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An Introduction to GAMS: Agenda

GAMS at a Glance

Foundation and Design Principles

GAMS – A simple Example

Wrap-Up
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Company

➢ Roots: World Bank, 1978 – 1987 Initial product

➢ Went commercial in 1987

➢ GAMS Development Corp. (USA),  GAMS Software 
GmbH (Germany)

➢ 2016: New management team

➢ Software Tool Provider
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GAMS at a Glance

➢ Pioneered Algebraic Modeling Languages

➢ Robust, scalable state-of-the-art algebraic modeling 
technology for complex, large-scale optimization

➢ Open architecture and uniform interface to all major 
commercial and academic solvers (30+ integrated)

➢ Evolution through more than 25 years of R&D and user 
feedback, maturity through experience and rigorous 
testing
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GAMS Users and Application Areas
13,500+ licenses

Users: 50% academic, 50% commercial or governmental 

Used in more than 120 countries

Broad Range of Application Areas

Agricultural Economics Applied General Equilibrium

Chemical Engineering Economic Development

Econometrics Energy

Environmental Economics Engineering

Finance Forestry

International Trade Logistics

Macro Economics Military

Management Science/OR Mathematics

Micro Economics Physics
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Strong Development Environment

➢ Project management
➢ Editor / Syntax coloring / Spell checks
➢ Model Debugging / Profiling
➢ Solver selection / Option selection
➢ Data viewer
➢ GAMS Processes Control
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Uniform System Documentation
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Simple Integration of GAMS Models

Object Oriented API’s

➢ Use GAMS for modeling and optimization 
tasks

➢ Connects GAMS to other environments
➢ Programming languages  (.Net, 

C++,Java, Python
➢ Applications (through Smart Links)
➢ (New) Embedded Code (Python)

➢ Communication through Memory or Files
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Free Model Libraries

➢ More than 1400 models!
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Where to Find Help?

➢ Documentation Center: 
https://www.gams.com/latest/docs/ 

➢ Free Model Libraries: 
https://www.gams.com/latest/docs/modlibsindex.html

➢ Mailing Lists, Newsletters, and Forum: 
➢ https://www.gams.com/community/newsletters-

mailing-list/ 
➢ //forum.gamsworld.org/

➢ YouTube Channel: 
https://www.youtube.com/user/GAMSLessons

➢ GAMS Support: support@gams.com
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Foundation of GAMS

Powerful algebraic modeling language

Open architecture with interfaces to 
other systems

Independent layers
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Powerful Declarative Language

Similar to mathematical notation

Easy to learn - few basic language elements: sets, 
parameters, variables, equations, models

Model is executable (algebraic) description of the 
problem

Lots of code optimization under the hood
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Mix of Declarative and Imperative 
Elements 

Advantages:
➢ Build complex problem algorithms within GAMS
➢ Simplified interaction with other systems:
➢ Data exchange
➢ GAMS process control

Control Flow Statements (e.g. loops, for, if,…), 
macros and functions
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Foundation of GAMS

Powerful algebraic modeling language

Open architecture with interfaces to 
other systems

Independent layers
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Open Architecture

➢ Solver Interfaces: Proprietary or Open Source (COIN)
➢ Data Exchange and GAMS Control
➢ ASCII or Binary (GDX)
➢ OO-API (.Net, C++, Java, Python, file or memory)
➢ Smart Links to other applications (e.g. MS Excel, 

Databases, Matlab, R,…)
➢ Code Embedding

Designed to interact with other Systems
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Foundation of GAMS

Powerful algebraic modeling language

Open architecture with interfaces to 
other systems

Independent layers

Model

Platform Solver Data Interface
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Separation of Model and Platform

Model

Platform Solver Data Interface

➢ Move models between platforms with ease!

Supported Platforms
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Separation of Model and Solver

All major commercial 
LP/MIP solver

Open Source Solver (COIN) 
Also solver for NLP, MINLP, 

global, and stochastic 
optimization 

➢ More than 30 Solvers integrated!

