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Roots: Research project World
Bank 1976

Pioneer in Algebraic Modeling
Systems
used for economic modeling

Went commercial in 1987

Offices in Washington, D.C and
Cologne

» Professional software tool
provider, not a consulting
company

e QOperating in a segmented
niche market

 Broad academic &
commercial user base
and network




Typical Application
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Areas *

CENTER

« Agricultural Economics

« Chemical Engineering

e Econometrics

e Environmental Economics
e Finance

e International Trade

e Macro Economics

* Management Science/OR
e Micro Economics

Applied General Equilibrium
Economic Development
Energy

Engineering

Forestry

Logistics

Military

Mathematics

Physics

* Illustrative examples in the GAMS Model Library



GAMS at a Glance
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chatdat.gms  chartdata gdx | testchart gch testchart ach

§titTe Create an example GDX file for the

& =loix
=/ [ s EEE - |

‘qfeaf D4 chatdatagdy

q < @QH oK

:\‘ StockData
104

al

$stitle data for single es. bars, pief 10

set years yl998* 05

parameter YearDataA(year YearDataB(year!| 1pp

9

Vear D fizg]

Yearp:|ua =0

Qst‘t' Entry‘Symbu\ ‘TypelD\m‘NrElem ‘ﬂ StockData

Cloge OpenLog [ [~ Summanyonly W Update

L4l

5255 58 §12516 520 524 526 532 536 540 545549

set
param 10 GanttData  Par | 3 1 Plane Index {empty)
scala
Ta #|Puints Par | 2 A0 \ETEM [x0[36742 5472288417 il
ng(, & Scatter2D Par 2 40 0 100 N
ol g
por | JSeetledD  Par | 2 60 DELL [x0| 38742.5472085417 LRV
x1 13 ScenarioData Par 2 136,000 40 100 -
’ 38,780 38,800 38,820 38.840
1 2|StockD 3 S
' | 12[StockData_Par | 3 &00) HP [x0|38742 5472285417
dstit 11 Surface Par 2 2500
set Y0 100
B
SVecto?D |Par | 2 & SUN [0 38742 5472285417 Surface
\
6 Vector2Db  Par 2 80 30 700
Fao
par-am||— VectordD  Par | 2 120 FoliEm [x0|38743 2472286417 =
1 YearDataA  Par 1 8 S Fs
t queez:
je:tm 2 YearDataB  Par 1 8 ﬁ Decimals
g 4[] Max
1 3YearDataC Par 1 5 | Sot Ordering: 1
- - 06
:hartdal} N
05
--- Job chartdat.gms Start 05/05/06 13:08:00 04
GAMS Rev 145 Copyright (C) 1987-2006 GAMS Development. All right
ssen 5051012,
& GrbH 03
tdat 13 ;th
-~ Starting execut 02
—-- chartdat. gms (12
Putfile £ Di\su estchart.gch 0.1
=== Status: Norma pletion
--- Job chartdat.gms Stop 03/05/06 13:08:01 elapsed 0:00:01.422 0
Ul |
01
! 0.2 150

HoN

General Algebraic Modeling System:

Design Principles:

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

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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Multiple Solvers &
Platforms

x86 x86 64 x8 x86 64 Sun Sparc HP 2000 DEC Alpha I[BM RS-6000 SGI Mac PowerPC
MS Windows MS Windows Linux  Linux SOLARIS HPUX 11! Digital Unix 4.0 ATX 4.3 IRIx? Darwin
BARON 7.7 v 32bit v 32bit v
EDMLP v v v v v v v v v v
COImN v 32bit v v v
CONOPT 3 v v v v v v v v v v
CPLEX 10.1 v v v v v 10.0 g1 v 2.1
DECIS v v v v v v v v v
DICOPT v v v v v v v v v v
KNITRO 5.1 v 32bit v v v
LGO v v v v v v v v v
MILES v v v v v v v v v v
MINOS v v v v v v v v v v
MOSEK 4 v v v v v 32 v
MPSGE v v v v v v v v v v
MSNLP v v v v v v v v
NLPEC v v v v v v v v v v
OQNLP v 32bit v 32bit
OSL V3 v 32bit v 32bit v V2 v V2
OSLSE v 32bit v 32bit v v
PATH v v v v v v v v v v
SEB v v v v v v v v v v
SNOPT v v v v v v v v v v
KA v 32bit v v v v v v
KPRESS 17.10 v 32bit v 32bit v 16.10 v
UG AMS distribution for HP 9000/HP-UX is 22.1.
“IGAMS distribution for SGI IRIX is 22.3.
Contributed Plug&Play solvers
AMPLwrap v v v v v v v v v v
DEA v v v v v v v v
Kestrel v 32bit v 32bit v
For backward compatibility we maintain older versions of operating systems and solvers. Please call.
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Downloads d%\[g

