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Background and Motivation
Global Optimization with GAMS

— Available solvers
— Issues specific to global optimization codes

Framework for reliability and performance
testing

Examples



GAMS Overview

Started as a Research Project at the World
Bank 1976

GAMS went commercial in 1987

Opened European Office in Cologne,
Germany 1996

10,000s of users 1n over 100 countries

Unique position between the academic and
commercial world



Basic Principles

Separation of model and solution methods

Model types
— LP, MIP, NLP, MINLP, MCP, MPEC
— Stochastic Programming, MPSGE

Multiple solvers

Computing platform independence



EDMLFP

CONOPT

CPLEX
DECIS
DICOPT
MILES
MINOS
MPSGE
OSL
OSLSE
PATH
SEB
SNOPT
XA

XPRESS

Supported Solvers

LF solver that comes with any GANS system

Large scale NLP solver from AREI Consulting and Development

High-petformance LE/WIE solver from Hog

Large scale stochastic programming solver from Stanford TTmversity

Framework for solving BMINLE models. Meeds both an MLE solver and a IMIP solver. From Carnegie v
WP solver from Umniversity of Colorado at Boulder that comes with any GADE system

HLE solver trom Stantord University

Maodeling Enwronment for CGE models from Thiversity of Colorade at Boulder

High petformance LP/AIP solver from TBI

5L Stochastic Extension for solving stochastic models

Large scale MCP solver from Uriversity of Wisconsin at IMadison

Branch-and-Bound algonthm from AREI Consulting and Development for solwng MIMLE models, requ
Large scale SOQP based WLP solver from Stanford University

Large scale LP/MIP system from Sunset Software

High petformance LP/AIP solver from Dash



BARON
CONVERT
LGO
MOSEK
NLPEC
OOQMS
PATHNLP

Beta Solvers

EBranch-And-Eeduce Optirmization Nangator for proven global solutions from The Optirization Firm
Frame worlk for translatng models into scalar models of other languages

Lipschitz global optimizer from Pinter Consulting Serwices

Large scale LP/WIFP plus conc and convex non-hinear programeming system from EEA Consulting
MMPEC to MLP translator that uses other GANLS LE solvers

Multi-start method for global optmization from Optimal Methods Inc.

Large scale NLP solver for convex problems from Uhiversity of Wisconsin at Madizon

Contributed Plug& Play Solvers

Framework for using ANPL solver for GANSE models

Large scale Data Envelop Analysis Solver from TTversity of Wisconsin at IMadison
Framework for using remote NEOS solvers with a local GANS system

Quadratic programming m GATS



Supported Platforms

EDMLP
CONOPT
CPLEX 7.5
DECTS
DICOPT
MILES
MINOS
MPSGE
0L V3
PATH

~BB
SNOPT
KA
XPRESS 13.02

Solver/Platform availahility - 20.7  June 14, 2002
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Windows
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GAMS/GLOBAL Solvers

The solvers differ in the methods they use, in whether
they find globally optimal solution with proven
optimality, and in the size of models they can handle,
and 1n the format of models they accept.

 BARON. Branch-and-Reduce algorithm from N.Sahinidis,
University of Illinois Urbana-Champaign

e LGO. Lipschitz Global Optimization from Pinter
Consulting Services, Canada

« OQMS. OptQuest/NLP algorithms by OptTek Systems
and Optimal Methods



BARON

BARON i1s a computational system for solving non
convex optimization problems to global optimality.
Purely continuous, purely integer, and mixed-integer
nonlinear problems can be solved with the software. The
Branch And Reduce Optimization Navigator derives its
name from its combining interval analysis and duality in
its reduce arsenal with enhanced branch and bound
concepts as it winds 1ts way through the hills and valleys
of complex optimization problems in search of global
solutions.



LGO

LGO combines rigorous statistical methods
with traditional mathematical programming
methods to find solutions within well defined
bounds. Tailored versions of LGO have been
applied successfully in number of large scale
special purpose applications.
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OQMS

OQMS. This system combines existing the
robust nonlinear optimization technologies
with OptTek's state-of-the-art metaheuristic
search procedures, including Tabu Search,
Neural Networks, and Scatter Search, into a
single composite method.
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Local Optimization Today

* Nonlinear modeling available in GAMS from the
very beginning

* Variety of local solvers

— NLP: MINOS, CONOPT, SNOPT, LSGRG,PATHNLP
— MINLP: DICOPT, SBB

implementing different methods (SLP, SQP,
GRG, B&B, outer approximation...) improve
reliability of nonlinear modeling

 Initial point 1s crucial for success
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Global Codes and GAMS

* Global codes provide
— Independence of starting point
— Global/improved solutions
— Bounds for solution quality

* (Almost) seamlessly exchange of local solvers
with global solvers: Option nlp=oqms;

* Minimize risk of new technology for customers
— Multiple Global Codes
— Fallback to Local Solvers

13



Open Issues for Global Codes

Termination criteria
— When to stop a multi-start method?

