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Company Background

 Roots: World Bank, 1976

« Went commercial in 1987

 GAMS Development Corporation
(Washington, Houston)

 GAMS Software GmbH (Frechen,
Braunschweig)

» Tool Provider: General Algebraic
Modeling System
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Algebraic I\/Iodellng Languages (AML)

What’s that?

http://en.wikipedia.org/wiki/Algebraic modeling lanquage

« High-level computer programming languages for the formulation
of complex mathematical optimization problems

« Notation similar to algebraic notation: Concise and readable
definition of problems in the domain of optimization

Do not solve problems directly, but ready-for-use links to state-of-
the-art algorithms


http://en.wikipedia.org/wiki/Algebraic_modeling_language
http://en.wikipedia.org/wiki/Algebraic_modeling_language

Simplified model development, changes, and transfer

Rapid prototyping

Added value to existing applications

Increased productivity, quality, reliability and maintainability

-> Important vehicle to make mathematical optimization
available to a broader audience, e.g. domain specific experts



GAMS: Core Elements

Language compiler and
execution system

Solver for various
problem classes

User interfaces

Connectivity and
Productivity Tools

User Interfaces

Connectivity Tools
Uniform Data Exchange
(ASCII, binary)
Low-level and object-
oriented API

Ext. programs: EXCEL,
MATLAB, R, ...

ALPHAECP, BARON, COIN,
CONOPT, CPLEX, DECIS, DICOPT,
GLOMIQO, GUROBI, IPOPT,
KNITRO, LGO, LINDO, MINQS,
MOSEK, OQNLP, PATH, SNOPT,
SULUM, XA, XPRESS, ...

Product|V|ty Tools
Integrated Development
Environment (IDE)
Integrated Data Browser
and Charting Engine
Model Debugger and
Profiler
Model Libraries
Benchmarking and
Deployment
Quiality Assurance and
Testing System
Data and Model
Encryption
Grid Computing
Scenario Reduction




GAMS: 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

* [llustrative examples in the GAMS Model Library
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, distance in which individuals are clustered
Dot sizes: @ = 1,000+ @ =100-999 e=10-99 «=1-9 visits

18 Mar 2013 to 24 Mar 2013: 5,071 visits shown above

Statistics updated 24 Mar 2013@08:38GMT: 5,094 visits [?]
Total since 9 Sep 2010: 569,609. Previous 24hrs: 773.

9 Notes | Countryv totals =>

Current Country Totals

From 18 Mar 2013 to 24 Mar 2013

&S P United States (US)
== P India (IN)

o= > Finland (FI)

B P> Turkey (TR)

[P Pakistan (PK)

[ > Bangladesh (BD)
== P Spain (ES)
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GAMS: Monthly System Downloads

L 2Pk 4

http:/fwww.gams.com/download/

GAMS

Download GAMS Distribution 24.0.2

Please consult the release notes before downloading a system. The installation notes f
Windows

Windows 32 bit Windows 8, Windows 7, Windows Vista, Windowz XP, Win

Windows 64 bit Windows 8 x64, Windows 7 x64, Windows Vista x64, Wind
Unix

ATX AIX 5.3 or higher, PowerPC chip, 64 bit (ppe_64)

Linux 32 bit AMD- or Intel-based 32-bit Linux systems. The software w:
Linux 64 bit

AMD- or Intel-bazed 64-bit Linux systems (x86_64). The =c
Mac OS5 3 Inte] 64 bit MMacintosh Intel-based systems (x6d_64) built on Darwin 10
Solaris SPARC 32 bit  Solans 2.8 or higher on SUN Sparc (spare_32). Missing For
Solans SPARC 64 bt
Solanis x64 64 bit

Wine

Solans 2.8 or higher on SUN Sparc (sparc_64)
Solans 10 or higher on AMD- or Intel-based 64-bit (x4 64
Linux/Wine (beta) AMND- or Intel-bazed Linux systems. The software uzes the

Mac/ Wine (beta) For more infonmation pleasa visit this page.
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GAMS: Wikipedia

é http://en.wikipedia.org/wiki/General_Algebraic_Modeling_System c

{.}‘ T @

""IF N
2
ﬁ(ﬁ_ 2

o e

\'L;‘,_

WIKIPEDIA

The Free Encyclopedia

Main page
Contents
Featured content
Current events
Random article
Donate to
Wikipedia
 Interaction
Help

About
Wikipedia

Community
portal

Recent
changes

Contact
Wikipedia

b Toolbox
¥ Printfexport

v Languages
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Article Talk

General Algebraic Modeling System

From Wikipedia, the free encyclopedia

The General Algebraic Modeling System (GAMS) is a high-level modeling system for mathematical optimization. GAMS is
designed for modeling and solving linear, nonlinear, and mixed-integer optimization problems. The system is tailored for
complex, large-scale modeling applications and allows the user to build large maintainable models that can be adapted to
new situations. The system is available for use on various computer platforms. Models are portable from one platform to
another.

GAMS was the first algebraic modeling language (AML) and is formally similar to commonly used fourth-generation
programming Ianguages.[c';faf'io"? needed] GAMS contains an integrated development environment (IDE) and is connectedto a
group of third-party optimization solvers. Among these solvers are BARON, COIN solvers, CONOPT, CPLEX, DICOPT, GUROBI,
MOSEK, SMOPT, and XPRESS.

GAMS facilitates the users to implement a sort of hybrid algorithms combining different solvers in a seamless way. Models are
described in concise algebraic statements which are easy to read, both for humans and machines. GAMS is among the most
popular input formats for the NECQS Server for Optimization @&, Although initially designed for applications related to economics
and management science, it has a large community of users from various backgrounds of engineering and science.

