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Company

Roots: World Bank, 1978 — 1987 Initial product
» Went commercial in 1987

» GAMS Development Corp. (USA), GAMS Software
GmbH (Germany)

» 2016: New management team

Software Tool Provider
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GAMS at a Glance

Pioneered Algebraic Modeling Languages

» Robust, scalable state-of-the-art algebraic modeling
technology for complex, large-scale optimization

» Open architecture and uniform interface to all major
commercial and academic solvers (30+ integrated)

» Evolution through more than 25 years of R&D and user
feedback, maturity through experience and rigorous
testing
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GAMS Users and Application Areas

13,500+ licenses

Users: 50% academic, 50% commercial or governmental

Used in more than 120 countries
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
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Stron Develo oment Enwronment

msdir\projdificutstock.gm [= @ =] es Mo active process

Start

» Project management
» Editor / Syntax coloring / Spell checks
» Model Debugging / Profiling

» Solver selection / Option selection

» Data viewer

| > GAMS Processes Control
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Uniform

A GAMS

System Documentation

GAMS

» Licensing

Documentation

GAMS Documentation 24 .9

P Release Notes

» Instaliation Notes

» Tutorials and Examples

» User's Guide

Model Libraries

GAMS Documentation 24.9

GAMS Documentation Center

The GAMS Documentation Center provides you with the technical information on getting started,
using and maintaining our GAMS (General Algebraic Modeling System) products.

Search Index Help

> Solvers « Release Notes - What's new in GAMS and all chan
> APls « Installation Notes - GAMS Installation guides on diff
> Tools + Licensing - GAMS Licensing
Glossary » Tutorials and Examples - Step-by-step guides inclu
» User's Guide - Guides throuah GAMS Lanaquaage an
GAMS  Documentstion  Mode Libranes Search  Index Help

» Licensng
» Tigonsls ara Exampies
| v vsencuce |
» Ihroducton
b GAMS Programe
» Set Definition
» Dynamic Seiy
b Sets 88 Sequences O
b Data Enry. Parametsr
» Dasa Manpulations wi
» Vanabies
» Equations
» Mocet and Solve State
» Conditonal Expressios
» The Display Ststemen
» Programmng Flow Co
» Tha Gogand Mul-Tiy

» Special Language Fea

This documentation guides GAMS User through several lopics in GAMS sysiem

* GAMS Language - This part introduces the components of the GAMS language In an ordered

way, Interspersed with detalled examples that are often drawn from the model library. Al

maodets from the model library are enclosed In square parenthesis (for example,
[TRNSPORT]).
« Introduction - an introductory to GAMS User's Gude.

= GAMS Programs - The structure of the GAMS language and Its components
« Set Definition - The geclaration and Initialization of sets, subsets, and domain

checking.

« Dynamic Sets - The membership assignment, the usage of dollar controls, and set

operations.

« Sets as Sequences: Ordered Sets - Special features used 1o deal with a set as if

were a sequence.

« Data Manipulations with Parameters - The deciaration and assignment of GAMS

parameters.

« Data Entry: Parameters, Scalars and Tables - Three basic forms of GAMS data

types : Parameters. Scalars and Tables.

104

GAMS

Model Libraries

The Model Libranes contains a large number of GAMS Models includy

Documentation  Model Libraries

GAMS Model Library - GAMS models representing interesting
shipment by firms, investment planning, cropping patterns in ag
macroeconomics stabilization, applied general equilibrium, inte
networks, and many more

GAMS Tes! Library - GAMS models developed for testing and ¢
many solvers distributed with the GAMS system.

GAMS Dala Library - GAMS models demonstrating various utili
as spreadsheets and database interface,

GAMS EMP Library - GAMS Extended Mathematical Programn
GAMS/EMP.

GAMS API Library - GAMS Models used as scripts to complle &
languages Inerfacing to GAMS,

FIN Library - GAMS practical financial optimization models des
Making for Financial Engineers by Consiglio, Nietsen and Zeni(

ORXC)
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Simple Integration of GAMS Models
Object Oriented API’s

» Use GAMS for modeling and optimization
tasks
» Connects GAMS to other environments

» Programming languages (.Net,
C++,Java, Python
» Applications (through Smart Links)
» (New) Embedded Code (Python)
» Communication through Memory or Files

@°®
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Free Model Libraries

i i KNAPSACK Textbook of [ M "l
: Computable General “ c“""
Powgﬂpgirld_lEoR':TlO Model Building PROBLEMS Equilibrium Modelling m'esm-lem mms
PYeel NI lo Ml in Mathematich SEVANO MARTEULO) PAOLO TOTH SOTRONIG B S oS

> ara -
Wird Editian Programming

asn it iy Optimization
An Information ' ‘
Thearetic o~ ‘ = — == = —
: Ntoe - NCE TSN ADJUSTMENT IN THE COLOSSAL
Approach to s hving Lange Sl Stochasti g 5 \I\(’ U NDER OILAMPORTING BOOK OF

Econometric i ) -2 | . e DEVELOING COUNTRIES | MATHEMATICS

OO0 PARATTVE BCUMOMIC ANAMYN

Model Buildi

-
* min
in Mathematical o, e g 9 &

| rogemming | Model Libraries | Help
. GAMS Model Lib
= odel Libra
= ey Nonlinear 5
i GAMS Test Library Optimization 2
i e Applications
_ GAMS Data Utilities Models Usina the GAMS
e GAMS EMP Library
E- e GAMS API Library
\ Introduction
;,‘:g;?g‘n";]‘i';g Practical Financial Optimization Models e
Menlinear Optimization Applications (M. Andrei) FINANCIAL

MAXIMUM
ENTROPY
ECONOMETRICS

OPTIMIZATION

! > More than 1400 models!

ol
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COURSES AND WORKSHOPS 2017

Online Course Essen, Germany

Introduction to Practical Global CGE B Trade Policy Analysis with GAMS and MPSGE
Modeling with GAMS

¥

Prague, Czech Republic

B Practical General Equilibrium Modeling
with GAMS B Modeling and Optimization with CGAMS
(basic)

B Modeling and Optimization with GAMS
(advanced)

Weisenheim a.B., CGermany

M Energy and Environmental CGE
Modeling with GAMS

B Advanced Techniques in General
Equilibrium Modeling with GAMS

& Ovedapping Geneation Ganeral B Online Practical General Equilibrium

Equilibrium Modeling with GAMS Modeling with GAMS

M Online Advanced Techniques in CGeneral
Equilibrium Modeling with CAMS

Annapolis, MD, USA

B Single Country General Equilibrium
Modelling with GAMS and STAGE

® Clobal CGE Modelling with CAMS and
GLOBE

Frisco, CO, USA

¥ Basic GAMS Modeling - An Introductory
Class

W Advanced GAMS Modeling
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Where to Find Help?

