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Problem definition

Input: 
• Probability on infection
• Everyday behavior of people

Output:
• The number of people in the states "Susceptible - Exposed - Infectious –

Recovered" at each time
• Assessment of the economic consequences of the situation

Problem:
• How to change the everyday behavior of people in order to reduce the number of 

infections and not lead to significant economic consequences?



Approaches to the solution

• SIR model
• SIRD model
• SEIR model

Macro 
models

• Discrete Event Simulation model
• Agent-based model

Micro 
models



Micro models

They allow the assessment of structural changes.

But they work very slowly with a large number of people.

Parallel Discrete Event Simulation model - Conflict resolution 
is required when scheduling events and later events are 

already being processed.



Solution

Building micromodels on small populations and their further study 
and scaling on graph models
• A set of graphs for common interactions are defined. 
• Separate graphs of contacts are built between family members, relatives, 

relatives, friends, work colleagues.
• Separate graphs for random interactions in public places.

• Processing of graphs on the GPU
• Union of graphs.
• Determination of random interactions by the Monte Carlo method.
• Rebuilding graphs of some types of interactions



Implementing micro model of interaction 
using graph model



Development tools



Algorithm of implementing virus spreading 
with graph



Building graph for constant interactions



Building graph for dynamic interactions 
without using GPU



Building graph for dynamic interactions 
using GPU



Adjacency matrix traversal using PyTorch



Functions to compare efficiency

no_cuda torch_cuda

graph_cuda all_cuda

CPU + CPU CPU + GPU

GPU + CPU GPU + GPU



Results



Conclusion

• The use of the matrix form of representation of the "small world" 
graphs made it possible to simulate the spread of pandemics
• Required matrix computations have been implemented using libraries 

that allow efficient use of GPUs
• Achieved 7-fold increase in computing speed for a population of 17 

thousand people
• The constructed model makes it possible to analyze the influence of 

management decisions, for example, a lockdown on the rate of 
spread of pandemics.



Prospects

Write as: sudakov@ws-dss.com

Thanks for attention!