Downloads 2007-02-12 to 2007-03-11

e Qaix

e J13axu

e 47 dar

e 6hp7

e 46 lex

. 100 Inx ~ 500 downloads
syl a week

e 17 sol

e 321 wex

e 1400 win

Total: 1963
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System Overview CHED

CEMNTER
Interactive API / Batch
.. I t Productivity Tools
Conne;:tlwty Tools « Integrated Development
* Uniform Data Environment
: User Interfaces
Exchange: « Model Debugger and
- ASCII Profiler
- GDX (ODBC, » Model Libraries
SOL, e Data Browser
XLS, XML) » Charting Engine
« GDXTools ’ [B)encl;hmarkitng ¢
e Deployment System
Data API e Quality Assurance and
e Ext. programs Testing
- EXCEL
— MATLAB Sol BARON, COIN, CONOPT,
—  GNUPLOT, ... OIVETS CPLEX, DECIS, DICOPT,
ST LP-MIP-QCP-MIQCP-NLP-MINLP-CNS- KNITRO, LGO.MINOS, MOSEK,
- EE. mgspg\épglgbal and stochastic optimization QIOINTER AU, SN, 25
’ ’ XPRESS, ...




Who are the GAMS =
CHPD
Users? =

CENTER

* (Academic) Researcher
— One time use (Research Paper)

 Model Expert
— Model Results used for Consulting

* Black Box User
— Model integrated in (Optimization) Application

a Each Category has its own needs
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What are their Risks?  CARD

... Relevant new features for productivity increase...
... Performance gains...

... Long term reliability...

User’s Risks

VLCENTER
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GAMS

Environment

Integrated Development
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P15 gamside: D:\supporticva.ger =10 x|
File Edit Search Windows Ukilities Help
_I_I_I_I_Il““e = | s|Bl = |
B o-\eupporttestchartoch =
Ichartd gme  chartdatagds | testchart.gch | testohar
3titTe Create an example GDX TiTe for the ! o~
il o o S QM w |
StockData
104 . —1BM
R ] A A\ | —DEL
icstitle data for single lines, bars, pief 103 ¥ HP
set years / yl39&8=y2005 / A M / \ n./
parameter YearDataA(years). YearDataB(year: 102 N’\ f' —SUn
1
< ar 0 rr———— s AN AN
‘.‘HIEE“"DiI chartdata.gd= i d:f -i;v[ \\ r’\'l" V\l
Sstit EntryISyman ITypeIDlmINr Elem I:" StockData o / k34 \ . V
set
par?.m 10 GanttData Far 3 Plane Index (empty) | 0.y !ﬂz E gv ! g'z i S r
scala :
" e 4|Points Par | 2 2000 [iem [x0]38742 5472285417 il v M mv
Loopls 8 Scatter2D  Par | 2 40 — 100 \/NV U A
Po- 8|Scatter3D  |Par | 2 60 DELL [x0| 38742 5472285417 v Wil
’)‘_f 13 ScenarioData Par 2 136,000 0 100 T T T + T
' 38.780 38.800 38.820 38.840
;
T |__12[StockData__[Par | 3] __300) HP  [x0|38742 5472285417
3stit’ 11| Surface Par 2 2,500
=t 5 Vector2D P 2 80 L 100
eetor ar SUN [0 38742 5472285417 Surface
6 Vector2Db  Par | 2 80 70 TEe [ Surface |
I f|Vector3D  |Par | 2 120 12[IBM [x0]38743.6472285417 < |
1|YearDataA Far 1 ] !
_Reset | pacimais ¥ Saueez:
ector 2|YearDataB  Par 1 8 ‘e'i'mGE |
— vl Max .
< | 3 YearDataC | Par 1 8 = Sort_| Ordering: 1
5] o
chartdat I
0.5
--- Job chartdat.gms Start 05/05/06 13:08: 0.4
GAMS Rev 145 Copyright (C) 1987-2006 GAMS Deve'lopment All right -
Licensee: Franz Nelissen S051012,/
GAMS Software GmbH 0.3+
——— Starting compilation
--- chartdat.gms({133) 3 Mb 024
Starting execution
chartdat.gms(126) 7 Mb
Putfile f D:‘\supportitestchart.gch 0.1+
= Status: Normal completion
—-—- Job chartdat.gms Stop 05/05/06 13:08:01 elapsed 0:00:01.422 0
< | 0.1
I 150
Clase B Leg I Summary only ¥ Updats 52 55 58 512516 520 524 528 532 536 540 s45 349 —
[« I _'l_I

