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Company Background

GAMS Development Tool Provider:
Corporation General Algebraic

Roots: World Bank, (Washington) Modeling System

1976

» Went commercial in P GAMS Software GmbH
L. 1987 (Cologne, Braunschweig)
1996



GENERAL ALGEBRAIC MODELING SYSTEM GAMS
Agenda ..

What is GAMS?

e Algebraic Modeling Languages — A Success
Story

e GAMS — Highlights and Design Principles
e Striving for Innovation and Compatibility
e New Modeling and Solution Concepts

e Software Quality Assurance

A Simple Example
Some Applications

@:®
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1976 - A World Bank Slide .-

IDEAL TECHNOLOGY

REAL WORLD
PROBLEM

ANALYST

GENERAL ALGEBRAIC
MODELING SYSTEM

DATA €—> MODEL €—3> SOLUTION

v

Operating Systems
Computer Languages
Solution Packages

RESULT: =~ Limited drain of resources

-~ Same representation of models
for humans and machines

- Model representation is also
model documentation

@+ ®
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Algebraic Modeling Languages (AML) ..

e High-level computer programming languages
1 < e Formulation of mathematical optimization problems
e Notation similar to algebraic notation

e Do not solve problems directly, but offer links to state-of-
the-art algorithms (“solver-links”)

2 <

Source: http://en.wikipedia.org/wiki/Algebraic_modeling_language
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2012 INFORMS Impact Prize

Originators of Algebraic Modeling Languages

P
V.4
o
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Impact of Algebraic Modeling ..
Languages

5 SN
. ‘ Simplified model
Important vehicle to development, changes,
make mathematical and transfer
optimization available
to a broader audience, 2

e.g. domain specific
experts 4 Added value to existing
applications

[ J
Increased productivity,
quality, reliability and

maintainability
@7®

Impact of

Made a scarce resource
(good modelers) more
productive
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What does he have to think about? .-

Problem
Mathematics
Programming

Performance

Scalability
Connectivity
Deployment

Maintenance (Life Cycle)

LORNCOE N O U1 e
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Broad User Community and Network

GAMS used in more than 120 countrles
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25+ Years
GAMS Development
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Broad User Community and Network .-

More than 10,000 licenses

288832888822348484848484848488

&8 50% academic users, 50% commercial users 'Y

& & PV TV TV TN
2888828288828848484848488488
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Broad Range of Application Areas

Agricultural Economics Applied General Equilibrium

Chemical Engineering Economic Development
Econometrics Energy.
Environmental Economics Engineering

Finance Forestry
International Trade Logistics
Macro Economics Military
Management Science/OR Mathematics

Micro Economics Physics

25+ Years
GAMS Development
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Strong Development Environment
GAMS IDE

Project management
Editor / Syntax coloring / Spell checks

=TT

Listing file / Tree view / Syntax-error

q q 1= L ; S
navigation = e — i
Model Debugging / Profiling " o

Solver selection / Option selection o . PR T
1 sk E"‘:Yi*i:::“‘m |T:f°|°'"l1N'E'-T<JiI Stuckoaa WL‘ e Y -
Data viewer (GDX) o B A g”.fi >
e Export e T s,
ufaca Far 2 v s
 Charting em N Heee
N b [ e S
GAMS Processes Control S —

Model Libraries

praert. AT1 right
S051012/

|
Cloze Opsnbog | T Sirmasont = Updane




GENERAL ALGEBRAIC MODELING SYSTEM

Free Model Libraries

| Model Libraries | Help

GAMS Medel Library
GAMS Test Library

GAMS Data Utilities Models
GAMS EMP Library

Practical Financial Optimization Models

PRACTICAL

FINANCIAL

=) More than 1250 models! B orrimizanion

1]
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Design Principles .-

o Simple modeling language with a balanced mix of

1 :
2 declarative and procedural elements
N—
/"
5 J e Open architecture and interfaces to other systems,
independent layers
N—

Model
Platform Solver Data Interface @ 1 @
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Simple Declarative Language .-

~

e Few basic language elements: sets, parameters,

variables, equations, models

2 e Language similar to mathematical notation

o' Easy to/learn

aEdl * Viodel is executable description of the problem

e Lot’s of code optimization under the hood

A4

Model
Platform Solver Data Interface @ = @
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Mix of Declarative and Procedural .-
Elements

