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General Algebraic Modeling System

* Roots: World Bank, 1976
« Went commercial in 1987
« GAMS Development Corp.
« GAMS Software GmbH

« Broad academic & commercial
user community and network




Algebralc Modellng Languages

High-level programming languages for large scale mathematical
optimization problems
Algebraic formulation

= Syntax similar to mathematical notation

= Does not contain any hints how to process it
Do not solve optimization problems directly but call appropriate
external algorithms (solvers)

v

Goals

Support of decision making process

Efficient handling of mathematical optimization problems
Simplify model building and solution process

Increase productivity and support maintainable models
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Global Optimization (GO)

 Practical optimization problems are often nonlinear and

NnoN-convex

« They may contain disconnected feasible regions with
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multiple local optima

« The aim of Global Optimization s
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IS to find the best solution of all \',',l,l,l,'..::::‘,:,?g.:‘:#'.,

local optima



Examples for GO Applications

« Chemotherapy and radiotherapy design

« Chemical data and process analysis
 Differential equations

* Engineering design

« Environmental engineering

« Financial model development

« Laser design

« Packing and loading configuration design
 Staff scheduling

« Vehicle routing and scheduling



Algebralc Modellng Language and GO

AML perfect platform to promote GO
— Experience with (local) nonlinear optimization
— Established Quality Assurance

— Separation of problem formulation and solution
technology

— Model in mathematical algebra

— In many cases GO solver require other solvers for sub
problems
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GAMS Global Solvers

« BARON Branch-and-Reduce Optimization
Navigator for proven global solutions
by The Optimization Firm, USA

 LGO Lipschitz Global Optimizer by Pinter
Consulting Services, Canada
« OQNLP OptQuest/NLP Multi-start Solver by

OptTek Systems/Optimal Methods, USA
« LINDOGIobal MINLP solver for proven global
solutions by LINDO Systems, USA

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



LGO (NLP)

* Integrates several global search algorithms
— Partition and sampling (branch-and-bound)
— Adaptive global random search, enhanced with
a statistical bound estimation technique
— Random local search/Multi-start

« Stochastic convergence to global optimum
— Assumes only Lipschitz-continuity of objective
— Black box models (external equations)
— No requirement for other sub solvers

11



OQNLP (MINLP) / MSNLP (NLP)

« Automates starting point selection
— Starts local solvers from a set of starting points chosen
by the Scatter Search software OptQuest and other
point generators
— Distance and merit filter limit the number of NLP calls
— Works with any GAMS NLP solver

* Problem size similar to problem size limitation of local NLP
solvers

« Scatter Search ensures stochastic convergence towards
the global optimum

12
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BARON and LINDOGIobal (MINLP

 Algorithm
— Branch-and-bound plus range reduction
— Under-estimators for objective and constraints
— require knowledge of algebra
« Deterministic global solution/bounds
— Relative/absolute gap similar to MIP

« Differences BARON/LINDOGIobal
— BARON:

« Can returns the k best solutions
« Multiple LP/NLP solvers to solve sub problems

— LINDOGlobal

« Handles models with trigonometric functions (sin, cos, ...)
13 » Handles some non-smooth functions directly (abs, min, ...)
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LP vs. Global, Then vs. Now
P | Global

Simple certificate of optimality Solutions: deterministic bounds,
stochastic bounds,
optimality gap

Established solvers, Emerging technology,
1-2 releases/year cutting edge research,
frequent software updates
Links all look quite similar Libraries,
“captive” links,
variety of requirements
Then: Now:
users were specialists, users may be domain experts with
expert in modeling and solving little solver knowledge

Good motivation for increased performance testing (PT)
and quality assurance (QA)



* QA is not glamorous — where’s the novelty & publications?
— Make the tools used public - “open-source” them
— Make it a group project with high priority
 PT & QA are time-consuming
— Create standard libraries of test problems, categorized
for convenient access
— Automate the creation of test scripts, the collection of
data, and the creation and display of statistics
« Results can be subjective, misleading, wrong, or useless
— Test libraries, automation, and validation reduce
subjective element and make results reproducible,
hence believable
— Automate the creation and display of useful statistics



GAMS World

The Worlds
GLOBAL
MINLP
MPEC
MPSGE
Performance
Translation

Search

Contact
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GAMS World

Welcome to the GAMS World

Thiz 15 the home page of the GATS World, a web site atming to bridge the gap between acadermia and mdustry by providing ughly
focused forums and dissemination services in specialized areas of mathematical programuming,

Substantial progress was made in the 19808 and 1990z with the development of algebra based modeling systems, algonthms, and
computer codes to solve large and complex mathematical programs. The application of these tools, however, was less than
expected. The abstraction, expression, and translation of real world problems mto reliable and effective operational systems requires
highly specialized and domains specific knowledge. The process of acquistion and dissemination of this knowledge iz complex and
pootly understood and the number of "good modelers” 1z much less than we all hoped for. Zimilarly, the process of transforming a
new algonthm mto a reliable and effective solution system 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 domain specific
information and knowledge that 1s outside the established channels because of s content or form.

