exchange of data

e Syntactical check on data before
model starts

« Data Exchange at any stage (Compile
and Run-tlme%

» Platform Independent

» Direct Excel connectivity

* General API

e Scenario Management Support
e Full Support of Batch Runs

GDX Tools

IDE GDX Viewer
GDX
AP __~ GDXRank
GAMS «

—GDXMerge
GDXxrw / |
(MS Office) ~ GbXbump
GDXDiff




GAMS in Control

Import
External Database
A
Text Files
Text Files
v
Visualization Export

33 Tools




Application in Control

Programming
External Language or other
Application Application

Call GAMS

Call external
program (including
GAMS)

External Application
Application

34



Hands-on! GD

e Create GDX file

— execute unload
Gdx=filename

» GDX Viewer

Data cube
— Export to Excel

o GDXdiff

* Charting Engine

35
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File Edit Search Windows Lkilties Help

< -|a|a]l

8

rE., g [ [Foe

chatdstams chartdatkt| chartdata gdk

JCmpichandatasurfacegch _________|-[5D@

Create gix file for charting demo

-
-
-
*

§stitle data for single lines, bars, pie
set years / y1998+yz005 /
parameter TearDatad(years), YearDataBiyears), YearDataC(years).

VearDatal(years) = uniform(100, 200);
VearDataB (years) = uniforwm(100,200);
VearDataf (years) = uniform(75, 125);

9stitle data for functions
set p / plrplo0 /

tmpichartdata. StockData.gch

chartdata StockData.gch

S QI oK

StockData

GAMS Development Corporation, Formulation and Language Examples.

38,480

33,200 33,220 33,240 33,260

Stivle Create an exsmple GDX file for the IDE Charting facility (CHARTDA'A

The generated gux file can be used to follow the charting examples in

chartdata Surface. gch

S & H » K

30036 %

Surface

T urtace |

%
W2

iy,
Cydi
A
i

i

51838557 59 51‘2 s1‘5 SWIﬁ 32‘1 32‘4 52‘7 SBID s'ali 33‘5 SE‘B 54‘2 SAE SAE
rtdatagds _chartdata StockData.geh | chartdata Sufoce gch | Bl
niry[Symbol  [Type[Dim|[hrElem [ [atockpata
10/GanttData  Par | 3 14
1/Points Par 2 20
8 Scatter2D  Par | 2 40
9|Scatter3D  Par 2 &0 Plane Index (smpty)
13| ScenarioData Par | 2| 136,000
| 20 par |5 o0
11 Surface 2 250
5\Vecto2d  Par | 2 El i E 5
slvectorzbe  1Par | 2 o [EM [0 39168 2481559143 39169
ivectomd  Par | 2l 120 va 100 99.994622264 [
earDaton 1Par | 1 s |DELL[x|32167 2451559143 39160 2481559143 39169
SNyoardatas Par |1 s va 100 100927728512 1C
¥eadaac Par T3 s |HP_[n|s9167 2481550143 39168 2451559143 39169
va 100 100747844384 100
SUN [x0|33167 2481558143 39168 2481559143 39163
wll 100 1NN RRARSAT 1nr B¥




36

Sl LTI

j

|

IDE
-
2| B % ¥ | % BRI =l &l
ftitle GAMS Deployment Model (DEPLOY,SEQ=308 y ] ) ] ~
. ! File Edt View Favorites > g0 b
jontext -
) " 4 7 lm:
This model creates a GAME deplovment systenm
address |23 C\Documents & % Go
Complete two steps and run this model apd pick up gmedeplyv.zip v
in your project/ocurreent directory =
I
1. Add the solvers and other products to the set DeplovProducts. E#’
Display p to inspect 211 possible products.
2. Add names of files that usually do not come with vour GAMS system
but vou want in vour deployment system between onfoffecho agmsdeply.zip
Sofftext 2
Set n GAMS Products / system.3olverMames /
DeployProduct=sip) / CONCOPT /: =
IDE
3 GAMS Model Libra ersion 0
* Add extra non GAMT Ffiles to yvour df
§if not set ziplist §set ziplist sgan Search |dep
$onecho > "sziplists" - - —
sEip * Sequ|Name+ |AppllcatlonArea |Ty|:|e |Eontnbutor Description e
. Jice. txt 092 DEMO7 Agricultural Economics MHLP Kutcher, G P Manlinear Simple Agricultural Sector Model
’ Im DEPLOY G Language Feat, N
soffecho 176 DICE Mathematics MIF Gardner. i Morrtransitive Dice Design
272 DICEX Mathematics MIF Bash, R A Mar-transitive Dice Design - Enhanced v
* There is no need to change anvihing 0 Ly >
GAMS Deployment Model (DEPLOY,SEQ=308) ~
* We always need the GAME BASE systerd =
PeployProducts (' GANS') = yes; This model creates a GAMS deployment system
v
$if not set zipfile §set zipfile Sgams.workdirigmwsdeply.zip
jzet gmsdir Fgeams.scrdirigmssysdir 3
. | > bt
16: 81 Insert