Procedural elements like loops, for, if,
macros and functions

Allow to build complex Interaction with other

problem algorithms I systems:

e Job control
 Data exchange

within GAMS

Platform Solver Data Interface

@ ®



GENERAL ALGEBRAIC MODELING SYSTEM GAMS

Independence of Model and |

Operating System
l' \‘“;
A ;| Lm“XA | X SOI.a r|s

"\ Welcome to Mac OS X ,~:

Wlndows ,:

PIatforms supported by GAMS

=) Models can be moved between platforms with ease!

Model
Platform Solver Data Interface @ 2 @
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Independence of Model and Solver .-

One environment for a wide range of model types and solvers

Also solver for NLP, MINLP,
Open Source Solver (COIN) global, and stochastic
optimization

All major commercial

LP/MIP solver

...............
et e, L e, -t e,
. . . . . .
. . . .
o .

Gurobi :___.' = = —v—
Optimization : '-_ = e e
i — ¢

= Switching between solvers with one line of code!

Model

Platform Solver Data Interface
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Independence of Model and Data .-

e Declarative Modeling
e ASCII: Initial model development

e GDX: Data layer (“contract”)
between GAMS and

applications
— Platform independent | e

. . Application || il
— No license required

— Direct GDX interfaces and
general API

Model
Platform Solver Data Interface @ = @
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Independence of Model and User [l
Interface

APIl’s

Low Level

Object Oriented: .Net, Java,
Python

No modeling capability:
Model is written in GAMS
Wrapper class that
encapsulates a GAMS model

Model

P S S
Platform Solver Data Interface @ 2 @



GENERAL ALGEBRAIC MODELING SYSTEM GAMS

Simple Encapsulation of a GAMS .-
Model

Very simple interface:

* Properties to communicate input data and results
* Properties to change options like the solver to use
* Run() method to run the model

Wrapper Class

D S S
Platform Solver Data Interface @ o @
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Smart Links to other Applications .-

* User keeps working in his productive tool environment
* Application accesses all optimization capabilities of GAMS through API
e Visualization and analysis of model data and results in the application

v <- rgdx{(fnSel, list(name = "tour", form = '"sparse"))
nxt <- w$vall, 2]
# compute the sequence of cities, based on nxt
solSeq <— NA # c¢(l:n + 1)
L |
for (4 in e(i:n)]
solSeq[jl <-

k < nxtlk] . T
Y@\ e | *\@7 .
" { I L &

- solSeq[n + 1] <- )' ® ! M . | ST e
= if (k != 1) stop « { - b 13
O I loc <— cmdscale (s ] | T __I_ J . i!‘(> -
n rx <- range(x <- 1 | T = 5
- o Y 0_‘ e s @

tspres <- loclso!l . N | . E

i @ e of ®le)

e il i L
~ E\J\ )LSQE@ -
<

Platform Solver Data Interface @ = @
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Striving for Innovation and Compatibility.-

Models must benefit from: ‘ Protect investments of Users

( )

rAdvancing hardware / New

Life time of a model: 15+ years

Platforms
Enhanced / new solver and New maintainer, platform,
solution technology solver, user interface

( )

rlmproved / upcoming interfaces ‘
to other systems

Backward Compatibility

. J/

( )

New Modeling Concepts Software Quality Assurance
A A
r 4
/ \ / \

@=®
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New Modeling and Solution Concepts

Examples:

e Disjunctive Programs
Bilevel Programs
Extended Nonlinear Programs
Stochastic Programming

Issues:
Breakouts of traditional Mathematical Programming classes
No conventional syntax
Limited support with common model representation
Incomplete/experimental solution approaches
Lack of reliable/any software

GAMS is conservative when it comes to syntax extensions

OEIC
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The “GAMS” — Approach

Extended Mathematical Programming

( )

Experimental framework for automated mathematical
programming reformulations

J

Keep the language simple: Do not overload existing GAMS
notation

J

Use existing language features to specify additional model
features, structure, and semantics

J

Express extended model information in symbolic (source)
form and apply existing modeling/solution technology

