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Company

» Roots: World Bank, 1976

» Went commercial in 1987

» Locations
» GAMS Development Corporation (Washington)
» GAMS Software GmbH (Germany)

» Product: The General Algebraic Modeling System
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Agenda

GAMS - Elements and Examples

Scenarios in GAMS

Some Enhancements
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1976 - Two World Bank Slides

PRESENT TECHNOLOGY

.| REAL WORLD |.
' | PROBLEM

SOLUTION |

' MODEL
ANALYST
, DATA

Operating Systems
Model Generators

Computer Languages

RESULT:

Data Base Systems
Solution Packages

- Drain of resources (technical,

time, money)

- Essentially no documentation

Report Generators

@+ ®
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1976 - Two World Bank Slides

IDEAL TECHNOLOGY

REAL WORLD
PRORLEM

ANALYST

GENERAL ALGEBRAIC
MODELING SYSTEM

DATA €—> MODEL €—> SOLUTION

v

Operating Systems
Computer Languages
Solution Packages

RESULT: =~ Limited drain of resources

—- Same representation of models
for humans and machines

o - Model representation is also
GAMS came Into belng! model documentation
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What did this give us?

Simplified model development & maintenance

Increased productivity tremendously

Made mathematical optimization available to a
broader audience (domain experts)

» 2012 INFORMS Impact Prize

@es®
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GAMS - Evolution

€ = C A 8 https;//en.wikipedia.org/wiki/General_Algebraic_Modeling_System w7 :!] a O =
Languages =
Deutsch Timeline [edi) 5 .
Espafiol . .
Francais « 1976 GAMS idea is presented at the International Symposium on Mathematical Programming (ISMP), Budapest = .
Tiirkce « 1978 Phase |: GAMS supports linear programming. Supported platforms: Mainframes and Unix Workstations E E
o L
Y¥palHceka « 1979 Phase II: GAMS supports nonlinear programming. 5 :
-
% o

& Editlinks

1987 GAMS becomes a commercial product

1988 First PC System (16 bit) -

1988 Alex Meeraus, the initiator of GAMS and founder of GAMS Development Corporation &, is awarded INFORMS Computing

Society & Prize &

1990 32 bit Dos Extender

1990 GAMS moves to Georgetown, Washington, D.C

1991 Mixed Integer Non-Linear Programs capability (DICOPT)

1994 GAMS supports mixed complementarity problems

1995 MPSGE language is added for CGE modeling

1996 European branch opens in Germany

1998 32 bit native Windows

1998 Stochastic programming capability (OSL/SE. DECIS)

1999 Introduction of the GAMS Integrated development environment (IDE)

2000 GAMS World & initiative started

2001 GAMS Data Exchange (GDX) is introduced

2002 GAMS is listed in OR/MS 50th Anniversary list of milestones

2003 Conic programming is added

2003 Global optimization in GAMS

« 2004 Quality assurance initiative starts

« 2004 Support for Quadratic Constrained programs

« 2005 Support for 64 bit PC Operating systems

« 2006 GAMS supports parallel grid computing

» 2007 GAMS supports open-source solvers from COIN-OR

« 2008 Support for 32 and 64 bit Mac OS X

« 2009 GAMS supports extended mathematical programs (EMP)

» 2010 GAMS is awarded the company award & of the German Society of Operations Research (GOR)

» 2012 The Winners of the 2012 INFORMS Impact Prize included Alexander Meeraus. The prize was awarded to the originators of 7
the five most important algebraic modeling languages [1]&.
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Broad User Community and Network

25+ Years
GAMS Development

EDS

© 2011 -
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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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Foundation of GAMS

Powerful algebraic modeling language

Open architecture and interfaces to
other systems, independent layers
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Powerful Declarative Language

Similar to mathematical notation

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

Model is executable (algebraic) description of the
problem
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Mix of Declarative and Imperative
Elements

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
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GAMS IDE

;;J_.IZ*_«I_ = o I

e Project management
Dt uginongye: Editor / Syntax coloring / Spell checks
~AH§IIZ:E— { . _ . .
e Tree view / Syntax-error navigation
Model Debugging & Profiling

Solver selection & setup
Data viewer

» Export

» Charting

GAMS Processes Control

@s®
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Uniform System Documentation

|  Windows Utilities Model Libraries Help

GAMSIDE Help Topics
P GAMS Documentation About
L engsar ey
Hide Llocate EBack Fomward  Stop Refresh Home Fort Prirt  Options

GAMS Documentation
Contents |Iﬂdex | §Earc:h| Fa\r::ri_tesl GAMS Documentation Center GAMS Users Guide

= 3 GAMS Documentation 24.5

(L] Release Notes

(17 Installation Notes

E 3 User's Guides

(L3 GAMS User's Guide

I [£3 McCar (Expanded) GAMS Llse
I (L3 Solvers
(L] APIs
(23 Tools

Solver Manual
Expanded GAMS Guide (McCarl)

Welcome the to GAMS Documentation Center! He
documentation related to caMs (General Algebraic Modeling System). The
documentation describes information about how to get started. use, and maintain our
products.

Release Notes
Installation Motes
User's Guides

= Solvers

APls

= Tools

There is an online documentation of the |atest version of GAMS with search functionality
available on our site. The current version of the User's Guide and Solver Manuals are

D¢ OXIC)
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Free Model Libraries

' aF % i KNAPSACK Textbook of | M m
! Computable General “ c““n
POW(E)RPS%’%STION' ildi PROBLEMS Equilibrium Modelling Inm'mgm m
5 SEVAND MARTELD PADLO TOTH Programming and Semutations
Programming e

AnD CONTROL

Optimization

Phird Editian
i el

An Information
Thearetic

Approach to

. ADJUSTMENT N — THE COLOSSAL
Econometrics

OILIMPORTING BOOK OF
DEVELOFING COUNTRIES d MATHEMATICS

OO0 PAEATTVE BCDMOMIL ANAMYNE

1 Model Buil ding

B 5 s | .
g in Mathemati — —
Programming Model Libraries

ey

ks
Help
GAMS Medel Library
_ Nonlinear A
GAMS Test Library Optimization -
- Applications
GAMS Data Utilities Models Usina the GAMS vl o
GAMS EMP Library | :
GAMS API Library
Introduction
to Stochastic Practical Financial Optimization Models
Programming PRACTICAL
Menlinear Optimization Applications (M. Andrei) FINANCIAL

MAXIMUM .
ENTROPY A M AT

ECONOMETRICS

OPTIMIZATION
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Example: A Transportation Model

Supply Distance Demand

(cases) (thousand miles) (cases)

18— @ TR
Seattle % .
' Chicago

San Diego

\2'5\» @ New York

Freight: $90 case / thousand miles
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Example: Mathematical Model

Indices: [ (Canning plants)
j  (Markets)
Decision variables: x;; (Number of cases to ship)
Data: ¢;j (Transport cost per case)
a; (Capacity in cases)
b; (Demand in cases)
min Y, X C;j * X; (Minimize total transportation cost)

subject to
Zj X <a; Vi (Shipmentsfrom each plant < supply capacity)
Zixl-j = b V j (Shipments to each market = demand)

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

@7
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Example: GAMS Algebra

== D:\Dropbox GAMS\OR2015-Vienna\pre confernce ws\models\vienna.gms

dmagdul dmagmsllvmnnagma repgdxl

Sets
i canning plantcs,
i markets;
Parameters
afi) capacity of plant 1 in cases,
B3]} 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;
Variables
z total transportation costs in thousands of dollars,
Xx(1i,3) shipment guantities in cases H