Problem modification

— Global solvers require bounding box
Limited algebra

— E.g. External functions (black box)

Solution quality metrics
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Research v.Commercial Codes

Run 1n “expert mode’ tuned by the
developer for a particular problem

User wants to solve his business problem
and wants to treat the solver as a black box

Solver has to work decently 1n all cases

Even if the algorithm fails, the solver has to
be “fail-safe”
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QA Tests for Reducing Risk

» Replication of quality assurance results
critical factor for establishing a new solver
technology in the commercial world

* Non-reproducible tests damage the
reputation of a solver

* Requirement: low cost replication of such
results by an independent auditor
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Effective Testing

e Test cases

— Widely available collection of standardized test
Instances

» Data collection tools
— Automatic collection of solution and statistics
— Capture test environment setting (hardware, software)

« Data analysis tools

— Standard quality and performance measurements

17



Test Cases

* C(lassification
— Toy models
— Academic Application Models
— Commercial Application Models (difficult to collect)

. Growmg GAMS Model Collections

GAMS Model library http://www.gams.com/modlib/modlib.htm, with
about 250 models from over 18 application areas

—  GLOBALLI1b http://www.gamsworld.org/global/globallib.htm, with
about 250 scalar NLP models

—  MINLPLIib http://www.gamsworld.org/minlp/minlplib.htm, with about
180 scalar MINLP models

—  MPECLIib http://www.gamsworld.org/mpec/mpeclib.htm, which

produces over 10,000 NLP models
18



GAMS

GAMS World Home Page

GAMS World

The Worlds Welcome to the GAMS World
GLOBAL

MIMNLP This i the home page of the GARS World, a web site aiming to bridge the gap between academia and industry by providing highly
MPEC focused forums and dissermination services i specialized areas of mathematical programming,

MPSGE Substantial progress was made in the 1980z and 19903 with the development of algebra based modeling systems, algorithms, and
Performance computer codes to solve large and complex mathematical programs. The application of these tools, however, was less than
Translation E?s‘.pECtE!d. The abstraction, E.:xpressic.)n, and translation of real world probl&ler.ns mte re.]iable.anc.i effecti?e operational lsystems requires
highly specialized and domains specific knowledge. The process of acquisiion and dissemination of this knowledge iz complex and
Search pootly understocd and the mumber of "good maodelers” is much less than we all hoped for. Similatly, the process of transforming a
new algorithm into a reliable and effective solution systermn 15 a slow and expensive process and there are few "good implementers"”.
This web site hopes to address some of these problems by helping with the collection and dissemination of dotmain specific
information and knowledge that is outside the established channels because of its content or form.

Contact

For example, model structures and results get published in commercial and acaderic papers but it 15 wirhially mmposstble to
reproduce any of those results or it model components and data from one study to be used in some other study. Algonthm
inplementers face a similar diletnma when trying to get their hands on real world data models and data to test and refine their
systems. This web site offers a few, well focused and maintained services to help with the dissemination of problems and solutions.

GANS World i3 featured by GAME Development Corp. and GAWNS Software GmbH
19




MINLP Lib

Address E:lhttp:,l',l'www.gamswnrld.n:-rg,l'minlp,l'minlplih,l'minlpstaI:.htm j o |Lil'|k5 =

[ MOMLE World Home | Board | Solvers | MINLFPLib | Links | MINLP-List | Search | Contact |

BestInt at Point

s

dstufen 99 150 43 19 af 1163297000 pl

alan B 9 4 24 3 2.9250 pl

batch 74 47 24 1591 22 2855065000 pl

batchdes 20 20 9 53 10 167427 77000 pl

beuster 115 158 52 398 155 1163450000 pl

cecil 13 B33 541 162 2812 360 -115570.3000 pl

confvar 285 297 d7 1281 530 809145 8000 pl

cachedl 23 i 63 174 =t -3063% 2600 pl

ceched? 158 401 308 958 58 -166102.0000 pl

deb10 150 183 11 692 432 2094278 pl

Qep :

debf 508 476 20 2342 1432 20177353 1

Arhd 248 a14 11 4114 2R1A 114 SRAA 11 j
I&] |_|_|_|@ Internet i
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Global Lib

Address [@] http: {fwww. gamswarld org/globaliglabaliblex?_3_6.htm j o |Lil'|k5 =

.- A [ GLOBAL World Home | Board | Solvers | GLOBALLib | Links | GLOBAIL-List | Search | Contact ]

ex7 3 6.gms:
References:

o Floudas, T A, Pardalos, P W, Adjman, C 3, Esposite, W B, Gumus, £ H, Harding, 5 T, Elepeis, T L, Meyer, C A, and
mchweiger, C A, Handbook of Test Problems in Local and Global Optirization. Eluwer Academic Publishers, 1999

s Barmish, B B, New Tools for Eobustness of Linear Svatems. Machfillan Publishing Company, Mew York, Y, 1994

s Abate, M, Barrish, B, Morillo-Sanchez, C, and Tempo, E, Application of Some MNew Tools to Eobust Stabidity Analysis of Spatk
Ienition Engines : & Case Study. I[EEE Trans. Contr. Syst. Tech, 2 (1994), 22,

o Original source: Global Model of Chapter 7 ex7 3.6 oms from Floudas e a Test Problems

Point: 1
Best known point: p1 with value 0.0000

s

&) I_ I_ I_ @ Internet

K
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GAMS

MPEC Lib

Address E:l hitkp: f v . gamswarld, orgfmpec fmpeclibfcredits, htm

x| e |Links -

Hill TE Jiang, H Eehoe, T Eennington T T Elepeis, T L. Al
L, TH Luo Wlater, G IcZeal C I Ieyer, T A _
Mumphy, FH Wappd, & Hemhauzer, G L Miem, = Cutrata, J W
Pang Pardalos, P M i L Cuandt, B E Ealph
cavard, 3 cavelsbersh, MW P ccholtes, =2 cohwelser, © A cheral, HD
coyster, AL stohr, I Tin-Lot, F Townsley, B Tricl, M A
“Westerberg, AW Wichmann, = J Zowe, J
Credit List:
Adjiman, C §:
s Floudas, C A, Pardalos, P W, Adpman, C =, Espostte, W E, Gumus, £ H, Harding, 5 T, Elepeis, T L, Mever, C A, and
schweiger, C A, Handbook of Test Problems in Local and Global Cptimization. Eluwer Academic Publishers, 1929
e Dlodels:
oexd 1 lm
oex? 1 2m
o exd 1 5m
oex? 1 4m |
&) l_ l_ l_ 4 Internet g
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Data Collection Tools