Contents [hide]
1 Histary

2 Timeline

3 Background

4 A sample model
5 Subsystems

G See also

7 References

8 Exernal links
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Read Edit View history

Developer(s)

Stable release
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Create account & Login

Search
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GAMS Development
Corporation g
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Development status Active

Platform

Type

License
Website

Cross-platform

Algebraic Modeling
Language (AML)

Proprietary
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GAMS at a Glance
I Design Principles
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GAMS Design Principles

Universal language: Algebra, similar to mathematical notation

— Algebra (Expressions): model equations
— Relational Algebra (SQL): data manipulation

13

Model iIs communication device and executable documentation of
the optimization problem

Objective D2 Cij X Tij
Observe supply limit at plant i:  }_; @; ;
Satisfy demand at market j: Y i

Tij

— min
< a;
> b;
>0

= C:\Users\Franz\Documents\gamsdir\prejdir\trnsport.gms

datainc || tmsport.oms  tmsportlst

Sets i canning plants
3 markets;
Parameters a(i) capacity of plant i in cases
B{i) demand at market j in cases
d{i,j) distance in thousands of miles
£ freight in dollars per case per thousand miles
c(i,]) transport cost in thousands of dollars per case ;
WVariables x(1,3) shipment gquantities 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 () satisfy demand at market j
cost .. z =e= smm((i,3), c(i,J)*=i(i,3)) »
supplyv (i) .. sam (i, x(1,3)) =1= a(i) ;
demand () .. sum (i, =®(i,J)) =g= b(j) :
Model transport /fall/ :

m

1: 3 Modified Inzert

m

m
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GAMS Design Principles

Balanced mix of declarative and procedural elements:
— Declarative: sets, parameters, variables, equations, models
— but also procedural elements like:

For |scalar scen:
for (scen=1 t0 10 by 0.5,
f = 10%=2cen; cii,j)= £ #* 4d({i,3j) /F1000;
solve transport using lp minimizing =z;
display z.1;
)i
loop (b,
LOOp/lf if (work(h),
| pavi(i,h) = 0.6 * pav(i, h);
else
rayv(i,n) = 1.3 * pav(i,n);
Y
¥ :
Smacro egcon (v) ggril-sgr(x('"1l")]*=sgrv]} - x("1l")y*=gr[v] - =sgr[=x('2')] + =x("2")
egoconlow. . egocon(y('"1l")) =e= wio;
MaCroS |eqconibd(dibd) .. egeon(ylbd('1',dlbd)) =1= 0
egoonubd (dubd) .. egocon(yvabd("1l',dubd) ) =1= -—-epsilon;

User defined functions

Sfunclibin fitlib
function fitp /fitlib.fitparam/
fit Jfitlib.ficfunc /;




GAMS DeS|gn Principles

Independent Layers:

 Model and operating system

« Model and solution methods (solver)
 Model and modeling system

* Model and data

« Model and user interface

Operating Modeling User
> System> Solver> System Dl Interface

15
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Independence of Model and Operating System
Supported Platforms

Solver/Platform availability - 24.0 December 24, 2012

x84 x86 64 x86 x86 64 Sun Sparc Sun Sparc6d Sun Intel IBM R5-6000 Mac x86_64
MS Windows MS Windows Linux Linux SOLARIS SOLARIS SOLARIS ATX 53 Darwin

AT PHAECP v v v v v v v v v
BARON 11.7 v v v v
BDMLP v v v v v v v v v
COIN-OR v v v v v v
CONOPT 3 v v v v v v v v v
CPLEX 12.5 v v v v v v v v v
DECIS v v v v v 32bit
DICOPT v v v v v v v v v
GLOMIQO 2.1 v v v v
GUROBI 5.0 v v v v v v
KNITRO 8.0 v v v v v v
LINDO 7.0 v v v v v v
LINDOGLOBAL 7.0 v v v v 6.0 6.0 v v
LGO v v v v v v v v
MILES v v v v v v v v v
MINOS v v v v v v v v v
MOSEK 6 v v v v v v
MPSGE v v v v v v v v v
MSNLP v v v v v 32bit v
NLPEC v v v v v v v v v
OQNLEP v 32bit v 32bit
PATH v v v v v v v v v
SEB v v v v v v v v v
SCIP 3.0 v v v v v v
SNOPT v v v v v v v v v
SOPLEX 1.7 v v v v v v
SULUM 1.0 v v v v

v v v v

v v v v v v v v v

%, Operating
16 System

versions of operating systems and solvers. Please call
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Independence of Model and Solution Methods
Supported Model Types and Solvers

AI PHAECP
BARON 11.7
BDMLP

COIN-OR

CONOPT 3

CPLEX 123

DECIS

DICOPT

GLOMIQO 2.1
GUROEBI 3.0
KNITRO 8.0
LINDO 7.0
LINDOGLOBAL 7.0
LGO

MILES

MINOS

MOSEK &

MPSGE

MSNLP

NLPEC

OQNLP

PATH

SEBE

SCIP 3.0 v
SNOPT
SOPLEX 1.7
SULUM 1.0
XA

VRN N

AL Y
b Y

AN

S AN

et I T

.

Solver/Model type availability - 24.0 December 24, 2012

NLP

A AN

AN

=% Operating

System Solver

MCP MPEC CNS

MINLP QCP MIQCP Stoch. Global
v v
v v v v
v v v v
v
v v
v
v v
v v v

i L

<
SEER
LI

=
=
ki
L]

AN
AN
i
2
L

AN
7
l_l
=l

i
Z
=
b=l

£+

MIQC

Linear Programming

Mixed-Integer Programming

Non-Linear Programming

Mixed Complementarity Problems

Mathematical Programs with Equilibrivm Constraints
Constrained Nonlinear Systems

Non-Linear Programming with Discontinnous Derivatives
Mixed-Integer Non-Linear Programming

Quadratically Constrained Programs

Mixed Integer Quadratically Constrained Programs

Contributed Plug&Play solvers
v v v

v v

v v v v v



Independence of Model and Modeling System

Don‘t lock users into GAMS System

Support translation of GAMS code
into other environments

GAMS/CONVERT converts GAMS to
AMPL, BARON CplexLP, MPS,
leedMPS

Component Libraries: Wrap AML
components in I|brar|¥/£ 9 |n and make
them accessible to T/Javal..

Operating Modellng
System > SORET >System

o8 Nz active pracens




« Declarative Modeling

« Scalability / Sparsity

« Various interfaces (ASCII, GDX)

« GDX serves as data layer between

Independence of Model and Data

GAMS and other applications

Binary Data Exchange
» Fast exchange of data at any stage
* Binary (no loss of precision)

» Sets, Parameters, Variable- and
Equation values (not algebra)

« Can be compressed

* Platform Independent

 Open API for all major languages
« Scenario Management Support

* No license required

Operating

System

Modeling> Data >
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GAMS Fundamentals: Summary

Balanced mix of declarative and procedural elements
Platform independence
Hassle-free switch of solution methods and solvers

Independent layers: >°§§£?JL?9> Solver > Ms‘;‘é?é‘%g> Data >.‘é?§rfface

)

->Models benefit from
« Advancing hardware
« New OS / Paradigms (e.g. Cloud)
« Enhanced / new solver technology
 Improved / upcoming interfaces to other systems



Change in Focus

I Some Examples
I Deploying GAMS Models

21
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Change in Focus: Then

A USER'S GUIDE

-

(L L L ! Y TR TR T

R

In Table 17.1 we list sizes and attributes of rcpsc\cm.m\c models that are “large” in

the sense that they are near the limit of what is practical on a personal computer, along
with the model ;.cnu.mon time (GAMS) and solution time lwlurl both in minutes
These cxamples were run on an 8 MHz AT with an 80287 coprocessor and 640K of RAM

The umes shown are to give you a rough idea of what is possible: these are not precisely
controlled benchmarks, and we have a host of performance improvements in mind for the
near future.