J

( )

Package new tools with the production system

- J

@»®
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Stochastic Programming in GAMS

EMP

ElVlP/SP Information Deterministic

e Simple interface to add uncertainty to | | ias Model
existing deterministic models \ Translation }

e (EMP) Keywords to describe c|
uncertainty include: discrete and Y '% o
parametric random variables, stages, feformulateﬂ UB) de
chance constraints, Value at Risk, ... Model o|-=

: : (viewable) c\1.2

e Available solution methods: T 2 5

— Automatic generation of Soval 625 g
Deterministic Equivalent (can be ( established Algorithms B
solved with any solver) |

— Specialized commercial algorithms

(DECIS, LINDO) Solution

@ ®
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Software Quality Assurance

Perspectives:

 What is the impact of new features?
What is the impact of updated or new solvers?
Is the new distribution backward compatible?
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Quality Test Models Librar

e Tests to verify proper behavior of the system

More than 600 quality test models, each containing
numerous pass/fail tests

Automatically executed every night for all solver

combinations: = 12,000 runs / platform (all tests)
Automatically generated test summaries with different
level of information

Assurance about the basic functionality of the software!

Latest GAMS System Builds and Test Results Sunday 23Mar14 04:52 (UTC)
[ Latest Builds | Alpha Builds | Beta Builds | Nightly Builds | Glossary ] Comments?

NOTE: The (nightly) alpha builds are internal development versions of the GAMS system. They may have known bugs, unfinished features, beta versions of third-party software, or may not function at all! Not for
production use!

nightly a System Libraries Build Rev Status and Time (UTC) Initial Tests Full Tests
Eriday Inx Download 24.3.0 45152 Test done 22Mar20i14 805 runs 0 failures Report 11780 runs 0 failures Report
12:42:54 (gq=0,5=0) (gq=0,5=0)
Saturday leg Download 24.3.0 45152 Test done 22Mar2014 804 runs 0O failures Report 2198 runs 0 failures Report
22:03:49 (g=0,5=0) (g=0,5=0)
Eriday vs8 Download 24.3.0 45152 Test 22Mar2014 947 runs 0 failures Report results pending
started 01:12:52 (gq=0,5=0)
Eriday wei Download 24.3.0 45152 Test 22Mar2014 944 runs 1 failures Report results pending
started 03:47:14 (g=1,5=0)

OFIC
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Why GAMS?

Experience of 25+ years

Broad user community from different areas
Lots of model templates

Strong development interface

Consistent implemenation of design principles

— Simple, but powerful modeling language

— Independent layers

— Open architecture: Designed to interact with other
applications

Open for new developments
Protecting investments of users




GENERAL ALGEBRAIC MODELING SYSTEM GAMS
Agenda ..

What is GAMS?

A Simple Example

Some Applications

ORIC)
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A Simple Transportation Problem .-

What does this
example show?

It gives a first glimpse of how a
problem can be formulated in
GAMS

It shows how easy it is to change
model type and, consequently,
solver technology

ORIC)
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Model types in this example ..

* Determine minimum transportation cost.

Result: city to city shipment volumes.

* Allows discrete decisions,

e.g. if we ship, then we ship at least 100 cases.

Allows non-linearity,

e.g. a smooth decrease in unit cost when

shipping volumes grows

ORIC)
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A Simple Transportation Problem .-
o P e m—

(Number of cases)

i _,-'H""'..

New York

Chicago

Lol Tm_;'“mm
Ml;gﬂ 5 —\—u al:dm:m'ille
" _;_ r\mu;ma
s """JL lea}s '.-.m Palm
'|\1_ \-\ j;hllarr'l

Freight: $90 case / thousand miles OE:IC)
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Supply Distance Demand

A Transportation Model .-
(cases) (thousand miles) (cases)

Topeka
Chicago

1.8
v

Seattle 1.4

San Diego

5
\2'\ @ New York
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Mathematical Model Formulation .-

Indices: i (Canning plants)
Ji (Markets)
Decision variables: x;; (Number of cases to ship)
Parameter: ¢;; (Transport cost per case)
min Y, X ¢;j * Xy (Minimize total transportation cost)
subject to
Zj Xij < Q Vi (Shipments from each plant < supply capacity)
i Xij = b Vj (Shipments to each market = demand)
xi; =0 Vi, j
[, EN