 Status/performance/exception information

 GAMS Trace facility automatically collects
— Model statistics
— Non-default input options
— Solver and solution statistics

— Execution environment information

 Version control of solvers
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Data Analysis Tools

 Integral part of the quality assurance
process at GAMS

* Processing of trace results
— Build-1n tools for status information
— Custom GAMS programs
— Performance World Tools

« Performance measurements

 Graphical/tabular representations

24



GAMS

Editorial Board

PerformanceLib

Performance Tools

Performance List

Related Links

Search

Contact

Performance World

Performance World

Welcome to the Performance World!

Performance World 15 a forum for discussion and dissemination of mformation and tools about all aspects of perfornmance testing
of mathematical programming problems. This world has been established m response to user demands for mdependent and
reproducible performance results.

Owerall performance highly depends on problem formulation, solver, and tuning parameters. Our performance tools are designed
to serwe the different needs of our user cornrmunity. One user may be interested in finding the meost reliable way to solve a
proprietary of classified model. On the other hand, an academic researcher may be mterested in testing a new algonthm against a
set of existing test problems and competing approaches. The main features are:

s TUniform access to a comprehensive set of established and new test problems
s Automation tools for collecting performance measurements
s Tools for analyang and wisualizng test results

What's New:

« Try our online PAVER Server for automated perfortance analysis and batch file creation
« Mew tools for analvane nen-conves or discrete models
s MNIMLE type models from the WMILE "World have been added to the Performancelib A tutorial (August, 2002)

25



Open Testing Architecture

* Test models
— Open source GAMS models
— Automatic translation into different formats, e.g. AMPL
— Web/Email interface for this translation service

* Trace facility API
— ASCII import/export of trace files

* Analysis tools
— open source GAMS programs

— Web interface for PAVER (Performance Analysis and
Visualization for Effortless Reproducibility)

26



Translation Services

[ GADNS World Home | GMS2XX Translator | Search | Contact |

Instructions

In order to use the GMS 23 translation service which 15 based on the "solver" GANS/CONYEERT vou have to attach your
model to an email and send it to our translation server at omsZm@eameswotld ore. Tou specify the language in the subiect
line, for example

Subject: GLMS
At the moment we supportt the following languages:

. AMPL
» BARON
o CplexP
o CplesdPS
o GAMS

+ LGO

« LINGO

« MINOPT

o ATL (this creates scalar versions of all suppotted languages, listed abowve) 27



Set I Products /P1*P2/
J Cutting Patterns /C1*C2/;

Parameter c(J) cost of raw material
cc (J) cost of change-over of knives
b(I) width of product roll-type I
nord (I) number of orders of product type I
Bmax width of raw paper roll
Delta tolerance for width
Nmax max number of products in cut
bigM max number of repeats of any pattern
Variable vy (J) cutting pattern
m(J) number of repeats of pattern j
n(I,J) number of products I produced in cut J
obj objective variable;

Binary Variable y; Integer Variable m, n;

/Cl 1, c2 1/

/Cl 0.1, C2 0.2/
/Pl 460, P2 570/
/P1 8, P2 7/
/1900/

/ 200/

/ 5/

/ 15/;

Equation defobj, max width(J), min width(J), max n sum(J),

min order (I), cut exist(J), no_cut(J);

defobj.. sum(j, c[j]*m[3] + ccl[jl*y[J]) =e= obj;

max width (J) sum (i, b[i]l*n[i,J]) =1= Bmax;

min width (J) sum(i, b[i]l*n[i,]J]) + Delta =g= Bmax;

max n_sum(j) .. sum (i, nf[i,J]1) =1= Nmax;

min order (i) sum(j, m[jl*n[i,J]) =g= nord[i];
cut exist(Jj).. vIj] =l=m[]J];
no_cut (j) .. m[7] =1= bigM*y[]];
m.upl[j] = bigM; n.upl[i,J] = nmax;

model trimloss /all/;
solve trimloss minimize obj using minlp;



*  MINLP written by GAMS Convert

Variables

bl,b2,i3,1i4,1i5,1i6,17,18,x9;

Binary Variables bl,b2;

Integer Variables i13,i4,15,16,17,18;

Equations

el,e2,e3,ed,e5,e0,e7,e8,e9,el0,
ell,el2,el3;

# MINLP written by GAMS Convert

var bl binary;

var b2 binary;

var 13 integer >= 0, <= 15;
var 14 integer >= 0, <= 15;
var 15 integer >= 0, <= 5;
var 16 1integer >= 0, <= 5;
var 17 integer >= 0, <= 5;
var 18 integer >= 0, <= 5;

minimize ob]j:

0.