Positive Variable =

Ecnations
cost define objective function,
supply (1) obsgerve supply limit at plant i,
demand (j) satisfy demand at market j;
cosSt .. z =e= sum((i,3), cii,J)*x(1,3})
supply (i) .. sum(j, x(i,3)) =1= aii) :
demand (§) .. sum (i, =®{1,3}) =g= bi(j) :

Model modellP /all/ : |

Sinclude data.gms

Solve modellP using lp minimizing z ;

Parameter repl(i,j,*) Shipments between plants and markets
repd (%) Chijective wvalue:
repl(i,3,"1p") = x.10(1,3);

rep2 ("1p') = z.1l;
display repl, rep2; @ @
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Example: Data Input

$| nCI Ude dat ad. ngB onfernce ws\models\data.gms

data.gms  VIEhna.gms

i canning plants / seattle, san-diego /
i markets / new-vork, chicago, topeka /[ ;
Farameters

a(i) capacity of plant i in cases
i seattle 350
zan-diego 600 fF
bB{j}) demand at market j in cases

i new-york 325
chicago 300
topeka 275/ :
Table d{i,]) distance in thousands of miles
new-york chicago topeka
zeattle 2.5 1.7 1.8
san-diego 2.5 1.8 1.4

Scalar £ freight in dollars per case per thousand miles 30/ ;
Parameter c(i,j) transport cost in thousands of dollars per case ;
ci{i,j) = £ * dii,3) / 1000 :

$ngin data'gdx e ws\models\data.gdx
$load i<d.diml j<d.din2 d b a c

EntrylSymhuIlTypelDimINr Elem | b(j): demand at market j in cases

Ja Par 1 2
new-yo!
4 P 1 3 i
fle Par 2 topeka [275

B

5d Par 2 6
@1

6 f Par 0 1

a — . g -~ b ]
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Example: Results

s [:\temp'vienna.lst | = ” = ” 23 |

data.gd:-:l data.gmsl results.gd:-:l vienna.gms” wienna.lst

Compilation 0 UNBOUHDED

Include File Summary GEMS 24.4.6 r52563 Released Jun 24, 2015 WEX-WEI x86 64bit/MS Wind
Equation Listing S0LVE mode . i

Equation General LBl gebraic Modeling Sv=stemn
Column Listing S0LVE mode Execution

Column

Model Statistics SOLVE model
Solution Report SOLYVE mode

SolEQU —-———= 34 PARAMETER repl Shi
SolVAR we C:\Users\franz\Documents\gamsdirprojdir\ gdz.gex
Execution 1p IM tmspolt.gmsl tmsport.lstl
Display EntrylSymhoI |Type|Dim|Nr Elem | |x[i, j): shipment quantities in cases
zeattle .new-yvork 50.000 Ja Par 1 2
seattle .chicago 300.000 4b Par | 1 3 Marginal
san-diego.new-york 275.000 Tle Par 2 6
san-diego.topeka 275.000 10cost  Equ 0 !
5d Par 2 6
12 demand Equ 1 3
) 6 f Par 0 1
- 34 PLRAMETER rep2 Cbj 1 Set 1 5
2] Set 1 3
lp 1353.875 11 supply Equ | 1 2
| 8x Va2
9z Var 0 1
EXECUTICH TIME = 0
S Reset | W Squeeze defaults Decimals Sea
I MM Sort | [~ Squeeze trailing zeroes 4/ »| Max I_

OLIC)
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+ MIP Model: Minimum Shipments

e Shipment volume: X (continuous variable)
e Discrete decision: ship (binary variable)
Cost (S)
A /
ship=0 ' ship=1
Not possible |
‘Q\H\HHHHHHHNHI > X (Number of CaSES)
0 100

add constraints:
x;j =100 -ship;; Vi, j (if ship=1, then ship at least 100)
Xij < bigM - ship; ; Vi,j (if ship=0, then do not ship at all)

Shl.pi’j (S {0,1}

@20
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+ MIP Model: GAMS Algebra

== D:\temp'vienna.gms | = ” (=] ” £3 |
data.gd:-:l data.gmsl results.gd:-:” YiEnna. gms vienna.lstl
kY

+ MIF
scalar minS minimum shipment 100/

bigM big H;
bigm = min(smax(i,a(i)), smax(Jj,b(3))):
di=splay bigm;
binary variable ship(i,j) 'l if we ship from i to j, 0 otherwisze';
eqmations

minship(i,j)} minimuom shipment

maxship(i,j) maximom shipment;

minship(i,j).. X(i,]j) =g= mins*ship(i,j):
maxship(i,j).. x(i,]j) =1= bigM*ship(i,j):
Model modelMIP /modellP, minship, maxship/ :
option optcr =0;
Solve modelMIP using mip minimizing =z;
repl(i,j, "MIP') = =x.1(i,j}:
repd ("HIP') = z.l:
W
£ >

@20
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+ MIP Model: Results

@ D:\tempivienna.lst E'@
dala.gdxl data.gmsl results.gdxl WiEnna.gms ” vienna.lzt
— Compilation General Blgebraic Mode I o8 0D\tempiresults.gds
— Include File Summary E £ i |,esuns_gdN
— Equation Listing SOLVE mode FEERELeR |
+- Equation EntrylSymhuI |Type|Dim|Nr Elem | repl(i, j. *): Shipments between plants
Column Listing SOLVE mode 1 Par 1 2
+ Column -_— 55 PARAMETER repl Shipments between
— Model Statistics  SOLVE model 4'b Par 1 3 lp [MIP
— Solution Report  SOLVE mode ;
SolEQU P ip MIE 15 bight  Par 0 1 seattle  |new-york | El
SolVAR 6c Par 2 6 chicago [300 300
Ei};;ell;].fu tion seattle .new-york 50.000 3/ cost Equ 0 1 san-diego [new-york | 275| 325
Equation Listing SOLVE mode seattle .chicago 300.000 300.000 hd Par 2 B topeka |275 275
Equation san-diego.new-york 275.000 325.000 11|demand Equ 1 3
gﬂ:umﬂ Listing SOLVEmode | san-diego.topeka 275.000 275.000 1li Set 1 2
alumn
Model Statistics  SOLVE model 2] Set 1 3
Solution Report  SOLVE mode 18 maxship Equ 2 6
SolECU —_—— 55 PLEAMETER repZ Obijectiwve wvalue ;
14 minS Par 0 1
SolVAR
E_‘x ecution 1p 153.675 MIP 153,675 17 |minship Equ 2 6
13 rep2 Par 1 2
16| ship Var 2 6
EXECUTICN TIME = 0.000 SECCHNDS 10 supply Equ 1 2
4 - (184 8% Var 2 &
_— - - — =TT sz s Tz Var 0 1
Symbol search Reset ¥ Squeeze defaults
I Next | Prev | Sort | [” Squeeze trailing zeroe

@=®
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+ non-linear: Cost Savings

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

min = X; i Cij - xijbet“ (Minimize total transportation cost)

OLIC)
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+ non-linear: GAMS Algebra

o= D:\templvienna.gms | = ” (=] ” 23 |
data.gd:-:l data.gmsl results.gd:-:” Yierna. aris vienna.lstl
~
* MINLFE
l;c:alar beta /0.35/;
gnation costnlp define non-linera objective function;
costnlp .. z == =smum{(i,j), ci(i,Jj)==(i,])**betca) :
Model modelMINLE /modelMIP - cost + costnlp/ :
Solve modelMINLE using minlp minimizing z ;
repl(i,j, "MINLP'") = x.1(i,3}:
rep2 ("MINLE') = z.1;
display repl, rep:
W
< >