Documentation Center:
https://www.gams.com/latest/docs/
Free Model Libraries:
https://www.gams.com/latest/docs/modlibsindex.html/
Mailing Lists, Newsletters, and Forum:
» https://www.gams.com/community/newsletters-
mailing-list/
» [/forum.gamsworld.org/
» YouTube Channel:
https://www.youtube.com/user/GAMSLessons
» GAMS Support: support@gams.com
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Foundation of GAMS

Powerful algebraic modeling language

Open architecture with interfaces to
other systems

Independent layers
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Powerful Declarative Language

Easy to learn - few basic language elements: sets,
parameters, variables, equations, models

r

Viodelfistexecutable (algebraic) descriptiontoiithe
propliem

Lots of code optimization under the hood
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Mix of Declarative and Imperative

_Elements
PN

Control Flow Statements (e.g. loops, for, if,...),
macros and functions

Advantages:
» Build complex problem algorithms within GAMS

» Simplified interaction with other systems:
» Data exchange
» GAMS process control

@7 ®
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Foundation of GAMS

Powerful algebraic modeling language

Open architecture with interfaces to
other systems

Independent layers
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Foundation of GAMS

Powerful algebraic modeling language

Open architecture with interfaces to
other systems

Independent layers

Model

Platform Solver Data Interface
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Separation of Model and Platform

Supported Platforms

\“ ‘(

| smans

1 - _Ll'g : ‘LIHUX&

Wlndows

» Move models between platforms with ease!

, WekomeoMa0SX

\YifeYe =]

Platform Solver Data Interface
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Separation of Model and Solver

One environment for a wide range of solvers

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

All major commercial
LP/MIP solver
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» More than 30 Solvers integrated!

\YifeYe =]

Platform Solver Data Interface



GENERAL ALGEBRAIC MODELING SYSTEM

Separation of Model and Solver

Local and distributed / remote execution

» Distributed Algorithm (CPLEX, GUROBI)

> Remote Execution

» DoCloud (IBM), Gurobi Instant Cloud
» Solve Engine (Satalia)
» NEOS (Kestrel)

» Grid Computing Facility

\YifeYe =]

A 000
Platform Solver Data Interface @ 28 @
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Separation of Model and Solver

Uniform interface to all major solvers

» Switching between solvers with one statement
» Unified Documentation
» Licensing (GAMS as a ,, license broker®)

Av. number of commercial solvers per license

» Academic clients: 2.9
» Commercial: 2.2

Model
Platform Solver Data Interface @ 28 @
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Separation of Model and Data

Sets
i canning plants
markets
Parameters
a(i) capacity of plant 1 in cases
b(3) demand at market 3 in cases

d(i,j) discance in thousands of miles
c(i,3J) transport cost in thousands of dollars per case ;
Scalar f ;

Variables
x(i,5) shipment guantities in cases
z total transportation costs in thousands of dollars ;

Positive Variable x

Equations
cost define objective function

SREIS) (e LSk e s » Declarative Modeling
» Sparse Data Structures

demand (3) satisfy demand at market 3
cosSt .. 2 =e= sum((1,3), c(1,3)*x11,3)) ¢
supplyi{i) .. sum(j, x(1,3)) =1= a(i) :;
demand(3) .. sum(i, x(1,3)) =g= Db(3) :

e ccunegort it/ » Various ways to exchange data
» ASCII
» Binary

Model
Platform Solver Data Interface @ 22 @
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Separation of Model and User
Interface

No preference for a particular user interface

» Open architecture and interfaces to other systems
» 0OO-API’s for seamless integration
» Smart Links
» Mode of Operation
» Interactive or Embedded / Batch
» Local or Remote

Model
Platform Solver Data Interface @ 28 @
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Application — Cloud Computing

Xyz Energy Company

Scenario Analysis in the Cloud

» Solve 1,000+ scenarios (MIPs,
one hour) every week
overnight

> lIssues:
» Costs (Licensing)
> Automation / Secunrif§

Model
L.
Platform Solver Data Interface
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Application — Cloud Computing
Xyz — Energy Company
Implementation:

» Amazon Cloud: 1,000+ parallel machines
(instances), Python, GAMS + OO Python API

» Automated setup, including
» Starting instances
» Prepare / Submit / Run GAMS jobs
» Collect results
» Stop instances

\YifeYe =]

Platform Solver Data Interface
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Application — Cloud Computing
Commercial Aspects

“Hardware” Amazon Cloud (1,000 instances) :
Hardware Costs / run: S70!
(1,000 instances/run * S0.07 instance / hour)

Software Licensing:

» Gurobi and IBM offer per-usage license

» Client with strong preference for annual license
fee, not a per-usage license

\YifeYe =]

Platform Solver Data Interface
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Application — Cloud Computing
45 Provided Model Instances

» Statistics:
» 163,608 — 1,959,550 rows
» 84,930 —-983,587 var. (32,240-258,796 dis.)

» 447,537 — 6,068,729 NZ
» Tests with CPLEX, SCIP, and CBC
» 60 minutes, gap max. 1%
» Manual option tuning for SCIP
(thanks to Gerald Gamrath & Ambros Gleisner)

\YifeYe =]

Platform Solver Data Interface
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Application — Cloud Computing
Results

» CPLEX: All instances solved to optimality
» SCIP:
» Could solve all 45 instances

» But: After 60 min. 2 instances with gap > 20%
» CBC:
» Did also well
» But: After 60 min. no solution for some
instances (< 10%)

\YifeYe =]

A 000
Platform Solver Data Interface
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Application — Cloud Computing
Proposed Strategy

» Run all instances simultanuesly with SCIP and
CBC
- hardware” costs: S0,07 per instance hour

» After 60 minutes take the best solution

» If necessary solve , difficult” model instances
with CPLEX (outside the cloud)

\YifeYe =]

Platform Solver Data Interface
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Agenda

GAMS at a Glance

Foundation and Design Principle

GAMS — A simple Example
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A Simple Transportation Problem

Supply Distance Demand

(cases) (thousand miles) (cases)

@ Topeka
Chicago

\2'5\ @ New York

Freight: $90 case / thousand miles

1.8

Seattle

San Diego

Minimize Transportation cost

subject to Demand satisfaction at markets
Supply constraints
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Model types in this example

Determine minimum transportation cost.
LP nine minimum
Result: city to city shipment volumes.

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

H< I

MINLP Allows non-linearity,
e.g. a smooth decrease in unit cost when
shipping volumes grows

ORIC)
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Mathematical Model Formulation

Indices: i (Canning plants)
j (Markets)
Decision variables: x;; (Number of cases to ship)
Data: cij (Transport cost per case)
a; (Capacity in cases)
b; (Demand in cases)

min Y, Y ¢jj * X; (Minimize total transportation cost)

subject to
Zj x; <a; Vi (Shipmentsfrom each plant < supply capacity)
i Xij = b V j (Shipments to each market = demand)

xi; =0 Vi, j (Do not ship from market to plant)
,jEN

@7 ®
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GAMS Algebra (declarative Model)
pets

i canning plants
3 markets

Parameters
a(i) capacity of plant i in cases
b(3) demand at market j in cases

d(i,j) distance in thousands of miles
c(i,j) transport cost in thousands of dollars per case ;
Scalar £ freight in dollars per case per thousand miles;

Variables
X(1i,j) shipment guantities in cases
z total transportation costs in thousands of dollars

Positive Variable x ;

Equations
cost define objective function
supply(i) observe supply limit at plant 1
demand (3) satisfy demand at market j
cOosSt .. z =e= sum((i,j), c(i,3)*x(1i,3))
supply(i) .. sum(j, x(1,3)) =1= a(i)
demand (3) .. sam (i, x(1,3)) =g= Db(3) :

Model transport /all/ ;

Model is executable description of the problem
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Agenda

GAMS at a Glance

Foundation and Design Principle

GAMS — A simple Example

Wrap-Up
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What does a modeler have to think
about?