1*bl + 0.2*b2 + 13 + 14;

subject to

eZ2: 460*15 + 570*17 <= 1900;
e3: 460*1i6 + 570*%18 <= 1900;
ed: 460*1i5 + 570*17 >= 1700;
eb: 460*1i6 + 570*18 >= 1700;

el.. 0.1*bl + 0.2*b2 + i3 + 14 - x9
=E= 0;

e2.. 460*i5 + 570*i7 =L= 1900,
e3.. 460*i6 + 570*i8 =L= 1900,
ed.. 460*1i5 + 570*17 =G= 1700;
eb.. 460*1i6 + 570*18 =G= 1700;
e6.. 15 + 17 =L= 5;

e7.. 16 + 18 =L= 5;

e8.. 13*i5 + i4*i6c =G= 8;

e9.. 1i3*i7 + 14*i8 =G= 7;

elO0.. bl - 13 =L= 0;

ell.. b2 - i4 =L= 0;

el2.. - 15*bl + i3 =L= 0;

el3.. - 15*b2 + i4 =L= 0,

* set non default bounds

i3.up = 15; id4.up = 15; 1i5.up = 5;
i6.up = 5; i7.up = 5; 1i8.up 5;
Model m / all /;

Solve m using MINLP minimizing x9;

e6: 15 + 1i7 <= 5;

e’: i6 + 18 <= 5;

e8: 13*1i5 4+ id*i6c >= 8;
e9: 1i3*1i7 4+ 1i4*i8 >= 7;
el0: bl - i3 <= 0;

ell: b2 - id4 <= 0;

el2: - 15*bl + i3 <= 0;
el3: - 15*b2 + i4 <= 0;




Trace Facility ASCII Interface

Trace file parameters

The column headers for traceopt=3 are as follows:

Lo R T il =T = S R i S
LA O W0 o -1m n ok WD O

L I I B Ry B L I SR

filensme:
modeltype:
salwvername:
NLF def:
HMIFP def:

Juliantoday:

direction:
eunum:
Varnum:
dwarnum:
nz:

nlnz:
optfile:

modelstatus:
solvestatus:

okbi:
okhijest:

res used:
iter used:
dom u=sed:
nodes used:
userl:

GAME model f£ilename
LF, MIP, MNLP, etc.

default NLF solwer

default MIF solwer

gtart day/time of joh

O=min, 1=max

total number of equations
total nuwber of wvariables
number of discrete wariables
number of nonzeros

number of nonlinear nonzeros
1= optfile included

value of obijecive function
okbhjective function estimate
resource time used [sec)

nurber of =sSolwver iterations

uger commeht - preceded by a #
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Performance Tools

Dovwnload Performance tools:

Download the Performance Tools and sample data.

o Ptools mp

Includes the following tools:

o pprocessoms - petforms all performance tools on a gmven set of trace files and combines cutput in a summary
HIML page.

o pprofile gms - petformance profile routme for solver comparizons

o plotprofoms - performance profile plotting routine using Gruplotry (Windows only)

o restime oins - Eesource time comparison utthty

o schulz gims - termination routine to ensure solvers terrmnate at resource tine lirmt

o sguare ons - solver cutcome cotnparison utility

Also meludes the following sample data files, where solvers have been renamed to genenc &, B, © to hide proprietary
data:
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PAVER Web Submission

[ Performance World Home | Board | Tools | PerformanceLib | Links | Performance-List | Search | Contact ]

PAVER - Performance Analysis Web Submission Tool

Email Address (required): |michael@gams.cum|

Submit trace file: Rename solver:
Trace 1 (required) |bar|:|n.tr|: Browse... ||
Trace 2 (required) Ibaru:unu:uptu:r.tru: Browse... “EIAF{DN 0.1 OptCr

Trace 3 | Browse... ||

Trace 4 Browse... ||
Trace5 Browse... “

|
|
Trace 6 | _ Browse... ||
|
|

Trace7 Browse... ||
Trace g Browse... “

| Submit Trace Files I Clear Faorrm |

32



GAMS

»i Open Testing Architecture

“Solve”
Web
CONVERT/ ASCII
GMS2XX Import/Export
| | Y GAMS
Or Web
GAMS | GAMS *GAMS. ’.l“race< rwe
Models Solve Facility GAMS
System . |GAMS Trace

Analysis




Example 1

e 24 MINLP Models from Gupta, O K, and
Ravindran, A, Branch and Bound Experiments in

Convex Nonlinear Integer Programming.
Management Science 13 (1985), 1533-1546.

* Run all available GAMS MINLP solvers
(BARON, DICOPT, OQMS, SBB) and MINLP
(B&B based on FILTER by Fletcher and Leyffer)
available through NEOS.

* Run all 24 models with all solvers (time limit 20
seconds) compare objective value with reference

point. y



/3 MINLPLib Model Statistics - Microsoft Internet Explorer

File Edit Miew Favorites Tools  Help ﬁ

ABack - = - @ i | @Search (3] Favorites @Media Qﬁ | %v = =

Address @ :\gamsiprojectsimiblscalar MINLPSTAT HTHM j @G | Links *

nvs01 4 4 2 10 7 12.4697 pl =l

nws02 4 9 5 20 16 59642 pl

nwsls 3 3 2 7 3 16,0000 pl

sl 1 3 2 3 2 07200 pl

nvso 10 9 2 31 24 54709 el

I < = = = ﬁ e . A1

sl =
nvs08 nvsl2.oms:

nvs08

nws10 References:

nvsll

nvel2 s Tawarmalam, M, and Satumidis, MV, Exact Algorthms for Global Optimization of MWixed-Integer Monlinear

nvsl3 Programs. In Pardalos, P I, and Eometin, E, Eds, Handbook of Global Optimization - Veolume 2 Heuristic

& Approaches. Kluwer Acadermic Publishers, 20071, |

Point: 1
Best known point: p1 with value -481. 2000

s Cupta, O K, and Eavmndran, &, Branch and Bound Experiments i Convex Monlnear Integer Programming.
IManagement Science 13 {1985), 15335-1246.