@x®
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+ non-linear Results

= D tempivienna.lst El@
data.gdxl data.gmsl results.gdﬁl Wignna.grs ” vienna, st

— Compilation ~ GAMS 24.4.6 1r52563 Released Jun 24, 2015 WEX-WEI x86 64bit/MS Wind &
— Include File Summary c 1 a1 b . M d 1 4 5 £
— Equation Listing  SOLVE mc =ne T A gebraxec eessng vesrbem
+- Equation Execution
E Column Listing  SOLVE mu
+- Column
— Model Statistics SOLVE mao .
— Solution Report  SOLVE mc - 66 PARAMETER repl Shipments between plants and markets
SolEQU
SolVAR 1p MIP MINLP
Execution
Display
Equaﬂﬂrl L|51|r|g SOLVE mc seattle .nEW—}FDI]{ L50.000
Equation szeattle .chicago 300.000 300.000 300.000
Column Listing  SOLVE mt san-diego.new-vork 275.000 325.000 325.000
O atistice SOLVE mo san-diego.topeka 275.000 275.000 275.000
Solution Report SOLVE mc
SolEQU
SolvaR . .
— 66 DLRAMETER 2 Obkject 1
Equation Listing  SOLVE mc Tep JEckive vaius
Equation
Column Listing  SOLVE mu 1p 153.675, MIP 153.675, MINLP 115.438
Column
gslﬁlﬁtg E D:\ternp'results.gdx
SolEQU Iresults.gd:-t ’
>
Entry |Symbol |Type|Dim|NrElem | A §rand( j *): Shipments between plants and markets
3a Par 1 2
4b Par 1 3 lp [MIP[MINLP
19/ beta Par 0 1 seattle  |new-york [
15 bight ~ Par 0 1 chicago |300 300 300
bc Par 2 6 san-diego [new-york|275 325 325
cost  |Equ | 0 1 topeka |275 275/ 275 @ 26 @
20 costnlp | Equ 0 1
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Foundation of GAMS

Powerful algebraic modeling language

Open architecture and interfaces to
other systems, independent layers

Model

Platform Solver Data Interface



GENERAL ALGEBRAIC MODELING SYSTEM

Independence of Model and Platform
Supported Platforms

\“ ‘(

:_.n ;‘.ﬂ ““‘ :..' n . ““‘ .:
co D Linux A
: crasyl : -_“ :F A :-' SOla r'S

Wlndows

%, Wekooe o MaOSX 7

» Move models between platforms with ease!

Model

Platform Solver Data Interface



GENERAL ALGEBRAIC MODELING SYSTEM GAMS
Independence of Model and Platform

Local and distributed / remote execution
» Distributed Algorithm (CPLEX, GUROBI)
» Grid Computing Facility

» NEOS (Kestrel)

Model

Platform Solver Data Interface
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GAMS/Kestrel

» Remote Solver Execution on NEQOS Servers

» Stay in your GAMS environment
» Results are being processed

as with any local solver

: Remote Cluster
Local Machine M e

--- Executing KESTREL: el apsed 0:00: 00. 006
Connecting to: http://neos-server.org: 3332
NECS Sol ver: xpress

Model transport /all/; NECS j ob#=3631352, pass=i JLdAAKhP
Option | p=kestrel;
transport.optfil e=1; Check the following URL for progress report
htt p:// neos-server. org/ neos/ cgi - bi n/ nph- neos-
$onecho > kestrel. opt sol ver . cgi ?adm n=r esul t s& obnunber =3631352&pass=
kestrel _sol ver xpress JLdAKhP
$of f echo Job 3631352 di spat ched
password: i JLdAKhP
Sol ve transport using Ilp mnimzing z; | |---------- Begin Solver Qutput -----------

Job submitted to NECS HTCondor pool

FI CO Xpr ess 24. 3.3 r48116 Rel eased Sep 19,

2014 LEG x86 64bi t/Li nux
@300
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Independence of Model and Solver

» GAMS is not a Solver!

GAMS: Model building and interaction with
solvers & environments

Solver: Solve an model instance (model +
numerical data) using mathematical
optimization

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

ALFHAECP
ANTIGONE 1.1
BARON 144
BDMLP
BONMIN 1.7
CBC2E
CONOPT 3
COUENNE D4
CPLEX 12.6
DECIS
DICOPT
GLOMIQO 2.3
GUROBIGS.0

LINDOGLOBAL 9
LOCALSOLVEE. 5|

MILES
MINOS
MOSEK 7

Solver/Model type availability - 24.4
LF MIF NLP MCP MPEC
v
v v v
v

v v

» All major commercial and academic solvers
integrated (30+ )
» Wide range of available model types (12+)

» Average number of commercial solvers per
license:
» Academic clients: 2.9
» Commercial clients: 2.2

Model

Platform Solver Data Interface
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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

st Sy
“‘ ". “‘ ".. - .'.,.
0’ 0‘ 7.:- _‘ . .‘
o " K ., B G iemmmeti
: . e — DG B %
: Gurobi: [ e pmn . | (P . ~' s
: 6 - _= _—_.,,-"'-- IIIOSGK MCOIN I»
5 ptimization : D e = S | \ ) ;
«‘ “‘ \& O & fol
S .0 .. & . re ‘.:,:, O
A ;
d
'.... “““

» More than 30 Solvers integrated!

Model

Platform Solver Data Interface
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ALPHAECP
ANTIGONE 1.1
BARON 144 v
BDMLP v
BONMIN 1.7

CBC28 v v
CONOPT 3
COUENNE D4
CPLEX 126
DECIS
DICOPT
GLOMIQO 2.3

Uniform interface to all major solvers:
sl > Switching between solvers with one
a0 statement: option solver= ...;

LGO
LINDO 9.0

pmaes > Unified Documentation

w2 > Licensing (GAMS as a ,license broker)

GUROBIG6.0

AR

5CIP 3.l v
SNOPT
SOFLEX 2.0
SULUM 4.0
XA

XPRESS 27.01

SN
TN
N

SRNNN
SR

* deterministic =lobal selver

Model
Platform Solver Data Interface @ =5 @
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CyBio Scheduler

Scheduling software for high
throughput screening
Used in the pharmaceutical
industry (drug discovery)
Model optimizes throughput of
robotic screening systems
Solver
» COIN for smaller instances
» Commercial MIP solver for
large problems
» Developed by jena

Model
Platform Solver Data Interface @ = @
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Updated SAM Supply
forAgncUire Feed Demand : :
(regional » Global agricultural sector models with

focus on EU27 members

Evaluates impacts of agricultural and
Non-Linear Global . S
Regional Regional trade policies on production income,
CGES Programming Muld-Commodity .
bl Model markets, trade, and the environment

Different NLP solvers

Prices Open source approach with an active

Prices

forl;teﬂnnedlates %, for network of developers and users

ma . : . . .

fz‘:ctorsry SR B agﬂct:ltttlsral coordinated by University of Bonn
T outpu

Model
Platform Solver Data Interface @ = @
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Independence of Model and Data

\ .- ~ ..- [ )

ws gamside: C\Users\franz\Documents\gamsdi jdir\gmsproj.gpr

File Edit Search Windows Utilities Model Libraries Help

B Bl % ¥ | %W <l w| @|n [

= C:\Users\franz\Documents\gamsdir\projdiritrnsport.gms == Mo active process EIE
trnzport. gms tnmpmthq tmsport
Set=
i canning plants, -—— Job tronsport.gms Start 03/28/15 12:31:1
j markets; GAMS 24.4.1 Copyright (C) 1987-2014 GAMS
Parameters Licensee: Franz Nelissen

a(i) capacity of plant i in cases GAMS Software GmbH / GAMS Develop
——— Starting compilation

b(j}) demand at market j in cases
dii,3) —-—— Crnsport.gms(21) 2 Mb
r L - Tma i
f freight in dollars per case per thousand miles it;t:s. He - - CagflEt;g?23f15 12:31:15
-—— Jao rmsport . gms o H H
c{i,j) transport cost in thousands of dollars per case ; L5 3