Model

Platform Solver Data Interface

One environment for a wide range of solvers 
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Separation of Model and Solver

Model

Platform Solver Data Interface

➢ Switching between solvers with one statement
➢ Unified Documentation
➢ Licensing (GAMS as a „license broker“)

Uniform interface to all major solvers

➢ Academic clients: 2.9
➢ Commercial: 2.2

Av. number of commercial solvers per license
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Separation of Model and Data

Model

Platform Solver Data Interface

➢ Declarative Modeling
➢ Sparse Data Structures
➢ Various ways to exchange data
➢ ASCII
➢ Binary 
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Separation of Model and User 
Interface

Model

Platform Solver Data Interface

No preference for a particular user interface

➢ Open architecture and interfaces to other systems
➢ OO-API’s for seamless integration 
➢ Smart Links

➢ Mode of Operation
➢ Interactive or Embedded / Batch
➢ Local or Remote
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Application  – Cloud Computing

xyz Energy Company

Scenario Analysis in the Cloud 
➢ Solve 1,000+ scenarios (MIPs, 

one hour) every week 
overnight

➢ Issues:
➢ Costs (Licensing)
➢ Automation / Security

Model

Platform Solver Data Interface
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Application  – Cloud Computing

Implementation:
➢ Amazon Cloud:  1,000+ parallel machines 

(instances), Python, GAMS + OO Python API
➢ Automated setup, including
➢ Starting instances
➢ Prepare / Submit / Run GAMS jobs
➢ Collect results
➢ Stop instances

xyz – Energy Company

Model

Platform Solver Data Interface
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Application  – Cloud Computing

“Hardware” Amazon Cloud (1,000 instances) : 
Hardware Costs / run: $70!  
(1,000 instances/run * $0.07 instance / hour)

Software Licensing:
➢ Gurobi and IBM offer per-usage license
➢ Client with strong preference  for annual license 

fee, not a per-usage license

Commercial Aspects

Model

Platform Solver Data Interface
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Application  – Cloud Computing

➢ Statistics:
➢ 163,608 – 1,959,550 rows
➢ 84,930 – 983,587 var. (32,240-258,796 dis.)
➢ 447,537 – 6,068,729 NZ  

➢ Tests with CPLEX, SCIP, and  CBC
➢ 60 minutes, gap max. 1%
➢ Manual option tuning for SCIP

(thanks to Gerald Gamrath & Ambros Gleisner)

45 Provided Model Instances

Model

Platform Solver Data Interface
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Application  – Cloud Computing

➢ CPLEX: All instances solved to optimality
➢ SCIP:
➢ Could solve all 45 instances
➢ But: After 60 min. 2 instances with gap > 20%

➢ CBC: 
➢ Did also well
➢ But: After 60 min. no solution for some 

instances (< 10%)

Results

Model

Platform Solver Data Interface
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Application  – Cloud Computing

➢ Run all instances simultanuesly with SCIP and  
CBC  
 „hardware“ costs: $0,07 per instance hour

➢ After 60 minutes take the best solution

➢ If necessary solve „difficult“ model instances
with CPLEX (outside the cloud)

Proposed Strategy

Model

Platform Solver Data Interface
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Agenda

GAMS at a Glance

Foundation and Design Principle

GAMS – A simple Example

Wrap-Up
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A Simple Transportation Problem

What does this 
example show?

It gives a first glimpse of how a 
problem can be formulated in 

GAMS

It shows how easy it is to change 
model type and, consequently, 

solver technology

It shows some basics of data 
exchange with GAMS 
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Minimize Transportation cost
subject to Demand satisfaction at markets

Supply constraints

350 

San Diego 600

275

300

325

Topeka
1.4

2.5

1.8

1.8
1.7
2.5

Supply
(cases)

Demand
(cases)

Distance
(thousand miles)

New York

Chicago

Seattle

Freight: $90 case / thousand miles

A Simple Transportation Problem
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Model types in this example

Determine minimum transportation cost. 
Result: city to city shipment volumes.