12



GAMS

“Solver” Convert

Eq gamside: C:\Documents and Settings\Jan\My Documentsicmulcmu.gpr,

File Edit Search ‘Windows Utiities Help

Annual Review Meeting 2007

EETREY,

tnsport.gms  brnsport.|st

j ﬁl@l Ilp=converl optfile=1

A c:\documents and settingsljanimy documentsicmultrnsport.gms E“i”z| 4 No active process

trnsport |

§Title A4 Transportation Problem (TRMSPORT,ZEQ=1) ~
jontextc

Thiz problem fipds a3 least cost shipping schedule that m
reguirements at markets and supplises a3t factories.

Dantzig, G B, Chapter 3.3. In Linear Programming 2nd Ext
Frinceton University Press, Princeton, New Jersey, 1963,

This formulation is described in detail in:
Fosenthal, R E, Chapter £: A GAMS Tutorizl. In GAMS: A It
The Scientific Press, Redwood City, Czlifornia, 1953,

The line numbers will not match those in the book becaus |
ComRents.

FOfftext

Sets
i canning plants / =eattle, san-diego /

Reading parameter(s) from "C:iDocuments and Settings'Jan)Mys
E- I B
Finished reading from "C:%Documents and 3ettingshJan'Ny Doc

——— Writing Ampl o oaopl.rod
——— Writing AwmplNLC atplnlo. o
——— Writing Earon ! gaEms . har

——— Writing CplexLP : cplex.lp
——— Writing CplexMP3 : cplex.mps
——— Writing FixedMP: fixed.mps

——— Writing Gams IgEmsS . gms
——— Writing Lago : lago.gms
——— Writing LindoMPI lindo.mpi
——— Writing Lingo lingo. log
——— Writing ALlphaECP alpha.ecp

=== Writing Minopt minopt.dat
——— Writing NLFPZNCP JRMSWCD . QS
——— Writing Viennalag : wvienna.dag
——— Writing CoinFML coinfrml . xml
——— Writing Dict r dict.cxt

—=—= Writing Jacobian Jacobian. gdx
——— Writing Lgo lgomain. for

——— Restarting execution
——=— Lrnsport.gms(66) 0 Mb

hl markets / new-york, chicago, topeka
——- Reading solution for model transport
Parameters ——— Executing after solwve
——— trunsport.gmwsicd) 3 Mb
%% Ztatus: MNormal completion
ali) capacity of plant 1 in cases -—- Job trnsport.gms Stop 03/10/07 22:35:05 elapsed 0:00:00
/ seattle 350 24
san-diego s0o f * | >
bij) demand at market j in cases
/ new-york 325 v
¢ | | Close Openlog | [ Summaryonly M Update
1:1] [Inzert

13



Integrated Development
Environment

e DEMO
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Gams Data eXchange
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CHPD

CEMNTER
Binary Data Exchange GDX Tools
GAMS
IDE GDX Viewer
SOLVER GDX
APl __- GDXRank
- Complements ASCII data exchange || GAMS ‘
- Data exchange at any stage ——_.GDXMerge
- Supports ODBC and XML /
- Direct Excel connectivity GDXxrw | GDXDump
- General API (MS Office) .
: : GDXDiff
- Visual Inspection
- Scenario Management Support
- Full Support of Batch Runs

15



GAMS

GAMS in Control

External

Database

Text Files

Text Files

Visualization

Tools

Direct Interface
(Office Appl.)

Direct Interface

(Office Appl.)

Annual Review Meeting 2007

CENTER

Import

A

Export

16
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U.S. Energy Model CH PD

v {:EHTEFI
Goal: rer
-Single annual model =
-Unique detall level o
Coal Emissions

-Long term energy outlook

Size:

-MIP, 7.5 million var., 3.5 million con.