Table 17.1: Problem Characteristics

Number Number Number Generation Solution

Name of Rows of Columns of Nonzeroes Time® Time® lierations Solver
DINAMICO 38 425 4156 30 0.1 628 MINOS
SARF 532 542 3549 3717 ll< 8 2775 MINOS
FERTD" 458 2968 7252 1.4 283 1368 ZOOM
CAMCGE" 243 280 1356 08 7.0 189 MINOS
GANGES” 274 357 1405 1.8 7.3 187 MINOS
YEMCEN® 168 258 953 09 7.6 600 ZOOM
EcYPY 281 618 3168 4.0 253 1551 ZOOM

“Measured in minutes
*The problem ts too big for MINOS. ZOOM was used insscad
A nonlinear problem. 63% of the non-zeroes are nonlinesr
“A nonlincar problem. $8% of the non-zeroes are nonlinear
“A mixed binary problem, with S5 binary vanables (solved with a relative termination critenon of 10%)
'A lincar problem, solved using XMP which s contained withim ZOOM

GAMS Users Guide (1988)
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Change in Focus: ... and now

camcge NLP
dinamico LP

egypt* MIP
fertd* MIP
ganges NLP
sarf LP

yemcem* | MIP

* MIP 1988 solver ZOOM, 2008 solver CPLEX

468
1986
1758
2382

546
9210

510

0.031
0.125
0.015
0.062
0.109
0.139
0.140

15097
15888
117200
38419
5009
66259
3643
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v
X, ASGHC2
X,ASGHC2
X ASGHC3
X ASGHE3
XqASGHCS
X ,ASGHC3
X,A8GHAS
XoASGHAS
X, ASGMAS
X ASGHAS
X, ASGHS1
X,ASGHS1
X, ASGHS1
X,ASGHST
X ASGHCN
X, ASGHCN
X ASGHCN
X ASKSC1
X ASKSCL
X,ASKSCY
X,ASKSC1
X ASKSC2
X,ASKSC2
X, ASKSC2
X,ASKSC2
X,ASKSC3
X,ASKSC3
X,ASKSC3
X,ASKSC3
X, ASKSAS
X, ASKSAS
X,ASK54S
X, ASKSaAS
X ASKSS1
X,A8KS31
X, A8KS31
X ASKSS1
X,ASXSCN
X, ASKSCN

cwravowe
B,AS,,C2
A, TRA

DysoGHyN
RyvaGHCY
ByAS,,C3
A TRA

DyyyGHyN
RyoyGHAS
BoAS,,As
A TRA

DyrolM,p
RyssGHSY
B.4S,,8)
A, TRA

Ry eeGHON
B,AS,,Cn
A,TRA

DyyggKSyN
Ry e ekSCy
B,A8,.Cy
A, TRA

DysoKSyn
R,..KSC2
B8,48,.C2
A, TRA

CyaeXSen
RyeeXSC3
B8,A8,,C3
A TRA

DyvaK8yN
RyyoKSAS
B,AS, ,AS
A TRA

DyygKS,p
R,y 4%88;
B,AS8,,81
A TRA

Ry e KSCN
ByAS,,CN

spvevwy
»1,00000
6,98400
0,33500
1,00000
*1,00000
6,98400
0,20600
1,00000
«1,00000
6,98400
0,15000
1,00000
-],00000
6,98400
1,00000
=1,00000
6,98400
0426000
1,00000
=1,00000
7.56000
0,31000
1,00000
1,00000
7,50000
0,33500
1,00000
«1,00000
7,56000
0,20600
1,00000
=1,00000
7.56000
0,15000
1,00000
=1,00000
7,56000
1,00000
«1,00000

3 ~ NNeNIa s YNOw
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Change in Focus: Now

== C\Users\franz\Documents\gamsdir\projdir\epsemmip.gms

EpECmmip.gms

posg (kml) = 0; iter=0; infeas=0; start=jnow;
repeat
rhs (kml) = sum(grid(kml,g) % (numg(g)=posg(kml)), gridrhs(kml,g)):

solve mod epsmethod maximi
iter=iter+l;

ing a objval using mip;

if (mod epsmethod.modelstat<>%ModelStat.Optimal% and
mod_epsmethod.modelstat<>iModelStat.Integer Scolutioni,
infeas=infeas+1; net eptimal is in this case infeasible
put iter:5:0, ' infeasible' /;

lastZero = 0; loop (kmls (posg(kml)>0 and lastZerc=0),

posg (kml) £ (numk (kml)<=lastZero) = maxg|kml); skip all solw
else

put iter:5:0;

loop (k, put z.1(k):12:2);

JJHP(kHlJ

* Find

lastZero=numk (kml) ) :

jan{kHl]a(ﬂJnk{kﬂl] 1]=1;fi;;r£;l.[(kmi]fs%ep(kml]]:“
loop (kml% (jump (kml)>1), put ' Jump'};

put /;

)z

flrstOffHax

0;
loop (kmlé (posg (kml)<maxg (kml) and firstOffMax=0),
posg (kml)=min { (posg (kml) +jump (kml) ) ,maxg (kml) ) ;

firstOffMax=numk (kmil) ) ;
posg (kml) § (numk (kml)<firsctOffMax) = 0:

Computation

- Users left out
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Lapteps
Comemunic ation
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Cueve

Datobase
Il

Mankoring
Content

Ja

s

s

a9 \

Obect Sorage
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?umme
Infrastructure
L]

oy

Block Storage

\

Network

Cormpute

Cloud Computing

Phones

Model

Computation

- Users left out

26

- Users involved
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Change in Focus: Fields

Mathematical
Optimization
Mathematical-Programming 2010

« Well defined (narrow)
application area

« Small set of methods
(LP, MIP, NLP,...)