Problem
Mathematics
Programming
Performance
Scalability
Connectivity
Deployment

Maintenance (Life Cycle)

SR B R e e

GAMS eases the transitions between these domains
» Simplifies Modeling

» Increases Productivity
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GAMS - Evolution

< C O @& Securs https/enwikipedia.org/wik/General Algsbralc Modeling

tem# Timeling

‘--IIII....
L]

Ldles e

po—— Timeline e

Fage numaton = 1976 GAMS idea & presantad af e Bomanonal Symposim on Mathematcal Programming (1SMP), Budapest’|

Whatata hem » 16878 Phase || GAMS supports irsar programming Supporied platforms: Mainframes and Unix Workstations .'
Che tris jage » 1670 Prsss |1 GAMS supparts nordinear prograenming N
—— * 1887 GAMS becomes a commearcial product -.
Creatie 2 bork * 10688 Firgt PC System (16 b)) !
Desectond us POF « 1608 Aex Mooraus, the naator of GAMS and founder af GAMS Devetcpmant Corpombon®, Is awerded INFORMSE Computing Society® Prizo@ M
Prictache vwrnion = 1050 32 tit Dos Extnnder s
PP o « 1860 GAMS maves 1o Georgetown, Washingioo, O.C “
P * 1991 Mixad Mieger Noe-Linesr Progreens capabiity (DICOPT)

Espaas * 1564 GAMS supports mxed comgremneantarity problems

Fiaugas = 1095 MPSGE Wanguage 16 adoed for CGE modaing

Tirkge » 1666 Euwrcpaan branch opens in Garmany

P « 1098 32 bit native Windows

« 1008 Swochastc programming cepabd ity {OSLISE, DECIS)

* 1069 nlroduzson af the GAMS Inlagr sled devalopmeant semdranment (IDE)
© 2000 GAMS World @ ntative startad

* 2001 GAMS Data Exchangs (GDX) & inroduced

» 2002 GAMS = lsted n ORIMS 508 Anniversary st of milestones

« 2003 C
* 2003 Gicbe! pptmuzation in GAMS

* 2004 Quaily assurwres inillalive starts

» 2004 Support for Guadrate Constrained programs
« 2005 Support for 64 bit PC Opsaeating sysiams

« 2000 GAME supports paraliel gnd campautng

ic programenng s added

* 2007 GAMS sLoorty opan-soerce solesey hom COIN-OR

» 2008 Suppert for 32 and 54 bit Mac OS X

« 2009 GAMS avaliatie on e Arregon Esstic Compule Ooud

* 20060 GAMS supports extended mathematcal programs (ENMP)

* 2010 GAMS & awarced the company awerd© of he Gaman Socwty of Oparatons Resescch (GOR)
* 2010 GOXMRW® interfate betwaen GAMS and Matiob

* 2011 Support for Extringic Function Libraries®

* 2012 The Winrers of tha 2012 INFORMS impact Prize nouded Assandsr Meeraus. The prze was awarded to the cognatars of the five mos! enporiant algebesic modeling languages
« 2012 niroducton of Object Ovianted A1 tor NET. Java ang Python®

* 2012 The wnners of the 2012 Con OR Cup® included Michael Busseck, Steven Dickss, & Stefon Vigersks lor GAMSInks &
» 2013 Support for dalrated MR {Cplex/Gurobi)

* 2013 Ssochassc pragramming extension® of GAMS EMP

* 2013 GOXARWE Inlertsce bebwasn GAMS and R

* 2014 Local search soiver LocaiSolver added to sciver portioio

o 2015 LaTaX decummmation fram GAMS scurcs (Modwl? Ta X #|

o 2078 Now Management Teem® 70
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Striving for Innovation and Compatibility

Users 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

( )

Backward Compatibility

\ J

Improved / upcoming interfaces
to other systems

r

New Modeling Concepts Quality Assurance

\

@ ®
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New Modeling and Solution Concepts

Examples:

> Bilevel Programs

» Extended Nonlinear Programs
» Stochastic Programming

» Disjunctive Programs

Issues:

» Breakouts of traditional Mathematical Programming classes

» Limited support with common model representation

» Incomplete/experimental solution approaches

» New and interesting solver features driven by implementation
choices =2 May break solver independence of models

Challenge:
» Find a concept that combines the essentials of new features
independent of the particular implementation choices.
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Striving for Innovation and Compatibility

Users must benefit from ‘ Protect Investments of Users

( )

Advancing hardware / New Life time of a model: 15+ years

Platforms

\. |\ J
r ) e )
Enhanced / new solver and New maintainer, platform,
solution technology solver, user interface

\. J . J

( )

Backward Compatibility

. /

Improved / upcoming interfaces
to other systems

r

New Modeling Concepts Quality Assurance

@7 ®
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Quality Assurance

» What are the impacts of new features / updated
modules / platforms?
» |s the new distribution backward compatible?

» 700+ quality test models (GAMS Test Library)
» Automatically executed every night for all solver
combinations (13,000+ runs / platform )

BB Lotest GAMS Sstem Bu %

& 3 C 00 # Secure  hitps//builds.gams.com b4 % & @ 0O
Latest GAMS System Builds and Test Results Sunday 03Sep17 04:45 (UTC)
[ Latest Builds | Alpha Builds | Beta Builds | Nightly Bullds | a Docs | Glossary ] Comments? | Server log

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

alpha nb System Libraries Build Rev Status and Time (UTC) Initial Tests Full Tests
Soturday  aix Download 25.0.0 63850 Test done 02Sep2017 397 runs 1 fallures Roport 3422 runs 1 failures Roport
08:04:27 (q=1,5=0) (g=1,5=0)
Satwrday  deg dmg Download 25.0.0 63850 Test 02Sep2017 635 runs 0 fallures Report results pending
started 02:20:43 (q=0,5=0)
Saturday  leg Jownload 25.0.0 63850 Test 02S5ep2017 650 runs 1 faillures Report results pending
started 02:39:26 (qe1,5=0)
Enday i2gDbg Downlgad 25.0.0 63850 Test done 02Sep2017 633 runs 0 failures Report 2307 runs O fallures Report 74
00:43:25 (g=0,5=0) {q=0,5=0)
Sunday siq Downloagd 25.0.0 638545  Test 03Sep2017 509 runs 0 failures Report results pending

erartaad nN2-AQ-sn frueD ¢=MNY
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Recent Enhancements

GAMS

* GANS Docomentaton 24 §

> 248
L
>0
L B
.M
bND
> M
MY
.M
P
> DA
0
» s
P
. A
»

> A2
(=B

Z2.6 Majer (Decnmber 24,2007

325 Magor (June O 2007
24 Magor (Fahruary guot
2 oywerber 37, 2000
2.2 M (Aped 21 2006
4.1 Mgy (Marsh 18 2000
Auginl 0F, J004)
17 Mager (Apel 01, 2008
B Moy (Janusy 28, 7004

0.5 Moy (NOww
14 Mager (Seplenber D6, 2004

1.5 Maor (s 10, 2004)

GAME Oacumentanon 24 ¢ > Release Notes

Release Notes

Distribution History

2097 (Bets relesss) July 20, 2016

G S Distribution

GAMS Bots Rnloass 24 0.0 - July 20, 2010

This 5 a BETA vermon of the saftware and not the final proouct. Use it &1 your own nsk

Acknowledgments

We would like o thank all af our ussrs who have reported problems and made suggestions for improving s refesse. In particutar, we thank
Etianne Ayatle-Sauve. Wollgang Brilz, Florien Habammacher. ignacio Hemero, Hanspeter Hoachle, Ermin Kahvelagen, Tors Lastusita, John