-Reduction of almost 80 %, while optimal solution
changed by only 0.5 %

“"ku%:, II*_Z(III.\'IS[JIII*Zl'?l\’I-II{Hﬂl'l'.:i'_Il' ) Sreenmont GAMS

@ﬁj CAROLO-WILIELMINA ( Bl

e ZL BRALUNSCHWEIG

17



How Clients want to use

our interfaces
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A B c D E F G H 1 J K L M N 0 P
1 : m
2
3 COAL AREA - TYPE PRODUCTION
4
5 = & Btu #502 Hg
§ Indonesiz-Hon Bt
7 Sauthern West Virginia-High Bru-CSx Indanesia-Mid Btu Total Coal Area
8 Southern West Virginia-High Bru-NS Latin America-High Btu Compliance
Southern West Virginia-Mid Btu-C5x Latin America-Mid Btu Mear-Compliance:
G’e‘”mo”t 9 Southern West Virginia-Mid Btu-is 2 Menu Maryland 2
10 Midwest Interior High-Sulfur ~
Mew Mexico
" Horth Dakata-Center
12 N Morth Daketa-Cayote -
= ¥ Print North Dakota-Falkik g Print
14 :
ine Cos! oal Area- e roduction oal Area- e
15 FOB Mine Cost by Coal At T Production by Coal Al T
15 SWY-Super-Compliance IND-Mid- Sulfur =|
8210
i $26.0 160
i $25.0 150
;? 240 2 140
£ 5230 2 130
TR e o = R ] S 3 z | §on § o
& s21.0 E 10
merged ook 2 5200 100
Entry [Symbol Tyr= = 5190
¥[8y wE2| BFUEL: Aggregated use of all coal and gas in unit in TTBtu % oot
B5 BASINLIMIT Eqr 27 CrEmmocNmeoEroo gD EEE U L B PR
8 BCOAL v 28 E858c55555555088888488 ScszzzzzssssoEssggs
ar FERERRRRRRRRRERRRERREER SREERRRREEEERERERRER
Plane Index (smpty) 29
13 BCOALPMT Var ) Sreemmant s | —+—Before costscraws  —a— Aftercostscraws
11 BCOALFRE Var 3
12 BCOALSWY o004 [2008 [2008 [e007 [2008 [2009 B 2 L]
L Level
3 BGAS 056 |BVW74|44.1668216482601 | 44.1886215462601 44.1668215452601 44.1666216462601 |44 1666215462601 | 44.16B621648260 e
2 blkio BUV71 |45.8254097638567 | 45.825409 = = = = = = = = . - = - = 5 =
125 BOUNDEMIT Eq. BUN73 |47 4525504955245 474525594 4
123 BOUNDEMITNT Eq  [B0E9 [1 34.4256360600815 ) 34.4258360 2 Greenmont GEMU" '-1_ 5 o E(EEDEzélwglvuunntgﬁg:ng:hsnper:tEahl take
122 BOUNDREL Eq. 2 |323915785026607 | 32391576 3 2 Module after each selection
BI02 [1 |6o.7eeea74t8ucoa) 69 7esao7d 2
117 BUYCUE Eqt 3 ‘Antelaps Valley [0 A Unit Capacity
& BUYPIPE Eq 2 |10034t50978742 100343160 T | apache station e Coal Use
Arapahoe Tatal Plant —
F|BUYSO2CAR Var |B219 |1 [IB02GA9361930 160205 g e ik Midland Coder Rapids Plant Capacty
2 BUYSOZEP var 6222 [b1 |37.6145701733444) 37.614570] 9 || echer Daniels Midland iton 766
30 BUYSOZNONCAR  var |B223 |1 33.454580039875 33 46456 10 ::;:‘:rc":g'gﬁ‘i{;ﬂa"d Decatur Utiity
101 CAPLIMIT Eq 3 |s2sE06767123135 32850678 1; Amsiong Fower sat SlFEt
ate
58 CAUSELB Equ 3 13 |ahee v on
57 CAUSEUE Eq [8224 [t [19.0020406725571  19.0028404 1 | Ashtsbula .
Aikokan . - .
52 CBUSELE Eqt 2 |1B2241362741251 206758324 15 Installed | Optimized 8§ B8 s TEEEEE B
o S ERESEEEEEEREREERSE
&1 CBUSEUB B [E26 1 [smo0ds17smens 1 3 ass7s 16 [BCCol Planned | _Scrubber
ally ONAPF OCAPF OSAPF OFRS OILE  OCOLO BGLF  ONDL  WSWY BSOW
55 CCUSELS Eq [10002[x 53938131 1; Baldwin Eneray Corpl fe200e o
Barry QMW  BANT BUTA OWAS ®PET ®TRA ELATA DINDO OOIMP
‘
55 CCUSEUB 0 KT 1 . 007
103 COALCHOICE Equ Resst | ¥ Suueeze defaults  Orderinf 5 | Baaver valley 2008
o COALEUPRLY Decimals  Search 21| [sekos Sone Sulfur Flavor
Sort oo Next Belews Creek
f COAI TONS Alp Max l 2052 bl River 2010
23| |Belledune 2011 300
24 Big Bend (FL) 2012
Big Brown
25 Big Cajun 2 203
28 Big Sandy 2014
Big Stone -
211 girehwood 2018
28 | siron il 2018
29 Black Dog 2017 000
30| [BlackRiver Power Lic 2018 g 5 882 gz e e 2g
3y |ountsireet T § 8§58 38888 8888§8%8-+%
Blue valey L]
32 2020 BHIS BNCP OSCP mMIS ECMP BNCL OCML mUcP
33
34

