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Models and Their Roles  

Or 

 
“A Model is a Model is a Model* 

 

* Freely adapted from the poetry of Gertrude Stein, 1874-1946, American writer 
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MPS Output 
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What’s that? 

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

 

• 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 

Simplified model building 

Efficient solution process 

Increased productivity 
 

 

 

         

 

 

 

 

 

 

Algebraic Modeling Languages 
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http://en.wikipedia.org/wiki/Algebraic_modeling_language
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General Algebraic Modeling System 

• Roots: World Bank, 1976 

• Went commercial in 1987 

• GAMS Development Corporation (Washington, Houston) 

• GAMS Software GmbH (Cologne, Braunschweig) 

• Broad academic & commercial user community and network 
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• Balanced mix of 

declarative and procedural 

elements 

 

• Platform independence 

 

• Hassle-free switch of 

solution methods 

 

• Open architecture and 

interfaces to other 

systems 

 

• Independent Layers 

 

 

GAMS at a Glance 
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• Declarative: Model 

Algebra 
• Procedural: Programming 

Flow Control Features 

• Loop, For, While, 
Repeat 

• If, else, else… 

• Macros  

• Access to external 
programs/libraries 

• … 
 



• Balanced mix of 

declarative and procedural 

elements 

 

• Platform independence 

 

• Hassle-free switch of 

solution methods 

 

• Open architecture and 
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systems 

 

• Independent Layers 

 

 

GAMS at a Glance 
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30+ Integrated Solvers 
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elements 

 

• Platform independence 
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solution methods 
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systems 
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• ASCII 

 

• Gams Data eXchange (Binary) 

• MS Excel, MS Access 

• Databases 

• Matlab, R, …. 

 

• API’s 

 

• Component Libraries 

 

• .NET Integration (Alpha) 

 

 

• Balanced mix of 

declarative and procedural 

elements 

 

• Platform independence 

 

• Hassle-free switch of 

solution methods 

 

• Open architecture and 

interfaces to other 

systems 

 

• Independent Layers 

 

GAMS at a Glance 
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Interface Data Model Solver 

GAMS at a Glance 

Independence of 
• Model and data 

• Model and solution methods (solver)  

• Model and operating system  

• Model and user interface 

 

 

 

 

Models benefit from 
• Advancing hardware 

• Enhanced / new solver technology 

• Improved / upcoming interfaces to other systems 
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What is GAMS 

What is a GAMS model 

Roles of a Model  

Market Demands and Challenges 



A Simple Example: Transportation Model 
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A Simple Example: Algebra 
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Minimize Transportation cost 

subject to Demand satisfaction at markets 

  Supply constraints 



A Simple Example: Declarative Model 
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A Simple Example: Model Data 
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A Simple Example: Results 
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A Simple Example: Modifications 
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A Simple Example: Minimum Shipment 

• Extension: Minimum Shipment 

– Ship at least 100 units or don’t ship 

 

• Continuous variable x(i,j) 

• Binary variable ship(i,j) 

 

• Coupling constraints: 

– if ship = 1  x > 100: x > 100 * ship 

– If ship = 0  x = 0: x < bigM * ship 
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A Simple Example: Min/Max Shipments 
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Parameter rep1(i,j,*)    Shipments between plants and markets 

          rep2(*)        Objective value; 

rep1(i,j,'lp') = x.l(i,j); 

rep2('lp')     = z.l; 

 

scalars xmin / 100 / 

        xmax / 325 /; 

binary variables ship(i,j)    decision variable to ship 

equations        minship(i,j) minimum shipments 

                 maxship(i,j) maximum shipments ; 

 

minship(i,j).. x(i,j) =g=   xmin*ship(i,j); 

maxship(i,j).. x(i,j) =l=   xmax*ship(i,j); 

 

model m2 min shipments / all /; 

solve m2 using mip minimizing z; 

rep1(i,j,'mip') = x.l(i,j); 

rep2('mip')     = z.l; 

 

option mip=coincbc 

solve m2 using mip minimizing z; 

rep1(i,j,'mip-coincbc') = x.l(i,j); 

rep2('mip-coincbc')     = z.l; 

display rep1,rep2; 