Ross, and Tom Rutherford

Platforms

« The sat of supporiad phatforms has nol changed. bul wa've divided 1 o e core platformes (Windows 32-bit, Windows 64-bil, Linux
and Mac O5 X) and the periphera! plattorms (AN, x85-64 Solaris. and Sparct4 Sclans) 10 recogrize and betler describe how the two
sats of platiams have evolved. The aser communites 1or care platforms s large, acive, and wal-idaentifiad. but not s for the
pephers! platforms, For the core pistioms, we'll continue %0 make each new relesse of GAMS directly avaliabia for download. while
Mo panpharal plattoms will e avallable by reguest only Finally, we axpect at @y change n the avaiabdity of core platfams wik be
announced wall i advancs of the avent. while charges 1o suppen for peripheral platfons may occur with litthe of no notice. Plaase
nota. nowavar, hat wa are rot changing the contant ar bahavior of GAMS based an this dvision: GAMS models will continue %o work
i the sama cross-platform way for both core and peripheral platforms

« Wa will drop suppart for x55-54 Solarns with GAMS 250

« Wa may increase e minimal regured GLIBC version on Linux to 2.12 with GAMS 25.0
« Wa may Incraase e minimal requred MacOS X version 1o 1011 with GAMS 250

GAMS System
GAMS

* Naw feature, the Embeddec Coda Facity: Ths axtands the connectivity of GAMS 10 othar programming languages. It lows e use
of Python code durrg compia snd execution time. GAMS symbols are shared with the axternal code. 50 N0 commurcaton via disk s
necessary. This faature is available on Linux, MacOS X, and Windows only

> https://www.gams.com/24.9/docs/releasenotes/24.9.html

76
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Why GAMS?

Algebraic modeling technology for complex, large-scale
optimization.
Uniform interface to all major solvers

Design principles: Simple, but powerful modeling language,
open architecture, independent layers

More than 25 years of R&D and user feedback
Open for new developments

Protecting investments of users
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GAMS Talks at OR2017

» Embedded Code in GAMS - Using Python as an Example
Given by: Lutz Westermann
Wednesday (Sep. 06), 13:30-15:00 [WC-02] / WGS|102

» High Performance Computing with GAMS
Given by: Fred Fiand, Michael Bussieck
Thursday (Sep. 07), 11:00-12:30 [TB-02] / WGS|102

» A distributed Optimization Bot/Agent Application Framework for
GAMS Models
Given by: Franz Nelissen
Thursday (Sep. 07), 14:45-16:15 [TD-02] / WGS|102

» Exam scheduling at United States Military Academy West Point
Given by: Frederik Proske, Robin Schuchmann
Friday (Sep.08), 09:00-10:30 [FA-02] / WGS|102
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Stochastic Programming - Introduction

Stochastic programs are mathematical programs that involve uncertain data.

Motivation:

Real world problems freoluently include some uncertain parameters. Often these
uncertalraparameters follow a probability distribution that is known or can be
estimated.

Goal:

Find some policy that is feasible for all (or almost all) the possible data instances
and that maximizes the expectation of some function of the decision variables
and the random variables.

Example:

In a two-stage stochastic programming problem with recourse the decision maker
has to make a decision now and then to minimize the expected costs of the
consequences of that decision.

@3:®
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Simple Example: Newsboy (NB) Problem

* Data:
* A newsboy faces a certain demand for newspapers
d=63
e He can buy newspapers for fixed costs per unit
c=30
* He can sell newspapers for a fixed price
v =60
* For leftovers he has to pay holding costs per unit
h=10
* He has to satisfy his customers demand or has to pay a penalty
p=5
* Decisions:
« How many newspapers should he buy: X 63
* How many newspapers should he sell: S 63
* Derived Outcomes:
* How many newspapers need to be disposed: I

* How many customers are lost: L
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Simple NB Problem — GAMS Formulation

Variable 7 Profit;
Positive Variables
X Units bought
I Inventory
L Lost sales
S Units sold;

Equations Rowl, Row2, Profit;

Sold + LostSales

ts
+ L;

Un

* deman 1
e= S

d
Rowl.. d

* Inventory = UnitsBought - UnitsSold
Row2.. I =e= X - S;

* Profit, to be maximized;
Profit.. Z =e= v*S - c*X - h*I - p*L;

Model nb / all /;

Solve nb max z use lp;

=>» nbsimple.gms @ > @
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NB Problem — Add Uncertainty

* Uncertain demand d Val: 45

* Decisions to make:

Prob: 0.7

Prob: 0.2
Demand Val: 40

Prob: 0.1
Val: 50

How much newspaper should he buy “here and
now” (without knowing the outcome of the uncertain demand)?
- First-stage decision
How many customers are lost after the outcome becomes known?
How many unsold models go to the inventory?
- Second-stage or recourse decision
Recourse decisions can be seen as
e penalties for bad first-stage decisions
* variables to keep the problem feasible

@s®



GENERAL ALGEBRAIC MODELING SYSTEM .I l- GAMS

Stochastic NB Problem — GAMS Extension

Idea:

Use deterministic model formulation plus some annotation to define uncertainty.

e
% % 3
) 3 )
%% 5,
%, %

stage 2 I L S d
stage 2 Rowl Row2

45
40
50

- Make demand d uncertain

- Define (non-default) stage 2

!

variables and equations

@7 ®
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Stochastic NB Problem — GAMS Extension

[file emp / 'S$Semp.info%' /; put emp '* problem %gams.i%'/i
Sonput

randvar d discrete 0.7 45 1
0.2 40
0.1 50
stage 2 I L S d
stage 2 Rowl RowZ
Soffput 1 Syntax to write an EMP info file,
putclose emp; J‘ e.g. [..]1\225a\empinfo.dat

@s®
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Excursus: EMP, what?

EMP stands for Extended Mathematical Programming

ldea:

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

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

@°®
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The EMP Framework

4 N 4 N
EMP Original
Information Model e
\_ Y, \_ Y,
\ Translation /
| 58
5a
Reformulated O =
Viewable v 2
Model g’ )
g =
] o O
Solve using = c
established Algorithms

I

[ soutir } -
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Dictionary with output-handling information

* The expected value of the solution can be accessed via the regular . L (and .M) fields

e Additional information can be stored in a parameter by scenario, e.g.:

e level: Levels of variables or equations
e randvar: Realization of a random variable
* opt: Probability of each scenario

* This needs to be stored in a separate dictionary:

Set scen Scenarios / sl*s3 /;
Parameter
s d(scen) Demand realization by scenario
X (scen) Units bought by scenario
S s(scen) Units sold by scenario
s o(scen,*) scenario probability / #scen.prob 0 /;

Set dict / scen .scenario.''

d .randvar .s d
S .level .S s
X .devel .S X
v .opt .s_ o /;

solve nb max z use emp scenario dict; C>]i<:>
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3 parts of a GAMS EMP stochastic model

1. The deterministic core model
2. EMP annotations in EMP info file

3. The dictionary with output-handling information

=>» nbsimple.gms @ 12 @
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Extended Example: Newsboy (NB) Problem

* Data:
* A newsboy faces a certain demand for newspapers
d=63
* He can buy newspapers for fixed costs per unit
c=30
* He can sell newspapers for a fixed price
v=60
* For leftovers he has to pay holding costs per unit
h=10
* He has to satisfy his customers demand or has to pay a penalty
p=5
* He can return units for a refund (stage 3)
r=9
* Stage 1: Decisions:
* How many newspapers should he buy: X
* Stage 2: Decisions & Derived Outcomes
* How many newspapers should he sell: S
* How many newspapers go to his inventory: I
* How many customers are lost: L

* Stage 3: Decisions & Derived Outcomes
* How many units returned for refund:
* How many units kept for holding cost h again E

-<

@1®
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Stages [stage]

Defines the stage of random variables (rv), equations (equ) and
variables (var):

stage stageNo rv | equ | var {rv | equ | var}

* StageNo defines the stage number

* The default StageNo for the objective variable and objective equation
is the highest stage mentioned

* The default StageNo for all the other random variables, equations and
variables not mentioned is 1

@1 ®
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Random Variables

Discrete Distribution Normal Distribution
1 -
y
0.5 7 II
y
. - =
40 45 50
Poisson Distribution Exponential Distribution
———

Ml >~

@ ®
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Random Variables (RV) [randVar]

Defines both discrete and parametric random variables:

randVar rv discrete prob val {prob wval}

The distribution of discrete random variables is defined by pairs of the
probability prob of an outcome and the corresponding realization val.