*

*

¥ Efquation counts

¥ Total E = L
¥ 5 1 4 o
*

¥ WVarisbhle counts

¥ b 2] i
w Total cont hinary integer

=1=
zoz1l

MINLP written by GAMS Convert at 07/24/02 13:01:14

sZs
=032

=C
socont

—-

=1
=int

|;ﬂ:| Done

I_ I_ I_ |E.EJI My Compuker

K




Download MINLPLib

Address [&] http: {fwww . gamswarld org/minlp/minlplib, htm j o |Lil'|k5 2

O
&,’ [ MINMLF World Home | Board | Solvers | MINLPLib | Links | MINLP-List | Search |
G Th

{Contact |

MINLP Library

LI LPLib 15 a collection of Mized Integer Monlnear Programiming models. The purpose of the collection 1s to
provide algorithm developers with a large and vaned set of both theoretical and practical test models.

Browse LINLELib by model name

Browse MIMNLPLib by author/contributor

Download MINLPLib

Eead more about the orgamzation of models and points m MINLEPLib
WINLPLib Changelog

Reference

s Bussieck M E, Drud &4 2, Meeraus 4 (2001) RMIMLPLib - & Collection of Test Models for Ied-
Integer Monlinear Programming, GANS Development Corporation, Washington DC. (pdb)

-

&) I_ I_ I_ 4 Internet

[
/
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Trace Data Generation for all
GAMS Solvers

%gamside: C:ygamshtmp'nys\nvs.gpr - [Cgams' tmp'nys'batch.gms] : - | I:Ilﬂ
we File Edit Search ‘Windows Help =] x|
| B Sz & | S [0 = @) @) m|] =l 8
nvs2ampl.gms bﬂt':h-'-]mﬁl
tealcam /7 ~
tonecha » dorun.gms F4 Create| batch script —

et m & nwsll*nwszd4
File fx / run.agms /; loop{m, put fx "$call gams " m.t]

pf=param" /7;

toffecho

$call gams dorun.agms

$call amsunzip -o -q minlplib nws*.gms F4 Ewtract nws problems from MIKNLPLAh
$tcall rm -f baron.trc dicopt.trc ogms.trc shh.trc FF Clear fhe trace files

fecho reslim=20 traceopt=3 1terlim=1000000 lo=2 optcr=0 > param A/ Global| options

$onecho » ogms.opt A4 Options to let OQMS fterminate on time

iteration_Timit 10000
max_solwver_calls 10000

max_locals 10000

toffechno

tonecho » dicopt.opt A4 DOption| for conwvex prohlems
stop 1

optcr 0.0001

maxcycles 500

toffechno

techo minlp=bharon trace=baron.trc »» param

finclude run
fecho minlp=dicopt mip=cplex nlp=conopt optfile 1 trace=dicopt.trc »> param
finclude run

techo minlp=ogms trace=ogms.trc optfile=1 =3 param

finclude run

fecho minlp=shb nlp=conopt domlim=100 trace=sbb.trc »» param

finclude run o

$call cat ogms.trc bharaon.trc shh.trc dicopt.trc » trace.trc -
J | _>I_I

I 30: 107 | Insert [




AMPL Model Generation

€ Edit Mail Message -> gms2xx@gamsworld.org - |EI

Message Edit Search Utliies Spel Checker Privacy Wiew Options
amside: C: gams\tmptnys'nys.gpr - [C:hgam -
msl! gams'tmp'nvsinvs.gpr - [C:hgamilB R N S e R R

%

wm File Edit Search Windows Help

Fram: Franz Nelissen <Fhelisseni@gams.com>
Feph-To: Franz MNelissen <FMelissen@gams.com>
[=] = |
E,'-‘ H {:}”EE Q} (:bl.:! I Ta: gmsZecEgamsworld.org
CiC
BCC:
mesZampl.gms | |
F:' g batch.gms Subject: ampl
Fonecho = one.ams
fecho ampl %nws®E.mod = convert.c

$call gams %nws® minlp conwvert cf nvsllgms |
foffecho

'F'i 1 [ = 'F}c: Jr". LA El.-l -| - gms Jr'" H Message Specials  Folder  Account Tools  Wew  Optons  Help

set m / nws0l®nwsz2d j
loopi{m, put fx "%call gams one -
putclose fux;

execute " gams run El.-l -| " : From gms2x@gamsworld.org

To FMNelisseni@gams.com
F Subject Your scalar AMPL model nws01
1 I I S [|%|! Dear GMSZXX user,

1- 1 | |IHSE“ nvs01.zip A zip file with your scalar model is attached.

Please inspect memo.txt for warnings and translation
incapabilities.