A Simple Example: Economy of Scales 
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Cost = Volumebeta 



A Simple Example: Nonlinear Costs (NLP) 
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* nonlinear cost 

equation nlcost nonlinear cost function; 

scalar beta; 

 

nlcost.. z =e= sum((i,j), c(i,j)*x(i,j)**beta); 

 

model m3 / transport -cost +nlcost /; 

 

beta = 1.5; 

solve m3 using nlp minimizing z; 

rep1(i,j,'nlp-convex') = x.l(i,j); 

rep2('nlp-convex')     = z.l; 

 

beta = 0.6; 

solve m3 using nlp minimizing z; 

rep1(i,j,'nlp-concave') = x.l(i,j); 

rep2('nlp-concave')     = z.l; 

 

option nlp=baron; 

solve m3 using nlp minimizing z; 

rep1(i,j,'nlp-baron') = x.l(i,j); 

rep2('nlp-baron')      = z.l; 

 

display rep1,rep2; 



A Simple Example: MIP and Nonlinear 
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* min/max and nonlinear objective 

 

model m4 / m3  +minship +maxship/; 

 

option minlp=baron; 

solve m4 using minlp minimizing z; 

rep1(i,j,'minlp-bar') = x.l(i,j); 

rep2('minlp-bar')     = z.l; 

 

option minlp=lindoglobal; 

solve m4 using minlp minimizing z; 

rep1(i,j,'minlp-lin') = x.l(i,j); 

rep2('minlp-lin')     = z.l; 

 

display rep1,rep2; 
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What is a Model? 

• List of equations  
– Mathematical Programming (MP) model 

 
• Collection of several intertwined (MP) models 

– Data preparation and calibration 
– “Solution” module 
– Reporting module 
 

 Categorization of models by answering: Who is  
     the user of a model? 
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Academic Researcher 

• Most of model source is algebra 
 

• Declarative modeling 
 

• Performance of the solver is important 
 

• Set of (benchmark) problem instances 
 

• Taste (Syntax, development environment, solver,…) 
 

• Data in most cases less important 
 

• No maintenance issues 
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Consultants 
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• Model is tool for problem analysis 

 

• Only a small fraction of model source is (equation) 
algebra 

 

• User: Domain & modeling expert (not necessary the 
same person) 

 

• Living model (changes with the problem), lifecycle: 
at least 10 years 

 

• Technology change (platform, solver, …) 



End-User (Black Box Models) 
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• Innocent user 

• Bulletproof optimization application 

• No failures ( e.g. no infeasible models) 

• Model embedded in larger systems 

• Optimization  

• takes longer than one is willing to wait 

• will eventually fail 

• Application  

• Real time 

• Always needs a solution 



Communication Vehicle 

• Defining scope of a (part of a) project/model 
 

• IT, analysts, managers, model builders have 
different views 
 

• Misunderstandings common with verbal 
descriptions 
 

• Use a model to define the scope 
 

• Requirements for such a model 
– Rapid prototyping  
– Standard I/O interface (Excel) 
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Analytic Framework 

• Optimization models do not allow for any type of 
vagueness 
– Input data requirements 
– Objectives and constraints 
– Results 

 
• Misunderstandings result in failure of the model 

– Compilation/execution errors 
– Infeasible/unbounded MP models 

 
• Model as a contract 
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Model as a Contract  

• Good models do not rely on contract (input data) 
 

• Input Module (handles bad data) 
– Simple error checks 
– Analyzing and reporting complex data problems 
 

• Good models (modeling systems) provide 
access to results via independent result 
analyzers for non model experts 
 

• Analytic framework helps to define  
a result metric 
– e.g. violations of soft constraints 
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Cost Saver 

• Most convincing and obvious reason for using an 
optimization model 
 

• Science of better (INFORMS) 
 

• Often exaggerated/difficult to estimate 
 

• More reasons: 
– Institutionalize personal knowledge 
– Scientific foundation (economic models) 
– Get “fair” results (usually fails) 
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Model Roles over Time 

Communication 

Vehicle 

Analytic 

Framework 

Cost 

Saver 

Lifecycle: 