=» nbdiscindep.gms

randVar rv distr par {par}

The name of the parametric distribution is defined by distr, par
defines a parameter of the distribution.

For parametric distributions a sample can be created.

=>» nbcontindep.gms

@ ®
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Independent vs. Joint Random Variables

=2 =8
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Joint RVs [jRandVar]

* Defines discrete random variables and their joint distribution:

JRandVar rv rv {rv} prob val val {val}

{prob val val {val}}

e At least two discrete random variables rv are defined and the outcome
of those is coupled

* The probability of the outcomes is defined by prob and the
corresponding realization for each random variable by val

=>» nbdiscjoint.gms

@D ®
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Correlation between RVs [correlation]

* Defines a correlation between a pair of random variables:
correlation rv rv val

* rvisarandom variable which needs to be specified using the randvar
keyword and val defines the desired correlation (-1 <val <1).

=>» nbcontjoint.gms

@2 ®
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A GAMS

Chance Constraints

OBJ.. Z =e= X1 + X2;

El.. oml*X1 + X2 =g= 7;
E2.. om2*X1 + 3*X2 =g= 12;
Model sc / all /;

solve sc min z use 1p;

Prob: 0.25 Prob: 0.33
val: 1
val: 1
Prob: 0.25 ——
val: 2 Prob: 0.33
om1 om?2
Prob: 0.25 val: 2
val: 3 -
e Prob: 0.33
val: 4 val: 3

chance E1 0.6
chance E2 0.6

@2 ®
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Chance Constraints

3 out of 4 must
be true <

[0.75 > 0.6]

e

/‘

2 out of 3 must
be true <

[0.66 > 0.6]
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Chance Constraints [chance]

Defines individual or joint chance constraints (CC):

chance equ {equ} [holds] minRatio [welght|varName]

* Individual CC: A single constraint equ has to hold for a certain ratio (0 <
minRatio £1) of the possible outcomes

* Joint CC: A set of constraints equ has to hold for a certain ratio (0 <
minRatio £1) of the possible outcomes

* If weight is defined, the violation of a CC gets penalized in the objective
(weight violationRatio)

e If varName is defined the violation get multiplied by this existing variable

= simplechance.gms @220
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SP in GAMS - Summary & Outlook

* The Extended Mathematical Programming (EMP) framework can be used to
replace parameters in the model by random variables

e Support for Multi-stage recourse problems and chance constraint models

e Easy to add uncertainty to existing deterministic models, to either use
specialized algorithms (e.g. solvers Lindo, DECIS) or create Deterministic
Equivalent (free solver DE)

* Besides the expected value, EMP also supports optimization of other risk
measures (e.g. VaR)

* GAMS/Scenred? interfaces GAMS with the well-known scenario reduction
software Scenred (https://www.gams.com/latest/docs/T_SCENRED2.html)

 More information:
https://www.gams.com/latest/docs/UG_EMP_SP.html @ s @
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Excel and GAMS

* VBA GAMS API to call GAMS from Excel

* Exchange of input data and results using either GDXXRW or GDX API

Excel
Spreadsheet

GAMS
e qETTE
Visualization

@+ ®
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Embedding GAMS in your Application

- GAMS ~——  SOLVER

Application -\ﬁ

Creating Input for GAMS Model
—> Data handling using GDX API

Callout to GAMS
- GAMS option settings using Option API
—> Starting GAMS using GAMS API

Reading Solution from GAMS Model
— Data handling using GDX API @ 5 (®
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Low level APIs = Object Oriented API

* Low level APIs
e GDX, OPT, GAMSX, GMO, ...
e High performance and flexibility

e Automatically generated imperative APIs for several languages (C,
Delphi, Java, Python, C#, ...)

e Object Oriented GAMS API

* Additional layer on top of the low level APIs
* Object Oriented

* Written by hand to meet the specific requirements of different Object
Oriented languages

@s®



GENERAL ALGEBRAIC MODELING SYSTEM " GAMS

Features of the object oriented API

No modeling capability! Model is still written in GAMS

* Prepare input data and retrieve results in a convenient way 2>
GAMSDatabase

e Control GAMS execution = GAMSJob

e Scenario Solving: Feature to solve multiple very similar models in a
dynamic and efficient way 2> GAMSModellnstance

e Seamless integration of GAMS into other programming environments

e .NET, C++, Java and Python APIs are part of the current GAMS release
available at www.gams.com. Many examples available:

e Sequence of Transport examples (Tutorial)
e Cutstock, Warehouse, Benders Decomposition, ...

@7®
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Small Example — C#

using System;
using GAMS;

namespace TransportSeq

{
class Transportl
{
static void Main(string[] args)
{
GAMSWorkspace ws = new GAMSWorkspace();
GAMSJob t1 = ws.AddJobFromGamsLib("trnsport");
t1.Run();
foreach (GAMSVariableRecord rec in t1.0utDB.GetVariable("x"))
{
Console.WriteLine("x(" + rec.Key(@) + "," + rec.Key(1) + "):");
Console.WriteLine(" level=" + rec.Level);
Console.WriteLine(" marginal=" + rec.Marginal);
}
}
}
}

Hands-On
TransportSeq.sin \@ s (»
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Seamless Integration

GAMS concept: Separation of tasks

APIs GAMS

Tools é

Use GAMS for modeling and optimization tasks
Programming languages like C# (.NET), C++, Java and Python are well-suited
for developing applications
* Frameworks available for a wide range of specific task:
 GUI
 Web development

|

Solver

The obJect oriented GAMS API provides a convenient link to run GAMS in
such environments

@°®
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Seamless Integration

— =R

Data

* Example: Small Transport Desktop

= . M M4 Capacity and Demand | Diszt,
application written in C# oo [Ditenee
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W e Tiork 325
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e Convenient data preparation

Dorandindoss i Tt __
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Hands-On
TransportGUL.sin \ @0
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Scenario Solving

Solving Transport in a loop with different scenarios for the demand:

Loop (s,
d(i,3j) = dd(s,1,3)7
solve transport using lp minimizing z;

objrep(s) = transport.objval;

OFC
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Scenario Solving — GUSS

set dict / s.scenario.''
d.param .dd
z.level .objrep /
solve transport using lp minimizing z;

e Save model generation and solver setup time

* Hot start (keep the model hot inside the solver and use solver’s best update
and restart mechanism)

* Apriori knowledge of all scenario data

* Model rim unchanged from scenario to scenario

OFC
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Scenario Solving — GAMSModellnstance

foreach (string s in scen)

{
f.FirstRecord().Value = v[s];
modelInstance.Solve();
objrep[s] = z.FirstRecord().Level;
}

e Save model generation and solver setup time

* Hot start (keep the model hot inside the solver and use solver’s best update
and restart mechanism)

* Data exchange between solves possible

* Model rim unchanged from scenario to scenario

OF=I(C
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GAMSModellnstance etc.