@3 ®
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B File Edit Search Windows Utilities Model Libraries Help

SERARARAE -

trnzport_LP_MIP_MIMLF. grog

Variables
x{i,]) shipment guantities in cases
z total transportation coszts in thousands of dollars ;
Pozitive Wariable
Ecunations
cost define objective function
supply (i) observe supply limit at plant i
demand (j) zatisfy demand at market j ;
cost: .. z =e= sum((i,3), c(i,3}*=x(i,3})
supply (i) .. som (j, x(1i,3)}) =1= a(i} :
demand (3} .. sam (i, x(i,3)) =g= bi(j) :

Model modellP Jfcost, supply, demand/ ;

Solve modellP using lp minimizing =z ;

[Inzert
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Solution to LP model .-
_ shipments Markets (demand)

(Number of cases)

i _,-'H""'..

New York

Chicago

I-"':'JI. Flwlﬂ}a W:l:‘l Palm

II‘.E'-L \-\ j;hllarr'l
Freight: $90 case / thousand miles Total cost: $154,935 @ 37 @
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Minimum shipment of 100 cases

e Shipment volume: x  (continuous variable)

* Discrete decision: ship (binary variable, 0 or 1)

Cost (S)
A /
ship =0 ' ship=1
Not possible
TR S > x (Number of cases)
100

add constraints:
x;j =100 -ship;; Vi, j (if ship=1, then ship at least 100)

x;ij < 325-ship;; Vij (ifship=0, then do not ship at all)

Shl.pi’j (S {0,1} @ @
38
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B File Edit Search Windows Utilities Model Libraries Help

0| % v | %5 T

trnzpart_LP_MIP_MIMLP gms

Scalar mins minimum shipment volume (number of cases)
bigm big-M relaxation ;

bigm = min(smax(i,a(i)),smax (i, b(3}));
Binary variables ship(i,j):
Ecmations

minship({i,j) minimum shipment

maxship (i, j) maximuam shipment:;

minship(i,j).. xX{i,j) =g= mins*ship(i,i):
maxship(i,j).. xX(i,3) =1= bigm*ship(i,j):

Model modelMIP /modellP, minship, maxship/ ;

Solve modelMIP using mip minimizing z ;

[Insert
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Solution to MIP model

Markets (demand)

>
(Number of cases)

Topeka

Chicago

; _/m h}ﬁ-m?ji} 'Iu

— —'»-
L.ﬂ
" “'ﬂ e é -\—u amnme
on Raugs,
;"33" Y

I-"':'JI. Flwlﬂ}a W:l:‘l Palm

\'\ j;hllarr'l

i _,-'H""'..

New York

Freight: $90 case / thousand miles

Total cost: $155,835

@D ®
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Cost Savings (non-linear)

Cost (S)
A |
i The cost per case
decreases with a
increasing shipment
ship = 0 | ship=1 volume
Not possible !
= s >
T T X (Number of cases)
0 100
Replace:
min X 2 Cij * Xij (Minimize total transportation cost)
With

min ;X Cij -xl-jbet“ (Minimize total transportation cost)

ORIC,
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e gamside: Clsersy

wm File Edit Search Windows Utilities Model Libraries Help

o 1| ¥ | % T

tinzport_LF_MIP_MIMLF. gms

Scalar beta beta-factor / 0.976 [

Equations
newcost define new objective function:;

newcost
z =e= sum{{i,j), ship(i,j)*ci(i,j)* (mins-mins**betal)+ cii,j}*xti,j}**beta}l:

Model modelMINLE /modelMIP - cost + newcaost/

Solve modelMINLP using minlp minimizing =z ;

|
95: 79 [Modified [Insert




GENERAL ALGEBRAIC MODELING SYSTEM GAMS

Solution to MINLP model |
_ shipments Markets (demand)

>
(Number of cases)

Topeka
(285) Chicago

i _,-'H""'..

New York

j """JL m,ﬂ}:n:-.m Palm

Beach

G
%-'(;;mm
Freight: ~$90 case / thousand miles Total cost: $142,752 @ 43 @
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Agenda Breakdown ..