« Small amounts of
(structured) data

* Visualization?

 Niche market

27
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Change in Focus: Looking at Problems

« Cutting Stock Problem: Paper rolls of
fixed width (“raw”) must be cut into
smaller portions (“finals”).

* Input:
— Width of the raw
— Demand: Widths and number of
finals

* Objective: Minimize the required
number of raws

« Output:
— Combination of cuts (“patterns”)
— Produced number of each pattern
— Number of required raws
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Change in Focus: Modeler...

===

#8 C\Users\franz\Documents\gamsdir projdin\ cutstock.gms

cutstock.gdx || cutstock.gms  cutstock. Ist

E No active process

dice cutstock ]

z =e= sum(pp, =p(DOR));
suaw (pp, aip(i,pp)*xp(pp))

numnpat. .
demand (i) ..

model master /numpat, demand/;

* Pricing problem - K

WVariable w(i) new pattern:;
Egqnation defobj
knapsack knapsack const

defob]j..
knapsack. .

z == 1 - sum (i, d¢
sum (1, wii)*y(i))

model pricing /defob]j, knapsack,

bE (2]
aip (i,pp(p))$(ord(i)=ord(p)) = :

*

Scalar done
Set pi{p) set of the last pail

loop indicator /O/

option optcor=0, limrow=0, limcol={

While (not done and card(pp)<car
solve master using rmip mini
=2olve pricing using mip minir

* mattern tha

if(z.1 < -0.001,

]
ot

aip(i,pi) = round(v.1l(i)):
pp(pl) = yes; pi(p) = pi(p-1});
else

done = 1:

=g= d(i);

Integer variable y; v.up(i) = ceil(x/w(i)):

Gilmore & Gomory (1961)

Master
Model

Reading data... -
Starting Cplex...

Tried aggregator 1 time.

MIP Presolve eliminated 2 rows and 2 columns.

Reduced MIFP has 3 rows, 5 columns, and 7 nonzeros.

Reduced MIP has 0 binaries, 5 generals, 0 505s, and 0 indicators.
Presolve time = 0.00 sec. (0.01 ticks)

Found incumbent of value 517.000000 after 0.00 sec.
Probing time = 0.00 sec. (0.00 ticks)

Iried acaoregator 1 time.

(0.02 ticks)

tasibility.

Demand
Duals .

n - In Variable Cutc
xp (p2) demand (1
rI Cl n Xp (pe) demand (1
Xp (p3) demand (1
| sec. (0.00 ticks)
Model |
" : Integer Best Bound I

517.0000 49,0000
4 :er 0.05 sec. (0.03 ticks)
New 7 517.0000 452.7500 L
453.0000 452.7500 T
Patterns er 0.05 sec. (0.04 ticks)
453.0000 452.7500
:ree = 0.00 MB, solutions = |
| 4 T 3

k Close Openlog | [T Summary only W Update
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Change in Focus: ... Application Developer

User Interface (Ul) is loosely coupled and easy to change

C ‘Websna y-. £ Waebservica ) ( vindows Form ) Winoows servicl )

-t Module 3

-

s

e S e S S e
Plug the Module 3, which
= is a optional module, later
~ | Module 2 &

- . Extend the system
System XYZ Core U I]'" to support Module 3

 Software Architecture
* Object Oriented Design

« Components, Encapsulation,
Classes, Data Acess Layer,..

Rapid Prototyping

o CutStock

Cuts

[i1 {J 45 Demand: |97 ||
li2 U 3 Demand: 610 (2]
li3 U 31 Demand: (395 12|
|i4 {J 14 Demand: 211 ‘
(@] @] Raw Width: | 100/2] Max Pattem:| k22

Solve

Load Data
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Analytic Professionals & IT Professionals

* Analytic Professionals
 INFORMS 10-12k members
* 64,600 OR analysts in the US (2010, US Bureau of Labor Statistics)
« INFORMS: First Certified Analytics Professional (CAP) certification,
April 7-9, 2013 San Antonio

* IT Professionals
« 3.3 Million IT professionals in the US (2006, Ziff Davis)
« 15 million IT professionals worldwide (2009, Capers Jones, SPRI)
« Rapidly changing IT environments (Cloud, RCP, Web, Mobile, ...)
 Certifications for IT professionals are standard




What is special about Optimization?

Optimization

 May take longer than one is willing to wait
« Will eventually falil

—> Algebraic Modeling Systems provide environment to
build robust and fail safe systems

32
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What is special about Optimization?

Optimization models
— are expensive to develop
— may have long lifespan

- Modeling Systems & Applications have to be adjusted:
* New computer paradigms (e.g. cloud computing, tablets)
* New solver technology and solution methods
* New graphical user interfaces and deployment environments

- Minimize risks for (new) clients / management

= Don’t lock developers and users into a certain environment.
—> Protect user investments

- Provide cutting edge technology



Change in Focus

I Some Examples
I Deploying GAMS Models

34



Example — All in One — Top Down

— Add MO-Capability or AML to

" ST existing analytical software
Application systems.

— ‘“large” user base, e.g. MATLAB,
or SAS

|gs—~-q-.-o—u|-o- |

Optimize Hourly Call Center Staff Resources

35
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Example — All in One — Bottom Up

“Application”

— Integrate GUI-builder into AML
System

— ‘“small” user base, e.g. AIMMS

(Pro) or FICO Xress-lnsigmht

& AR ) - Emplryee Schadabng Probies

e I3t jen Qaa Bo Jettgr 1ok dm e

Navigation

P

b Description
Vowy B Vary O Thorea C fe S Cana
Irguit Paramatas

Rasut Overvien

Execution

Birdantes 0ats : Power management in a hydro-thermal spstem under uncertainty

1. Click on a stage number: n . . n B

2. Place the stage number on a time block:
2 4 5 8 7

T C—
Schudulod Tasks

11 12 13 14

Hydro units

[P rey——

Thermal units
Thi1 10 10 10 10 10 10 10 10 10 139 10 1% 10 19 1@ 10 1
Th2 130013 02 13 13 13 13 13 13 2 13 13 22
1 B 15 18
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“Application”

Microsoft *
® ¥ Solver Foundation
. NET based optimization
platform
Includes a declarative AML
Excel plug-in
Future??
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Example — Embeddmg Bottom Up

“Application”

