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Algebraic Modeling Languages (AML)

What’s that?

➢ High-level computer programming languages for the 
formulation of complex mathematical optimization 
problems

➢ Notation similar to algebraic notation: Concise and 
human 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 (solver)
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What did this give us?

Simplified model development & 
maintenance

Increased productivity tremendously

Made mathematical optimization available  
to a broader audience (domain experts)
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➢1976: Initial version of an AML

➢2012: INFORMS Impact Prize awarded to 
„Godfathers“ of Algebraic Modeling 
Languages

➢Nowadays:
➢Established environment to build  robust 

and fail safe systems
➢Commodity in a lot of different flavors

One of the success stories of OR!
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Foundation of GAMS

Powerful algebraic modeling language

Open architecture, independent layers

Evolved and Matured System
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Declarative Language

➢ Similar to mathematical notation
➢ Easy to learn, only  few basic language 

elements: sets, parameters, variables, 
equations, models
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Procedural Language Elements 

➢Control Flow Statements 
(e.g. loops, for, if, macros, 
functions, …)

➢Build complex problem 
algorithms within GAMS

➢Simplified interaction with 
other systems through 
OO-APIs:
➢Data exchange
➢GAMS Control
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Open Architecture

Designed to interact with other systems

Model independent of
- Platform
- Solver
- Data
- User-Interface
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Platform Independence

➢ GAMS available on all major computing 
platforms 

➢ Move your models between platforms 
with ease
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Solver Independence

Uniform interface to all major solvers
➢ More than 30 academic and commercial solvers 

connected to GAMS
➢ Switch between solvers with one line of code
➢ Documentation
➢ Licensing (GAMS as a „license broker“)
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Platform / Solver Independence 

(Parallel) Local and distributed/remote execution

➢ Solver execution
➢ Remote Object Server / Compute Server
➢ Distributed MIP (CPLEX, GUROBI)
➢ Distributed LP (PIPS-IPM)

➢ Model execution
➢ Grid Computing Facility 
➢ NEOS (Kestrel)
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Data Independence

GDX

GAMS

SOLVER

➢Declarative Modeling
➢Sparse Data Structures
→Scalable Models

➢ASCII: Initial model

➢GDX: Data layer (“contract”) 
between GAMS and applications
➢Platform independent
➢Direct GDX interfaces and 

general API’s…

csv
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User Interface Independence

No preference for a particular User Interface

➢Smart Links to popular environments, like 
Excel, MATLAB, R, Databases, ... 

➢Object Oriented APIs: .Net, Java, Python, C++

➢Embedded Code Facility

➢Web Interface (GAMS MIRO)
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Evolved and Matured System

➢ Evolution through decades of R&D

➢ Maturity through experience and 
rigorous testing

➢ Lots of Development and 
Debugging Tools: Model Profiler, 
GAMSCHK, CONVERT, PAVER,…

➢ Quality Assurance
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Quality Assurance

➢ What are the impacts of 
new features, updated  
modules or platforms?

➢ Is the new distribution 
backward compatible?

➢ GAMS Test Library: ~800 
quality tests

➢ Automatically executed  
every night  for all solver 
combinations (13,000+ 
runs/platform
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GAMS Studio

➢Development Environment 
for GAMS Models 

➢Platform Independent 
(Win/Mac/Linux)

➢Open source Qt project, 
published on GitHub (GPL)

➢All features for efficient 
model development 
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Uniform System Documentation

➢ Tutorials

➢ GAMS Language

➢ Solver

➢ Tools

➢ APIs

➢ Online/Offline
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Free Model Libraries

➢ More than 1,600 models

➢ Part of any distribution

➢ Organized in different 
libraries
➢ Application Specific 

e.g. Finance, Energy
➢ Data Connections
➢ System Tests
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Striving for Innovation and 
Compatibility

Models must benefit from

Advancing hardware / New 
Platforms  

Enhanced / New solver and 
solution technology

New Modeling Concepts

Improved / New interfaces

Protect Investments of Users

Life time of a  model: 15+ years

New maintainer, platform, 
solver, user interface

Backward Compatibility

Don’t lock developers and users 
into a certain environment.
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OR Modeler’s Perspective

➢ Problem class
➢ Algorithm / Algebra
➢ Data
➢ Solver
➢ Solution

Analyze

Develop

Solve

Report
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Separation of Tasks

➢ Use GAMS for modeling and
optimization

➢ Use Object oriented GAMS APIs for 
connecting  GAMS to other environments
➢ ASCII  (e.g. CSV)
➢ Smart Links to Databases, Spreadsheets, 

Matlab, R,…
➢ .Net, Java, Python, C++
➢ Embedded Code Facility (Python)
➢ Communication through Memory or 

Files
→ (Some) Programming required
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Model Deployment

➢ Increasing importance for intuitive 
deployment and visualization

➢ Need for easy-to-use tools

➢ End-users are not modeling experts 

→ Configuration instead of Programming 

Configure

TestDeploy
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GAMS MIRO

➢ Model Interface with Rapid Orchestration
➢ A web interface for GAMS models
➢ Based on  Shiny (R), open source (GPL)
➢ Desktop / Server Version

Develop GAMS model
Web browser

Click to 
deploy
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Model: Pickstock

➢ Data: Performance of all shares of the Dow 
Jones index over one year

➢ Goal: Find a small selection of stocks that 
follows the Dow Jones as closely as possible

➢ Optimization model: Select a subset 
(≤ maxstock) of Dow Jones stocks, along 
with weights, so that this portfolio behaves 
similarly to the overall index 
(in the training phase)

Training phase
Select small subset of stocks
(Optimization)

Testing phase
How similar behaves the stock selection to the DJ?
(Evaluation of results)

Dow Jones
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Model: Pickstock
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Model: Pickstock
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Model: Pickstock
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Hypercube mode
scenario generation

Base mode

Hypercube mode
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Hypercube mode  
scenario generation

2 3 4 5 6 7 8 9 10

75 1 2 3 4 5 6 7 8 9

80 10 11 12 13 14 15 16 17 18

85 19 20 21 22 23 24 25 26 27

90 28 29 30 31 32 33 34 35 36

95 37 38 39 40 41 42 43 44 45

100 46 47 48 49 50 51 52 53 54

105 55 56 57 58 59 60 61 62 63

110 64 65 66 67 68 69 70 71 72

115 73 74 75 76 77 78 79 80 81

+ 1

+ 5
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➢Quick deployment of GAMS models
➢Intuitive usage without GAMS knowledge

➢Easy and convenient data management
➢Powerful data visualization

➢Scenario Management
➢Data export

Key points
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➢Based on docker technology

➢Authentication: LDAP, OAuth 2.0, Google,…

➢Multi-user and -application management 

➢Load balancing

➢Rolling Updates

GAMS MIRO on a server
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➢Desktop / Server Version
➢Commercially supported 

➢Currently a BETA version
➢Used in commercial projects

➢Installer for Windows, MacOS,  (and Linux)
➢Configuration Generator
➢Comprehensive Documentation

Conclusions
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More Information

Thank you!

Documentation & Software
https://www.gams.com/miro/

Video
https://youtu.be/7pUrZ-u9ZcQ



Scenario runs and 
sensitivity analysis
The GAMS MIRO Hypercube mode
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Hypercube mode  
Data import & monitoring of scenario runs
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Hypercube mode  
Scenario management
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Hypercube mode  
Analysis