WVariables
X(i,j) shipment guantities in cases
z total transportation costs in thousands of dollars
Pozitive WVariable x ;
Ecnations
cost define cbjective function
supplv (i) observe supply limit at plant 1
demand (j) gatisfy demand at market j
cost .. z =e= smm|(i,3), cl(i,3)*=x(i,3)) :
supply (1) .. sow (3, ®(i,3)) =1= ali} ;
demand (j) .. sum (i, =x({i,J)) =g= k(i) :

Model transport /fall/ ;

Model

Platform Solver Data Interface @ =4 @
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Independence of Model and Data

Initial Model Development — ASCI|
» |Input: Part of model input (Sinclude file.gms)
» Output: Display / Put Command (File)

file fy /result.csv/;
fy.pc = 5; fy.nd = 4,
loop((i,]))$x.1(i,]),
put fy i.te(i) j.te(j) x.1(i,j) /;
)

"seattle", "new york", 50. 00
"seattle", "chi cago", 300. 00
"san-di ego", "new york", 275. 00
"san-di ego", "t opeka", 275. 00

Model
Platform Solver Data Interface @ 28 @
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GDX: Binary Data layer (“contract”)
between GAMS and applications

Fast exchange of data at any

SEE /
Platform independent Application || mad

Direct GDX interfaces and OO
APIs

No license required

Scenario Management Support

Model
Platform Solver Data Interface @ = @
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[2 Installation Motes
[C7 User's Guides
[Z3 Solvers
[Z APls
= &9 Tools
[ GAMS IDE
= £3 Data Exchange
[Z] Bxel
(3 GDXMRW
[£] GDXRRW
[ GOXDUMP
(3 CSV2EDX
[[3 5QL2GMS
[ GD¥2Access
[ GD¥2SQLTE
(23 MDB2GMS
[ MPS2GMS
[ GDXVIEWER
(3 GDX2HAR
[13 HAR2GDX
[ GDX2VEDA
[2] GDXTROLL
= £3 GDX Service
(3 GDXDIFF
[ GDXMERGE
(23 GDXCOPY
([ GDXRENAME
= £ Data Transformation
[Z3] GDXRANK
[ SCENRED
[ SCENREDZ
(3 INVERT
[C3 CHOLESKY
[£] EIGENVALUE
2] EIGENVECTOR
[C3 MCFILTER
[g] csop
|71 Cther Tools

A large number of tools are included in GAMS distribution. Below we give a functional categorization of all tools as well as a brief
description of each tool with the Supporied Platforms.

+ GAMS IDE - an integrated model development environment including a general text editor with the ability to launch and
monitor the compilation and execution of GAMS models.

- Data Exchange - a collection of tools that provide functionality to exchange data between GAMS and other data sources.
This category contains tools for popular data sources and high-level programming environment and like databases,
IMatlab, and R. There are also tools for specialized systems like HAR, TROLL, and VEDA. The tools to communicate with
Microsoft Excel are grouped in a subcategory Excel. Many of the tools described here use the GAMS Data eXchange

facility GDX.

+ GDX Service - a collection of tools that operate directly on GDX containers to e g. compare, copy, and merge the content

of GDX..

+ Data Transformation - a collection of tools that perform very specific tasks that are awkward or inefficient to implement in
GAMS directly. Through GDX and the execution of the tools in this category allow to perform complex tasks from a GAMS
model like identifying eigenvalues or the inverse of a matrix.

- Other Tooels - a collection of more exotic tools that can become handy in some some special circumstances. Most notably,
the collection contains the tool MODELZTEX to document the model algebra in LaTeX format.

The following table gives an alphabetically sorted list of all available tools.

Tool Description

Platform

ASK The utility can be used to get input from an user interactively.
BIB2GMS Analyses BibTeX files with file extension _bib and writes GAMS source files that can be used to create
various author, reference and cross reference reports.
CHK4UPD Checks whether the user can update to a more recent GAMS version.
CHOLESKY Calculates the Choleksy decomposition of a symmetric positive definite matrix.
The semidefinite programming CSDP solver from COIN-OR. The communication with CSDP requires
b ot af aairi pactioc o =E . . ARAC mmadal flunsfinne an o ot

T

i

Solver Data Interface

ORIC)
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Creating a GDX file

- gamside: C:\Dropbox\GAMS\OR2015-Vienna\pre confernce ws\models\vienna.gpr

File Edit Search Windows Utilities Model Libraries Help

B| I %@] © | % l =l {a}l @] l |gdx=vienna

‘wa C:\Dropbox\GAMS\OR2015-Vienna\pre confernce ws\models\vienna.gms

1 data.gdx‘ data.gms] rep.gdx” vienna.gms vienna.lstl

= = Fets - - - - — —
i canning plants, E
3 markets; 5
Parameters

iscalar beta /0.95/;

Equation costnlp define non-linera ocbjective function;
3 lcostnlp .. z =e= sum((i,j), c(i,i)*x(i,j)**beca) :;
— Model modelMINLP /modelMIP - cost + costnlp,

Solve modelMINLP using minlp minimizing 2z ;

repl(i,j, 'MINLP') = x.1(1,3):

rep2 ("MINLP') = z.1;

execute unload ‘'rep’', repl, rep2;

—_— —— ———
Platform Solver Data Interface @ & @
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g | GAMS IDE-GDX Browser
» Data cube with Drag&Drop

> Searching and Charting TSR, T o[l

b || repogds vienna.gms‘ vienna.lst|

Entry| Symbol | Type |Dim Nr Elem rep(i. j. *): Shipments between plants and marke

1|repl Par 3 10

2 rep2 Par 1 3 Ip seattle

san-diego

seattle

san-diego

seattle

san-diego

new-york [chicago [topeka
i 300

275 275
300

325 275
300

325 275

Model

—_— —— ———
Platform Solver Data Interface

@2
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GDX2XLS

» Dumping a GDX container to Excel

gdx2xl s rep. gdx
shel | execute rep. x| sx

¥

I m & g
A B C D E 1

1 1 B
2 repl (parameter) Shipments between plants and markets E
3 diml T | dim2 = dim3 - | Value -
4 seattle new-york lp 50
5 seattle chicago Ip 300 3
6 seattle chicago MIP 300
7 seattle chicago MIMLP 300
8 san-diego new-york lp 275
9 san-diego new-york MIP 325 B
10 san-diego new-york MINLP 325
11 |san-diego topeka Ip 275
12 san-diego topeka MIP 275
13 |san-diego topeka MIMLP 275 s
M 4 » M| repl rep2 . ¥ oKl i | » 1]
ey EoE ono. U o @5
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Pavste anrmatPainter L AEARES &T&v == E
Clipboard u Font
A1 - _.fr| 'seattle
A B = () E F
1 seattle new-york 2,5
2 seattle chicago 1,7
3 seattle topeka 1.8
4 san-diego new-york 2,5
5 san-diego chicago 1.8
6 san-diego topeka 14
7
8
9
L
3f[4 4 » M| Sheetl ~Sheet? ~ Sheet3 ~ ¥J
1 Ready|

$cal |l GXXRW di st. x|l sx par=d rng=Al rdi m=2 cdi m=0
$if errorlevel 1 $abort "Problens with Excel file!"
$gdxi n di st

$l oad d

@« ®
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GDXDiff

» Comparing two gdx files

IDE
L

I! Input file one
|D:\temp\cplex.gdx

Input file two

|D:\temp\gurobi.gdx EI

Difference file

Eps FelEps Field to compare
|EI.EI 0.0 [ lgnore Settext |All fields

~ FldOnly ™ DiffQnly 2
0K ‘ x Cann::el| o ers
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- Results .-

diffile. gd=
= Entry |Symbol Type |Dim|Nr Elem x(*, *, *): Differences
! 3 FilesCompared Set 1 2
1 supply Equ 2 4 dif1 |dif2

seattle  |new-york

san-diego |new-york | 275 325

} cifferences /
.
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Independence of Model and User
Interface

Open architecture and interfaces to other systems
- No preference for a particular user interface

(0O0) Application Programming Interfaces

Smart Links to popular environments: Excel, MATLAB,
R, ...