E@ FrontlineSolvers

Developers of the Excel Solver

Optimization capability included
In wide-spread tool

Excel (and other MS Tools) as
deployment environment

Also other mterfaces (e.g. NET)

-7 |
.
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Example — Model Translation/Embedding

“Application”

« Automatic translation: early
versions of OPL translated OPL
source & scripts to C++

« Manual translation of model into
programming language using
tools that mirror the algebraic
representation of a single model
instance, e.g. IBM ILOG Concert
* Restricted to linear models
« Complex models may be

difficult to translate
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“Application”

B L S Ve e

Example — Rich Client Platform

“Construction Kit” with
different connected elements
Use (open source) existing
framework to build
applications, e.g. IBM ODM

D e i e |

I e T L e e e ]
L U S ——
. Trng Do b P B
e - vt o

- v S - — r—— — g — -~

—

o

-

-

Cnte

s

ot

[

- (!
- - A

,,,,, B 3
5 ¢ St
W vy
us
¥ o
™ ¢ Gy
/ bocse
b 1 see
o~ | By s )
v —— o -
— i e
” »
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w8 C:\Users\Franz\Documents\gamsdir\projdir\tmsport.gms

data.inc| tmsport.gms  tmsport \sl|

Sets i canning plants

j  markets;
Parameters a(i) capacity of plant i in cases
b(J) demand at market j in cases

d({i,j) distance in thousands of miles

Positive Variable = ;

freight in dollars per case per thousand miles

4
(i) transfort cdbt in thousands of dollars per case
WVariables i JQ' ne l:erin cases
I T 10

costs in thousands of dollars

m

Equmations cost define objective function
supply (i) observe supply limit at plant i
demand (j) zatisfy demand at market j ;

cost .. z =e= suw((i,3), c(i,3)*x(1,3)) »

supply (1) .. suw (3, ®x(i,3)) =1= a(i) :

demand (3) .. suw (i, x(1,3)) =g= bi(3i) -

odel transport /all/ ;
< i
1: 3 Modified Insert

¥ Tampon S X

Dat»

Lo D

Fearce | capacty [ demand

 Application :
..Developer

‘ b 2 7]

:iv‘““ I||lJ
ol

GAMS
OO API




44

Concept: Separation of Tasks

— Use GAMS for modeling and optimization tasks

— Programming languages like C# (.NET), Java and Python are well-
suited for developing applications (GUI, Web, ...)

— Frameworks available for a wide range of specific tasks, e.g GUI and
Web development

— Communication between GAMS and application through GAMS APIs

4 N
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GAMS API: Basic Functionality

1. GDXAPI: Create Input for GAMS Model

2. Callout to GAMS

*  Option APIl: GAMS option settings
«  GAMSX API: Start GAMS
3. GDXAPI: Get Solution from GAMS Model

Application

-—)
— )

GAMS

SOLVER

L]




Low level GAMS APIs

« High performance and flexibility

« Automatically generated APIs for several languages (C,

Delphi, Java, Python, C#, ...)

» Data Exchange (GDX), job control (GAMSX), options (OPT)

« Part of any GAMS distribution, no license required

& ¥ Gama.com i €« gamicon

|
| GDX (GDX) API Documentation

GAMS | o
| comummarsmue: [T S
-- Functions, Procedur

. GAMSX (GAMSX) API Documentation

o Omiead for CAMY
| “~ s com

al
Application Programming Interf:
* Functions, Py
OFPT (OPT) API Documentation

Frecsts GANS

Cemerated fox OAMS 2402

mpe of mpwn data and model restalie. Model

J Toal dm vama of 43 v
the mpat efficiest war. These sse duee version of fie obyect-anented

BIA DI EED -
Potasn O veboe of 8 Enscore GA
st T
Gt Ence oy

Functions, Procedures and Properties

g GAMS AFT alkeers (he seasless o
| ased for cosvemient exchazge of mput dusa snd sod:
e soat efliciest ey

Debuggpmg (Inter

| Tz addmon 4o the clpect-orwmed GAMS AF], there exint low bevel (51
exmesaively. While Shey offer bigh performance aud Bexiteliny they alaf &
Delghi, Fartrsa, Javs, Python and Viesal Basic

L)
Fogiosr s svtag 0o b

| Further Documentation I stsduaConien

2y (e, Retnaes 0 of thewe wr & defiathes etres
Fetane the vl of e

| e roatcm o 12 chler § PeIRsRS | cpitasdtumsatactih
| For eack of the thoee veruom of the object-coasted GAMS APL theve ¢ b i srrewve ) Tre £CEI Foed permrewsy Hom fik
Jarw spi avados mdex html of your GAMS systers Erme gacCBiDefan) | sadfoniz
Tre £CB2 Foad opthams Som ving 15 the e of Prrons, meessages ] be g 10 e mesage e (e OprGefisiags)

wifiraPuseenfis

For fae dow Jevel APls there sxist scone sammary pages contaimng an ooeniew of the exporsed finenon m peeBoo ¢
Urow

et lemasts
| Examples Cum ol masmagu nxed = be pEgs e

Taere are several examples for the dafferers pooprammeng lnaguages m [Path/To/GANS ] fap1fiies/ [ntha dovoroey Saere 1w alwe 3 Boadde 5z witach descobes bowr % Smld snd sxecone these sxamples

be et wine sempeey v om optce. Wine dosbied, crdy Dedizad well be et

fond prarwnees 12 3 file (5w case of wrers, emssages will he addad 2 s swaage qores (e OprCet fessage

Ri S A B

8] & BD-



Object-oriented GAMS API

« Additional layer on top of the low

level APIs

« Object-oriented: .NET, Java,

and Python

 Part of any GAMS distribution, | ==
no license required

¥ GaMs uld P

,,..
Hde .:rv-
Conterts | index | Search |

QS
EquType Enumention
g GAMSCheckport Class
O Q GAMSOatabase Oase
g GAMSEquaton Claes
GAMSEquatorfacord C
5 04 AMSExcepton Class

E
e
|

3] GAMSHModelinstance Sy
# GAMSModeiinstancelnt
: GAMSModBer Class
- Qr AM

_] u%‘ﬂ SOptions. EAction [

tions Can

e e N | 5

Flle Edt View Window Help

3 AMSOctions ECharSet
8] GAMSOptions EDFommat

2 =

~

1

(1 of 61)

| F 5] GAMSOptions EExmcMeac
1 SOptions EHeCase

= GAMS Python AP

4

' Hierarchical Index
%[ Class Index
# 2 Ciass Documentation|

F Index
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GAMS

] GAMSOptions, EFor
5] GAMSOptions EgeeCary
%] GAMSOctions EoeCon

@
]

