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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




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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Downloads

Total Downloads of Distribution 22.5 since 2007-06-01: 2308
Sorted by Platform:

. 2 AIX
6 AXU
51 Darwin
39 Linux64
107 Linux32 ~ 500 downloads
16 Solaris (x86) per Week
13 Solaris (Sparc)
1821 Windows32
253 Windows64




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 —

L

- |
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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, ...




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.

13
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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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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

15
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System Overview

Interactive APl / 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

| A |

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, ...
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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

18 Tools
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Interfacing with GIS Applications
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-0oreer| E

Increase in Ktons Per Year

o LessThanO

. 0-19
. o 2001000
B4 T

CE
EIE

[/

Select an Qotion

19



= TEENEAe s TECNY

Interfacing with MATLAB

Figure 1: US dollar short rate scenarios Figure 2: Short vs. long rates
Scenarios from tree Correlations for Dollar Short and Dollar Long
T T 15 12 -
114
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0.54

Investment

Ramsey Growth Maodel

2010 2020 2030 2040

Fan Plot of Qutput Distribution
Ramsey Growth Model

facing with GNUPLO

1080

104

200
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Asset Balances with Borrowing
Lifecyck Consumption-Saving s Maodel

Investment
Capital Tax Impacts with Structural Uncertainty

2010 i) 2030 2040
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e =5

B

Cadet Schedules with Constraint Yiolations, AYT 2001-1
—Header Information

Select Constraint Type: |3 FREE HOUR COMSTRAINT ~| Free Hour Violations: | 3 =
Filter hy-l j Desigh Group Violations: I 4 (-

Unbalanced Schedule Violations: I ¥ —

— Cadets With Schedule Violations FREE HOUR CONSTRAINT

Marme

Total Enrollment

EMIG2A

Details |

Schedule |
(0] &

PH365 BROVYH, JAMEY & |
EM3E24 BUNTIMG, BRIAN b, 2002 Il
EM301A CHONCAASK], DAYID P 2002 -
Er302 COOPER, GRAIG WY, 2002 Il
EM301A CULLUMBER:, CRAIG M. 2002 ]
EM3E24 DOMMELL, TYLER R. 2002 -
EM3E24 EDGAR, BEMJARMIM T 2002 Il -
Cadets: 13
FO51] Civil Enginesring Major [ FOSZ:
Eng Seql CIVIL EMNGINEERING
Activity
Codagzy| S5 (3 1Day TERA] 2 414 COPA] 2693  (3) 2 Day
Hour Course Yialation Cverride Hour Course Yiolation Cwerride
A FE310 Z Hour G S8307
B MAIES H HI301
C PL200 | Eml 3644
D PL300 J EM3G44
E EMIE2A ke R
F EMIE2A L

Close |
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AT PROPHET RPS | Database: RPS31.AST.INTERN | User: prophetmaster
Elle Settings  Window Help

Qo me

mX BOE & gAk: -/® & &4 7

Mandator: |'7¢ hit

[ 4 Libraries
Bl Curves brovssr

B FC2

£y FC2

£y FC3

&3 Bakancing media

- ﬂ- purchase electnclu:ﬂl

8 work values

) Variable time series
Sl purchase slecticit
] waik values
PC2
i ariable time series
E ﬂ purchase electricity
i work values
5T
572
Sub models

complex cogeneration 1 [scd2]

ﬁ [ 1 - normal completion 8 - integer solution 161247.000

3

4 5 ] 8 9

I8 Curves browser

4 4 > M = & " 5 Bowssr| Comments Time seiies | work valuss |

) Variable time series
Sl purchase slecticit
EL g Work values

ﬁ costs

) Variable time series
Sl purchase slecticit
EL g Work values

ﬁ costs

i Variable time series
Al purchase electricit
EL g Work values

ﬁ costs

5T

_io llf_( Browser | Comments | Time series Work valuesl

Vaues Chat |

~=1ol x|

ldicsio) Valses Chatt | Zeoipoll | @l
&1 | costs
82| eneny balance Zeitprofil  [14.02.2002 0100 - 15.02 2002 00-00 @) Zeaum  [14022002  @|[oro0 15022002 @200 =
Zeaum  [14022002  |[o100 [15.022002 | [0000 Chant pofe |
Chart prafile I QI Time series Icosts[comp\ex cogeneration 1 - sod1 / PCT)
Time series | puichase electiciy in Ww/{comples cogenere @] £, 11 B o | & | = ‘
K o ‘ 2 35.000