Some Applications

Scenario Solving with GAMS

e XYZ - Energy Company
e ACSOM

@«
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Scenario Solving with GAMS

Problem: “small” number of
independent scenarios...

* Through procedural language
elements (e.g. loop statement)

* Works with any model type and
solver

e Communication with solver
through files or memory (in-core)

GAMS

Genera-
tion
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Scenario Solver

...10,000’s of independent scenarios...
GAMS Scenario Solver allows to generate model
once and updates the algebraic model keeping the
model “hot” inside the solver.

Platform independent, works with all solvers
Performance close to native solver API
Example: Stochastic model, 66,320 linear problems

Setting Solve time (secs)

Loop: Solvelink=%Solvelink.Chainscript (default) 7,204

Loop: Solvelink=%Solvelink.LoadLibrary% 2,481

GAMS Scenario Solver 392

Cplex Concert Technology 210
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GAMS GRID Facility

Running scenarios in a distributed environment...

e Scalable: support large grids, but also works on
desktops

e Platform independent, works with all
solvers/model types

e Only minor changes to model required

1. Submission of jobs

2. “Grid Middleware”
_  Distribution of jobs —»T T T T

— Job execution

3. Collection of solutions l__

4. Processing of results
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Massive Parallel in the Cloud

XYZ- Energy Company

Large scale MIP model

Failures with Stochastic Optimization and Robust
Optimization

Scenario Analysis works!

Task: Solve 1000 scenarios (MIPs,1-2 hours) every
week overnight

Security issues: Obfuscation of (binary) GAMS files
Post processing of results outside modeling system
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Massive Parallel in the Cloud

Deployment environment: ,,Cloud” (Amazon EC2)
A few hundred parallel instances (workers)
Automated setup, including

— Start instances

— Prepare / Submit / Run GAMS jobs

— Collect results

— Stop instances

Python

— Boto: Python interface to Amazon webservices
— Setup and control of instances (Workers)

— GAMS 0O API (Python): Control of GAMS jobs

Model

S~ S S
Platform Solver Data Interface @ o @
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Massive Parallel in the Cloud .-

Setup .~ amazon

Local Machine Server (EC 2) webserwces

scenario=1 )(
e results L Worker 1  €==-

Configured AWS

scenario=2 ,( o Instances
<«—tesults 3 Worker 2 e *  Python
*  GAMS

anon.g00 / XXX.gMS

results

— |

----------
(S3) Control of instances

Preparation of obfuscated binary Submission of model and

model file scenario data to workers
Preparation of data for every worker Collection and merge of results

Mapping of results into original @ 50 @
namespace
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e Advanced Collaborative System Optimization

Modeler
e Configuration of (expensive) military vehicles
e Project partners:
e General Dynamics Land Systems (GDLS)
e |ndustrial & Systems Engineering, Wayne State
University
e GAMS Development Corp
e Amsterdam Optimization Group




The Whole-system Design Problem

21 SUBSYSTEMS Options Theoretically Possible
per Subsystem

AFES subsystem Combinations

Armor . p 2,092,152

Chassis Structure

3 10,460,353,203

Defensive Armament 9
Dismountable _ O
ECS . i

Fuel
Hit Avoidance
Lighting /
Mission Equipment (Shooter) e
Mission Station

' otructure

e -

Platform Electronics
Poy

Propulsion

Signature Management

Suspension Y@ 7
Turret Structure e,

‘Water Management

% Approved for Public Release, Distribution Unlimited, GDLS approved, log 2008-09, dated 03/19/08 4
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Project Scope .-

Reimplementation of Significant performance
ACSOM 1.2 algorithm improvements

Use multiple cores
For current setup (laptops)
For high-performance machines
Be prepared for advancing
technologies (more parallelism)

@ ®
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Scenario Solver and Parallel ..
Combined

Implementation | Number of Rest of Total time
MIP models algorithm

Traditional 100,000 1068 sec 169 sec 1237 sec
GAMS loop (call
solver as DLL)

Scenario Solver 100,000 293 sec 166 sec 459 sec

Implementation | Number of | Worker | Parallel sub- | Rest of

MIP models | Threads | problem time | algorithm
(serial)