[P

GAMS Namespace

Sang feedback

The GAMS nsmespace provides obpects 1o mteract with the General Algebrac Modelng |
System (GAM 28 in this namaspace allow corvaninrd exchangs of input data and =
madal resuits atabiase), help 1o craate and run GAMS modals (GAMSIab), that can |
customzed by GAMS optons (GAMSOpbons). Furtharmaore, reroduces a2 way to scive a
sequence of dosely related model instances in the most efficient way (GAMSModellnstance

TP'- undertying GAMS engine relies to some extent on fle based commumicabon (e.g. the
lsbng fie) and other unmanaged resources. The use of external resources n the NET

enmvronment requires spacial attention, Henoe, some obpects n the MS namespace ‘
mplernect the [Disposable rtarfuce
befare the NET garbage collectar does its yob,

atabase] and need

6 be preparty Gapoan

A GAMS peogram can include cther scurce files (e.g. $include), load data from GDX fies 1
Q. $GOXIN or execute_load), and create PUT fhles, Al e files can be specified with &

(relatvee) path and therefore an anchor into the file system is required. The base dass [
GAMSWorkspace manages the anchor to the file system. If external file communication is n

an ssue © & particular NET soktion, temporary directones and files will be managed by
objecty in the hameapace

With the excepton of GAMSWorkspace the obects » the GAMS namespace canndt be
accessed across dfferent threads unless the mstance is locked, The classes thamself are

shoand cufe aod oo dbode chaacte of bha cdace ran b e froen A thrance (zam b

T GAMS jova pdf - Adobe Resder

[File Edi View Window Help

i)

JE_: E_f Ij = Q:—} d| i) (@ [ 1] 2ot | (o [ IR TN = 3 e T Tools Sign Comment
Bookmarks [ °
| _P E' B
- * [F GAMS &ava APl Chapter 1
&~ # [P Hiesarchical Index - ‘
\
5 0P o |
(P Crass Index GAMS Java AP|
= I Ctass Documentation
i Index
T
"
11 Overvew M
CANE ed AF1 grovednd & Jiwd POgratysdg v iiaoe 3 Tw Cdv 1 Agetess Voo Syvien (DAMS. Gaes
vy AT g sl & Vet ay Marge gt S50 and el BN WY T PRy QA MYRRSS (f |

doex

CANE et . ered 1 cua
(CAMSOstane). [urfmomon, fwy rhodess & wa b= S &
rave et vy (CAM Mot T bee |

UAME roctsie [GAM

Par cas tw s PN gmora

= of chomaly mistd masel resarces = &
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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 = GAMSDatabase Class

Set GAMS and Solver Options = GAMSOptions Class
Control GAMS execution - GAMSJob Class
Scenario Solving: Feature to solve multiple very similar

models in a dynamic and efficient way
- GAMSModellnstance Class
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Small Example - C#

Transport.cs

using System;
using GAMS;

namespace TransportSeq

{

class Transportl

{

static void Main(string[] args)
{
GAMSWorkspace ws = new GAMSWorkspace();
GAMSJob t1 = ws.AddJobFromString(GetModelText())

t1.Run();
foreach (GAMSVariableRecord rec in t1.0utDB.GetVariable("x"))
{

Console.WriteLine("x(" + rec.Keys[0] + ","

+ rec.Keys[1] + "):");
Console.WriteLine(" level=" + rec.Level);
Console.WriteLine(" marginal=" + rec.Marginal);



50

Small Example - C#

static String GetModelText()

{
String model = @"
Sets
i canning plants / seattle, san-diego /
Jj markets / new-york, chicago, topeka / ;
Parameters
a(i) capacity of plant i in cases
/ seattle 350
san-diego 600 /
b(j) demand at market j in cases
/ new-york 325
chicago 300
topeka 275 [/ ;
< . >

Solve transport using lp minimizing z ;

return model;

",
3
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Small Example - Java

Transport.java

package TransportSeq;
import com.gams.api.*
class Transportl

{

static void main(String[] args)

{

GAMSWorkspace ws = new GAMSWorkspace();

GAMSJob t1 = ws.addJobFromString(getModelText());
tl.run();

for (GAMSVariableRecord rec : t1.0utDB().getVariable("x"))

{

System.out.println("x(" + rec.getKeys()[O] + ", "

+ rec.getKeys()[1] + "):");
System.out.println(" level =" + rec.getlLevel());
System.out.println(" marginal =" + rec.getMarginal());
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Small Example - Python

transport.py

from gams import *

if __name__ == " main__":

ws = GamsWorkspace()

tl = ws.add_job_from_string(get _model text())
tl.run()

for rec in tl.out_db[ "x"]:
print rec
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Scenario Solving - Loop

Loop (s,
f = £ff(s);
solve mymodel min z using 1lp;
objrep(s) = z.1;

) ;

Data exchange between solves possible

Model rim can change

Each solve needs to regenerate the model

User updates GAMS Symbols instead of matrix coefficients



v S8 e VRS A
-

-
< %% ¥
LS "
' » Sy W, Y ~
: i B d : a1 I P ¥
~ & . o oy N . —
Y . . 3 = e A
“ ol I £ g

; AR (ol =y
Scenario Solving - GAMSModellnstance

foreach (string s in scen)

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

Saves model generation and solver setup time

Hot start (keeps the model hot inside the solver and uses
solver’s best update and restart mechanism)

Data exchange between solves possible

Model rim unchanged from scenario to scenario

55



GAMSModellnstance etc.

' GAMSJob

» Manages the execution of a GAMS program given
by GAMS model source

GAMSCheckpoint
» Captures the state of a GAMSJob

'GAMSModellnstance

A single mathematical model generated by a GAMS
solve statement

'GAMSModifier

» Marks elements of a GAMSModelInstance to be
modifiable

S7



GAMSModellnstances in Parallel
Multiple GAMSModellnstances running in parallel with one

common data source;:
Query
Solve data
source

Thread 1 |

Create
model
instance

Query
data

source

L

Data
source

@

Thread 2 |

Thread 3 |

58
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NET - Application

Example: Small transport desktop
application written in C#

Convenient data preparation

Representation of the results in a
predefined way

Modeling details are hidden from
the user

E Transport L=
Data
. loadData |
distance | capacity £ demand
plants market distance
Seattle Mew-York 25
Seattle Chicago 17
Seattle Topeka 18
San-Diego Mew-Tork 25
San-Diego Chicago 18
San-Diego Topeka 14
bpar: ;
min max steps Solve
|02 1 0.05
Results
table | chart
bmukt Model Status SolverStatus Objective
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Wiki as Deployment Environment

« Technologies: Dokuwiki, JavaScript, PHP, ...