For example, model structures and results get published in commercial and academic papers but it is virtually impozsible to
reproduce any of those results or ift model components and data from one study to be used i some other study, Algorithm
inplementers face a similar didemma when trang to get thew hands on real world data models and data to test and refine thewr
syatems. This web site offers a few, well focuzed and mamntained services to help with the dissemination of problems and solutions.

GAMS World 15 featured by GAWE Development Corp. and GAMSE Software GmbH




PAVER

« Performance Analysis and
Visualization for Effortless ﬁa%PAVER

Reproducibility

* Online server to facilitate performance testlng and
analysis/visualization

* Results sent via e-mail in HTML format
— System independent

www.gamsworld.org/performance/paver

18



Open Testing Architecture

Translate:
GAMS/Convert \W eb
/
GAMS
Models
Web

e

II. Data III. Analysis &
I. Models Collection Visualizgtion
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Benchmarking pitfalls

« Solvers may contain bugs — really!
— Wrong solution returned
— Wrong objective returned
— False claims of feasibility/optimality

« Solvers will use different termination checks/tolerances
— Difficult to compare “quality” of solutions
— Common standard of comparison is lacking

 PAVER does not check validity of input data
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GAMSExaminer

Purpose: to make an unbiased, independent report on the
merit of points

Points may come from GAMS or a solver

— GAMS passes the previous solution as initial iterate

— Solvers pass solutions back to GAMS

Useful during solver debugging — helps pinpoint problems
— Most checks are obvious

Does checks on the scaled and unscaled (original) model
All solution tolerances can be adjusted, default is tight
Different points can be checked

Examiner only reports, it doesn't fix
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GAMSBench

« Tool to help facilitate benchmarking of GAMS solvers

Compares resource usage of solvers selected by the user

Creates problem matrix once and spawns it to all solvers

Can create trace files used by PAVER

Can call GAMS/Examiner for every tested solver

Comes free with every GAMS system (depends on
licensed solvers)
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GAMS/Bench Output

IPrimal constraints satisfied (tol = le-006) I

S lan, MINLE, LINDOGLOELL, COMOPT, CPLEX, 39231.1558,0,5,9,4,24,3,NA4,1,1,2.92500000000001, 2.925,0.078,167,0, 1, #

fbatch, MINLP, LINDOGLOBAL, CONOPT, CPLEX, 39231.158,0, 74, 47,24, 191,22, N4, 1,1, 285506. 510639964, 255506, 510639948, 22 . 628, 1268068,0,26, #
batchdes, MINLE, LINDOSLOEAL, COMOPT, CPLEX, 39231.158,0,20,20,9, 53, 10,MA,1,1,167427. 6571147, 167427.6571147,0.234, 1180,0, 4, #

pbeuster, MINLP, LINDOGLOBAL, COMOPT, CPLEX, 39231.158,0, 115, 155,52, 398, 159, N4, 8,3, 126002 . 432361333, 13002 . 3195417608, 601, 2904299,0, 376, #

i

ontvar, MINLF, LINDOGLOEAL, COMOPT, CPLEX, 39231.165,0, 285,297,587, 1251, 530, N4, 5,5,515303 . 696565357, 392054 . 341377606, 602 . 187, 675054, 0,3,
~schedl, MINLP, LINDOGLOBAL, COMOPT, CPLEX, 39251.172,0,23, 77,63, 174,68, M4, 1,1, -30639.2576450033, -30639. 2575557346, 26,922, 114747,0, 145, #
Heb10, MINLP, LINDOGLOBAL, CONOPT, CPLEX, 39231.173,0, 130, 183,11, 692,432 ,N4,1,1,209. 4275811754669, 209, 427511754669, 154,375, 26218665, 0, 1,
Hosewinzd, MINLP, LINDOGLOBAL, CONOPT, CPLEX, 392531.175,0,119, 166,32, 4379, 4080, M4, 14, 6, A, NA, NA, ML, ML, ML, #