Model
Platform Solver Data Interface @ e @
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Independence of Model and User

Interface
£
\Jk w B e 2 @ AT
Hde  locate Back Fomward  Stop Refresh Home Fort
S
Low Level Contents |Iﬂde:-: | ﬁean:hl Favnr'[tesl APls - Apph
(0] oJI=ot MO J4T=14} {={e MENIMNEVZT | - =5 GAMS Documentation 24.5
Python |_] Release Notes
No modeling capability: ] Instalation Notes ng h-Lev
] . ] ] User's Guides
Model is written in GAMS & Sovers
Wrapper class that H £ APls There are three ve
encapsulates a GAMS model El & NET AP with NET framewc
] Conterts oriented GAMS AF
[£] Overview _

Model
Platform Solver Data Interface @ o @
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Simple Encapsulation of a GAMS Model

B

Simple API interface

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

DEYEYLEIS

I Options I Program
Run()

Wrapper Class

|
\
\
|

Platform Solver Data Interface

@ ®
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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
» Visualization and analysis of model data and results in the application

v <= rgdx(fnSol, list(name = "tour"”, form = ))
nxt <- v$vall, 2]

# compute the soquence f citi t sad ¢

s0lSeq <— NA #» c(1l:n + 1)

k <-1
for () in c(i:n)]
solSeql(j] <-

T
k <- nxt[k] = . O
’ '®'\ o |°\g-
BolSeq[n + 1] <= || ® "' N |
if (k != 1) stopl ( .. -
|}

loe <~ cmdscale(:

s . o ( - v’lu ‘
rx <- range(x < g ‘ I ~
N
@

ry <= range(y <-
tspres <- loc(so]
8 <~ seqln)

Model
Platform Solver Data Interface @ = @
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Agenda

GAMS — Elements and Examples

Scenarios in GAMS

Some Enhancements
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Solving Scenarios

Model
Generation

Optimization
(Solver)
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Simple Serial Solve Loop

Set s /s*s10/;
Par anet er
A s(s,i,]) “scenario data”,
Xxlo s(s,1,]) ”"scenario lower bound for X.|”,
em s(s,1) “scenario solution for e. m
Loop(s,
AC,)) = As(s,1,]);
X.lo(j)=xlo_s(s,]);
sol ve mynodel mn z using |p;
I _s(s,J) =x.1());
ems(s,i) =e.nmi);

Loop

A 4

Generation

v

Solution

v

Update
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Simple Serial Solve - Performance

trnsport.gms (LP) solved 500 times with CPLEX:

Loop( s,
d(i,)) = dd(s,1,]);
f =1f(s);

sol ve transport using |p mnimzing z
rep(s) = transport.objval;

e
Setting Solve time (secs)

Solvelink=%Solvelink.ChainScript% 52.221

Solvelink=%Solvelink.LoadLibrary% 03.252

@=®
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Scenario Solver (GUSS)

Generates 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:

Set s /s*sl10/;
Par anet er
A s(s,i,]) “scenario data”,
xlo s(s,i,]j) ”scenario | ower bound for x.I|7,
ems(s,i) “scenario solution for e.m
Set dict / s. scenario.
par am A s,
| ower . xl o_s,
. level. x|l _s,
. marginal. ems /; /;
sol ve nynodel mn z using |p scenario dict;

Generation

Solution

Update
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Scenario Solver - Performance

Example: Stochastic model with 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 } m

@7 ®
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Grid Computing Facility

GAMS jobs in a distributed environment

» Scalable: supports large grids, but also works on
local machine

» Platform independent, works with all
solvers/model types

» Only minor changes to model required

1. Submission of jobs

2. “Grid Middleware”

—  Distribution of jobs
— Job execution

3. Collection of solutions
4. Processing of results
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E Di\termpitrasgnd.gms

l!msgtid.gms lmsgtid.lstl vienna.ams

transport.solvelink = %$solvelink.AsyncGrid$; // turn on

a1 Sase Module 2.0.U T
#x mrxxwxEkxxxxxx BETL release

transport.limcol =0; icensee: Franz Nelissen 5150326/0001CN-GE
transport.limrow = 0; GAMS Software GmkH DC34:
transport.solprint = $solprint.Quiet%; -- Starting compilation

-- trnsgrid.gms (101) 3 Mb
set s scenariocs / 1*5 /; —-— Starting execution: elapsed 0:00:00.003

-- trnsgrid.gms(75) 4 Mb
parameter dem(s,3j) random demand —-— Generating LP model transport

-- trnsgrid.gms(77) 4 Mb

== LOORS 8 =1

= 6 rows 7 columns 19 non-zeroes

—-— Submitting model transport with handle gridl45000001
-- Executing after solve: elapsed 0:00:00.017

-- trnsgrid.gms(75) 4 Mb

—-— Generating LP model transport

-— trnsgrid.gms(77) 4 Mb

h(s) store the instance handle;

dem(s,j)= b(j)*uniform(.95,1.15);

loop (s,
b(j) = dem(s,])
Solve transport using 1lp minimizing Zz;

h(s) = transport.handle ); // save inst —— LOOPS 5 = 2

= 6 rows 7 columns 19 non-zeroes

parameter repx(s,i,j) solution report -- Submitting model transport with handle grid145000002

repy summary report; -- Executing after solve: elapsed 0:00:00.094

-- trnsgrid.gms(75) 4 Mb

repv(s, 'solvestat') = na; —— Generating LP model transport

repy (s, 'modelstat') = na; -- trnsgrid.gms(77) 4 Mb
-— LOOPS s = 3

= 6 rows 7 columns 19 non-zeroes

-—- Submitting model transport with handle gridl145000003
-- Executing after solve: elapsed 0:00:00.121

-- trnsgrid.gms(75) 4 Mb

—-— Generating LP model transport

* we use the har

repeat
loop (sS$handlecollect (h(s)),
repx(s,i,3) = x.1(i,3);

repy(s, 'solvestat') = transport.solvestat; —- trnsgrid.gms(77) 4 Mb
repv(s, 'modelstat') = transport.modelstat; —— LOOPS = = 4
repy (s, 'resusd’ ) = transport.resusd; i 6 rows 7 columns 19 non-zeroes
tep{sylabyvall) = tzansportiobjwals -- Submitting model transport with handle grid145000004
display$handledelete (h(s)) 'trouble deleting handles' ; —- Executing after solve: elapsed 0:00:00.134
h(s) =0 ) : /f I ate that we have 1 t -- trnsgrid.gms(75) 4 Mb
display$sleep(card({h)*0.2) 'was sleeping for some time'; —-— Generating LP model transport
mntil card{(h) = 0 or timeelapsed > 10; // wailt until models &ar -- trnsgrid.gms(77) 4 Mb
-- LOOPS 8 =5
display repx, repv; =, 6 rows 7 columns 13 non-zeroes
-- Submitting model transport with handle gridl45000005
abort$sum (s$ (repy (s, 'solvestat')=na),1l) 'Some jobs did not return'; -- Executing after sclve: elapsed 0:00:00.147