Use GAMS for modeling and optimization

Run GAMS from Wiki environment

Share results of a GAMS model

Start a GAMS model asynchronously and come back
later to see the results (batch job)

http://apps.qgams.com/doku.php



http://apps.gams.com/doku.php
http://apps.gams.com/doku.php

"N 0w

62

Wiki — Line Optimization Example

GAMS Application Wiki

start » public » lop2

Line Optimization

Job name:
Upload data:

Choose a solver: Cplex -

download template

~

mincars: 3

ccap: 467

cfx: 353100

| Submisson ¥

|
8/14/2012
10:47

3/27/2012
10:11
2/23/2012
17:18

completion  ©

§/14/2012
5 clEmens

10:47

3/27/2012

10:11 guest
2/23/2012

17 1)8 demens
2/17/2012

1043 clemens
10:26

2DC

| status

fineehed

nineshed

finsshed

fintshed

-~
-

crm: 5800
resul x| trm: 44900
results X
cmp: 90
esults 2('
sults i‘

— Submit job
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Integrate GAMS Models
I Provide Links
I Collaborate
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Links to other Software
Example - Excel and GAMS

 VBA GAMS API to call GAMS from Excel
« Exchange of input data and results using either GDXXRW
or GDX API

Excel

Sheet 4 )

D A
resuts |

65



Excel and GAMS

A B C D E F G H | J K LIM N ]
4 Coal -17.62 -35.24 MWh
3 WasteHeat 30.43  53.2 -42.56 -10.64 -33.2 MWh
6 Steam 5.5 11 10.72 -16.7 kg/s
7 Exhaust 16.7 -16.7 kg/s
8.0184 39.84 MWh
Solution - Generated Heat & Electricity 10.39 MWh
40
35
30
25 &
o T
15
10
5 +
0 I Solver: CPLEX
P T = T e T = O T S T, T T T L T = T T N T T = T T S I T Y Equations: 14786 Variables: 19489
R A= R s B iy B A i R R R R Model Status: 8 Integer Solution
L L L L L Lo oo
Solver Status: 1 Normal Completion
===Heat == Electricity Iterations: 8488 Solve Time: 0.58
24 Objective Value: 834036
25 50 LVE Clear Solution No. of Hours GT is ON: 530
26 Mo. of GT Starts: 8

66
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Excel and Analytics

“..the truth is, for many or?a_nizations, Excel has always been a part of their
business intelligence portfolio for several reasons:

Familiarity with Excel..

Built-in flexibility...

Rapid development...

Powerful data connectivity and automation capabilities...

Little to no incremental costs...

http://tech-book-store.amazon.com/post/TxJQP5UOTREL4J/The-Rise-of-Excel-BI




Links to other Software
Example - MATLAB / R and GAMS

* Give MATLAB or R users access to_

all the optimization capabilities of
GAMS

* Allow visualization and analysis of
GAMS data directly within MATLAB
or R

MATLAB /R .

[Model & Data >
Resuits |

68




Integrate GAMS Models
I Provide Links
I Collaborate
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Collaborative System Design
GAMS available in IBM ODM Enterprise (Eclipse Plug-in)

& GAMS - Fiworkspace gams\ elpa e rundiene-com.gams glugin| Trarspor Configuationl \repart it - Eckpse Plattorm -
Fle Edit Newgate Sesrch  Project Bon  Window  Melp

- lL - y - - r D  — - T— - Dars
- | @ COM btwgprse - Warses Mavies_ow muppeey atmayd - Ebpoe S04 =
[T o <
AN Project 6 tredportgms The B4t Mmmpte Sewrh Proet T Wondoo Mel
. f Tremapon - t 2 - - S R VN - - - - ..‘r.u.r,
. Configuation] Parametar . .
1 3 Dste 39 Don & J Manes_op meppeegatragd Den

trmport.gas
] Fortg M cashire iy oon svadae

R trmportgme 0DM 1o OPL Mapping Editar
trroport o = —
(m-u,”.-q Variables Apphonton Dats Mode = I Dhewvats AR

P i . dura

Configueationd 200 o aTack Jove g

cnfigurations - vl %

3 Mmthrrfitasen

Confquration]
o ? : U MyCattrgiteted 4 - Mag % lognst

S IMsport.gms
b Cosfigurationd

Sepatirerts
EMAND OF MURSES Uniag jems —» Tt Ty e bt
survme: [ INre)
Means
MONT I DA rame

Map %0 Oviget o)

pohlc rne

Fartes

runson

Prtes_epd_eptimermpdet oderem L '
roei_epd_ny 4 Farata

J Merse_cpl maapng odmoy| ~

L

J takrodmspe - e
= N

Sop ey +— Aemave
bty

Paarsas 000

EETaguaurrants
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¥ Dute sl Time Magying
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GAMS System

Platforms
Solvers
Interfaces

(Scenario Solver)



GAMS System

« Support for user-defined:
— Macros
— Function libraries
« Asynchronous job execution

e Scenario Solver (GUSS)

« Extended Mathematical Programming (EMP) Framework

72



Excursus: EMP, what?

With new modeling and solution concepts do not:
« overload existing GAMS notation right away !
« attempt to build new solvers right away !

But:

« 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

« Package new tools with the production system

- Extended Mathematical Programming (EMP)
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(

Viewable
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Original EMP
Model Information
y, \_
\ Translation )

!