+15 Years 

Time 
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CAPRI 
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HABITAT 
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Scheduling and Planning at BASF 
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Cutting Stock Optimization at GSE 
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DemandTec  

41 
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Market Demands 

 

• Minimize risks for (new) clients / management 

 

• Provide cutting edge technology 

 

• Protect user investments 
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Minimize Risks 

 

• Support rapid prototyping 

  

• Increase productivity  

 

• Deliver (expected) results 

 

• Do not lock users into a certain environment 
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• Industry: Reliable, high performance system for developing 
and deploying optimization applications 

 

• Academia (research tool): 

• New modeling paradigms (e.g. SDP, bilevel, SP,…) 

• Emerging solution technology (e.g. MPEC) 

• New computing environments 

Provide cutting edge technology  
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 GAMS serves both worlds (synergy): 

• Large user base in industry and academia 

• Dissemination of research ideas 

• Challenging/relevant problems from industry 
 

 

Bridging the Gap 
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30% of revenue invested in research and 
product development 



• Life time of a model: 15+ years: 

• New maintainer, platform, solver, user interface 

• Protection of investment in a model 

 

• Blessing for the user (mostly) – curse for developers 

• Old concepts in new situations 

• Example: GAMS listing file 

• Language additions have to be supported in the future 

• GAMS is conservative when it comes to syntax 
additions 

 

• Danger of becoming a barrier for innovation 

 

Protect User Investments 
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Quality Test Models Library 

• Include tests to verify proper behavior of the system 

 

• More than 550 quality test models (included in the 
distribution), each containing numerous pass/fail tests 

 

• Continuous quality improvement using automated and 
reproducible tests (> 20.000 solves for each platform) 

 

• Automatic generated test summaries with different levels of 
information 

Quality Assurance at GAMS  
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Quality Assurance at GAMS  
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Client Model Testing 

• Requires changes to the model of the clients to allow 

automated pass/failure tests 

 

• Includes: 
– Ability to solve (= no bugs) 

– Returns the same solution back 

– Similar or better performance 

 

• Gives clients assurance that their application will also 

work with new GAMS releases 

 

• Improves communication between development team 

and clients (specific wishes) 
50 



Then … 
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GAMS Users Guide (1988) 



 

 

 

 

 

 

 

 

 

 
 

 

 

 

* MIP 1988 solver ZOOM, 2008 solver  CPLEX 

… and now  

Type s in 1988 s in 2008 Improvement 

Factor 

camcge NLP 468 0.031 15097 

dinamico LP 1986 0.125 15888 

egypt* MIP 1758 0.015 117200 

fertd* MIP 2382 0.062 38419 

ganges NLP 546 0.109 5009 

sarf LP 9210 0.139 66259 

yemcem* MIP 510 0.140 3643 
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Change in Focus: Past  
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Computation  

 

 Users left out 

 

Model 

 

 Users involved 

 

Application 

 
Users hardly  

aware of model 

 



Change in Focus: Now 
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Change in Focus: Future 
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Computation  

 

 Users left out 

 

Model 

 

 Users involved 

 

 

Application 

 

Users hardly  
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Summary 
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What is GAMS 

• Algebraic Modeling Language 

• Balanced mix of declarative and procedural elements 

• Platform and solver independence 

• Open architecture and independent layers 

 

Role of a Model  

• Communication Vehicle 

• Analytic Framework  

• Cost Saver 

 

Market Demands: 

• Minimize Risks 

• Provide cutting edge technology  

• Protect user investments 



Thank You ! 

USA 

 

GAMS Development Corp.   

1217 Potomac Street, NW 

Washington, DC 20007 

USA  

 

Phone: +1 202 342 0180  

Fax:      +1 202 342 0181 

 

http://www.gams.com 

sales@gams.com 

support@gams.com 

Europe 

 

GAMS Software GmbH 

Eupener Str. 135-137 

50933 Cologne 

Germany 

 

Phone: +49 221 949 9170 

Fax:      +49 221 949 9171 

 

http://www.gams.com 

info@gams.de 

support@gams.com 
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