-- trnsgrid.gms (88) 4 Mb

-— GDXin=D:\temp\225a\grid145000001\gmsgrid.gdx
-—- Removed handle gridl45000001

-— GDXin=D:\temp\225a\grid145000002\gmsgrid.gdx
-- Removed handle grid145000002

-— GDXin=D:\temp\225a\grid145000003\gmsgrid.gdx
—-— Removed handle gridl45000003
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Solving “many” Scenarios

1. Small Ratio of solver time / GAMS time = Scenario
Solver
Large ratio i.e. only solver time is relevant (pre/post
processing not critical) 2 Grid Computing Facility
Entire model run including pre processing /
optimization / post processing is costly = Parallel
execution of entire model in the cloud




GENERAL ALGEBRAIC MODELING SYSTEM

' » Generation of Efficient Frontiers
! > GAMS/CPLEX solution pool to
1 collect 1,000,000+ solutions of a

2 small MIP

» Compact representation of
solutions

» Uses an ACE algorithm to filter out
1 dominated solutions




GENERAL ALGEBRAIC MODELING SYSTEM

Application - Scenario Solver

» 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
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

@@



» 4096 MIP models on HT Condor
» Submission started Jan 11,16:00
» All jobs submitted by Jan 11, 23:0C i
» All jobs returned by Jan 12, 12:40

» 20 hours wall time, 5,000 CPU hours

» Peak number of CPU’s: 500
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Application — Cloud Computing
Xyz — Energy Company

» Task: Solve 1,000 scenarios (MIPs, ~1 hour per
scenario) once a week overnight in parallel
» Implementation:
» Amazon Cloud: 1000 parallel machines
(instances), Python, GAMS + OO API
» |Issues: Automation / Licensing / Security
> Hardware Costs / run: $70!
(1,000 instances/run * S0.07 instance / hour)
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Agenda

GAMS — Elements and Example

Scenarios in GAMS

Some Enhancements
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) ( )

(Advancing hardware / New
Platforms

Life time of a model: 15+ years

J & J/

New maintainer, platform,
solver, user interface

Enhanced / new solver and
solution technology

) ( )

Improved / upcoming interfaces
to other systems

Backward Compatibility

J & J/

) ( )

Software Quality Assurance

(New Modeling and Solution
Concepts

OXIC)




GENERAL ALGEBRAIC MODELING SYSTEM m

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 = 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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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

» GAMS is conservative when it comes to syntax extensions
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Stochastic Programming in GAMS

EMP

5 _—

EMP/ SP Information etclevrlr:(;rgllstlc

» Simple interface to add uncertainty to J (NS LED)
existing deterministic models \ Translation )

» (EMP) Keywords to describe <
uncertainty include: discrete and Y = =
parametric random variables, stages, Reformulated 33) TU;
chance constraints, Value at Risk, ... Model o .S
: : (viewable) c|.2
» Available solution methods: ] S5
» Automatic generation of _— T
C .. : =|
Deterministic Equivalent (can be ( established Algorithms N
solved with any solver) |

» Specialized commercial algorithms
(DECIS, LINDO) Solution

OXI0
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Transport Example - Uncertain Demand

Val: 1.10 |

"i
b(j): demand at market | in cases f/;(?bo %g |
y-york [T
Uncertain S
chicago P |
o demand factor bf
Prob: 0.2 |

Decisions to make

» First-stage decision: How many units should be shipped “here and
now” (without knowing the outcome)
» Second-stage (recourse) decision:
» How can the model react if we do not ship enough?
» Penalties for “bad” first-stage decisions, e.g. buy additional

cases U( ] ) at the demand location:
costsp .. z =e= sum((i,j), c(i,j)y*x(i,j))+

sunm(j, 0.3*u(j));
demandsp(j) .. sun(i, x(i,j)) =g= bf*b(j) - u(j) ;
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Uncertain Demand - GAMS Algebra

ata gns[ 1ep. gdxAIkI Qienna.gm; 7viema Ist V|~

data.gde| d

Positive Variable u(j) unmet demand;

scalar bf demand factor ,L/J

equation costsp, demandsp:

costsp .. z =e= sum((1,3), c(i,3)*x(1,3)) + sum(3,0.3*u(j)):
demandsp (i) .. sum (i, x(1i,3)) =g= Dbf*b(j) - u(j) :

Model modelsp /costap, demandsp, supply/ :
file emp / '%femp.info%' /; put emp '* problem 3$gams.i3'/;
Sonput
randvar bf discrete 0.3 0.9
0.5 1.0
0.2 1.1
stage 2 bf demandsp u
Soffput
putclose emp:’
Set scen scenarios / si*s3 /;
Parameter
s_bf(scen) demand factor realization by scenario
8 _x(scen,i,]j) shipment per scenario
s u(scen,3) cases bought per scenario;
Set dicc scen ,.scenario.''’
bf randvar .s bf
X level 3 X
u level su/:

option solver=lindo:

Solve modelsp using emp minimizing z scenario dict;
Display s_bf, s _x, s_u; @ 71 @
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Uncertain Demand - Results

—_———— 103 PARAMETER =_bf demand factor realization by scenario

=1 0.900, =2 1.000, =3 1.100

—_———— 103 PARAMETER = x shipment per =sScenario

new-york chicago topeka
2l.=eatcle 50.000 300.000
sl.=zan-diego 242,500 275.000
s2.=zeatcle 50.000 300.000
52 .zan-diego 242.500 275.000
23.=5eatcle 50.000 300.000
s3.=san-diego 242 .500 275.000

- 103 PARAMETER = u cases bought per scenario

new-york chicago topeka
=2 32.500
=3 65.000 30.000 27.500

[ TRTTE modas =1 @ 72 @
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Stochastic Programming in GAMS

» Start with a deterministic model and define uncertain model
parameters
» EMP/SP replaces these parameters and generates stochastic model
» EMP/SP supports:
» Discrete and continuous distributions
» Multi-stage problems
» Chance constraints
» Various Risk Measures (EV, VaR, CVaR)
» EMP/SP can use specialized algorithms (DECIS, LINDO) or create the
Deterministic Equivalent (free solver DE)
» Further Information:
http://www.gams.com/dd/docs/solvers/empsp/index.html
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Logical Constraints

» Example: | f y=1 => x1 + x2 + x3=L= O;

» EMP supports automatic reformulation of logical constraints (disjunctive
programming) in various formats, e.g.
» BigM-Formulation
constr01.. x1 + x2 + x3 =L= M(1-y);
y € {0, 1};
Indicator Constraints (CPLEX, XPRESS, SCIP):
constrO0l.. x1 + x2 + x3 =L= 0;
I ndic constr013%y 1
» Alternative: SOS1 (GUROBI):
constrO0l.. x1 + x2 + x3 =L= M
SOCSL: (y, M;
» Further Information:
http://www.gams.com/dd/docs/solvers/jams/index.html
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Quality Assurance at GAMS

Solver/Platform availability - 24.4

x86 32bit x86 64bit x86 64bit  xB6 64bit  x86 64bit  Sparc 64bit IBM Power 64bit

MS Windows  MS Windows Linux ~ MacOSX SOLARIS  SOLARIS AlX

ALPHAECP v v v v v v v
ANTIGONE 1.1 v v v v
BARON 14.4 v v v
BDMLP v v v v v v v
BONMIN 1.7 v v v v v
CBC 28 v v v v v
COUENNE 0.4 v v v v v
CONOPT 3 v v v v v v v
CPLEX 12.6 v v v v v v v
DECIS v v v v
DICOPT v v v v v v v
GLOMIQO 2.3 v v v v

» » /

» 7 supported Platforms
» 30+ Integrated Solvers a—

MILES v v v v v v v

» What are the impacts of
» new features

» updated or new solvers?
» |s the new distribution backward compatible?