18



GAMS in Control

e DEMO

Annual Review Meeting 2007
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GAMS

Application in Control

Annual Review Meeting 2007

CENTER

Programming

External Language or other
Application Application

Call GAMS

Call external
program (including
GAMS)

External

Application Application

20



GAMS

Samural Sudoku

A|BI[CIDIE[F|G|H|[I]J]|K|L|M o P TIU[VIV
1
2 8 b 2 3
3 4 7 51 T 8 9
4 58 119 5 1
5 9 5 b 9 4
b 1 b
[ 3 T 4 3
g 4|3 31 2 b
9 33 24 3 74
10 b 3 2 4 2
11 4 b
12 3
13 3 &
14 5 7 1 8 1
15 24 91 2 9 8
16 9|8 2|6 9 2
17 2 4 9 3 4
18 2 7
13 1 3 2 7 ]
20 ] 34 2 1
21 6 1 5 8 T 4 3
22 2 3 4 2
23

Annual Review Meeting 2007
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Application in Control d{F/’\Dﬁ

e DEMO
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GAMS

Annual Review Meeting 2007

Interfacing with GIS
Applications

EMISSIONS - IMMISSIONS

Increasein Ktons Per Year
o+ LessThan0
s 0-19 b5
o 2001000
@ 10003000

23



centimeters

Interfacing with
MATLAB

Figure 1: US dollar short rate scenarios

Scenarios from tree

Years

25
centimeters

Dollar Short

Dollar Long

Figure 2: Short vs. long rates

Correlations for Dollar Short and Dollar Long

Annual Review Meeting 2007

o

- +
- +*
+
r 1ga2
2000
L 2001
+ 2002
x |
] 1
Dollar Short
W
ke
@
-
@
E
=
c
-
o

2.5
centimeters

PD

CENTER
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Interfacing with
GNUPLOT

Asset Balances with Borrowing

Investment

Ramsey Growth Maodel

0.8 L
2010 2020 2030 2040 2050
Fan Plot of Output Distribution
Ramsey Growth Model

107 4

104 ==

. /

104

plini) B

100

108

200

300

A

5K}

S

T

[F 3

aTE

aTE

aT4

[

Annual Review Meeting 2007

PD

CENTER

Lifecyck Consumption-Saving s Maodel

Investment
Capital Tax Impacts with Structural Uncertainty
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Interfacing with
Web Applications

Cadet Schedules with Constraint Yiolations, AYT 2001-1
Header Information
Select Constraint Type: |3 FREE HOUR CONSTRAINT | Free Hour Violations: 3 =
Fitter by: | j Design Group Yiolations: 4 =
Unbalanced Schedule Violations: i —
Cadets With Schedule Violations FREE HOUR CONSTRAINT
| Course | Total Enraliment | Mame 55N | Gradyr | Reviewed | i‘
: 2002 | W | Details
BRIV, JAMEY & 2002 [
EM3674A BUNTING, BRIAN M. 2003 =
EM2014 CHOMOWSH], DaYID P, 2002 [
ErMZ02 COOPER, GRAIG W0, 2002 [
EM301A CLLLUMBER, CRAIG k. 20032 n
EM3624 DOMMELL, TYLER R. 2002 -
EM3IE2A EDGAR, BERJAMIN T. 2002 n |
Cadets: 13
FOS1 | Civil Engineering Major [ FOS2]
Eng Seq CVIL EMGINEERIMNG
Auctivit
i | IR {3 1Day TOPA| 2.414 COPA] 2699 (3) 2 Day
Hour Course WViolation Cverride Hour Course Wiolation Cverride Schedule
A | FE310 Z Hour G | 55307
B | MAZE4 H | HI301
e | PL300 [ | EM364A
D | PL200 J | EM3G4A
E | Emasza K | R OK
F | EM3E2A L | Close |