GAMSJob

* Manages the execution of a GAMS program given by

GAMS model source
\ ‘

GAMSCheckpoint
e Captures the state of a GAMSJob

GAMSModelInstance

e A single mathematical model generated by a GAMS
solve statement
GAMSModifier
¢ Marks elements of a GAMSModelInstance to be

modifiable
N v

OFC



GENERAL ALGEBRAIC MODELING SYSTEM .- GAMS

GAMSModellnstance — Example

 bmultis one parameter of the model which gets modified before we solve
the instance:

GAMSParameter bmult = mi.SyncDB.AddParameter("bmult", @, "demand multiplier");
bmult.AddRecord().Value = 1.0;

mi.Instantiate("transport us 1p min z", opt, new GAMSModifier(bmult));
double[] bmultlist = new double[] { 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3 };

foreach (double b in bmultlist)

{
bmult.FirstRecord().Value = b;

mi.Solve();
<oul>

Console.WriteLine(" Obj: " + mi.SyncDB.GetVariable("z").FindRecord().Level);

}
Hands-On
Transport7 \ @15
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GAMSModellnstance — Example

e Updating bounds of a variable:

GAMSVariable x = mi.SyncDB.AddVariable("x", 2, VarType.Positive, "");
GAMSParameter xup = mi.SyncDB.AddParameter("xup", 2, "upper bound on x");

mi.Instantiate("transport us lp min z", modifiers: new
GAMSModifier(x,UpdateAction.Upper,xup));

foreach (GAMSSetRecord i in t7.0utDB.GetSet("i"))
foreach (GAMSSetRecord j in t7.0utDB.GetSet("j"))

{

xup.Clear();

xup.AddRecord(i.Keys[0],].Keys[@]).Value = 0;

mi.Solve();

<o

Console.WriteLine(" Obj: " + mi.SyncDB.GetVariable("z").FindRecord().Level);
}

@ ®
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GAMSModellnstances in ParaIIeI

 Multiple GAMSModellnstances running in parallel with one common
data source (work):

Thread 1
Create Query Query
model data Solve data
instance source source

Data < Thread 2

source

< Thread 3

@7 ®
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GAMSModellnstances in Parallel

Threads consume data from source dynamically instead of getting a fixed
amount of data at thread initialization time

Implicit load balancing by architecture:
* Number of solves in a thread depend on its speed
» Keeps all threads busy as long as possible

Typical applications:
e Scenario analysis
* Decomposition algorithms (Benders, CG, ...)

Communication between threads for “dynamic” algorithms

Hands-On
‘ Transport8 \ ORIC,
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Summary

Object Oriented API provides an additional abstraction layer of the low
level GAMS APIs

Powerful and convenient link to other programming languages

Versions for .NET, C++, Java, and Python are available and part of the
current distribution

Many examples are available:
* Sequence of Transport examples (= Tutorial)
e Cutstock, Warehouse, Benders Decomposition, ...

@D=®
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24.9.1 Major release|(August 30, 2017)]

Acknowledgments

We would like to thank all of our users who have reported problems and made suggestions for improving this
release. In particular, we thank Etienne Ayotte-Sauvé, Wolfgang Britz, Florian Habermacher, Florian Haberlein,
Maximilian Held, lgnacio Herrero, Hanspeter Hoschle, Frwin Kalvelagen, Toni Lastusilta, John Ross, and Tom

GAMS System

GAMS

¢|New feature, the Embedded Code Facility: This extends the connectivity of GAMS to other programming
languages. It allows the use of Python code during compile and execution time. GAMS symbols are shared
with the external code, so no communication via disk is necessary.
The embedded code feature is available on Linux, MacOS X, and Windows. For these platforms, a Python 3.6
installation is included with the GAMS distribution. If the user wants to work with a different Python 3.6,

installed separately, for models with embedded code the new command line option pySetup needs to be set to
0.

Note
This feature is currently in beta status. Any feedback to support@gams.com is appreciated.

* New command line option procDirPath: Specifies the directory where the process directory should be created.

@:®
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Motivation —
Avoid Unreadable/Slow Code

* GAMS code for parallel assignment and equation definition is compact,
elegant, and efficient

e GAMS uses relational data tables as a base data structure

* Traditional data structure are not available in GAMS
* No arrays, lists, dictionaries, trees, graphs, ...

e GAMS can represent such traditional data structures but ...
e GAMS code becomes quickly unreadable

t(tt) = t(tt-1); // advances set element t to t+1l
* Performance with naive representation is very inefficient
t(tt) = ord(tt)=tCnt; // advances set element t to t+l

e Writing code that executes efficiently requires deep understanding of
underlying GAMS internal data structures and often results in even
more unreadable code

@+ ®
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Motivation —
Data Input/Transformation at Compile Time

 GAMS data input (ASCII) follows strict syntax

e Practical GAMS models get data (via ASCII input files) that is often not in
a proper shape

* Hence GAMS code is often augmented with execution of scripts and
programs to get data files into a GAMS readable shape

 GAMS even ships a selection of POSIX text utilities (sed, grep, awk, ...)
on Windows to support a somewhat standardized way of transforming
text files into GAMS readable format

* Scripts spawned by GAMS cannot (easily) access data that is already
available in GAMS
 GAMS has no string editing facilities to e.g.
* modify labels
e change content of compile time variables

* “Solution”: Sxxx new and weird compile time constructs, e.g.
SsetNames, SsplitOption, ...

@:s®
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Motivation — Other

* Connecting libraries for special algorithms (e.g. graph algorithms like

connected components, matrix operations like Cholesky factorization) to
GAMS is not easy

* Current “solution” has issues

* Sunload/Scall/Sload or execute unload/execute/execute_load
* Performance: disk IO + process creation
* Knowledge of data APl (GDX or OO-API)

* Remapping of relational data (plus concept of UELs) into other data
structures

* Add compile time directives to perform a single special task (e.g.
SsplitOption)

* Introduce unreadable option or put_utility syntax to perform a single
special task (e.g. option a<b;)

* Object Oriented APl/Framework versus Embedded Code
e OO-API: Framework in control
* Embedded Code: GAMS in control

@s®
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Embedded Code

* Support the use of external code during GAMS compile and execution time
* Provide support for off-line debugging of embedded code

* Share GAMS symbols (sets, parameters, variables, and equations) structure
and content with the external code in memory

e Communication of the data between GAMS and the embedded code
inspired by the existing interface to GDX in many ways:

* Records access by both labels and label indices

e Data in GAMS can be merged with or replaced by data from embedded
code

e Data from embedded code can be send to GAMS database filtered or
domain checked

Provide automatically generated, additional source code for common tasks

=» Allows the user to concentrate on the task at hand and not the mechanics

@7®
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Split Example — Data

Set cc / "France - Paris", "France - Lille",
"France - Toulouse",
"Spain - Madrid", "Spain - Cordoba",

"Spalin - Seville", "Spain - Bilbao",

"USA - Washington DC",

"USA - Houston", "USA - New York",

"Germany - Berlin",

"Germany - Munich", "Germany - Bonn" /
country / system.empty /

city / system.empty /
mccCountry (cc, country)
mccCity (cc,city);

Hands-On
embeddedSplit \@ 8 (®
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Split Example — Embedded Code

SonEmbeddedCode Python:

country = set ()
city = set ()
mccCountry = []
mccCity = []
for cc 1n gams.get ("cc") :
r = str.split(cc, " - ", 1)

country.add(r[0])
city.add(r[1l])
mccCountry.append((cc,r[0]))
mccCity.append((cc,r[1]))

gams.set ("country",list (country))

gams.set ("city",list (city))

gams.set ("mccCountry",mccCountry)

gams.set ("mccCity",mccCity)

SoffEmbeddedCode country city mccCountry mccCity

@°®
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Split Example — Output

Display country, city;

. 27 SET country

France , USA , Spain , Germany

—— 27 SET city

Seville . Washington DC, New York
Munich . Madrid , Toulouse
Bonn , Lille , Houston
Cordoba

.