SULUN 4.0 v v

XA v v
XPRESS 27.01 v v

g
®
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Quality Assurance - Motivation

Quality Assurance
» Essential component in most industries
» Important in most software engineering sectors

Mathematical Programming
» Less attention to quality assurance (small community)

» Specific QA issues for modeling systems (initially
expensive)
» Different focus for industry and academia

e

Focus on reliability Focus on performance

@7
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Quality Test Model Library

» Tests to verify proper behavior of the system

» More than 680 quality test models, each containing
numerous pass/fail tests

» Assurance about the basic functionality of the software!

» Give the tools in the hand of the user: Included in any
distribution! [ Model Librares | Help

GAMS Medel Library
GAMS Test Library

GAMS Data Utilities Models
GAMS EMP Library

GAMS API Library

Practical Financial Optimization Models

Nonlinear Optimization Applications (N. Andrei)

» Automatically executed every night for all solver
combinations:
» 13,000+ runs / platform (all tests)
» Test summaries with different level of information
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Nightly Quality Tests: Results

Latest GAMS System Builds and Test Results

[ Latest Builds | Alpha Builds | Beta Builds | Nightly Builds | a Help System | Glossary ]

Sunday 12Aprl5 15:22 (UTC)

Comments?

NOTE: The (nightly) alpha builds are internal development versions of the GAMS svstem. They mav have known bugs, unfinished features. beta versions of third-

party software. or mav not function at all! Not for production use!

nightly a
Saturday

Saturday

Saturday

Saturday

Saturday

Saturday

Saturday

nightly p
Thursday

Monday

System

IX

B

E

legOMdrcooper

E.

Libraries Build Rev

Download

Download

Download

Download

Download

Download

Download

Libraries

Download

Download

24.5.0

24.5.0

24.5.0

24.5.0

24.5.0

24.5.0

24.5.0

Build
24.4.4

24.4.4

51758

51758

51758

51758

517585

51758

51758

Rev

51738

51709

Status and Time (UTC)

Test
done

Test
started

Test
started

Test
done

Test
done

Test
started

Test
started

11Apr2015
09:29:07

11Apr2015
01:47:52

11Apr2015
02:01:21

11Apr2015
09:05:50

12Apr2015
04:24:15

11Apr2015
02:45:42

11Apr2015
05:06:52

Status and Time (UTC)

Test
done

Test
done

09Apr2015s
17:39:11

0BApr2015
19:01:03

Initial Tests

385 runs 0 failures
(g=0,5=0)

619 runs 1 failures
{q: 1:S=D)

647 runs 0 failures
{g=0,s=0)

629 runs 0 failures
{q=0,5=0)

493 runs 0 failures
(q:U,S:U:l

654 runs 0 failures
(q=0,s=0)

652 runs 0 failures
{g=0,5=0)

Initial Tests

394 runs 2 failures
{q=0,5=2)
602 runs 0 failures
{q=U,S=D:l

Report

Report

Report

Report

Report

Report

Report

Report

Report

Full Tests

3569 runs 1 failures Report
(g=0,5=1)

results pending

results pending

10832 runs 0 failures Report
(q=0,5=0)

7110 runs 0 failures Report
(q:O,S:U:l

results pending

results pending

Full Tests

3615 runs 3 failures Report
(g=0,5=3)

13030 runs 0 failures Report
(q=0,5=0:l

@70
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Nightly Quality Tests: Reports

GAMS System Builds and Test Results Archive Sunday 12Apr15 15:26 (UTC)

[ Latest Builds | Alpha Builds | Beta Builds | Nightly Builds | Glossary ]

Total: 3569 runs 1 failures
Quality: 1117 runs 8 failures
Slutest: 2339 runs 1 failures
EMP: 99 runs @ failures
Data: 14 runs @ failures

wEEE SLVTEST FAILURES (failures_slwv.gms)
icall =gams slvtest lo=2 --prefix=aix --feil=failures slvI.gms --test=bchtlbas ul="ord(s)=286" --runall=no --cl=sbb --ftr

¥EEF SIVTEST FAILURES DETAIL (slvtest.sum?)
25228 94/11/15 85:45:15 bchtlbas MIMLF  SBE Bad ModelSolveStat[13,13] minlp=sbb

@7 ®
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GAMS/CONVERT

» Transforms a GAMS model instance into a scalar model into
different formats: Models can then be passed on to others
for investigation without confidentiality being lost

» A way of sharing GAMS test problems for use with other
modeling systems or solvers

» More than 25 target formats

Option Description LindoMPI Generate Lindo MPI file lindo.mpi
All Generates all supported file formats Lingo Generate Lingo input file lingo.lng
AlphaECP | Generates AphaECP input file LocalSolver | Generate LocalSolver input file (only with ConvertD) localsolver.lsp
Ampl Generates Ampl input file LSPSol Generate Output function in LocalSolver input file (only with ConveriD) 1spsol.gms
AmMpINLC | Generate Ampl NLC compatible file Memo Generate a memo file containing model statistics and files created. memo. txt
Analyze Generates three text files for rows columns and matrix . . . .
i IMinopt Generate Minopt input file minopt.dat
Analyzes Generates short form of Analyze —
NLP2dual Generate the Wolfe dual of a smooth optimization model gamsdual.gms
Baron Generates Baron input file
- NLP2MCP | Generates GAMS scalar MCP model gamsmcp.gms
CplexLP Generate CPLEX LP format input file
. o . . . i1 xml
CplexMPS | Generate CPLEX MPS format input file OSsiL Generates Optimization Services instance Language (OSil) file osil.xm
Dict Generate Convert to GAMS Dictionary Pyomo Generates Pyomo Concrete scalar model gams.py
DictMap Generate Convert to GAMS Dictionary Map SFS Generates Solver Foundation Services OML file sfs.oml
FileList Generate file list of file formats generated ViennaDag | Generate Vienna Dag input file vienna.dag
FixedMPS | Generate fixed format MPS file fixed.mps
Gams Generate GAMS scalar model. This is the default conversion format used. gams. gms @ 80 @
Lgo Generate an LGO Fortran file lgomain.for
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GAMS/CONVERT - Example

WVariables

z

®i(i,3)

GAMS Code

shipment guantities in cases
total transportation costs in thousands

Pozitive Variable = :

Equations
cost define objective function
supply (i) observe supply limit at plant i
demand (§) satisfy demand at market j ;
cost z =e= sum|(i,j), cii,j)*=x(i,3)) :
supply (1) som (3, =(i,3)) =1= ali) :
demand (j)

sow (i, x(i,3)) =g= bi(3) ;

Model tramsport fall/ ;
Solve transport using lp minimizing z ;

Scalar Model

Variakhles xl1,x2,x3, x4, x5, x6,x7;

Positiwve Variables =x1,=x2,x3,x4,x5,x=x6;
Ecmations el,e2,e3, ed,e5,26;

el.. — 0.225%x1 - 0.153*x2 - 0.le2*=x3 -
0.225*x4 - 0.1le2*x5 - 0.12&*x6 + xT=E= 0;

ed. . ®*1 + =2 + 3 =L= 350;
e3. . X4 + =5 + x6 =L= a00;
ed., . X1l + =4 =G= 325;
e5. . ®x2 + =5 =G= 300;

