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Problem Representation

— Matrix Generators

— Program using callable library
— Algebraic Modeling Languages

Available Solution Algorithms

— Simplex, Interior Point

— Branch-and-Bound, Branch-and-Cut

— Sequential Quadratic Programming (SQP)
& Powerful Implementations (Solvers)

Powerful Computer Hardware
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Algbraic 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

Goals

Efficient handling of mathematical optimization problems
Simplify model building and solution process

Increase productivity and support maintainable models
Support of decision making process




* Roots: Research 6project
World Bank, 197

* 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




Downloads

Total Downloads of Distribution 22.5 since 2007-06-01: 10579

Sorted by Platform:

. 23 AlX

. 36 AXU

. 189 Darwin

. 133 Linux64

. 337 Linux32 ~ 500 downloads
. 74 Solaris (x86) per Week

. 35 Solaris (Sparc)
e 8436 Windows32
e 1316 Windows64







GAMS Solutions Specialists Network
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Companies with wide experience in GAMS modeling

a Details at: http://www.gams.com/specialists/
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Typical Application Areas *

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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GAMS at a Glance
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General Algebraic Modeling System:
[ gamside: D:\support\eva.gpr =1olx]
File Edit Search windows Utlites Help - -
S W 1 3 3 i) Algebraic Modeling Language,
[0 supporttestchart.gc =lol:= = =
e £ Integrated Solver, Model Libraries
SETtTe Create an exanple GOX File Far Ehe CIEE W 1 ]
_'!I; ste gdx File For charting demoy ) i 3D|.-_-m. . . . - I
: Connectivity- & Productivity Tools
1. 104 o | IBM
S;Itwﬂi data for single lines, bars, piefl 10. 'A A/\ TDELL
s, bars, Y AP
set years / yl998+y2005 /9 A /\l\ / \ _&un
parameter YearDataA(years), vearDataB(year:| qpp A
carbi N hn W VT . ] .
B 5 - support \chartd: S I=Ed W N .
e YN esign Principles:
Ltwt' EmrylSymba\ |Type|D\m|NrElem|ﬂ StockData A ‘.\‘ L L . N
et
e CHE N I » Balanced mix of declarative and
zealatl g paints Par 2 200 = N
T o [/ ey j Y
el e 7 - A dural element
R I B o B W, procedural elements
;_: 13| ScenarioData Par 2 136,000 0 100 T T T - T
" e e = 36,780 38,800 36,520 36,540 . :
N t2[stockCatz _[Par |31 000 [y e e ERP R -
Bstit 11 Surface Par 2 2,500
set 0 100
5 Vector2D Par 2 80 SUN |x0| 38742 5472285417 Surface
R — other systems
oo | et Par 2 T olEm [xo| 3743 5472285417 <
1YearDataA  Par 1 & 1
Reset ¥ Squeez| . . N
| 2vasn w1 o | B g B » Different layers with separation of:
T 3YeaDataC Par 1 8 v _Son | = Ordering: 1 b
=i m d I d d t
thandatl O e an a- a
05
-—- Job chartdat.gms Start 05/05/06 13:08:00 04 -
GAMS Rev 145 Copyright (C) 1987-2006 GAMS Development. All right m Odel and SO I utlo n methods
Licensee: Franz Nelissen 5051012/ b
GaMS Software GmbH 03
-—- Starting compilation
--- chartdat.gms(133) 3 Mb 02 -
-~ Starting execution
— model and operating system
--- Putfile f D:\support\testchart.gch 01
#=% Status: Normal completion =
-~ Job chartdat.gns Stop 05/05/06 13:08:01 elapsed 0:00:01.422 R -
« ' — model and interface
01 I
! B e e s S — 150
Close Openlog | I Summaryony B Updats 52 55 58 512 516 520 524 528 532 536 540 s45349 |
ld J _'IJ
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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,...

Ext. programs

. EXCEL

. MATLAB

. GNUPLOT, ...

CONVERT

t t Productivity Tools

* Integrated Development
Environment (IDE)

User Interfaces * Integrated Data Browser and
Charting Engine

* Model Libraries

* Benchmarking and Deployment

* Model Debugger and Profiler

« Transparent and reproducible
Quality Assurance and Testing

. System
GAMS Language Compiler - Data and Model Encryption
and Execution System *  Grid Computing