Parallel + 100,000 4 116 sec 67 sec 183 sec
Scenario Solver

http://yetanothermathprogrammingconsultant.blogspot.de/2012/04/parallel-gams-jobs-2.html

@ ®
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ACSOM Project Summary .-

[

GAMS (complete algorithm; From hours and even days for
streamlined design) some instances

Performance improvement

(same hardware)

( )

Multiple parallel instances of
scenario solver

To minutes, up to an hour

. /

Optimized communication
with database

Model

Platform Solver Data Interface @ = @
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Scenario Solving with GAMS

Various options:

e Loop (declarative language elements)
e Scenario Solver

e Grid Facility
[

Parallel Execution

Simple extensions of Model:

e |ndependence of Model and Platform
e |Independence of Model and Solver

e |ndependence of Model and Interface
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Agenda Breakdown .-

Some Applications

Scenario Solving with GAMS

e XYZ - Energy Company
e ACSOM

Outlook: GAMS under ODM Enterprise
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GEM Energy Models .-

Greenmont

Fully integrated U.S.
coal/electricity model

User-friendly customized
interfaces in popular applications Runs at unit level: coal choices,
(Excel, Access, etc. using GAMS cleanup decisions, dispatch
data exchange utilities)

Uses a dynamic transportation
costing network (GTM™)
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GEM Excel Interface

£3 Microsoft Excel - GEMURit E)#E)(
{8 Fle Edit view Insert Format Tools Data Window Help  Adobe PDF Type aquestionforhelp ~ - & X
SR~ W NN Pre ) e - o WP W=l NN IR -2 M Mk ﬁ_énrial > 10 2B I |== =8 %> v<>-A.-E
5_"3>i§:"§3°i°*ff‘=‘cfia;]'@I.’Jlﬁi?ﬁiiﬁ@!i_)_1‘;3“__& 3 5 A E5 g | (2], F) @ | Y s X B? OSecuritv---i.Z]?e‘LZ.I@!
Ja1 S 7
A | B [ ¢ | b | E [ F | G [ H | I ] J | K | L [ M [ N [ O [PIJZ
1 =
- < GEM unii -
reenmont FORMAT
3 V7774
o
G Brunner Island A~ ~ Unit Capacity Coal Use NAPP
7 Buck 2 650 CAPP
Bull Run -
g Burlington (IA) Total Plant Plart Capacity 200 SAPP
9 CP Crane 1880 : A O z 2 PRB
10 (c:ame; o Parent = LB
ana ) eam =
11 Cane Run AEP S 1.00 coLo
12 Canton Morth Carolina State = GLF
13 gapg Fear ™ OH BbE
arbon -
14 e r ® g 2 = o o =T o e Sy
15 Carlson Installed | Optimized S § 8§ & &§ § &§ § &8 § § SOW
16 Carney's Point Planned | Scrubber Kt
17 Eg‘f;g?ntosh 5 Existing ONAPP OCAPP OSAPP OPRE @ILBE DOCOLO BMGLF ONDL ESWY HSOW ANT
18 Cedar Bay ' 2006 aonal BANT EUTA OWAS EPET ETRA BALATA OINDO OOMP UTA
19 Central Power & Lime 2007 WVWAS
20 Centralia 2008 PET
Bei
31 gnglnlioigmt 2009 Sulfur Level =
22 Charles R Lowman 2010 LATA,
23 gl'::erokee ‘. 2011 2.00 INDO
esapeal
24 Chester Operations 2012 @ OlMP
25 Chesterfield 2013 Optimized SCB 5
56 gteﬁwick 2014 § 1.00
olla =
27 Clay Boswell 2615 =
23 Cliffside 20186
29 Clifty Creek 2017 0.00
30 Clinch River 2018 E 5 8 8 2 £ ¢ £ T L 9o = 9 2 78
Clover Power Station & &8 8 8 8 8 8 8 8 8 8 8 8 &8 =&
3 Coal Creek v 2018
32 2020 |I NCP EHIS OSCP BMIS B CMP BINCL OUCP B CML |
33 T
4 <« » »yMain { Index £/ Coalburn £ Coalflavor £ Plantlist £ Cleanup £ repunitcoal £ Repo / repusecue /£ repusecue2 / IE3 |
iDraw~ Ly |Autoshapes~ N N [ O A dl ¢z Gl & | & - - A-=z= 2 @ EéAa..;bII[i‘]_ill? [OMNE=NE - NFEC RN N |
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ODM System Architecture