Model Maintenance

Optimization

 Takes Longer than one is
willing to wait

It will eventually fail

Application

e Real Time

e Always need a Solution to
Prob

em

Keys for support/maintenance

o Catch problems before a model is solved

a Implement Data Error checks

* Reproduce the problem offline

a Get hold of Instance (dumpopt=11)

« Solver related problems in confidential models
a Get scalar Model using solver CONVERT

37




GAMS Development / GAMS Software

Working with GAMS — A Guided Tour

Compressed and Encrypted Input Files

Summary
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Release Notes

New Solvers
— COIN-OR Solvers (hitp://www.coin-or.org/)
 MINLP solver: CoinBonmin
— AlphaECP
 MINLP solver
e Extended Cutting Plane method by T. Westerlund
and T. Lastusilta (Abo Akademi University, Finland)
— LINDOGLOBAL
 finds proven optimal solutions to non-convex MINLP
e Global Optimization Solver from Lindo Systems, Inc.

New solver binaries
 BARON, CONOPT, CPLEX, MOSEK, XPRESS,...

39
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Solver Technology

e Tremendous algorithmic and computational progress

 LP in fact only restricted by available memory

e MIP
— Some small (academic) problems still unsolvable
— Commercial problems in most case docile
« NLP/MINLP
— Predictions are problem and data specific, global vs. local

solutions




Multiple Threads / SMP

« CPLEX

parallel extension for B&B and interior point solver
— options threads, barthreads, mipthreads, strongthreadlim
— concurrent optimizer options Ipmethod, gpmethod, startalg
— academic license includes 4 threads

« MOSEK

— parallel extension for the interior solver comes free of charge
— option MSK_IPAR_INTPNT_NUM_THREADS
— concurrent optimizer options MSK_IPAR_CONCURRENT _*

« XPRESS

— parallel extension for B&B and interior point solver
— options threads, barThreads, mipThreads, sbThreads
— academic license includes 4 threads

4 * XA (XAPAR)



Grid Computing

Imagine...
.. you have to solve 1.000’s of
Independent scenarios...
.. and you can do this very rapidly
for little additional money...
.. without having to do lots of
cumbersome programming work...

42
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A pool of connected computers managed and
available as a common computing resource

» Effective sharing of CPU power

Massive parallel task execution

Scheduler handles management tasks

E.g. Condor, Sun Grid Engine, Globus

Can be rented or owned in common

Licensing & security issues
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Simple Serial Solve Loop

Loop(p(pPp) .
v.fx = vmin + (vmax-vmin)

/(card(pp)+1)*ord(pp) ;
Solve varl maximizing m using nlp ;

xres(i,p) = x.1(1);
xres("mean”,p) = m.l;
xres("var"®,p) =v.l;

xres("status”,p) = varl.modelstat;




GRID Specific Enhancements

1. Submission of jobs

2. “ESridDI\_/Iic_ltc)II?warfe_”b HHHHHHHH
NRRERRN

— Job execution

3. Collection of solutions
4. Processing of results =

45
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File Edit Search Windows Utiities Help

E I

mEatwar.gms

meanvar.gms | meanvar_edited gms

xres('var',p) = v.l;:
xres('status',py = varl.modelstat:
vin = v.ly 7

®res('var',pl = v.l?
xres('status’,py = varl.modelstat:
vmin = v.l: ):

Loop (p(pp! ,
v.fx = vmin + (vmax-vmin)/ (card(pp)+1)*ord{pp)

Solve varl maximizing m using nlp :

xres(i,p) = x.1i{i);

xres ('mean’',p)l =m.l;