Hu-opt5, MINLP, LINDOGLOBAL, COMOPT, CPLEX, 39231.175,0,10,21,12, 47,20, M4, 1,1, 8. 0736575822132, 6. 073 65756822132, 61.296, 5046, 0,1,

—“Hu-opt, HINLP, LINDOGLOELL, COMOPT, CPLEY, 39231.175,0,10,21,13,47,20,M4,1,1,3.55634005755145, 3. 55634005755145, 110. 656, 9075,0, 1, #

g all s, MINLP, LINDOGLOBAL, CONOPT, CPLEX,39231.177,0,28,8,7,220,196,N4, 13,3, N4, N4, 601.032,0,0,0, #
=g disc s, MINLF, LINDOGLOBAL, CONOPT, CPLEX, 35231.184,0,25,5,4,220,1596,N4,13,3, N4, NA, 601.031,0,0,0, #
=g discz s, MINLP, LINDOGLOBAL, CONOPT, CPLEX,39231.19,0,28,8,3,220,196,N4, 13,3, N4, N4, 603.313,0,0,0, #

o int s, MINLF, LINDOGLOEAL, CONOFT, CFLEX, 39231.197,0,28,8,3,220, 196, N4, 13,3, N4, NL, 601.875,0,0,0, #

“lelf, MINLF, LINDOGLOEAL, CONOPT, CPLEX, 39231.204,0,39, 55,24, 1758,30,M4,1,1,0.191666664656662, 0. 191666665776661, 49,422, 172820, 0,54, #
“Eniplac, MINLE, LINDOGLOEBLL, CONOPT, CPLEX, 39231.205,0,190, 142, 24,511, 48, MA, 5,3, -151506.374611992, - 1685871 .02357547, 601, 6313523, 0, 7, #
*lenpro4s, MINLP, LINDOGLOBAL, COMOPT, CPLEX,39231.212,0,215, 154,92, 742 ,29,N4,1,1,187277.259422014, 1872 77. 259422014, 52.935,244931,0, 1, #
“Enpro56, MINLE, LINDOGLOBLL, CONOPT, CPLEX, 39231.215,0,192, 125,73, 651,24,MA, 5,3, 322067.353696514,263140.551531923, 601, 35109586,0, 74, #

x1221, MINLP, LINDOGLOBAL, CONOPT, CPLEX, 39231.22,0,6,6,3,17,2,N4,1,1,7.66718006851527, 7. 667180068561313,0.031, 35,0, 1, #

=x1222, MINLFP, LINDOGLOEAL, COMNOPT, CPLEX, 39231.22,0,4,4,1,9,2,N4,1,1,1.07654308333225, 1. 07654305333225,0.016,534,0,1, #

x1223, MINLP, LINDOGLOEAL, COMOPT, CPLEX, 39231.22,0, 14, 12,4, 40,17,M4,1,1,4. 57955240243 66, 4. 579552 40243657,0.578, 1953,0,2, #

=122 35, HINLP, LINDOGLOBAL, COMOPT, CPLEX, 39251.22,0,10,58,4,32,9,M4, 1,1, 4. 579558240243672 , 4. 5795524024367, 0.031,157,0,2, #

x1223b, MINLP, LINDOGLOBAL, COMOPT, CPLEX, 39231.22,0,10,8,4,32,17,M4,1,1,4. 57955240243 672, 4. 5795824023 7498, 0. 125, 711,0, 2, #

=122 4, MINLP, LINDOGLOEAL, COMNOPT, CPLEX, 39231.22,0,58,12,58,31,6,N4,1,1,-0.943470500622755, -0.943470500522735,0.559,3410,0, 3,
1225, MINLP, LINDOGLOBEAL, COMOPT, CPLEX, 39231.22,0,11,9,6,27,2,N4,1,1,31,31,0.141,279,0,1,