Paris
Berlin
Bilbao

ORI
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Sorting Example

Set 1 / 11*110 /;
Parameter a (1) Random Data
alndex (1) Sorted index of a;

a(i) = uniformInt(l,10*card(i))

embeddedCode Python:

a = list(gams.get ("a"))
tmp = [r[0] for r in sorted(enumerate(a),
key=lambda x:x[1][-11]) ]
alndex = len(a)*[-1]
for i1dx in range (len (tmp)) :
alndex[tmp[idx]] = (altmpl[idx]][0], idx+1)

gams.set ("alIndex",alndex)
endEmbeddedCode alndex

Hands-On

embeddedSort J @10
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Sorting Example — Output

Display a,

31

U NG

18.

35.
0 51.

000,
.000,
000,

000

.000,
.000,
.000,
.000

2

5

8

2
5
8

alndex;

44 PARAMETER a

85.000,
30.000,
80.000,

44 PARAMETER alndex

9.000,
4.000,
10.000,

3

0
9

3
6
9

Random Data

56.000,
23.000,
7.000,

8.000,
3.000,
1.000,

I

(GAMS

Sorted Index of a

OFC
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Exchange via Files

SonEmbeddedCode Python: 10
f = open('i.txt', 'w')
for 1 in range (int (gams.arguments)) :
f.write('i'"+str(i+1)+'\n")
f.close ()
SoffEmbeddedCode

Set 1 /
Sinclude 1i.txt

/i
Display 1i;

7 e 21 SIa

T 12 i3 , 14 , i5 ,
i6 , il o, 18 , 19 , 110

Hands-On
exchangeViaFiles \ @n®
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Exchange via Environment Variables

Set i / 11*i5 /;
Parameter b(i) / 11 2, 12 7, i3 59, 14 2, i5 47 /;
Set k "from 0 to max(b)"™ / k0*k? /;

SonEmbeddedCode Python:
import os

kmax = int (max([b[1l] for b in list(gams.get ("b"))]))

gams.printLog('max value in b is ' + str (kmax))
os.environ["MAXB"] = str (kmax)
Sof fEmbeddedCode

Sif x%sysEnv.MAXB%$==x Sabort MAXB is not set

Set k "from 0 to max(b)" / kO0*k%sysEnv.MAXB% /;
Scalar card k;

card k = card(k);

Display card k;

S — 15 PARAMETER card k = 60.000

Hands-On
exchangeViaEnvVars \ @1
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Multiple Independent Python Sessions

Sif not %$sysEnv.GMSPYTHONMULTINST®==
Sabort.nokError Set command line option pyMultInst=1

Set i / 11*1i3 /;
Parameter h (1)
ord 1 / 0 /;

loop (1,
ord 1 = oxrd(1i);
embeddedCode Python
i = 1nt(llst(gams get ("ord i"))[0])
gams .printLog(str (1))
pauseEmbeddedCode
h(i) = embeddedHandle;
) ;

loop (1,
continueEmbeddedCode h (1) :
gams.printLog(str (1))
endEmbeddedCode
I g

Hands-On
embeddedMultilnstance \ @150
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Multiple Independent Python Sessions —
Log

——— Initialize embedded library embpycclib.dll
—-—-— Execute embedded library embpycclib.dll
=== A

——— Initialize embedded library embpycclib.dll
—-—-—- Execute embedded library embpycclib.dll
=== 2

——— Initialize embedded library embpycclib.dll
—-—-—- Execute embedded library embpycclib.dll
BE= 3

—-—-—- Execute embedded library embpycclib.dll
===

—-—-—- Execute embedded library embpycclib.dll
===

-—-—- Execute embedded library embpycclib.dll
3

@ ®
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Performance Considerations

Set 1 / i1*i50 /, p(i,1i),; Alias (i,ii);
Parameter c(i,1); c(i,i1i) = uniform(-50,50);
Set iter / 1*100 /;

Scalar tcost, minTCost / +inf /;
loop(iter,
embeddedCode Python:
import random
i = list(gams.get ("i"))
p = list (1)
random.shuffle (p)

for idx in range(len(i)):
plidx] = (i[idx], plidx])
gams.set ("p", p)
endEmbeddedCode p
tcost = sum(p, c(p)):;
if (tcost < minTCost, minTCost = tcost);
)
Display minTCost;
EXECUTION TIME = 16.375 SECONDS

Hands-On
performance \ @7




GENERAL ALGEBRAIC MODELING SYSTEM i- GAMS

Performance Considerations

Set i / i1*i50 /, p(i,i); Alias (i,1ii);
Parameter c(i,i); c(i,ii) = uniform(-50,50);

embeddedCode Python:
import random
pauseEmbeddedCode

Set iter / 1*1000 /;
Scalar tcost, minTCost / +inf Ve
loop(iter,
continueEmbeddedCode:
i = list(gams.get ("i"))
p = list (i)
random.shuffle (p)
for idx in range(len(i)) :
plidx] = (i[idx], pl[idx])
gams.set ("p", p)
pauseEmbeddedCode p
tcost = sum(p, c(p));
if (tcost < minTCost, minTCost = tcost);
) ;
continueEmbeddedCode:
pass
endEmbeddedCode
Display minTCost;

EXECUTION TIME = 1.797 SECONDS

OFIC



GENERAL ALGEBRAIC MODELING SYSTEM i- GAMS

Performance Considerations

Set i / i1*i50 /, p(i,i); Alias (i,1ii);
Parameter c(i,i); c(i,ii) = uniform(-50,50);

embeddedCode Python:
import random

i = list(gams.get ("i"))
pauseEmbeddedCode
Set iter / 1*1000 /;

Scalar tcost, minTCost / +inf /s
loop(iter,
continueEmbeddedCode Python:
p = list (i)
random.shuffle (p)
for idx in range(len(i)) :
plidx] = (i[idx], pl[idx])
gams.set ("p", p)
pauseEmbeddedCode p
tcost = sum(p, c(p));
if (tcost < minTCost, minTCost = tcost);
) ;
continueEmbeddedCode:
pass
endEmbeddedCode
Display minTCost;

EXECUTION TIME =  1.593 SECONDS
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Performance Considerations