LP

MIP

MINLP

Allows discrete decisions,
e.g. if we ship, then we ship at least 100 cases.

Allows non-linearity, 
e.g. a smooth decrease in unit cost when 
shipping volumes grows
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Mathematical Model Formulation

Indices:    𝑖 (Canning plants)  
                  𝑗 (Markets)  
Decision variables:  𝑥𝑖𝑗  (Number of cases to ship) 

Data:     𝑐𝑖𝑗   (Transport cost per case) 

       𝑎𝑖   (Capacity in cases) 
       𝑏𝑖   (Demand in cases) 
 
min      𝑐𝑖𝑗 ∙ 𝑥𝑖𝑗𝑗𝑖   (Minimize total transportation cost)        

subject to 
 𝑥𝑖𝑗𝑗 ≤ 𝑎𝑖        ∀ 𝑖  (Shipments from each plant ≤ supply capacity) 

 𝑥𝑖𝑗𝑖 ≥ 𝑏𝑗         ∀ 𝑗  (Shipments to each market  ≥ demand) 

 
𝑥𝑖𝑗 ≥ 0              ∀𝑖, 𝑗 (Do not ship from market to plant) 

𝑖, 𝑗 ∈ ℕ 
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GAMS Algebra (declarative Model)

Model is executable description of the problem
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Model types in this example

Determine minimum transportation cost. 
Result: city to city shipment volumes.

LP

MIP

MINLP

Allows discrete decisions,
e.g. if we ship, then we ship at least 100 cases.

Allows non-linearity, 
e.g. a smooth decrease in unit cost when 
shipping volumes grows
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MIP Model: Minimum Shipment of 100 cases

• Shipment volume: x (continuous variable)

• Discrete decision: ship (binary variable)

add constraints:
𝑥𝑖,𝑗 ≥ 100 ∙ 𝑠ℎ𝑖𝑝𝑖,𝑗 ∀ 𝑖, 𝑗 (if  ship=1, then ship at least 100) 

𝑥𝑖,𝑗 ≤ 𝑏𝑖𝑔𝑀 ∙ 𝑠ℎ𝑖𝑝𝑖,𝑗 ∀ 𝑖, 𝑗 (if ship=0, then do not ship at all) 

𝑠ℎ𝑖𝑝𝑖,𝑗 ∈ 0,1

100

ship = 0 ship = 1 

0

Cost ($)

Not possible

x (Number of cases)



GENERAL ALGEBRAIC MODELING SYSTEM

37

MIP Model: GAMS Syntax
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MIP Model: Results
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Model types in this example

Determine minimum transportation cost. 
Result: city to city shipment volumes.

LP

MIP

MINLP

Allows discrete decisions,
e.g. if we ship, then we ship at least 100 cases.

Allows non-linearity, 
e.g. a smooth decrease in unit cost when 
shipping volumes grows
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MINLP: Cost Savings

100

ship = 0 ship = 1 

0

Cost ($)

Not possible

The cost per case 

decreases with  a 

increasing shipment 

volume 

Replace:
min  𝑖 𝑗 𝑐𝑖𝑗 ∙ 𝑥𝑖𝑗 (Minimize total transportation cost) 

With

min  𝑖 𝑗 𝑐𝑖𝑗 ∙ 𝑥𝑖𝑗
𝒃𝒆𝒕𝒂 (Minimize total transportation cost)             

x (Number of cases)
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MINLP Model: GAMS Syntax
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MINLP Model: Results
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Agenda

GAMS at a Glance

Foundation and Design Principle

GAMS – A simple Example

Wrap-Up
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Thank You

Meet us at the GAMS booth!