=

co oo Zoo Zo Zo 2Doo oo o
8§53 88 888 88 288 588 828 B
ZAH Tm Eod 6 w0 REE® =6 O
g8 &5 583 ¢-¢ T2 =22 mE B
L I = =Y B
848 83 885 &8 & 88 g g
28 88 =288 28 282 =228 28 8
G §d S§EN SN N6 NNN NN o
L T T R e e R Y R S Y R Y A
99 g9 999 94§ =Sgo 999 gg 9
T4 wF www ww ww www wFw D
Zeit

v I v chese electricity in MATcomplex cogenerstion 1 - sodt - PC1]
[ N uchass electricity in MA[complex cogeneration 1 - scd1 - PC2]
[ [ |purchase electricity in MATcomplex cogeneration 1 - scdl - PC3]
~ I s electricity in MA[complex cogeneration 1 - scd2 - PC1]
[ [ purchase electricity in MATcomplex cogeneration 1 - scd2 - PC2]
[ [ purchase electricity in Mcomplex cogeneration 1 - sed2 - PC3]

30,000
25000
20000
15000
10.000

14022002 01:00
15.02.2002 000040 -~

Zeit

[ —— costs[complex cogeneration 1 - scel 4 PC1]
¥ —B— costs[complex cogeneration 1 - scdl JPC2]
W O costslcomplex cogeneration 1 - scdl JPC3]
¥ —B— costs[complex cogeneration 1 - scd2 /PCT]
~ o costslcomplex cogenaration 1 - sco2 JPC2]
W —@— costs[complex cogeneration 1 - sco2 J PC3]

Murn 31.08.2004 11:26:54 |

SAT-PROPHET



Application in Control

Programming
External Language or other
Application Application

Call GAMS

Call external
program (including
GAMS)

External Application
Application

24
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Samural Sudoku

FAIRIIRS | P =k =k =k | =k | =k | =k | =k | =k | =k | ==
MM G E S R E e s B el Rl R e b

A|BICIDIE|F|G(H|I|J|K|L[M O|P T UV W
g b 2 3
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5 9 5 1
3 b 9 4
3 2 4 3
4 1 2 b
53 2 4 3 74
b 3 2 4 2
4 B
3
3 8
5 7 1 g 1
2 4 91 2 9 8
3 b 9 2
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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, ...
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GAMS Integrated Development Environment

[Eqga Dz\support\eva.gpr I =1 S|
Filz Edit Search “Windows Utilities Help

=1 il T N = || m! Sy

Ep:\support\chartda ¥ p:\support\testchart.gch =1 =
[ chartdatams _chandata gdxl testchart.gch | [testchart ach

Fti1tle Create an example GDX fTile Tor the

A

R »| Rk

StockData
104 —IBM
=1 — DELL
Sst1t'|e data for single lines, bars, pieT 103 HP
ars / wl998*y2005 /

parameter‘ YearDataA(vears). YearDataB({vear: 102 — SUN
1
[Y Dz
Vi £ -\ supporticha d: [T
‘{]EarDil chartdata gds
1
Sstit” [Entry[Symbol |Typ‘3|D'm|"~|r Elem |:" StockData
=et
param 10| GanttData Par Plane Index {empty) |
scalail ’
Torea 4|Points Par | 2 200 IaTiBM [x0]38742 6472285417 ﬂ
Loug(; 8 Scatter2D Par 2 40 vo 100

A

Po- 9|Scatter3D _ |Par | 2 50 DELL [x0| 36742 5472286417

x 13| ScenarioData Par 2| 136,000

)it . - ¥o 100 38.780 38.500 38.520 38,540

il
Sstit] 11 Surface Par

st 2 2,500 = 100
5|Vecter2D  |Par | 2 8o SUN [x0|38742.5472285417 Surface
6 Vector2Dh Par 2 80 H
y0 100;
paramd T[VectorSD  |Par | 2 1200 lt2[iBM [x0|38743 5473285417 |
1 YearDataA Par 1 g = . = Squeezl
ese )
3551:0, 2 YearDataB Par 1 —I Elec;lm:qls |
P _I_I lax
X [ 3 YearDataC  Par 1 8 = Sort_ | Ordering: 1

ESno sctve process —— S| o]

chartdat
0.5+

—-— Job chartdat.gms Start 05/05/06 13:08:00 044
GAMS Rev 145 Copyright (C) 1987-2006 GAMS Development. A1l right
Licensee: Franz Melissen 5051012/