®res("var',p; = wv.l;
®res('status’,py = wvarl.modelstat: }:

Display xres;

3if not set grid $set grid O
parameter handle(p} Grid handle;

if (not %grid%,

Loop (P (PP} ,
v.fx = vmin + (vmax-vmin;/ (card({pp)+1)*ord{pp)
Solve wvarl maximizing m using nlp -

xres (i, p) = x.1lii)s
xres ('mean’',p)l =m.l;
xres("var',p) = wv.l;
®res('status’,py = warl.modelstat: };
else
varl.solvelink=3;
Loop (p{PP) ,
v.fx = vmin + (vmax-vmin;/ (card{pp)+1)*ord{pp)
Solve wvarl maximizing m using nlp -
handle (p) = wvarl.handle ;;
Repeat
loop (pipp) $handlecollect (handle (p) .,
®res (i,p! = x.1(i)+
®res ('mean',p) = m.1l;
xres ("var',p) = v.l;
xreg("status’,p) = wvarl.modelstat;

displayé$handledelete (handleip;] 'trouble del
handle({p) = 0 ; :
display$sleepicardihandle)*0.2) 'sleep some tin
until card{handle) = 0 or timeelapsed > 100;
#res{i,p(pp))$handle(p) = na:

7

Display xres;

execute_unload "portfolio.gdx" xres;

< | I




Hands-on! The Mean-Variance Model

Markowitz (1952), Nobel prize 1990

Given

Goal

. J
Mingax Q,,jxj

iz j=1

Some investments x; with
historical data

— Rewards = Expected
returns of investments: m,
(Mean of historical returns)

— Risk = Variance
of investments Q;;

a7

-

Balance risk r
of portfolio
against
expected returns
of portfolio

|
st amx 3r
i=1

|
ax=1
i=1

X 20
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Job Submission Loop

* turn on grid option

varl.solvelink=3;

parameter handle(p) Grid handle;

Loop(p(pp) ,
v.fx = vmin + (vmax-vmin)/(card(pp)+1)*ord(pp);
Solve varl maximizing m using nlp ;

* save i1nstance handle
handle(p) = varl.handle );

LOG .
--- LOOPS pp = pl
--- 3 rows 9 columns 23 non-zeroes
--- 538 nl-code 7 nl-non-zeroes
--- meanvar_edited.gms(174) 3 Mb
--- Submitting model varl with handle grid133000004




“Grid” - Middleware (PC)

@echo off
: gams grid submission script
: argl solver executable

2 control file

3 scratch directory
: gmscr_nx.exe processes the solution and produces "gmsgrid.gdx”
: note: %3 will be the short name, this is neeeded because

the START command cannot handle spaces or " "

before we use %~3 will strip surrounding "..."
makes the name short

: gmsrerun.cmd will resubmit runit.cmd

echo @echo off > %3runit.cmd
echo %1 %2 >> %3runit.cmd
echo gmscr_nx.exe %2 >> %3runit.cmd
echo echo OK 7> %3finished >> %3runit.cmd
echo exit >> %3runit.cmd

echo @start /b %3runit.cmd ~> nul > %3gmsrerun.cmd
start /b  %3runit.cmd > nul

exit

49
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Solution Collection Loop

Repeat
loop(p(pp)$handlecollect(handle(p)),
xres(1,p) = x.1I(1); xres("mean”,p) =m.1I;
xres("var®,p) = v.l; xres("status”,p) = varl.modelstat;

display$handledelete(handle(p)) "trouble deleting handles®;
handle(p) = 0 ) ;
display$sleep(card(handle)*0.2) "sleep some time-;

until card(handle) = 0 or timeelapsed > 100;

xres(i,p(pp))$handle(p) = na;

LOG .
--- meanvar_edited.gms(161) 3 Mb
--- GDXin=C:\...\225a\grid133000004\gmsgrid.gdx
--- meanvar_edited.gms(161) 3 Mb
--- Removed handle grid133000004
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GAMS & Grid Computing

e Scalable:
— support of massive grids, but also
— multi-cpu / multiple cores desktop machines
— “1 CPU - Grid”

« Platform independent

lllllllllllll

e Only minor changes
to model required

e Separation of model and solution method
a Model stays maintainable
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SUNQgrid

www.network.com

 On-demand grid computing service operated by Sun
Microsystems

e Access to enormous computing power over Internet

e Opteron-based servers with 4 GB of RAM per CPU

e Solaris 10 OS, and Sun Grid Engine 6 software.

