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• What is GAMS? 

• What is special? 

• What is new? 
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What is GAMS?  

GAMS at a Glance 

A simple Example 

Applications 



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 

 

 

 

         

 

 

 

 

 

 

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


Core Elements: 

 

• A modeling language interpreter 

 

• Solver links 

 

• User interfaces  

 

• Data exchange facilities 

 

 

 

         

 

 

 

 

 

 

Algebraic Modeling Languages 
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GAMS Development at a Glance 

• Roots: World Bank, 1976 

 

• Went commercial in 1987 

 

• GAMS Development Corp. (US) 

• GAMS Software GmbH (Europe) 

 

Technical tool provider (Software) 

 

• Broad academic & commercial 

user community and network 

• GAMS is used in more than 

120 countries 

• Half of licenses commercially 

used 
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Broad Network 
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 Downloads (March 2012) 

Total: 495 GB ~ 5,500 monthly downloads 8 



 

General Algebraic Modeling System 
  

Timeline at:  

9 

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

… 
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What is GAMS?  

GAMS at a Glance 

A simple Example 

Applications 



Fundamentals: 

 

• Balanced mix of declarative and procedural elements 

 

• Platform independence 

 

• Hassle-free switch of solution methods and solvers 

 

• Open architecture and interfaces to other systems 

 

• Independent layers 

GAMS at a Glance 
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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 elements 

 Parameters 

 Variables 

 Equations 

 Models 

  … 

 

combined with procedural 
elements 

 Loops 

 If-then-else 

 Macros 

 User defined functions 

 … 



• 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 

10+ Supported Platforms 

 

AXU 
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28+ Integrated Solvers 

 

XA 
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GAMS at a Glance 
• Balanced mix of 

declarative and procedural 

elements 

 

• Platform independence 

 

• Hassle-free switch of 

solution methods 

 

• Open architecture and 

interfaces to other 

systems 

 

• Independent Layers 

 

 

 

LINDO 

GLOMIQO 

JAMS 

SCIP 
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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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GAMS IDE 

• Project management 

• Editor / Syntax coloring / Spell checking 

• Launching and monitoring of (multiple) GAMS processes 

• Listing file / Tree view / Syntax-error navigation 

• Solver selection / Option selection 

• GDX viewer 

– Data cube 

– Data export (e.g. to MS Excel) 

– Charting facilities 

• Model libraries 

• Documentation 

 

 

GAMS at a Glance: Development Environm. 
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• GAMS Model Library  
– Example and user-contributed  

 models 

– Very often used as templates 

 

• GAMS Test Library 
– Transparent and reproducible quality assurance tests 

 

• Practical Financial Optimization Models 
– Models of the book ““PRACTICAL FINANCIAL  

OPTIMIZATION – A Library of GAMS Models”  

by Consiglio, Nielsen and Zenios 

 

 

GAMS at a Glance: Model Libraries 
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• Complement GAMS system: 

– Tom Rutherford: Some GAMS Programming Utilities 

(productivity tools, advanced data exchange with 

Excel and Gnuplot: http://mpsge.org/inclib/tools.htm 

– Bruce Mc Carl: GAMSCHK, data exchange tools 
 http://agecon2.tamu.edu/people/faculty/mccarl-bruce/GAMS.htm 

– Erwin Kalvelagen: Statistics, GAMS/LS (a linear 

regression solver) 
http://amsterdamoptimization.com/statistics.html  

– Wietse Dol: Gtree, GAMS-R link: 
http://www3.lei.wur.nl/gamstools/   

 

• Details and more sources: http://interfaces.gams.com 

User Contributed Tools and Extensions 

19 

http://mpsge.org/inclib/tools.htm
http://mpsge.org/inclib/tools.htm
http://mpsge.org/inclib/tools.htm
http://agecon2.tamu.edu/people/faculty/mccarl-bruce/GAMS.htm
http://agecon2.tamu.edu/people/faculty/mccarl-bruce/GAMS.htm
http://agecon2.tamu.edu/people/faculty/mccarl-bruce/GAMS.htm
http://amsterdamoptimization.com/statistics.html
http://agecon2.tamu.edu/people/faculty/mccarl-bruce/GAMS.htm
http://agecon2.tamu.edu/people/faculty/mccarl-bruce/GAMS.htm
http://agecon2.tamu.edu/people/faculty/mccarl-bruce/GAMS.htm
http://interfaces.gams.com/
http://interfaces.gams.com/
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What is GAMS?  