GAMS Software GmbH 0.3+
—-- Starting compilation
--- chartdat.gms(133) 3 Mb 0.2

Starting execution

chartdat.gms{126) 7 Mb
Putfile ¥ D:supportitestchart.ach 0.1+
Status: Normal completion
--- Job chartdat.gms Stop 05/05/06 13:08:01 elapsed 0:00:01.422 0

| |

-0.14

I o <"1s0
s2 55 58 512516 520 524 528 532 536 s40 =45 549 —

Close Openlog | [ Summary only ¥ Update

27 |
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GAMS Model Libraries

ﬁ GAMS Model Library Yersion 27.0

(X

Search
SeqMr|Mame Application Area Type  |Contributor Descrption P
I M anagem ce and ORF E ] A Transpartation P

00z |BLEMD I anagement Science and OF LP Dantzig, G B Blending Problem |

003 PRODMEZ Management Science and OR | LP Dantzig. GE | A Production Mix Problerm

004 PWHOUSE Management Science and OR LP Dantzig, G B Simple Warehouse Problem

aos o JOBT M anagement Science and OR LP Dantzig. GE | On-the-Job Training

Q0E  |SROUTE I anagement Science and OF LP Dantzig, G B The Shortest Foute Problem

ao07  (DIET Ficro Economics LP Dantzig. G B Stigler's Wutrition kModel

0028 |AIRCRAFT | Management Science and OR LP Dantzig, G B | Aircraft Allocation Under Uncertain Demand

009 |PRODSCH Management Science and OR  MIP ChC APEX - Production Scheduling Model

oo POl Managsmeht Scicnos and OR  LP ARCMET ARCMET  Production Distribution and |reattan

011 [UIMP tanagement Science and OF LP Ellizon, E F UIMP - Production S cheduling Froblem

Mz |MaGIC M anagement Science and OR  MIP Garver, LL b agic Power Scheduling Problem

013  FERTS Micro Economics LP Choksi, & M Egypt - Statiz Fertilizer Model

014 |FERTD Micro Econamics MIP Chokzi, & b Equpt - Dynamic Fertilizer bModel

015 ME=SS ticro Economics LP Kendrick, D tesico Steel - Small Static

Me MEXSD Micra Economics HIP Kendrick, D texica Steel - Small Dynarnic

M7 |MEXLS Micro Economics LP Kendick, D Mexico Steel - Large Static

Ma |WEAPOMS  Management Science and OR MNLP Bracken, J “Weaponz Assighment

019 |BID Micro Economics MIP Bracken, J Bid Ewaluation

020 |PROCESS | Chemical Engineering MLP Bracken, J Alkylation Process Optimization

021 [ CHEM Chemical Engineering MHLP Bracken, J Chemical Equilibrium Froblem

022 |SHIP Engineering HLP Bracken, J Structural O phimization

023 |LINEAR Econometrics DMLFP  Bracken, J Linear Regression with Yarious Criteria

024 LEAST Econormetiics MHLP Bracken, J Wanlinear Regression Problem

025  LIKE Econometrics MLF Bracken. J It axinum Likelihood Estimation

026 |CHAMCE Agricultural Economics MHLP Bracken, J Chance Constrained Feed Mix Problem

027 SAMPLE Statistics MHLP Bracken, J Stratified Sample Design

028 |PINDYCE Energy E conamics MHLP Pindyck, AS | Optimal Pricing and Extraction for OPEC

029 |ZLOOF Management Science and O GakS  Zloof, M M Relational Databaze Example

030 VIETMAW  Micro Economics HIF tanne, & 5 Wigtariscz Manne Fertilizer Maodel 1961

031 ALUM International Trade MIF Brawn, M wharld Alurminum Model

032  |MAaRCO Micro Economics LP Aronofzky, J kini Oil Refining Model w

A Transportation Problem (TRNIPORT,SEQ=1) L
w




Transparent Software Quality Assurance (SQA)

Elements:
1. Software configuration management (SCM)
2. Test libraries (available online):
— GAMS Model Library
—  GAMS Quality Test Models Library
a  Solved for all relevant solvers: More than
5.000 tests for each platform
3. (Automated) Client Model Testing

Goal: Continuous quality improvement using
automated and reproducible tests

29
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Sl LTI

|

IDE
-
2| B % ¥ | % BRI =l &l
ftitle GAMS Deployment Model (DEPLOY,SEQ=308 y ] ) ] ~
. ! File Edt View Favorites > g0 b
jontext -
. " 4 \_) 1m
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 /: =
* 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




GAMS Development / GAMS Software

GAMS at a Glance

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,...