Set i / i1*i50 /, p(i,i); Alias (i,1ii);
Parameter c(i,i); c(i,ii) = uniform(-50,50);

embeddedCode Python:

import random

i = list(gams.get ("i", keyType=KeyType.INT))
pauseEmbeddedCode

Set iter / 1*1000 /;
Scalar tcost, minTCost / +inf /s
loop(iter,
continueEmbeddedCode Python:
p = list (i)
random.shuffle (p)
for idx in range(len(i)) :
plidx] = (i[idx], pl[idx])
gams.set ("p", p)
pauseEmbeddedCode p
tcost = sum(p, c(p));
if (tcost < minTCost, minTCost = tcost);
) ;
continueEmbeddedCode:
pass
endEmbeddedCode
Display minTCost;

EXECUTION TIME = 1.437 SECONDS

@2
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Syntax: GAMS

Compile Time:

SonEmbeddedCode [S|V] Python: [arguments]
Python code
{Python code}
SoffEmbeddedCode {output symbol}
* SonEmbeddedCode [S] Python: [arguments]
e Starts a section with Python code
* Parameter substitution is activated
* The optional arguments can be accessed in the Python code

e SonEmbeddedCodeV Python: [arguments]

* Same as SonEmbeddedCode but parameter substitution is disabled
(the Python code is passed on verbatim)

e SoffEmbeddedCode {output symbol}
e Ends a section with Python code
* The optional output symbol (s) get updated in the GAMS database

O C
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Syntax: GAMS

Execution Time:

EmbeddedCode [S|V] Python: [arguments]
Python code
{Python code}
endEmbeddedCode {output symbol}
* EmbeddedCode[S] Python: [arguments]
e Starts a section with Python code
* Parameter substitution is activated

* The optional arguments can be accessed in the Python code

* EmbeddedCodeV Python: [arguments]

* Same as EmbeddedCode but parameter substitution is disabled
(the Python code is passed on verbatim)

* endEmbeddedCode {output symbol}
e Ends a section with Python code
* The optional output symbol (s) get updated in the GAMS database

OEC



GENERAL ALGEBRAIC MODELING SYSTEM .i !- GAMS

Syntax: GAMS

Execution Time:

pauseEmbeddedCode {output symbols}
continueEmbeddedCode [S|V] [handle]: [arguments]
* pauseEmbeddedCode {output symbol}

* Pauses a section with Python code

* The optional output symbol (s) get updated in the GAMS database

* continuekEmbeddedCode[S] [handle]: [arguments]
e Continues a previously paused section with Python code
* Parameter substitution is activated
* The optional arguments can be accessed in the Python code

* The optional handle (pointing to a specific paused embedded code
section) could be retrieved by the function embeddedHandle. If
omitted, the last section paused will be continued.

* continueEmbeddedCodeV [handle]: [arguments]

* Same as continueEmbeddedCode but parameter substitution is
disabled (the Python code is passed on verbatim)

OEIC
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Syntax: Python

The Python Class ECGamsDatabase serves as interface between GAMS
and Python. An instance of this class is automatically created when an
embedded code section is entered and can be accessed using the
identifier gams. Several methods can be used to interact with GAMS:
* gams.get (symbolName, [..])

* Retrieves iterable object representing the symbol symbolName

* Several optional parameters allow to modify format of the data

* gams.set (symbolName, data[, merge] [, domCheck])
e Sets data for the GAMS symbol symbolName
 Data takes a Python list of items representing records of the symbol

* Optional parameter merge specifies if data in a GAMS symbol is
merged or replaced

* Optional parameter domCheck specifies if Domain Checking is applied

OEIC
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Syntax: Python

* gams.getUel (idx)
e Returns the label corresponding to the label index idx

* gams.mergeUel (label)

* Adds 1label to the GAMS universe if it was unknown and returns the corresponding
label index

* Note: New labels cannot be added at execution time

* gams.getUelCount ()
e Returns the number of labels

* gams.printlLog (msqg)
* Printmsg tolog

* gams.arguments

* Contains the arguments that were passed to the Python interpreter at start-up of
the embedded code section

* gams.epsAsZero
* Flag to read GAMS EPS as 0 [True] or as a small number (4.94066E-300) [False]

* gams. debug
* Debug flag for additional output

@ ®
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Some Examples of Python Embedded Code

» Splitting of labels (compile time)

* Permutation

* Sorting

e Calculation of quantiles

* Power set

* Matching

e Parsing of specially structured ASCII input
e TSP subtour elimination

* Benders Decomposition using Message Passing Interface (MPI) on
High-Performance Computing (HPC) infrastructure

@ ®
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Plot example

m gamside: Q\Usem\MichaE“Documents\wc\share\fred\ﬂEAM—ME\S.FMPLE\K.gpr
File Edit Search Windows Utilities Model Libraries ﬂelp_

Bl | %el S | % |Isncnne v! {a}l & | | . .
FESTH I =2 s > S
=
— Ch\Users\Michael\Documents\WCshare\fred\ BEAM-ME\SIMPLE\ meanvar.grm:
I Meanyar.gms
Solve warl maximize m using nlp ;
xresii,pl =x.1(i);
xres('mean’,p) =m.1;
xres|'var',p) =wv.1; 40 A EI x5 £4bit/MS Windows
xres|'status',p) = wvarl._.modelstat;
wmax = v.1; ;i
_ 35 1
Loop {p{ 'minvaz'), E
Solve warl minimize v using nlp ;
xres{i,pl =x.1{i});
xres('mezn',p) =m.1l; 30 4
xres('wvar',p) =w.1l; 8
xres|'status',p) = wvarl._.modelstat; =] §o ToTEo IR 0R
S = = o
vmin = v.1; }; E 25
=
Loop (p(pR! ,
w-fx = vmin + {(vmax-vmin)/{cardipp)+l)*ordipp) 7
Solve varl maximizing m using nlp ; 201 ing)
ures{i,p) =x.1{i)z
xres{'mezn', p) =m.1; 2als) F T
xres|'vazr',p) =wv.1; 15 A
xres|'status',p) = varl.modelstat; )7 E72388
Display xres; 10 4 ep InItr MX OK
Parameter mean(p), varipl; T T T T T
mean({p) = xres('mean',pl; 0.10 0.12 0.14 0.16 0.18 E-
[var(p) = ures{'war',p); return
embeddedCode PFython:
import matplotlib_pyplot as plt
plt.plot{gams.get{'mean"', keyFormat=FeyFormat_ SEIF), %\ - TOYETITET R -
gems.get|'var', keyFormaw=HeyFormat.SKIP), ‘ —-- Initialize embedded library embpycclibed _dll
marker="_", markersize=10) |= Execute embedded library embpycclibed_dll
plt.xlabel('return') ——— meanvar.gmsi{l7Z) 3 Mb 5 secs
plt.ylabel({'variance') 4 | n
plt.show()
endEmbeddedCode I
€, i i Close Open Log | ™ Summaryonly W Update

Hands-On

meanvarplot
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Next steps ...

 More examples

e High Performance Libraries for specific tasks
* FORTRAN (Factorization of matrix)
* C/C++ (Expansion Planning Power Systems)

e Support of other popular frameworks (compiled and interpreted)
e C/C++
* C#/.NET, Java, R, ...
* Connect of powerful libraries e.g. boost::graph, ...

* Provide a configurable build system that supports building the required libraries
(for compiled languages) at GAMS compile time

. Flgovide a documented API to allow integration of individual user embedded code
ibraries

* Asynchronous/parallel use of embedded code

This feature is currently in beta status.
Any feedback to support@gams.com is highly appreciated.

OXIC,
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Thank You

Meet us at the GAMS booth!