Reformulated
Model

I

( Solving using ’

[ Solution }
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SP — Deterministic Model

@8 C\Users\Franz\Documents\gamsdir\projdiritranssp.gms

lranssp.gms

Scalar £ freight in dollars per case per thousand miles /S0 /
p penalty for unsatisfied demand P
bf demand factor i1 /:
Parameter c(i,j) transport cost in thousands of dollars per case
ci(i,j) = £ = d(i,3) J/ 1000 :
display c:
Variables
Xx(1i,3) shipment guantities in cases
uli) unsatisfied demand (recourse wariable)
z total transportation costs in thousands of dollars ;

Positive Variable x,u ;

Eqmations
COSt define objective function
supply (1) observe supply limit at plant 1
demand (7)) satisfy demand at market j ;
coOsSt .. z =e= smm((i,J), c(i,3)*x(1,3)) + pFsum(J,u(j)):
supply (i) .. sum (3, =(i,J)) =1= ali) :
demand (3} .. sum (1, =x(1,3)) =g= bE*b(3) - aij) -
Model transport Sall/ ;

1 | m

I3

m
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Example — EMP File & Results

transsp.gms  hanssplst

ws C\Users\Franz\Documents\gamsdir\projdiritranssp.gms

s _bf (=scen)
5 u(scen,j)

=2 = (s3cen)

Set dict /S scen

Solve transport

s ®(scen,i,]j)

Display = _bf, =_

\transsp.lst

demand factor realization by =scenar]

shipment per scenario

- SCENario.

.randvar .= bf
devel .5 u
devel -

using emp minimizing z =scenario dict:

X, 2 u;

1

file emp / '"%emp.info%' /; put emp '* problem Tgam=.i%'"/:
Sonput
randvar bf discrete 0.3 0.85
0.5 1.00
0.2 1.05
stage 2 bf u demand
Soffput
pantclose emp;
Set scen scenarios l,m,b /;
Parameter

oo H R

#### REPORT FILE SUMMARY

0.950,

.seattle
. 2an-diego
.seattle
.san—-diego
. seattle
.2an-diego

PARMMETER = bf

m 1.000,

PARMMETER = =

new-york

35.
290,
35.
280,

elo]s]
000
slo]s]
000

. 000
. 000

demand factor realization by scenario

h 1.050

shipment per scenario
chicago topeka
315.000

288.750
315.000

288.750
315.000

288.750

PARRMETER 3 u

new-york

16.250
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Stochastic Programmmg iIn GAMS

« Based on Extended Mathematical Programming (EMP) framework

« Discrete and parametric distribution for random parameters

« Supports multi-stage recourse problems and chance constraint models

« Make it easy to add uncertainty to existing
deterministic models:
e use sgemallzed algorithms (DECIS or
LIND
e or create deterministic equivalent (free
solver DE)

« SP examples in the GAMS EMP library

(
ey
9, GAME 3P Senny o e—




Platforms

« Support for MAC OS X

 Cross-platform licenses

* Wine (Linux, Mac)

78



Solvers

GLoMIQO: Branch-and-

bound global optimization for

mixed-integer quadratic
models

Lindo: Global and stochastic

optimization

SULUM: Linear (and soon)

mixed integer optimization

R. Misener and C. A. Floudas

M At Yeer Some  Laks  Caatact te

M| LINDO SHSTIEMS INC.

HOML DOWNLOADS  MODILS ONDER  CONSULTING TRAINING  CONIACT US  SEARCH

LINDO A®1 8.0 - Powerful Library of Optimization Solvers and Mathamatica
Programeming Teols
An Overview of the LINDO APf:

With the LNDO 201 you can saly crmale your cwn optinization applicatior. (b siows you to plug

ower of e UNDO wivers rght inta t ot al prograces St vau h

Sear and Lecel wiitten. The 1ecently veleassd UNDO A1 RO Inchades » member of siréficant sohascesmats and n
oo 3¢ mare WoIMaTion en hase new feslires

@ulum R i

Aralylics the key of [utuvre business




Current GAMS Distribution 24.0.2

Released February 24, 2013  www.gams.com/download

« Solver updates
— BARON 11.9.1
— CONOPT 3.15I
— CPLEX 12.5
— GLOMIQO 2.0
— GUROBI 5.1
— KNITRO 8.0
— LINDO 7.0.1.487
— MOSEK 6 rev 148
— XPRESS 23.01.06
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Interfaces

« OO API for .NET, Java and Python

« GDXRRW
« Connects R-System with GAMS

« Presents data in a natural
form for R users

Source: http://blog.modelworks.ch
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GAMS System

Platforms
Solvers
Interfaces

Scenario Solver



83

Solving Data Related Models

The common way:

Set s / s81%s10 /
Parameter

A_s(s,i;j) Scenario
xlo_s(s,j) Scenario
x1_s(s,j) Scenario
em_s(s,i) Scenario

Loop(s,

A(i,j) = A_s(s,1i,j);
x.1lo(j)= xlo
solve
xl &(s.,5)

em_s(s,i) =

data
lower bound for variable x
solution for x.l
solution for e.m;
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Gather Solve Update -Scatter (GUSS)

ldea:

« Solve one particular model instance (i.e. same individual
variables and constraints) with different data and bounds

« Works with any model type in GAMS

* Change in model data for a subsequent solve statement
does not depend on previous model solutions

Advantages:

« GAMS stays live

 Model generation only once

 Fast communication with solver
 Hotstarts and advanced basis information

84
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GUSS: Example

Set s / s1*s10 /
Parameter
A_s(s,i,j) Scenario data

xlo_s(s,j) Scenario lower bound for variable x

x1_s(s,j) Scenario solution for x.1
em_s(s,i) Scenario solution for e.m;

Set diet / s. scenario. ’’
A. param. A_s
X lower. xlo_s
X level. x1_ 8
e. marginal. em_s /;

solve mymodel min z using lp scenario dict;




' GUSS: Performance

 Model with 3838 scenarios

Solvelink=0 (default) 294.36

Solvelink=%Solvelink.CallModule% 239.57

Solvelink=%Solvelink.LoadLibrary% 16.21

GUSS 9.18
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GUSS: Example

From Erwin Kalvelagen’s Blog

Implementation number solvetime rest of total time
of MIP algorithm
models
Traditional GAMS loop 100,000 1068 sec 169 sec 1237 sec
(call solver as DLL)
Scenario Solver 100,000 293 sec 166 sec 459 sec
Implementation number Worker parallel sub- restof total time
of MIP threads problem time algorithm
models (serial)
Parallel + Scenario 100,000 |4 116 sec 67 sec 183 sec

Solver

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

« Change in focus from algorithm to application
 Different approaches to deploy optimization models

* The challenge remains to provide a deployment environment,

which
— leads to productivity increase
— establishes confidence in optimization methods

— and Is easy to maintain
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Summary

We believe in
— the important role of an AML to
build a failsafe and reliable
system
— the integration into other
systems through
* OO APIs to existing
application frameworks
« Smart links to other analytical
environments

“Application”
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