26
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Individual Front Ends

CENTER

1M SAT PROPHET RPS | Database: RPS31.AST.INTERN | User: prophetmaster
File Settings ‘Window Help

9 i ®|a

=181 x|

Mandator:  |P® had

BX BIE Q#Eh -8 & &4 °?

- purchase slectricit | 51 complex cogeneration 1 [scd2] =10 x|
4 work values
EHE PL2 normal campletion integer solution 161247.000

. variable time series

: ﬂ purchaze electricity
] work values
- PC3

1 Variable time sories
ﬂ purchase electricity

8 12 =l

G- Libraries
Shfi. Curves browser
‘4

Sub models
HES Sub models
E-3F Balarcing media

E ﬂ purchase electricity
EEY work values

~ I ».rchase electricity in M{complex cogeneration 1 - sce - PC1]
~ [N rrchase electricity in MAcomplex cogeneration 1 - scdl - PC2]
¥ [ ] purchese electricity in Moomples cogeneration 1 - sodd - PC3]
~ I . chase slectricity in MYYcomples cogeneration 1 - scd2 - PC1|
W [ ]purchase electricity in MATcomplex cogeneration 1 - sco2 - PC2]
¥ [ purchase electricty in M{complex cogeneration 1 - sce2 - PC3]

B work values
5T
572
&) 5ub models I =[5
I8 Curves browsey € Browser | Comments | Time sories Work walues |
: A e = . Ti 5 A1 Valyss Chat |
E-# Instance L€ Blowserl Comments  Time seres |Wolk va\uesl
5 EEXDEL Indicatar Valuss Chart | Fefyuil] [ @
EEXPUR &1 | costs =
Gast 82| erergy balance Zeitprofil[14.02:2002 01:00 - 15 02 2002 00:00 @l Zewaum  [14022002 @ [or-00 15022002 (@ [1200 (S
GAS2 2
o Zeaum  [14022002  @|[ot:00 [15022002 @ [o000 o E Crattprofie | [
GT1 Chat pofie | @ Time series | costslcomplex cogeneration 1 -sedl / PCT) R 1t
GT2
HwBT Time series Ipulchase electricity in Mu/[complex cogenelej ﬁ, hin] b | & | ') |
HwB2 | ) ‘ |
B el
¥ nla 35000
HwB4 30,000
PC1 7 25000
. variable time series 20000 {-
: : ﬂ purchase electricily 80 15.000 i'
=] ﬁ Work values &0 o (I
i costs 40 I =
- P2 e = =
= Variable time series 04 — T - — — — - = =
ol purchase electriciy 88 88 8858 88 88 885 &858 &8 g a8
EER work values b 28 582 £ L =22 HEAE B o I}
2 ¥ SN S A S AN NN MM MNN NN o o o
oo B8 BE BEE B8 B8 B88 82 § 2 5
B 3 848 88 £8E& 88 £8 E£8E E&5 B Zeit
={§ Variable time series T2 ZE £Z2Z Z £ £2E £ 2 .
H Zeit [v —B— costs[complex cogeneration 1 - scdl 4 PC1]

¥ —— costs[complex cogeneration 1 - scdl J PC2]
i a costgcomplex cogeneration 1 - scol FPC3]
[V —— costscomplex cogeneration 1 - scd2 4PC1]
i (m} costs[complex cogeneration 1 - sco2 FPC2)
[V — @ costscomplex cogeneration 1 - scd2 {PC3]

Mum 31.08.2004 11:26:54 |

SAT-PROPHET

27



GAMS

Deployment

£ gamside: C:\Documents and Settings\ utz\Desktop\CMUYCMU. gpr - [c:\documents and settings\lutz\desktop\cmuldeploy.gms]

e File Edit Search ‘windows Utiities Help

Annual Review Meeting 2007

BERRY,

S|

deploy.gm:  deplowlst |

| ~

jtitle GAMS Deplowyment Model (DEPLOY,SEQ=308)

fontext

Thizs model creates 2 GAMS deplovment system

Complete two steps and run this model and pick up gmesdeply.zip

in vour project/curreent directory

1. Add the solvers and other products to the set DeployvProducts.

Display p to imnspect all possible products.