GAMS at a Glance 

A simple Example 

Applications 



Minimize transportation cost    
subject to supply & demand constraints 

A Simple Example: Transportation Model 

21 
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A Simple Example: Algebra 
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A Simple Example: Declarative Model 
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A Simple Example: Model Data 
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A Simple Example: Complete Model 
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A Simple Example: Results 
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A Simple Example: Modifications 
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LP 

MIP 

NLP 

MINLP 



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 

29 

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 

30 

0

5

10

15

20

25

30

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Volume

C
o

s
t Series1

Series2

Series3

Beta >1 

 

 

 

Beta =1 

 

Beta <1 

 

 

 

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 

32 

* 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 GAMS?  

GAMS at a Glance 

A simple Example 

Applications 



Typical Application Areas 

• Agricultural Economics 

• Chemical Engineering 

• Econometrics 

• Environmental Economics 

• Finance 

• International Trade 

• Macro Economics 

• Management Science/OR 

• Micro Economics 

• Applied General Equilibrium 

• Economic Development 

• Energy 

• Engineering 

• Forestry 

• Logistics 

• Military 

• Mathematics 

• Physics 

       Illustrative examples in the GAMS Model Library 
34 



Agriculture  

35 http://www.gams.com/presentations/index.htm#Ads 

http://www.gams.com/presentations/index.htm


Agriculture 

36 http://www.gams.com/presentations/index.htm#Ads 

http://www.gams.com/presentations/index.htm


Energy 

37 http://www.gams.com/presentations/index.htm#Ads 

http://www.gams.com/presentations/index.htm


Cutting Stock Optimization 

38 http://www.gams.com/presentations/index.htm#Ads 

http://www.gams.com/presentations/index.htm


Biology 

39 http://www.gams.com/presentations/index.htm#Ads 

http://www.gams.com/presentations/index.htm


Climate Change   

http://www.gams.com/presentations/index.htm#Ads 

http://www.gams.com/presentations/index.htm


Process Industry 

http://www.gams.com/presentations/index.htm#Ads 

http://www.gams.com/presentations/index.htm


Grid Computing 

42 http://www.gams.com/presentations/index.htm#Ads 

http://www.gams.com/presentations/index.htm


Scheduling 

43 http://www.gams.com/presentations/index.htm#Ads 

http://www.gams.com/presentations/index.htm
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• What is GAMS? 

• What is special? 

• What is new? 



Quality Assurance at GAMS 

Then and Now 

Agenda 
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What is special? 



Then … 

46 

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 

47 



Change in Focus 

Computation  

Past 

 Users left out 

 

Model 

Now 

 Users involved 

 

Application 

Future 
Users hardly  

aware of model 
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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  

51 



 

 GAMS serves both worlds (synergy): 

• Large user base in industry and academia 

• Dissemination of research ideas 

• Challenging/relevant problems from industry 
 

 

Bridging the Gap 

52 

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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The “GAMS” – approach: 

• Do not overload existing GAMS notation: 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 

• Integrate new solver technology right away 

• Package new tools with the production system 

• Quality Assurance: Reproducible and automated tests, 
which are included in any distribution  

 

 

 

Striving for Innovation  and Compatibility 
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Then and Now 

Agenda 
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What is special? 

Quality Assurance at GAMS 



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  

56 



Quality Assurance at GAMS  

57 



Client Model Testing  

”After upgrading to the latest 
distribution, runs take about  twice 
or three times as much time as 
before (3 to 4 hours instead of 1 or 
1 and half). We decided  to 
downgrade and investigate the 
problem later.” 

“… solver ***** has slowed down 
about 90% in last 4 years on this 
problem …” 

58 



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) 
59 
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• What is GAMS? 

• What is special? 

• What is new? 
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What is new?   

GAMS System 

Platforms 

Solvers 

Interfaces 

Stochastic Programming 



• Support for user-defined: 

– Macros  

– Function libraries 

– External equations 

 

• Asynchronous execution 

 

• Extended Mathematical Programming (EMP) 

 

• More and further details: 

http://www.gams.com/docs/release/release.htm 

What is new: GAMS System 
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What is new: Platforms 

63 

• Support for MAC OS X  

 

• Cross-platform licenses 

 

• Wine (Linux, Mac) 

 

 



What is new: Solvers 

64 

• GLoMIQO: Branch-and-bound global optimization  
   for mixed-integer quadratic models 

 

• Gather-Update-Solve-Scatter  

 

• (Stochastic) EMP 

 

• Lindo: Global and stochastic optimization 

 

 

 



What is new: Interfaces 

65 

 

• API’s for various programming 
languages (C, Fortran, Delphi)  

 

• Component libraries 

 

• Better integration into Python 

 

• .Net Integration (“GAMS.NET” – Alpha) 
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What is new?   

