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STEM - Spatiotemporal Epidemiological Modeler: 

Overview on Advanced Features 

Matthias Filter 
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Decorator Graph
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Decorator

Model Agent 3 Library of models 

for visualization and 

simulation 
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Decorator
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Decorator
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GUI for simulation, visualization and analysis 
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Global population data by admin region validated against LandScan 2007™  
 High Resolution Global Population Data Set  

© UT-Battelle, LLC, operator of Oak Ridge National Laboratory 

 

Integrated Data supporting Global Simulations 
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GUI for scenario and model generation 
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Standard SIR model Model Equations 

Model compartments: 

 

S: Susceptible 

I:  Infectious 

R: Recovered 

Model parameters: 

 

• Transmission rate β 

• Recovery rate γ 

• Immunity loss rate α 

• Birth/death rate μ 

ΔS = – β (S/P) I + α R + μ (P-S) 

ΔI = β (S/P) I – γ I – μ I 

ΔR = γ I – α R – μ R 

Total Population P = (S + I + R) 

• Deterministic and stochastic simulations including pre-built compartment models 

(e.g. SIR, SEIR etc.) 

• Code generation tool for new models 

Basis I: Epidemiological Models 

 

Int J Health Geogr. 2006 Jan 17;5:4.  

An extensible spatial and temporal epidemiological modelling system. 

https://www.ncbi.nlm.nih.gov/pubmed/16417637
https://www.ncbi.nlm.nih.gov/pubmed/16417637
https://www.ncbi.nlm.nih.gov/pubmed/16417637
https://www.ncbi.nlm.nih.gov/pubmed/16417637
https://www.ncbi.nlm.nih.gov/pubmed/16417637
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STEM treats the World as a “Graph” 

SEIR 

SEIR 

SEIR 
AL GA 

FL 

• Graph = nodes, edges; with labels & decorators 

• Graph Framework makes it easy to build one model on top of another 

• Existing plug-ins define  

•Geography 

•Populations 

•Transportation systems 

•Land area 

Basis II: Spatial distribution of diseases 
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Basis III: Canonical Graphs (Integration of all components) 

Decorator Graph

Decorator

Decorator Graph

Decorator

Scenario:  Model + Infector + Sequencer 

 

Model:  Graphs + Decorators 

 

 Graphs:  Nodes (Labels) + Edges (Labels) 

    may comprise several subgraphs 

  Nodes:  i.e. places, regions 

  Edges:  i.e. relationships, connections 

    between nodes, vectors 

   

 Decorators:  denominator data and model 

    parameters  

  Disease: Disease model parameter 

  Modifier: Parameter tuning components 

 

Infector:  Disease initiation parameters 

 

Sequencer: Simulation time parameter 
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Basis IV: STEM Software Architecture (and language) 

Courtesy by Kun Hu, Stephan Edlund, James Kaufman et al., IBM Research,  
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STEM Terminology (“What is meant by “Model”) 

Courtesy by Kun Hu, Stephan Edlund, James Kaufman et al., IBM Research,  
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Basis V: STEM Data Model 

Courtesy by Kun Hu, Stephan Edlund, James Kaufman et al., IBM Research,  
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STEM Components 

Courtesy by Kun Hu, Stephan Edlund, James Kaufman et al., IBM Research,  
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STEM Canonical Graph 

Courtesy by Kun Hu, Stephan Edlund, James Kaufman et al., IBM Research,  
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STEM Decorators 

Courtesy by Kun Hu, Stephan Edlund, James Kaufman et al., IBM Research,  
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STEM Labels 

Courtesy by Kun Hu, Stephan Edlund, James Kaufman et al., IBM Research,  
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STEM Labels Examples 

Courtesy by Kun Hu, Stephan Edlund, James Kaufman et al., IBM Research,  
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STEM Labels – How they work 

Courtesy by Kun Hu, Stephan Edlund, James Kaufman et al., IBM Research,  
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STEM: Advanced Features 

• Advanced Population Initialization (Structured Populations, Aging 

Populations) 

 

• Advanced Disease Initialization (Infectors, Inoculators, and Initializers) 

 

• Working with Graphs 

• Composing a Graph 

• Creating a Custom Graph 

• Visualizing and Editing Graphs with the STEM Graph Editor 

• Importing a Graph from a Pajek File 

• Importing a Graph from an Esri Shapefile 

• Import Discrete Transportation Events 

 

• Triggering Interventions 

• Running Experiments (in batch mode) 

• Invoking Modifiers Using Triggers and Predicates. 
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STEM: Advanced Features 

• Logging Data to Files / Importing Data from Files 

 

• STEM Model Creator 

 