Eegards,

The GMIZXX Team




AMPL Models

—= - : - -
g ; ; ; “Emacs 20.7.1 c:/gams,/tmp,/n¥s,/n¥s02.mod —|0O0] x
T"‘Emacs 20.7.1 c:/gams,/tmp/n¥s,/n¥s01.mod : 48 . H . —I—I—I
Buffers Files Tools Edit Search Mule Help Buffers Files Tooks Edit Search Mule Help
. B MIMLP written by GAMS Conwvert at 08/26,/02 18:06:51 -
B MIMLP written by GAMS Convert at DEfzﬁfg . /28" i
# . # Equation counts
# Eguation counts # Total E o L H 5 o
# Total E 3 L £ 4 4 0 0 0 0 0
# 4 2 2 o #
# . # Wariable counts
# Mariable counts . # ® b i s1s 525 sC 57
# b : b 1 514 Total cont  binary integer sos1 sos2  scont sint
# Total cont  hinary integer 50% g q P o g 0 0 0 0
# L) 2 o] 2
¥ P o 5 g 5 ﬁ Fx ] ] ] ] ] ] ] ]
ﬁ Nonzera coumts # Monzero counts
# Total T ML DLL
#  Total const NL DLL e T T s 5
# 10 3 7 0 #
# # Ref Ttian h d1 i ah d 1 o
# FReformualtion has remowed 1 wariahle ar ETOFMUATEION Nas remove varianie an SHREEIEN
. war 1l integer := 100, == 0, <= 200;
war 11 integer := 100, »= 0, <= 200; war 12 integer := 100: 2= G: ¢= 200;
war 12 imteger = 100, == 0, <= 200; wvar 13 integer := 100, == 0, <= 200;
war x3 = 100, »= 0, <= 100; wvar 14 integer := 100, »= 0, <= 200;
.. . . . war 15 integer := 100, == 0, <= 200;
minimize obj: 0.04712385%12% (900 + 1142040 00 wi == G? e= 027 ’ ’
. wvar =7 1= 90, == 90, <= 110;
subject to war xB 1= 20, »= 20, <= 25;

eli 420. 169404664517 %sqri(900 + 11420 - w3 pinimize obj: 9.99999999999999e-5% (5. 357854751342 + 0.8356891%11%i5 + 37.293239
*i1) + 5.9207859;
g2: - =3 == -100; 13 % !

subject to

e3: [(2960.87631843 + 18505.4769901875%124;

el: - (0.0056858%12%15 + 0.0006262%11%74 - 0.0022053%13%15) + =6 = 85.334407;

Che | AWELILEE 2 ) : - (0.0071317*92%15 + 0.0029955%i1792 + 0.0021813%1342) + »7 = 80.51249;

- (0.0047026%13%15 + 0.0012547%11%13 + ©.0019085%13%94) + =8 = 9.300961; —

Nws0 2 . mod J-—=L1--C0--A




MEOS Server: MIMLP [AMPL input] W Interface - Hetzcape

File Edit “iew Go Communicator Help

WWW Interface

MINLP (AMPL input)

Server

The uszer must submit a model in AMPL format to solve a mixed integer nonlinearly constrained optimization problem. Examples of
models in AMPL format can be found i the MINLE - AMPL library .

The model 15 specified by a model file, and optionally, a data file and a conunands file. If the comumand file 15 specified it must contain
the AMFPL solve command.

The cominatids file cat contait any AMPL congnand or set options for MINLE | Printing ditected to standard out is returned to the
user with the output.

Enter the AMPL model

ANMPL modellocal file):
II-I: vnws\nvs24, mod Browse...

E |='°|D'= | |D|:u:ument: Dane

= T = P EA

.kl




#LNEDS Job #180054 - Netscape

File Edt “iew Go Communicataor Help

Server

Lo ok o o o o S o SR R o o o o o R R R o o o o ol ol o S o ol ol ol ol Sl ol o o o o o o o S R R

NEDS Serwer Version 4.0

Jobs : 1230054

solwer @ MINLP (AMPL 1input)

Start @ 082602002 17:31:32

End : 08/26,/2002 17:31:35

Host ! pergaman. iems. northwestern. edu

Lo ok o o o o S o SR R o o o o o R R R o o o o ol ol o S o ol ol ol ol Sl ol o o o o o o o S R R

**ﬁm-i r-l'l pﬁ'ﬂr'ﬂr

10 wariables, all nanlinear _
10 constraints, all nonlinear; 100 Tinear nonzeros
1 nonlinear objectiwve; 10 nonzeros.

MIMLP-B7E (2002070373 : 00000000O0000000OOOOO0OOMIMLP-BYE (200207033 : Optimal solution found
113 subproblems, objectiwe = -1033.2
Ewvals: obj = 385, constr = 386, grad = 386, Hes = 387

= A N e

IE |="|I|"= | |D|:n:ument: Dione




Ed Microsoft Excel - Trace brc

File Edit “ew Insert Format Tools Data ‘window Help ;lﬂﬂ
DEEs &RV | BB R a- Q= A gl -3 7 -|B T E| DDA
| P25 | =|-1033.2

A, B C ODE| F B H I J K| L Pl M 0 P cl = 5T L

1 |* date |direction egnumvarnum dvarnum nz  ninz optfile modelstat solvesta obj ohjest|res iter dom nodes™
2 |NWs MIHLFBE 0 4 4 2 10 7 8 1 12 4697 2.00E+M