ODM Enterprise
Developer

Application Ul Confiquration

Data Modeling

I &
E‘ 2) Optimization Modeling,

! Tuning, Debugging
(OR)

Embeds all CPLEX Optimization Studio
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ODM Enterprise
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Engine

ODM Enterprise
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Planner & Client
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GENERAL ALGEBRAIC MODELING SYSTEM

Replacing OPL with GAMS

Generate initial b
project
l {WW
Edit oDV SRS >~ eﬁgsneer]
mapping e ]
Generate dat files
‘ l -
DevelopEllBmodel {i}’ﬁr’t—\
evelo mode expe
- / I S
: —— Integrate back into ODM
6. Add[EANSEESEHoptimization = . : ‘
nterprise project ..
v i softuere
. ‘ ‘ engineel
Configure goals and ™)
requirements

Implementation:
e ODM Custom Task (GAMS Solve Task)
e GAMS OO Java — API (Data Exchange, Job Control) @
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GAMS Gas Transmission Model in ODM

{7 GasTransmission - Arc Data

i File Edit Scenario View Window Help
fo—y ey ey A TR T
il 3 D e T e}
: Scenarios Qverview 2 X " [ Node Data x | 4 4 ®
¢ Filter is not active, Displaying 20 rows » Filter is not active, Displaying 24 rows
Solve F11 i :
| bound ... Pressure lower bound (... Id From Town To Town Diameter {mm) Length {km}) Active
| Gas Transmission Solve (GAMS) 1.2 0 1 Zeebrugge Dudzele 90 4 = -
Check Data 5] -4,034 30 2 Zeebrugge Dudzele 90 4 =
- -0.222 [u} 3 Dudzele Brugge as0 5 =
Scenario larer 0 0 4 Dudzele Brugge asn [ =
New Defavlt Scenario| 4 -15.615 50 5 Brugae Zomergem 890 2 =
s |'1'='|-| Analysis Use as reference -3.918 30 & Loenhout Antwerpen 590.1 43 |:|
8.4 0 7 Antwerpen Gent 550.1 29
@ InptHata Duplicate Current Scenaric Ctrl+D B O
[ Mode Data . . -5.256 30 8 Gent Zomergem 550.1 19 =
@ Create a modified scenario 3 5.385 an B 7omctoen Praras a0 55 &
... [ Parameters Import or Refresh Data From » 4.8 o 10 Vioeren Berneci 350 5 &
[0 Solution -5.848 - H 11 Voeren Berneau 395 5
: -2.12 12 Berneau Liege 330 20 =
8 Delete Delete -1.918 BE 13 Berneau Liege 395 20 B
Rename 0.98 0 14 Liege Warnand 330 25 ]
Sinsin o] 9] 0 15 Liege Warnand 395 25 =
Voeren 20,344 22,012 50 15 Warnand MNamur 8390 42 =
Wanze ] 0 0 17 Mamur Anderlues 390 40 =
Warnand 0 0 (1} 18 Anderlues Peronnes 330 5 ]
Zeebrugge 8.87 11.594 a 19 Peronnes Mons G950 10 |:|
Zomergem a [u i 20 Mons Blaregnies 890 25 |:|
21 Warnand Wanze 395.5 10.5 E
22 Wanze Sinsin 315.5 26 [ ——
23 Sinsin Arlon 315.5 98 B |
< T 3 < | 1 ]
i Issues . By
Description Location

Execute a custom solve of Gas Transmissio M O d e I o Result) Highest relaxed priority: <nonex

. U
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Summary

| Striving for Innovation

GAMS Design
Principles

and Compatibility

‘Models benefit from new
' developments

Simple language

(Open architecture with

Protect investments of users

lindependent layers
Model

Platform Solver Data Interface

Don‘t lock users into a certain environment!
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