GAMS System 

Platforms 

Solvers 

Interfaces 

Stochastic Programming 



• Disjunctive Programs 

• Bilevel Programs 

• Extended Nonlinear Programs 

• Stochastic Programming 

• … 

 

Breakouts of traditional MP classes 

No conventional syntax  

Limited support with common model representation 

 Incomplete/experimental solution approaches 

Lack of reliable/any software 

Extended Mathematical Programming  

67 



SP with EMP 

EMP  

Information 
(stoch. Ext.) 

Reformulated 
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Newsboy Problem (NP) - deterministic 

69 

Equations Row1, Row2, Profit; 

 

* demand = UnitsSold (S)+ LostSales (L) 

Row1.. d =e= S + L; 

 

* Inventory = UnitsBought (X)- UnitsSold (S) 

Row2.. I =e= X - S; 

 

* Profit, to be maximized; 

Profit..  Z =e= v*S # Revenue per sold unit 

             - c*X  # Purchase per unit  

             - h*I  # Holding cost per unit leftover  

             - p*L; # Penalty shortage cost  

                    # per unit unsatisfied demand 

Model nb / all /; 



NP – Stochastic (discrete Distribution)  

70 

file emp / '%emp.info%' /; put emp '* problem 
%gams.i%'/; 

$onput 

randvar d discrete 0.7 45 0.2 40 0.1 50 

stage 2 I L S d 

stage 2 Row1 Row2 

$offput 

putclose emp; 

 

50 

45 

40 

0.1 

0.7 

0.2 



NP - Keywords to describe uncertainty 
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- Randvar: both discrete and parametric random variables 

- Stage: Random variables (rv), equations (equ) and variables (var) are 
assigned to non-default stages 

 

 

- Correlation: correlation between a pair of random variables 

 

- Jrandvar: discrete random variables and their joint distribution 

 

- Chance: individual or joint chance constraints 

 

 

 



NP – Output extraction 
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Set scen        Scenarios / s1*s6 /; 

Parameter 

    s_d(scen)   Demand realization by scenario 

    s_x(scen)   Units bought by scenario 

    s_s(scen)   Units sold by scenario 

    srep(scen,*) Scenario probability / #scen.prob 0/; 

 

Set dict / scen .scenario.'' 

           d    .randvar .s_d 

           s    .level   .s_s 

           x    .level   .s_x  

           '' .opt .srep /; 

solve nb max z use emp scenario dict; 

Display s_d, s_x, s_s, srep; 

 



NP – stochastic (Results) 
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----     62 PARAMETER s_d  Demand realization by scenario 

s1 45.000,    s2 40.000,    s3 50.000 

 

----     62 PARAMETER s_x  Units bought by scenario 

s1 45.000,    s2 45.000,    s3 45.000 

 

----     62 PARAMETER s_s  Units sold by scenario 

s1 45.000,    s2 40.000,    s3 45.000 

 

----     58 PARAMETER srep  Scenario probability 

          prob 

s1       0.700 

s2       0.200 

s3       0.100 



NP - Parametric Distributions 
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NP – Stochastic Solver Capabilities 
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NP – Stochastic (Normal Distribution)  

76 

file emp / '%emp.info%' /; put emp '* problem 
%gams.i%'/; 

$onput 

randvar d normal 45 10  

stage 2 I L S d 

stage 2 Row1 Row2 

$offput 

putclose emp; 

 



NP – stochastic (Results) 
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----     62 PARAMETER s_d  Demand realization by scenario 

s1 63.975,    s2 47.774,    s3 43.505,    s4 53.372,    
s5 37.035,    s6 35.139 

 

----     62 PARAMETER s_x  Units bought by scenario 

s1 43.505,    s2 43.505,    s3 43.505,    s4 43.505,    
s5 43.505,    s6 43.505 

 

----     62 PARAMETER s_s  Units sold by scenario 

s1 43.505,    s2 43.505,    s3 43.505,    s4 43.505,    
s5 37.035,    s6 35.139 

----     58 PARAMETER srep  Scenario probability 

prob 

s1  0.167,    s2  0.167,    s3  0.167,    s4 0.167, 

s5  0.167,    s6  0.167 



More Examples 
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GAMS EMP-Library 
 
• Various Applications 

 
• Single-Stage 

 
• Multi-Stage 

 
• Chance Constraints 

http://www.gams.com/emplib/emplib.htm 



Summary 
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What is GAMS 

• Balanced mix of declarative and procedural elements 

• Platform and solver independence 

• Open architecture and independent layers 

 

Focus:   Computation  Model  Application (Integration) 

 

Challenges 

• 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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