26, . X3 4+ =6 =G= 27T75;
Model m / =211 /;
m. limrow=0; m.limcol=0;

Solve m u=sing LP minimizing X7;

Ok
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Protecting IP and Sensitive Data

Obfuscate or hide sensitive information

» Extrinsic function libraries

» External Equations

» Secure (encrypted) binary source files
Obfuscates all names

and other documentation related to a specific
model instance
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Obfuscated Binary File - Example

Solver Log

Reduced LP has 5 rows, 6 columms, and 12 nonzer os.
Presolve tine = 0.00 sec. (0.00 ticks)

LP status(1):

opti mal

[teration Dual Obj ective In Variabl e Qut Vari abl e
1 73. 125000 x(seattle.newyork) demand(new- york) sl ack
2 119. 025000 x(seattle.chicago) demand(chicago) sl ack
3 153. 675000 x(san-di ego. t opeka) demand(t opeka) sl ack
4 153. 675000 x(san-di ego. newyork) supply(seattle) slack

Obfuscated

Presol ve time

Reduced LP has 5 rows, 6 columms, and 12 nonzer os.

= 0.00 sec. (0.00 ticks)

[teration Dual bjective In Variabl e Qut Vari abl e
1 73.125000H(" "rrrrrrr ot rrrrrrty AQooOo2( Mttt sl ack
2 119. 025000 H(""trrrrrt ot ELEt )y AO00O2( # N ITEYY) sl ack
3 153. 675000H( " "rrrrrrrrs ot prrty A00002( ity slack
4 153. 675000H( " "rrrrrrrr ot AQ000L (T Mttty sl ack

LP status(1): optimal
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Obfuscated Binary File - Example

12 demand Equ 1 3 Level |Marginal
6 f Par 0 1 seattle  |new-york |
1 Set 1 2 chicago | 300
2| Set 1 3 topeka 0.036
11 supply Equ 1 2 san-diego |new-york| 275
chicago 0.00900000000000001
9z Var 0 1 topeka 275
Obfuscated
3ac Par 1 2 Level |Marginal
4D Par 1 3 i1 1T 0
5 E Par 2 6 | 300
6 F Par 0 1 " 0.036
76 Par 2 6 T | enmm| 275
8|H \Var | 2| 6 m 0.00900000000000001
9| Var | D0 1 mm | 275 @ 84 @
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Obfuscated Binary File - Examg

New options
» saveobfuscat e (so)andxsaveobfuscat e (Xxs0): generate obfuscated binary
file (regular or compressed)

» restart Named (r n) : brings back original names when restarting from an obfuscated
binary file

Example

» Compile GAMS model into named and obfuscated binary file:
gans trnsport a=c s=0nanmed saveobf uscat e=0anon

» Move obfuscated binary file to non-secure machine, execute it, and save (obfuscated)
to a gdx file: gans dunmmy r=0anon s=lanon gdx=deno

» Bring new (still obfuscated) save file with results back to safe machine and do continued
compilation with reporting and export:
gans dummy r=1anon restart Naned=0Onaned gdx=res
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Model2Tex

> Translates a GAMS model instance into Latex Format

Sets

i canning plants / seattle, san-diego /

j markets / mew-vork, chicago, topeka
Parameters

a(i) capacity of plant i in cases

bB({j) demand at market j in cases

c(i,j) transport cost in thousands of dollars pe
Variables

x(i,j) =shipment guantities in cases

z total transportation costs in thousands o
Eqmations

cost define ckbjective function

supply (i) aobserve supply limit at plant i

demand () satisfy demand at market j :
cosStT .. z =e= smmi{(i,j), cl(i,J)*=xii,3)) =
supply (1) sam(j, =(1,3)}) =1= al(i) :
demand (J) sam (i, =(1i,3)) =g= b(j) :

Model transport fall/ :

gams trnsport docfile=trans
model2tex trans

Symbols
Sets
Name | Domains | Description
i & canning plants
j * markets
Parameters
Name | Domains | Description

a i

capacity of plant i in cases

b j demand at market j in cases

(8 i, j transport cost in thousands of dollars per case
Variables

Name  Domains | Description

X 15 shipment quantities in cases

2 total transportation costs in thousands of dollars
Equations

Name | Domains | Description

cost define objective function

supply | i observe supply limit at plant i

demand | j satisfy demand at market j

Equation Definitions

cost

%= Z((."J “Xig)
i

supply;

Z(x,ﬂ,) < g
J

demand,;

@
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What else is new?

W A5 Felp Sprters x
C f O www.gams.com/help/indsisptopic=%2Fgamu dock2Fraleasenotes2Findex himl&8cp=0_0 i q’ € Q=
Search
Contents g
£ GAMS Documentation 24.5 S Distribution 24 x
- 4 Release Notas L ISUIDULION £8.9
Bt 3
= :j g: ; Distribution History
Ei243 . g
ol 242 24 5 0 (Beta release) August 25, 2015
=241
waf24.0 GAMS Beta Release 24.5.0 - August 25, 2015
U239 s ' ;
=238 This i a BETA version of Iné software and not the final prodect. Use It a1 vour own risk
Baf237
w236 Acknowledgments
FUa235 Table of Contents
20823 4 We would like to thank all of our users who have reported problems and made suggestions for improving this
54233 release In particular. we thank Woltgang Britz. Michasl Ferris. Mahbube Habibian, Josef Kallrath, jean Moes
Bl 232 Mercenier, and Stan Peter ORI
#8231 RETTTER——
=g 230 Platforms ) GAHE
Ea3229 & Docarmertation
=ad228 « Support for Windows XP has been dropped compistely with this release (as announced) & Imstallis
- J 22 7 4 Raliens
@ 226 Major (December 24, 2007) GAMS System
(4 22.5 Major (June 01, 2007)
& 22 4 Major (February 12, 2007) GAMS
i Major ar 27, 2006
—{ gg g p.:ﬁ-:gr ::g:?;begrof)ﬁl;?oom o New option solves Thes sirnplifies the selection of the (defaull) solver for multiple moded types
1 22 1 Major (Masch 15, 2006) « The command line option solver=abe Intlalizes the default solver for the model types soiver abc 5
(4 22.0 Major (August 01, 2005) capabie of to abc This Inttialzation Is oone before the default solvers of individual model types are % i-h
@ 21 7 Major (Apni 01, 2005) set via command line options. S a command line with 1peconopt solver=bdnlp wil first set 1 m_‘
5 21 6 Minor (January 26, 2005) BOMLP as the oefaull solver for model types L2, RMIP. and MIP (these are the model types SDMLP i
& 21.5 Minor (ffovember 11, 2004) can handie) and then resel Conopt as the defaut sobver for LP The order of these paramelers on
+ 21.4 Major (September 06, 2004) the command line has no Impact (L& 1p-conopt solver=bdmlp behaves identically to
J g: ; :::{z:;:::f:'é;zl:zg:: 03 2003) solver=bdnlp lp=conopt) If mutipe occurrences of option solver appear. the last one sets the :_’_k

>  http://www.gams.com/help/index.jsp @ & @
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Summary

GAMS — Elements, Examples, and
Enhancements

e Simple, but powerful language

e Designed to interact, different layers (platform, solver, data, interface)
e Evolution through more than 35 years of R&D and user feedback

e Maturity through experience and rigorous testing

Striving for Innovation and Compatibility

e Provide cutting edge technology

* Increase productivity

e Don’t lock developers and users into a certain environment
e Protect investments of users

@=®
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