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“Nature	(likely)	has	Structure.	And	many	models	in	natural	sciences	inherit	a	part	of	it.		
Therefore,	understanding	and	exploiting	the	structure	of	a	model	at	hand	might	be		
crucial	to	make	the	model	useful.	Algebra	and	logic	offer	a	variety	of	tools	to	work		
with	structures	and	greatly	benefit	from	new	types	of	structures	and	structural	questions		
coming	from	other	areas.”		



‘Modularity	is	a	widespread	property	in	biological	systems.’	



https://www.pnas.org/content/103/23/8577	



https://www.sciencedirect.com/science/article/pii/S200103701930460X	













https://www.researchgate.net/figure/Partially-ordered-set-poset-model-for-cognitive-	
functioning-of-mild-cognifitive_fig4_236052149	



Modularity	for	dynamic	biological	systems/models	
	
	

•  Given	a	model,	compute	its	modules,	their	attractor	structure,	and	
	information	about	the	attractor	structure	of	the	model	itself.		

	
	

•  Characterize	the	“degrees	of	freedom”	to	combine	simple	models.	



A	“Hölder	Program”	for	BNs	

•  Identify	a	class	of	“decomposable”	BNs.	
•  Identify	a	class	of	decomposable	BNs	that	are	“simple”	and	

sufficiently	“rich.”	
•  Define	a	notion	of	“quotient”	of	a	BN	by	a	subnetwork.	
•  Show	that	each	decomposable	BN	has	a	filtration	by	

subnetworks	so	that	each	successive	quotient	is	a	simple	
network.		

•  Classify	the	different	ways	in	which	decomposable	BNs	can	
be	built	as	extensions	of	two	BNs	that	are	simpler.		

•  Rigorous	definition	of	“dynamic	equivalence”	of	BNs.		
•  Develop	a	category-theoretic	foundation	for	this	program.		







Prevalence	of	canalization	

Ø  Nested	canalizing	functions	(and	therefore?	canalizing	functions)	
are	overrepresented	in	GRNs.	

Courtesy	C.	Kadelka	





Future	work	
	
•  Find	a	version	of	the	classification	of	monomial	networks	in	the	

language	of	computational	algebra.		
•  Study	the	properties	of	nested	canalizing	polynomials.		
•  Carry	out	the	Hölder	Program	for	larger	classes	of	networks,	for	

instance,	AND-NOT	networks.	
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