• Running an Automated Experiment / STEM Analysis Perspective 

• Estimating Model Parameters from External Data 

• Epidemic Analysis 

• RMS Comparison Between Data Sets 

• Lyapunov Analysis 

 

• Running STEM Headless 

• Etc. 
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Working with Graphs 

Pajek Net Graph Generator 

*Vertices 9 

1 AT-10 

2 AT-2 

3 AT-3 

4 AT-4 

5 AT-5 

6 AT-6 

7 AT-7 

8 AT-8 

9 AT-9 

*Edges 

1 2 popID beef rate 0 date 01.01.12 rate 10 

1 3 popID beef rate 0 date 01.01.12 rate 10 

1 4 popID beef rate 0 date 01.01.12 rate 10 

1 5 popID beef rate 0 date 01.01.12 rate 10 

1 6 popID beef rate 0 date 01.01.12 rate 10 

1 7 popID beef rate 0 date 01.01.12 rate 10 

1 8 popID beef rate 0 date 01.01.12 rate 10 

1 9 popID beef rate 0 date 01.01.12 rate 10 

2 3 popID beef rate 0 date 02.01.12 rate 20 

2 4 popID beef rate 0 date 02.01.12 rate 20 

2 5 popID beef rate 0 date 02.01.12 rate 20 

2 6 popID beef rate 0 date 02.01.12 rate 20 

2 7 popID beef rate 0 date 02.01.12 rate 20 

2 8 popID beef rate 0 date 02.01.12 rate 20 

2 9 popID beef rate 0 date 02.01.12 rate 20 

 

Pajek-like format 

 

Define movement (disease vectors, 

travel, transportation events,) 
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Pajek Net Graph Generator 

*Vertices 9 

1 AT-10 

2 AT-2 

3 AT-3 

4 AT-4 

5 AT-5 

6 AT-6 

7 AT-7 

8 AT-8 

9 AT-9 

*Edges 

1 2 popID beef rate 0 date 01.01.12 rate 10 

1 3 popID beef rate 0 date 01.01.12 rate 10 

1 4 popID beef rate 0 date 01.01.12 rate 10 

1 5 popID beef rate 0 date 01.01.12 rate 10 

1 6 popID beef rate 0 date 01.01.12 rate 10 

1 7 popID beef rate 0 date 01.01.12 rate 10 

1 8 popID beef rate 0 date 01.01.12 rate 10 

1 9 popID beef rate 0 date 01.01.12 rate 10 

2 3 popID beef rate 0 date 02.01.12 rate 20 

2 4 popID beef rate 0 date 02.01.12 rate 20 

2 5 popID beef rate 0 date 02.01.12 rate 20 

2 6 popID beef rate 0 date 02.01.12 rate 20 

2 7 popID beef rate 0 date 02.01.12 rate 20 

2 8 popID beef rate 0 date 02.01.12 rate 20 

2 9 popID beef rate 0 date 02.01.12 rate 20 

 

Open Office Macro 
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Graph Editor 
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Graph Editor 
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Graph Editor 

Add Node 
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STEM Model Creator 
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STEM Visual Editor 
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Expression Language  

 

• Domain-specific grammar for scientists 

• Used to define transition rates between compartments 

• “Hide the complexity” of STEM’s graph and data APIs 

• Bridge gap between literature and technology 

• “Just-In-Time”: Interpret, compile, and inject “hot” code into 

running JVM 

• Integrates with Metamodel, Code Generator 
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STEM Visual Editor 

 

• Visual Editor connects Model Generator and Expression 

Language in usable way 

• Powered by Eclipse Graphical Editing Framework (GEF) 

• Diagram Editor: adding, editing, removing compartments and 

transitions 

• Expression Editor: specify conditions in Expression language 

• Code assistance 

• User documentation with NLS (Eclipse Babel) 
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Generated Code is Fully Transparent 
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Results 

• Reduced Lines of Code 

• 1000 LOC -> 5 LOC for simple SEIR model 

• Improved Performance by generating optimal performance code 

• Temporal Caching 

• Appropriate Data Structures 

• Eliminating primative boxing/unboxing 

• Correctness 

• Visual Editor makes compartments, transitions obvious 

• User can define meaning of parameters, … right at the 

beginning 
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Generated Plug-in is hot injected and available at runtime 
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Thank you for your attention 

Federal Institute for Risk Assessment 

Max-Dohrn-Str. 8-10 

D-10589 Berlin 

Tel. +49 30 - 184 12 - 0 

Fax +49 30 - 184 12 - 47 41 

bfr@bfr.bund.de 

www.bfr.bund.de 

Matthias Filter and the 

BfR STEM team 
 

Alexander Falenski 

Christian Thöns 

Armin Weiser 

Jan-Frederik Wigger 

Taras Günther 

Annemarie Käsbohrer 

Bernd Appel 


