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Mathematics	 Life	Sciences	



‘Modularity	is	a	widespread	property	in	biological	systems.’	



‘Modularity	is	a	widespread	property	in	biological	systems.’	
	
	
How	is	this	property	reflected	in	mathematical	models	of	
these	systems?	
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A	modularity	theory	for	dynamical	systems	

•  What	are	the	characteristics	of	models	that	describe	
molecular	systems?	

•  What	is	the	mathematical	analog	of	a	biological	
module,	and	how	can	one	describe	its	dynamics?	

•  How	can	one	decompose	a	given	system?		
•  How	can	one	parameterize	all	the	systems	one	can	
construct	from	a	given	set	of	modules?	













“Conjecture:”	For	any	conjunctive	Boolean	network,	there	is	a	filtration	by	
subnetworks	such	that		successive	“quotient	networks”	are	disjoint	unions	of	
strongly	connected	networks.		



“Theorem:”	For	any	conjunctive	Boolean	network,	there	is	a	filtration	by	
subnetworks	such	that		successive	“quotient	networks”	are	disjoint	unions	of	
strongly	connected	networks.		

Jordan-Hölder	Theorem:	Every	finite	group	has	a	filtration	by	normal	subgroups,		
such	that	successive	quotient	groups	are	simple.	



“Theorem:”	For	any	conjunctive	Boolean	network,	there	is	a	filtration	by	
subnetworks	such	that		successive	“quotient	networks”	are	disjoint	unions	of	
strongly	connected	networks.		

Jordan-Hölder	Theorem:	Every	finite	group	has	a	filtration	by	normal	subgroups,		
such	that	successive	quotient	groups	are	simple.	
	
	
Hölder	Program:	Classify	all	simple	groups	and	parameterize	all	extensions	of	a	group	
by	a	simple	group.	This	provides	a	classification	of	all	finite	groups.		



A	Hölder	Program	For		Boolean	Networks:	
•  Determine	a	class	of	BNs	that	is	“sufficiently	rich.”		
•  Determine	an	analog	of	simple	groups	and	their	dynamics.		
•  Prove	an	analog	of	the	JH	Theorem.		
•  Parameterize	extensions	of	BNs.	

(And	show	relevance	to	the	biological	concept.)	











Study	modularity	of	nested	canalizing		
polynomial	dynamical	systems		

over	finite	fields.	
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Nutritional immunity and fungal infections 



https://smart.servier.com/smart_image/tendon-anatomy/ 
 









Aspergillus fumigatus 
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Some	Mathematical	Challenges:	
	
•  Integration	of	time	scales	
•  Update	schemes	for	components	and	overall	model	
•  Model	analysis	
•  Control	
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