=x1226, MINLP, LINDOGLOEAL, COMNOPT, CPLEX, 39231.22,0,6,6,5,15,2,M4,1,1,-17,-17,0.031,591,0,2,

1233, MINLP, LINDOGLOBEAL, COMOPT, CPLEX, 39231.22,0, 65, 53,12,221,28,M4,1,1, 155010, 671278216, 155010. 671278216, 61.297, 255059, 0, 100, #
1243, MINLP, LINDOGLOEAL, COMOPT, CPLEX, 39231.22,0,97, 69,16,329,36,M4,1,1, 53402 . 5064102569, 53402 . 506410257, 32 .591, 131465,0,9,
1244, MINLP, LINDOGLOBAL, COMOPT, CPLEX, 39231.221,0,130,96,23, 469,52, N4, 1, 1, 52042 . 9052197479, 52042 . 9052197471, 301.61, 710319, 0, 85, #
=x1252 , MINLP, LINDOGLOEAL, COMOPT, CPLEX, 39231.224,0, 44,40, 15,115, 36,M4,1, 1, 1256593 . 741013226, 125595 . 741010754, 17.513, 194740,0, 325, #
Ex1252a, MINLP, LINDOGLOBAL, COMOPT, CPLEX, 39231.224,0,35,25,9,94, 36,4, 1,1, 1265893 . 741013318, 1258693 . 741013318, 117.5,531460,0, 676, #
=112 63, MINLP, LINDOGLOEAL, COMNOPT, CPLEX, 39231.226,0, 56,93, 72,241,32,M4,1,1,19.6,159.6,31.422,321060,0, 110, #

Ex 12 63a, MINLP, LINDOGLOBAL, COMOPT, CPLEX, 39231.226,0,36,25,24,153,32,M4,1,1,19.6,19.6,6.935, 76749,0, 1, #

=112 64, MINLF, LINDOGLOEAL, COMNOPT, CPLEX, 39231.226,0, 56,589, 65,237,32,M4,1, 1, 5. 60000000000002,5.6,95.575,292976,0,31, #

112 64a, MINLP, LINDOGLOBAL, COMOPT, CPLEX, 39231.227,0,36,25,24,153,32,M4, 1, 1, 5. 60000000000002 , . 6,1, 4035,0,1,

=== Job =2x1 « IAITE SLop o aUs sy Uy aa I elapsed U U0 UL s ol
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PAVER: LINDOGIobal vs. BARON

Perfornance Profile

Percent Of Hodels Solwved

78 r

63
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95
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43

48
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38

-O'p"[inﬁallit'y tolerance

LP Library

*Time limit: 600 sec per model

0

*BARON can solve 17
optimality, found a fe
solution for additiona

-LINDOGlobal solved|
to-optimality, found a
solution for 60 more

LINDOGLOBAL —+— 7

5 models to
asible
| 40 model

131 models
feasible
models

ptimal and 53

-Both togeshdii 41 of

1 T - feasible models 1608

Tine Factor
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-2 Solver Square Comparison - All Models - Microsoft Internet Explorer

Filz  Edit Wiew Faworites Tools  Help a
Q Back ~ (L J \ﬂ @ :_\J f.'_\} Search ‘:‘::( Favorites w Media f‘\t & - Lﬂ___f,_ - _.]' j‘%
Address !@ Crigamsprojectstinforms 2002 minlp 100 nonameiresulksiminip 100 _dic_conz_cplex.tre_minlpl 00_minlp.tre_sqr.htm V| Go Links **
Solvers used : Solver A ~
Sfolver B
Modeltype(s) MINLP

Result Totals in Percent:

Solver % models optimal % models feasible | % models infeasible % models unbounded % models fail
Solver A - 71.72 1.01 - 27.27

SolverB - 87.88 .08 = 4.04

Result Totals in Number of NModels:

optimal feasible infeasible unbounded rail total Solver A
optimal = = - - - -
feasible - 67 2 - 2 71
infeasible - 1 - - - 1
unbounded - - - - - -
fail - 19 L] - 2 27
total Solver B - 87 8 = 4 99

25 v
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Favorites  Tools  Help l':'

OBack - \_‘;J Iil] |El] ;‘] j'_\J'Search ‘E'TE‘Favnrites @Media Q-f‘! 4 - H,;

Address @ CiigamsprojectsiinformsZ002yminlpl 00 nonamelresultsiminlp100_dic_conZ _cplex.tre_minlp 1 00_rminlp. tre_sqr. htm

2N Solver, Square Comparison - All Models - Microsoft Internet Explorer
File  Edit  Wiew

Solver Resource Times

= Models for each solver pair outcome. Listed are the solver resource times in seconds, as well as the ratio of
resource times for the two solvers if both solved optimally.

= Also listed are the objective values using both solvers. The better solution found is listed in boldface. A solution
is considered better, if the relative objective function difference is greater than 1.00E-05.

« Solver resource time ratios for a particular model are listed only if one solver has resource greater than 5.00E-
02.