3 |Mws02 MIMLPBE 1] 4 g a 20 18 8 1 59642 2.00E+M

4 |Mv303 MIMLFBER 1] 3 3 2 7 3 8 4 16.0000 2.00E+01

5 |MNvS04 MIMLFBE 1] 1 3 2 3 2 8 1 0.7200 2.00E+01

E |MvS05 MIMLFBER 1] 10 g 2 31 M 8 1 547049 2.00E+01

7 |MYS06 MIHLFBE 0 1 3 2 3 2 8 1 1.7703 2.00E+M

g |Mws07 MIMLPBE 1] 3 4 3 8 3 8 1 4.0000 2.00E+M

8 |MNvs08 MIMLFBER 1] 4 4 2 13 7 8 1 23.4497 2.00E+01

10 | MYS09 MIMLFBE 1] 1 11 m 11 10 8 1 -43.1343 2.00E+01

11 |MYS10 MIMLFBER 1] 3 3 2 7 ] 8 1 -310.8000 2.00E+01

12 |NYS11 MIHLFBE 0 4 4 a3 13 12 8 1 -431.0000 2.00E+M

13 | WS 2 MIMLPBE 1] 4] 5 4 21 20 8 1 -431.2000 2.00E+M

14 | MYS13 MIMLFBER 1] 3] B 5 31 30 8 1 -585.2000 2.00E+01

15 |MWS14 MIMLFBE 1] 4 g 5 20 18 8 1/-40358.1548 2.00E+01

16 |MYS14 MIMLFBER 1] 2 4 37 3 8 1 1.0000 2.00E+01

17 |MYS1E MIHLFBE 0 1 3 2 3 2 8 1 0.7031 2.00E+M

18 |MWS1T MIHLPBE 1] g 8 T &Y 4B 8 1) -1100.4000 2.00E+M

19 | WYS18 MIMLPBE 1] 7 7 B 43 42 8 1 -77a8.4000 2.00E+M

20 | mvS19 MIMLFBER 1] g g a8 73 T2 8 1) -1098.4000 2.00E+01

21 |WvS20 MIMLFBE 1] g 17 5 70 18 8 1 23009222 2.00E+01

22 |MVE21 MIMLPBE 1] 3 4 2 B 7 8 1 -A.6348 2.00E+01

23 | WS 22 MIHLPBE 1] 10 g 4 31 24 8 1 6.0532 2.00E+M

24 |MYS23 MIMLPBE 1] 10 10 9 81 40 8 10 -1125.2000 2.00E+M

25 |nvS24 MIMLFBER 1] 11 11 10 111 110 8 1| -1D33.2DDD_| 2.00E+01

2R

M 4> | M TRACE / 4]

Feady I




Analysis Program

[ p——

gead n trace tablie

Table tracedata(®,*,col)

fondelim

modelname, salwvername,%col®
fofflisting

$call cat trace.trc minlpbb.csv |
finclude trace.tmp

$onlisting

foffdelim

cut -d, -f1,3,6- = trace.tmp

| pp——

Extract driving sets
Set modelname, solwername;
Toop{{ul,uz2)ftracedataful,uz, 'julian'y,
modelname{ul) ¥yes;
solvername{uz) Yes;

parameter srepf{ul,uz,col)
mstat{ul,uz);

* foad Reference Folfution
$g9d=in minlpstat
$load mstat

*=== Seflect columns
srepimodelname, solwvername, c) = tracedatal{modelname, solwvername, c);
srep{modelname, 'Reference', 'ob3') = mstat{modelname, 'BestInt');

Parameter gap;

gap({modelname,solwvername, 'agap') = round(srep{modelname,solwvername, 'ohj') - srep
gap({modelname,solwvername, 'agap')%({ srep{modelname, solwvername, 'modelstat’')<»1 and
srep{model name, solvername, 'modelstat')«>2 and
srep{model name, salvername, ‘'modelstat ' Jec28) =
gap({modelname,solwvername, 'rgap') = gap({modelname, solwvername, 'agap' ) abs(srep(mod
gapi{modelname, salwvername, 'obj') = srep(modelname,solwvername, 'obj'J;
gap{modelname,solwvername, 'cpu') = srep({modelname,solwvername, 'res'J;

display srep, gap;

(modelname, 'Reference’, 'ob3"'),3);

inf;
elname, 'Eeference’', 'ob3 "' 2);




MW501

MW =03

MW 503
MW 503

167 PARAMETER

L OOMS
NwSO1.
NWSO1.
NWSO1.
NWSO1.
NWSOZ,
NWSO2.
NWSO2.
NWSOZ.
NWSO2,
G
NWSO3 .
NWSO3 .
.DICOPT
.MINLPEE
NSO,
EGEN
NSO,
NSO,
NSO,

BARON
SBE
DICOPT
MINLFPEE
OQMs
EARON
SBE
DICOPT
MINLFPEE

BAROHN
~EBE

OQMs
BARON
SBE
DICOPT
MINLFEE

gap

ohbq

. 806
470
470
470
470
575
. 964
. 964
. 964
. 964
000
000
. 000
000
. 000
. £ 20
. F 20
. £ 20
. 120
.20

Results

agap Fgap
3.338 0.268
0.611 0,102
1.400 1.944

M I M
RN RN e R e o R e R

M

M

cpu

213
110
410
035
Q00
OB
Q80
437
346
Q00
015
OB0
. 305
.OR3
Q00
. 2h5
050
. 195
227
000



Example 2

50 instances of NLP model LMP1 from
H. Konno and T. Kuno, “Linear

multiplicative programming” Mathematical
Programming, 56(51-64), 1992.

 Run BARON in default mode and with 5
different option files (time limit 300
seconds).

* Compare Performance using PAVER.
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a Imp1.gms - Microsoft Internet Explorer

File Edit ‘jew Faworites Tools Help

= Back = = - @ ot | @Search (3] Favorites @Media @ | %* = M=

GAMS

Address I@ hkkp: s, gams . corn)rodliblibkEmlfirmp 1, Rt "I #Go | Links @

.. [ Home | Support | Sales | Solvers | Documentation | Model Library | Search | Contact Us |

Impl.gms : Linear Multiplicative Model - Type 1

enerates and solwves random linear maltiplicative models of
"Type 1.7 Problem instances are generated as proposed by
Konno and Euno. Model dewveloped by N. Sahinidis.