2. Add names of files that usually do not come with vour GAMS svatem
but wvou want in vour deplovment system between onfoffecho

fofftext

Set D GAMS Products / system.3Iolverlames [

DeployProducts (p) / COMORT /:

* Add extra non GAMS Ffiles to yvour df
$if not set ziplist §set ziplist gam

File

Edt ‘Wiew Favorites > ¥

Q- O 3

[lIE>

| B

gmsdeply.zip

E GAMS Model Library Version 27.0

Search Idep

jonecho > "sziplisci"

$offecho

# There is no nead to change anvthin

* We always need the GAMS BASE svsted
DeployProducts|' GAHNS') = wes;

SeqgMr | Mame + |Application Area | Tupe | Contributor Description

032 DEMOT Agricultural Economics MNLFP Kutcher, G P Monlinear Simple Agricultural Sector Model
Language Featun

176 DICE Mathematics MIP Gardner, i Mor-transitive Dice Design

272 DICEX M athematics MIF Bosh, R A Mon-tranzitive Dice Design - Enhanced

&

GANS Deployment HModel

{DEPLOY, SEQ=308)

This model creates a GANS deployment system

|

v

[

E

$if not set zipfile §set zipfile jgams.workdirigmsdeply.zip

jset gmsdir $gams.scrdirigmssysdir

|

<

16: 81 | [Insert [

CENTER
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Deployment

e DEMO
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Performance Analysis d%\[g

CENTER

e Solver robustness and correctness
o Solver efficiency

e Quality of solution (nonconvex and
discrete models)

a Cross comparison of solver resource times
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GAMS World PD

CENTER

Performance World

Welcome to the Performance World!

Performance World is a forum for discussion and dissemination of information and tools about all aspects of performance
testing of solvers for mathematical programming problems. This world has been established in response to user demands.

for independent and reproducible p results.

Overall performance highly depd
Editorial Board designed to serve the different n . PAVER
to solve a proprietary or classifig Oo [Home | Tools | Links/Other | Performance World |

PerformanceLib algorithm against a set of existing

» Uniform access to a comy
« Automation toels for colld PAVER - GAMS Model Translation Web Submission Tool (GMS2XX)
+ Tools for analyzing and vi
PAVER Server The PAVER GAMS model translation web-submission tool runs the GAMS/CONVERT "solver" to translate GAMS models into the following supported
Languages

Performance Tools

Performance List . AshaECP
AMPL

BARON

ComFML

CplexLP

CplexMPS

Dict

FxedMPS

GAMS (scalar)

Lago

Lgo

LINGO

MINOPT

ViennaDag

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

‘What's New:

Related Links

» Several new libraries (Fix{
Search Performance Libraries.

The service requries that all models be self contained Upon submission, the resulting translated models will be sent via e-mail
Creating a Self Contained Model:

The translation a sef contained model with no Sinchude or Sbatinclude. The GAMS system provides an easy way to produce such amodel even it
contains nested Sinchide and Scall statements. Run your model in the usual way but add the GAMS parameter dumpopt=11:

e Performance World & PAVER
e Translation World & Convert
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PAVER dﬁ@\g

« Performance Analysis and Visualization for
Effortless Reproducibility

www.gamsworld.org/performance/paver

* Online server to facilitate performance testing and
analysis/visualization

e Results sent via e-mail in HTML format
— System independent

33
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Open Testing
Architecture

Translate: d

GAMS/Convert

Solve with
“other”
systems

e

GAMS
Models

N

Solve with
GAMS

N

Web

Web

e

Annual Review Meeting 2007

d%\l;

N

A

PAVER
Server
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GAMS

Fercent Of Models Solwved

m Analysis / Visualization

166
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Performance Profile
Soluwer A —
Soluer B ——
Soluer 0 —
CAM_SO0LWVE ——
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1@ 1aE laaa

Time Factor
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Analysis / Visualization d%’\lg

e DEMO
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Grid Computing

Annual Review Meeting 2007

CHED

VLCENTER

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...