32



Performance Analysis

e Solver robustness and correctness
e Solver efficiency
e Quality of solution (nonconvex and discrete models)

e Cross comparison of solver resource requirements
and quality of solution

33



Benchmarking
« BENCH -"solver”
——— BENCH 3TUMMARY:
Ao lver Mods=stat Zolstat Ohjective
CPLEX 1 1 153.6750
COINCEC 1 1 155.6750
COINGLPE 1 1 155.6750
MOZEK 1 1 155.6750
ZPREZS 1 1 155.6750

FEeslU=sd Examiner

a7 F/P
aao P/P
oo P/P
O&& P/P
O6& F/P

 PAVER — Server

Performance Analysis and Visualization

for Efficient Reproducibility

http://www.gamsworld.org/performance/paver/

34
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http://www.gamsworld.org/performance/paver/
http://www.gamsworld.org/performance/paver/

Paver: Visualization

Performance Profiles (Dolan and More, 2002):

e Performance metric: ratio of current solver time over
best time of all solvers

Lp,s

)O(prs) p— minstS I—pﬁsf

e Cumulative distribution function for performance
metric: probability of success if given t times fastest time
(t=ratio)

PP plp.s) <7}
7

Ps(T) :

35
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PAVER: AlphaECP vs. Dicopt

Percent Of Hodels Solwved
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PAVER: Lindoglobal vs. Baron

Percent Of Hodels Solwved

188
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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

o * 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...

40
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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(pp) .

ret.fx = rmin +(rmax-rmin)
/(card(pp)+1)*ord(pp) ;

Solve minvar min var using miqgcp;
xres(i,p) x.1(1);
report(p,i,"inc") = xi.1(1);
report(p,i,"dec”) = xd.1(1)




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 =

43
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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

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;

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

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.1{i);
xres('mean',p)l =m.l;
xres('var',p) = v.l;:
®res('status’,py = warl.modelstat: };
| _lelse
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
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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

I GAMS Development / GAMS Software

I GAMS at a Glance

I Recent Enhancements

a7
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[ gamside: D:\support\eva.gpr P =] 23}
File Edit Search windows Utlites Help
= e )| 1 8l
[ D:\support\chartd [ 0:\support \testchart.gch I [=] =
chartdat.gms  chartdata.gds | testchartgch testchart gch
BEitle Create an example GOX File For Ehe o
i . (ewad=|K
) StockData
GAMS Dev Fe atio 104 A —IBM
1 A M\ [-oEL
Fstitle data for single lines, bars, piel 10 ¥ HP
s ears / yl39g+yz005 /9 A /\l\ / \ ’J
parameter YearDataA(years), YearDataB(year:| 1po A —8UN
i
cerni . AN Y N S
B 0:\support \chartd S I=Ed v T 4T
_“EB'"DE chartdata.gds \A:f’ Wl \\ My V\/
§ ]
Sstit” EmrylSymba\ |Type|D\m|NrElem|ﬂ StockData A i L
set
pm.._lam' 10 GanttData  Par 3 14 Plane Index (empty) iy
scalal
Qopo, | SPoms a2 20 foTEy Tuo[3e42 5472285617 ﬂ / M va
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
' 36,780 38,800 36,820 38,840
n 8
1 | 12/StockData_[Par | 3] 800 HP  [x0|38742 5472285417
sstit’| 11 Surface Par 2 2500
set Y0 100
S|Vectod)  |Par | 2 % SUN [0 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 |
1ax
3 YeaDataC  Par 1 8 v _Son | Ordering: 1
E]| o
thandatl
05
-—- Job chartdat.gms Start 05/05/06 13:08:00 04
Gals Rev 145 Copyright (C) 1987-2006 GAMS Development. A1l right
Licensee: Franz Nelissen 5051012/
GaMS Software GmbH 03
-—- Starting compilation
chartdat.gns (133) 3 Mb 02
Starting execution
chartdat.gms(126) 7 Mb
utfile f D:\support\testchart.gch 01
Status: Normal completion
Job chartdat.gns Stop 05/05/06 13:08:01 elapsed 0:00:01.422
4] |
0.1
l e
52 55 58 512516 520 524 528 532 536 540 545549 —

Close Openlog | [ Summaryonly ¥ Update
L

- |

TEENEAe . WECUY

* Robust and scalable state-of-the-art
modeling technology

*Tailored for complex, large-scale
modeling applications

 Productivity gains through rapid
development environment

* Broad academic and commercial
network

* Proven reliability (30+ years of
experience)
 Protection of investments through

platform and solver independency




T Y EEERas s WO

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
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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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