e $1 per CPU-hour

e GAMS on the SUN Grid
— GAMS distribution 22.5 for Solaris 10
— COIN-OR solvers will be available


http://www.network.com
http://www.network.com

GAMS Development / GAMS Software

Working with GAMS — A Guided Tour

I GAMS Grid Computing

Summary
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Compressed and Encrypted Input Files

Distribution of models to users/customers

e $Compress

— compresses into a GAMS system file
e $Decompress

— decompresses a GAMS system file

Issues of privacy, security, data inteqrity and ownership

* $Encrypt
— encrypts into a GAMS system file
— requires special licensing

54
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File Edit Search Windows Utiities Help

B T

cefiles.gms

Sl LTI

encrppt.gms

IS

$title Compressed Input Files (CEFILES,SEQ=317)

sontext

This model demonstrates the use of compressed Input I
Remember, 1f the file names contalin gpaces you need
to uge single or double gquotes around the file names.
sofftext

¥ ——— get model
sondollar
trall gamslib -g trnsport

¥ --— compress and run model

SCompress trnsport.gms tl.gms

sdecompress tl.gms tl.org

Srall diff trnsport.gms tl.org > %system.nullfi
Sif errorlevel 1 $abort files trsnport and tl
* ——— check to see 1Ff we get the same result

5call gams tronsport gdx=trnsport lo=%gams.lo%

sif errorlevel 1 &abort model trnsport failed
$call gams tl gdx=tl lo=%gams.lo%

Sif errorlevel 1 Sabort model t1 failed

Srall gdxdiff trnsport tl %system.redirlog:

Sif errorlevel 1 5Sabort results for trnsport and tl

* ——— algo works with include files

techo $include tl.gms > tZ.gms

Srall gams t2 gdx=t2 lo=%gams.lo$

Sif errorlevel 1 Sabort model tZ2 failed

Srall gdxdiff trnsport L2 %system.redirlogk

1if errorlevel 1 Sabort results for trnsport and t:
tterminate

|

5Title Input file encryption demo (ENCRYPT,SEQ=318) =~

Sontext

Input files can be encrypted and use the save/privac]
file mechanism for managing the user password. Similé
compression, we offer an Sencrvpt utility to lock ang
specific target license file., Once a file has been er
can only be read by a gams program that has the matck
file. There 1g no inverse operation possible: you o
the original GAMS file from the encrypted version.

To create an encrypted file, we need a license file w
security option enabled., To allow easy testing and de
a2 special temporary demo 1icense can be created inte:
Wwill be valid for a limited time only, usually one fc

In the following example we will use the GAMS option
use a demo license with sgecure opticon instead of our
file. Also note that we use the same demo license fii
locked file by specifying the GAMS parameter plicence
Sofftext

¥ ——— get model

Soncdollar

5call gamslib -g trnsport
¥ ——— encrypt and try to decrypt

%call rm -f tl.gms

Secho Sencrypt trnsport.gms tl.gms > sl.gms

5call gams sl license=DEMO plicense=LICENSE lo=%gams.
Sif errorlevel 1 Sabort encryption failed

Seolcom //

51if WOT errorfree $abort pending errors
Sdecompress tl.gms tl.org // this has to fail
Sif errorfree $abort decompress did not fail

L

[I£3




GAMS Development / GAMS Software
Working with GAMS — A Guided Tour

GAMS Grid Computing

Compressed and Encrypted Input Files
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[ gamside: D:\support\eva.gpr g [=] 3}
File Edit Search windows Utlites Help

el ] 7 =[]l 3 8l  Robust and scalable state-of-the-art

BT -0i]
chartdatgms | chardsta ads | testchert ach testchart gch m in
D odeling technology
i . (ewad=|K
! o ) StockData
GAMS Development Corporation, Formulatiol| 104 - | —BM -
1 —DELL
e g g i son | T—E *Tailored for complex, large-scale
set years / y1398°y2005 /1 A /\[\ / \ ,J —SUN !
parameter VearDataA(years), YearDataB(year! | qqp ph r
il