» Scenario Reduction
 MPSGE for general equilibrium
modeling

ALPHAECP, BARON, COIN,

Solvers CONOPT, CPLEX, DECIS, DICOPT,
LP/MIP-QCP-MIQCP-NLP/DNLP-MINLP- KNITRO, LGO, LINDO, MINOS,
CNS-MCP-MPEC, global, and stochastic )I\?PORSEEgS OQNLP, PATH, SNOPT, XA,
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Integrated Development Environment

e 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

[E3 gamside: D:\support\eva.gpr I =11
File Edit Search ‘Windows LUkilities Help
| Bl 3l > | & e = JJ_II - &
\support\testchart.gch IS=TE=
chartdat.ams  chartdata.gdx | testchart.ach I testchart. gch
3titTe Create an example GDX Tile for the
T < @@ =k
1 . StockData
" ans peve 104 » [—1BM
: . A [
$3pitle data for single Tines, bars, pict 103 \ =
e o ) B
arameter Yoarbatah(yearls. vearbatas(year 102 /\ hk‘ M\/\'J\ \
i
D: A
6] == - \support \chartdata.o SI=
e2arDi[ ghadata ad« Aﬁﬂj;
1
Sstit” [Entry[Symbol |TvPE|D‘r"|f\”EIem |j StackData
= AW
pargm [ 10 GaniiData  Par Plane Index (empty) y A
i
T en 4|Points Par | 2 200 A[iBm [0]35742 5472286417 —\'\—ﬁ%
Loopts 3 Scatter2D  Par | 2 10 = “o0
8.
9|ScatterdD  |Par | 2 50 DELL |x0| 38742 5472285417 (Wil
13 ScenarioData Par | 2 136,000 o 00 5 ; ; L ;
38,780 38.800 38.820 38.840
‘StockData _[Par | 3| 80| AP [x0| 36742 5472288417
Surface Par 2.500
V0 100
& Vectar2D  Par 30 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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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
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LF MF NLP MCF MPEC CNS DNLF MINLF QCP MIQCP Stoch. Global
ALPHAECP v v
BARON T2 v v v v v v v v
EDMLF v v
CIOIN v v
CONMOPT 3 v v v v v
CPLEX 102 v v v v
DECIS v v
DICOPT v
KNITRO 5.1 v v v v
LINDOGLOBAL 4.1 v v v v v v v
L0 v v v v
MILES v
BATH OIS v v v v
WIOSEE 4 v v v v v v
MPZCE
MINLE v v v v
NLFE( v v’
OQHLE v v v v v v
OEL V3 v v
OSLIE v v
FATH v’ v
SEB v v
SHOPT v v v v
Ha v v
¥PRESZ 17.10 v v v

Contributed Plug&Flay solvers

AMPLwrap 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
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Multiple Solvers & Platforms

Solver/Platform availability - 22.5 June 1, 2007
x86 x86_64 x86 xB6 64 Sun Sparc  SunIntel HF 2000 DEC Alpha IBM R5-6000 Mac PowerPC SGI
M5 Windows MS Windows Linux Linux SOLARIS SOLARIS pgprxi1l!  Digital Unix 4.0 ATX 43 Darwin IREE
ATPHAECE v v v v v v v v v
BARON 72 v 32hit v 32hit v
EDMLF v v v v v v v v v v v
COIN v 32hit v v v
CONOPT 3 v v v v v v v v v v v
CPLEX 102 v v v v v v 100 8.1 v 21
DECIS v v v v v v v v v
DICOPT v v v v v v v v v v v
EMWITRED 5.1 v 32bit v v v
LINDOGLOBAL 4.1 v v v v v v
L3O v v v v v v v v v v
MILES v v v v v v v v v v v
MIHOS 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
LIZNLE v v v v v v v
WLPEC v v v v v v v v v v v
QQNLE v 32bit v 3t
O3l V3 v 32bit v 32bit v Vi v Wi
OELAE v 32hit v 32bit v v
FATH v v v v v v v v v v v
SEB v v v v v v v v v v v
SHOPT v v v v v v v v v v v
p ) v 32hit v v v v v
ZPREZE 17.10 v 3dhit v 3dbit v 16.10 v
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15 Setup - GAMS 22.5

Welcome to the GAMS 22.5 Setup
Wizard

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 ]

| gscmphiT bxt
| gmsdi_er bxt
| amsos_er bxt
| gsprmas st
| amsprmhT kxt
| nodelack.bxt

Y ) cainfml

‘D ) cplex
My Recent ) Dictionaries
Documents |25 docs

= [Z)gbin
Lj _)abin_new
Deskiap ) grestlib
)inclib
Jinstal
__j"' imadlib

] QAdat
Iy Documents L)QAdats

2] gamserrs.txt
48
by Computer

| gamsstmp.bxt
| grscrmp9s, ket

| gamsparmm.txt

TEEN A s TEOOY A

; by Info

tribution

p-Bugsflis

ilahle

wku.edu) .
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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

Hands-on! Testing

Help

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




el gl -
-l 0
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£ 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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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

USA

GAMS Development Corp.

1217 Potomac Street, NW
Washington, DC 20007
USA

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

sales@gams.com
support@gams.com

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
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