Solver A: feas -- Solver B: Tfeas Back to top

Modelname | Solver A Solver B | Ratio (Solver A/Solver B) Obj (Solver A) Obj (Solver B)
alan D.0973 0.0100 9.730 3.60000000 2.92500000
batch 0.2478 0.5100 0.486 285506.50824405 285506.50000000
batchdes= 0.1094 0.0400 2.735 167427 .865711470 17427 .70000000
du-opt 1.9718 0.5z200 3.792 31.02527833 3.55634000
du-opth 2.0975 1.7000 1.234 40.77273140 8.07365800
eg_all = 28.3584 19.7400 1.437 11.239466580 7.92018200
eg disc2 s 63.1667 5.3400 11.829 6. 92006923 5.64210100
eq_disc = 88.8061 9.3800 9.468 10. 42127936 5.76054000
eg_int = 106. 35869 7.7900 13. 657 7.88724302 7.46308000
elf 0.0573 15.3200 0.004 1.67500000 0.192166670
exlzzl 0.0270 0.0000 - 7.66718007 7.66718000
26 exl222 0.0629| 99999.0000 0.000 1.07654308 1.07654300 [s
fEI j My Compuker
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PAVER: Solver Resource Time

<l Resource Time Comparison - All Models - Microsoft Internet Explorer [Z|@|E|
F-

Fil=  Edit Wiew Favaorites Tools  Help i

GBack M D | lﬂ |EL| _;\] j'-'-\: Search ‘:‘}'1‘( Farvarites @Media {‘? <] ~ H,‘;’_ % & _J “f';

address |@ Cgamsprojectsiinforms2002yminlp 1 00ynonamelresultsiminlp 1 00_dic _conZz _cplex.trc_minlp100_minlp. trc_resB.hktm Vl Go Links **
Solvers used : Soclver A ~
Zolver B
Modeltype(s) MINLP
Total Obj Solver A Obj Obj Solver B
better same better
Solver Solver Ainfinitely P 4
faster : . -
Solver Solver A much faster : 13 1 4 g
Solver Solver A faster : 1 - 1 &
Solvers perform the same : 10 - 7 3
Solver Solver B faster : a1l - 23 a
Solver Solver B much faster : 12 - 4 k]
Solver Solver B infinitely
20 - - 20
faster : e
Both solvers failed to solve . 5
optimally : N -
Total models: : 99 5 17 47

27 I@ :J My Computer
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PAVER: Resource Time (cont.)

2 Resource Time Comparison - All Models - Microsoft Internet Explorer, E|[E|E|
-

File Edit Wiew Fawvoribkes Tools  Help h

GBack M - | \ﬂ |§| _;“] j::'Search ‘g?:(Favorites 'er'Media ‘E\{ <] - L,__'_ B _J “}"}

Address @ Cihgamsprojectsiinfarms 2002y minlp100ynonamelresultsiminlp L00_dic_conZ_cplex. tre_minlp100_minlp tre_resE.htm bt | Go Links **
~

Back to top

Solver Solver A much faster - Ohj of Solver A better:

Modelname | Solver A SolverB Ratio (Solver A [ Solver B) Obj Solver A Obj Solver B
synheat 0.z2878 Z.0s00 0.140 1.54997335E+05 1.60435500E+05

Back to top

Back to top

Solver Solver A much faster - Ohj same for both solvers:

Modelname | Solver A Solver B| Ratio (Solver A/ Solver B) Obj Solver A Obj Solver B
batch 0.2478 0.5100 0.486| 2.B85506508E+05| 2Z.B85506500E+05
ex1222 0.0629| 999922, 0000 0.000| 1.07654308E+00| 1.07654300E+00
x4 1.1326 3.8400 0.295| -8.06413616E+00| -8.06413600E+00
util 0.6693 14.2400 0.047| 9.99578750E+02| 9.99578800E+02

Back to top

£

28 I@j ¢ My Computer
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' Something completely different

The GAMS Beta Distribution 22.8 is available for download

http://beta.gams-software.com

New Solver Libraries, e.g.
- CPLEX 11.1
- Coin-OR Solvers
Experimental Solvers offering in-core communication
Two new Model Libraries
New utilities (gdx2xls, invert, xIstalk)
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: Contacting GAMS

Europe

GAMS Software GmbH
Eupener Str. 135-137
50933 Cologne
Germany

Phone: +49 221 949 9170
Fax: +49 221 949 9171
http://www.gams.de

info@g@gams.de
support@gams-software.com

USA

GAMS Development Corp.
1217 Potomac Street, NW
Washington, DC 20007
USA

Phone: +1 202 342 0180
Fax: +1202 342 0181
http://www.gams.com

sales@gams.com
support@gams.com




