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References for the minicourse: 
 

●​ The Mathematics of Chip-Firing, Caroline J. Klivans, CRC Press 
https://www.dam.brown.edu/people/cklivans/chipfiring.html   
(Free pdf download available on this site.)  
 

Slides from the Lectures: 
Lecture 1   Basics of chip-firing 
Lecture 2   Critical configurations  
Lecture 3   Spanning trees and sandpile groups 
Lecture 4   Pattern formation 
 
 
Exercises: 
Exercises 1 
Exercises 2 
Exercises 3 

https://www.dam.brown.edu/people/cklivans/chipfiring.html
https://drive.google.com/file/d/1iBET78p0sMHa6bsSztdMZ2yFeW6VIybw/view?usp=sharing
https://drive.google.com/file/d/1NR06CAhZpdtTvEBQTz9QOsxPpcpN0fAP/view?usp=sharing
https://drive.google.com/file/d/1jS-XQ-HIzzhUJZvP4zwZHh2sZoXdCdJR/view?usp=sharing
https://drive.google.com/file/d/1mePEd5H01aFrWx9gbDneVJVlDJ9ip28R/view?usp=sharing


Exercises 4 
 
Resources: 
 
How to obtain Sage 

●​ Installing it directly: Sagemath 
●​ Sage cell server: on this webpage you can run sage in your browser. 
●​ Cocalc you can have projects and collaborations in the cloud. They have a freemium 

service. 
●​ Chip-firing in Sage: https://doc.sagemath.org/html/en/thematic_tutorials/sandpile.html 
●​  
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(La versión pdf puede descargarse de manera gratuita en este sitio web.)  
 
Diapositivas del curso: 
Clase 1 Conceptos básicos de chip-firing 
Clase 2 Configuraciones críticas 
Clase 3 Árboles de expansión y grupos de pilas de arenas  
Clase 4 Generación de patrones 
 
 
Ejercicios: 
 
Ejercicios 1 
Ejercicios 2 
Ejercicios 3 
Ejercicios 4 
 
Recursos: 
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https://drive.google.com/file/d/1CQLqPB62Uz3ZuUORiBVtT-kZPl98iMCP/view?usp=sharing
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