Grid Computing

38



What is Grid
Computing?
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CHPD

CENTER

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 CHRD

CENTER

Loop(p(pp) , > Loop

ret.fx = rmin +(rmax-rmin)
/(card(pp)+1)*ord(pp) ;
Solve minvar min var using miqcp; Generation
_ _ N ¥

xres(1,p) = X LI Solution
report(p,i1,"inc") = xi1.1(1); v
report(p,i1,"dec”) = xd.I(1) Update

40



GRID Specific
Enhancements
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CHPD

VLCENTER

1.

3.

4.

Submission of jobs

“Grid Middleware”
— Distribution of jobs
— Job execution

| ]

Collection of solutions

Processing of results

1
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Grid Facilities

e DEMO
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GAMS & ST ———
Grid Computing ~ ~\/

CENTER

Scalable:
— support of massive grids, but also

— multi-cpu / multiple cores desktop machines
- “1CPU - Grid”

feriis Ecs, wis
\\\\\\\\

Platform independent

ssssssssssss
nnnnnnn

Only minor changes to
model required

Separation of model and solution method
a Model stays maintainable
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Example CHED

CENTER

Oll Pipeline Design Problem

J. Brimberg, P. Hansen,

K.-W. Lih, N. Mladenovic,

M. Breton 2003.

An Oil Pipeline Design Problem.
Operations Research,

Vol 51, No. 2 228-239

http://www.gams.com/modlib/libhtml/bchoil.htm
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Convergence —

Pipeline Design

Annual Review Meeting 2007

CHPD

CENTER
1636.45
1565.3
i B&C&H_Dual
1494.15 B&C&H_Primal
—— CPLEX_Dual
L —— CPLEX_Primal
 — ——B&C D;al
1423 _l
f —— B&C_Primal
1351.85
1280.7 . . . T T
300 600 900 1200 1500 1800

Computation Time in 2003 (seconds)
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BCH Facility CHED

e Cut Generator and
Heuristic

— Represented in terms
of original GAMS
problem formulation

— Independent of the
specific MIP solver

— Use any other model
type and solver
available in GAMS

CENTER

« Design Principle:

GAMS System
I User

GAMS
Solver BCH Cut
Link Generator
FaC|I|ty 2
MIP Solver _
(e.g. CPLEX) Heuristics
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BCH Facility

e DEMO
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Long Term
Commitment d{'ﬂ%

« Software Quality Assurance (SQA)
— Software configuration management
— Quality control and tests of the product
— Client model testing

a SQA becomes more and more important for MP
Industry
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SQA at GAMS o
SCM C/PD

CENTER

Software configuration management

e Audit strings
KNITRO Nov 27, 2006 WIN_KN_.NA 22_.3 009.035.041.VIS KNITRO 5.0
KNITRO ALFA 5MarO7 WIN.KN.NA 22.5 010.036.041.VIS KNITRO 5.1.0

 Build automation tools: Automatic build of the
whole system every week - build early and build
often

e Simple source management system (automatic
version and audit string checks)

o1



SQA at _GAI\/IS _Cﬁ;aPD
Testing

Quality control and tests of the product

e Goal: Continuous quality improvement
using automated and reproducible tests

e Test libraries (available online):
—  GAMS Model Library (solver tests)

—  GAMS Quality Test Models Library
(modeling system test)

e Continuous addition of new test models
e Bugtracking System
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Client Model Testing V=

CENTER

Clients with complex application

Need assurance that application will work
with new GAMS releases

Only limited ressources to do major testing
themselves

Confidentiality Issues
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Clhient Model Testing V=

CENTER

* Includes:
— Ability to solve (= no bugs)
— Returns the “same” solution back
— Similar or better performance
e Improves communication between
development team and clients

a Benefits both for solver developers, for
clients and for GAMS
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Summary

GAMS increases productivity
Continuous gain in performance
Proven reliability (+30)

Opens doors to a large network of GAMS
developers and clients with modeling needs

Annual Review Meeting 2007

dﬁ@g
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Thank you! %DF

Performance of bchoil example:
Cplex/BCH: 17 seconds

Regular Xpress: 124 seconds

Regular Cplex: 311 seconds

Regular Coincbc: > 10,000 seconds

Jjan@gams.com lutz@gams.com

56


mailto:jan@gams.com
mailto:lutz@gams.com
mailto:jan@gams.com
mailto:lutz@gams.com