AV AW modeling applications

L;t,t- EmrylSymba\ |Type|D\m|NrElem|ﬂ StockData A kL L
s

param 10/GanttData  |Par | 3 1 Plane Index (smpty) [ S . .
Ecata
Ty, | dome P 2 29 JoTew [fserez serzzeserr =l (¢ AT » Productivit ains through rapid
delta | gisearerd  Par 2 40 \V U A
Loop(s 30 100 )

5

9/Scatter3D  Par 2 60 v ‘\,\I,V

Po- DELL [x0| 38742 5472285417 .
3, 2 Seenaiodata P2 138000 B | : e evelopment environmen
; = 36,780 38,800 36,620 30,840
o r2lsiockoaa [Par | 3] 800 HP  [x0| 36742 5472285417

I

Sstit’

5;1 11/ Surface Par 2,500 0 100
5|Vector2D Par 80 Surface

2

2 SUN [x0|38742 5472285417 - -
A * Broad academic and commercial

: 12|IBM |x0|38743 5472285417 j

1 network

param

1YearDataA  Par & d
Reset ¥ Squeez
l“a:tm 2|YearDataB  Par ] i‘ Decimals |

ALY Max
3/YeaDataC  Par 8 v _Son | Ordering: 1
5] e
chartdat | 05 - g
* Proven reliability (30+ years of
--- Job chartdat.gms Start 05/05/06 13:08:00 04
GAMS Rev 145 Copyright (C) 1987-2006 GAMS Development. A1l right
Licensee: Franz Nelissen 5051012/ -
GaMS Software Gmbh 03
~-- Starting compilation eX e rl e n Ce
chartdat.gms(133) 3 Mb 02

Starting execution
chartdat.gms(126) 7 Mb
utfile f D:\support\testchart.gch 01
Status: Normal completion

Job chartdat.gms Stop 05/05/06 13:08:01 elapsed 0:00:01.422

4] |

Protection of investments through
platform and solver independency

— 150

2 56 58 512916 520 524 528 832 536 540 =45 540 ||
Close Openlog | [ Summaryonly ¥ Update s
L |
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Benefits for Different User Groups

Researcher * Projects » Commercial network
* Product maintenance * Quality assurance
Model Developer * Rapid prototyping * Robust & scalable solution
 Higher productivity » Academic network
Consultants & Solution * Rapid prototyping * Benchmarking
Provider * Tailored solutions » Extended support
Innocent User » Works in different environments < Robust and reliable system

« Lots of different interfaces

Management * Protection of investments * Independence:
» Low cost - Solver
» Maintainable applications - Platform
- Interface

58
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Sources of GAMS Information

Download: http://download.gams-software.com/

Release Notes: http://www.gams.com/docs/release/release.htm
Contributed Documentation: http://www.gams.com/docs/contributed
Contributed Software: http://www.gams.com/contrib/contrib.htm
Presentations: http://www.gams.com/presentations

Workshops: http://www.gams.com/courses.htm

Bruce McCarl‘'s Newsletter: http://www.gams.com/maillist/newsletter.htm
GAMS User Group: http://www.gams.com/maillist/gams _I.htm
GAMS Google Group: http://groups.google.de/group/gamsworld

Other relevant sites on the Web: http://www.gams.com/hotlinks.htm



http://download.gams-software.com/
http://www.gams.com/docs/release/release.htm
http://www.gams.com/docs/contributed
http://www.gams.com/contrib/contrib.htm
http://www.gams.com/presentations
http://www.gams.com/courses.htm
http://download.gams-software.com/
http://www.gams.com/docs/release/release.htm
http://www.gams.com/docs/contributed
http://www.gams.com/contrib/contrib.htm
http://www.gams.com/presentations
http://www.gams.com/courses.htm
http://www.gams.com/maillist/newsletter.htm
http://www.gams.com/maillist/gams_l.htm
http://groups.google.de/group/gamsworld
http://www.gams.com/hotlinks.htm
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Contacting GAMS

Europe

GAMS Software GmbH
Eupener Str. 135-137
50933 Cologne

Germany

Phone: +49 221 949 9170
Fax:  +49 2219499171
http://www.gams.de

info@gams.de
support@gams-software.com

USA

GAMS Development Corp.
1217 Potomac Street, NW
Washington, DC 20007
USA

Phone: +1 202 342 0180
Fax: +1202 342 0181
http://www.gams.com

sales@gams.com
support@gams.com
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