Eeferences:

o Eonno, H, and Eune, T, Linear multiphcative programming. hathematical Programmimg 26 (19923, 51-64.
o Tawarmalam, I, and Satumdis, I, Convemfication and Global Optimization m Continuous and Mxed-Integer

Honlnear Programming: Theory, Aloorthims, Software, and Applications. Eluwer, 2002,

Large Model of Type: NLP

|;E:| Cone

i Internet

£




GAMS

LLMP1 Trace Generation

ﬁgamside: C:hgams'tmp' lmp1tlmpl.gpr - [l::"'..g-EII'I'IS"'.,|:ITI|]"'.,|ITI|]1"'..ll'l'lplhﬂtth.gl:':lf."" - O] x|
E File Edit Search ‘Windows Help - |E|i|

L

| RINSIETNL

¥ %

=| 3| Sz

&

Impl.gms Implhatch.gms |
$call gams Impl trace=bhopl traceopt=3 opttile O nlp baron o=/devsnull lTo=0 -
$call gams Impl trace=hop2 traceopt=3 optfile 1 nlp baron o=fSdevsnull lo=0 -
$call gams Impl trace=hop3d traceopt=3 optfile 2 nlp baron o=/Sdevsnull lo=0
$call gams Impl trace=hopd traceopt=3 optfile 4 nlp baron o=Sdevsnull lo=0
$call gams Impl trace=bopi traceopt=3 optfile & nlp baron o=Sdevsnull lo=0
$call gams Impl trace=bopé traceopt=3 optfile & nlp baron o=/dev,/ /null To=0

‘| |

7: 1 Modified

|

Insert

47



/23 PAVER - Performance Analysis Web Submission Tool - Microsoft Internet Explorer - |0O] x|

File Edit View Favarites Tools  Help ﬁ

= Back + = - @ ol | @Search [3e] Faworites @Media @ | %v = =

Address @http:,l',l'www.gamswu:urld.u:urg,l'|:|erFu:urmance,l'paver,l’ppru:ucess_suI:umiI:.htm j @GD Links **

[

The Ferformance Analysis and Visualization for Effortless Reproducability Server (PAVER) web-submission tool runs the Performance
Tool pprocess gms and returns the results as a zip file attachment via e-mail. Users can also view results online . Users input their data in
the form of trace files (GAMS traceopt=3). See the Tracefile Section for details concerning the trace file format.

The PAVER performance analysis tool is GAMS independent. User who wish to use PAVER with non-GAMS solvers can do so |, as long
as the data files submitted are in the traceopt=3 format as described in the Tracefile Section.

If users wish to rename solvers intheir trace files, they can enter a new solver name in the Rename solverfield. This is especially useful
if @ single solver with several different options is analyzed. In this case all the trace files may have the same solver name. Lsers can
rename the solver to reflect the different options used.

For more information see the PAVER - Performance Analysis Web Submission Tool information section.

Email Address {required): |michae|@gams.cum

Submit trace file: Rename solver:
Trace 1 {required) IC:'\,gams"-,tmp"-,pr"-,prD Browse... ||BAHDN default
Trace 2 {required) |C:"-,gams"-,tmp"-,b|:|p"-,b|:|p2 Browse... ||BAF{DN op?
Trace 3 |C:"-,gams"-,tmp"-,b|:|p"-,b|:|p3 Browse... ||BAF{DN op3
Trace 4 |C:Rgams\,tmphbuphbup4 Browse... ||EiﬂuFiClN op4
Trace 5 IC:"-,gams"-,tmp"-,pr"-,prE Browse... ||BAF{DN op5
Trace 6 |C:"-,gams"-,tmp"-,b|:|p"-,b|:|p5 Browse... ||BAF{DN oph

Trace ¥ | Browse... ||
Trace 8 I Browse... ||

| Subrmit Trace Files I Clear Form |

e

/&) Done I_ I_ I_ 4 Internet




PAVER Results by Email

Fl Tera Term - ham.gams.com ¥T - |I:I|E|
File Edit Setup Control  Window  Help

Folder Motion Send Mark Label Sort wWirtual [Undo i 5p0s Emacs
@rom: paverdagamsapps. com

To: michael@gams.com

Subject: FIWISHED 10536: PAVER Performance Analwsis Job

Date: Fri, 27 Sep 2002 10:12:332 -0400

Dear Performance world User,

Thank wou Tor using the FPerfomace Analysis Wisualization for
Effortless Reproducability Serwver [(PAVER].

ou can find the results of wour submission at:

hittp: L0526 sMUgg2 &@daly, Jams apps . comssubmi L1053 6 resul Lt results . ltm
These results will be posted on the web for a ma<imum of 7 days.

IT wou are praompted for login name and password, tCype:

Togin name: 1053&

password: smuggze

Ay quUestions or comments should be directed to benchagamsworld.org

Thank “ou
application/=-zip-compressed [Fress RETURM to save to a file]




Conclusions

Framework for reliability and performance testing of
(global) optimization codes.

Open architecture for using this framework with
models, modeling languages and solvers that are not
necessarily connected with GAMS.

Commitment to quality assurance 1n the
optimization world (critical for success in the
commercial environment).

Presentation with all examples (will be) available at
http://www.gams.com/presentations
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