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Graph	Theory	
	
A	graph	is	comprised	of	a	set	of	ver2ces	(dots)	and	edges	(lines)	where	a	line	joins	two	ver2ces.	

Graphs	can	be	used	to	model	social,	biological,	transporta2on,	and	other	types	of	networks.	

Which	edges	are	the	most	central	in	a	graph?	



“Local	closed	neighborhoods”	



“Clustering	Centrality”	

The	number	of	
subgraphs	in	
which	each	
edge	appears:	



•  Clustering centrality can be linked to a problem in structural graph theory. 

•  A common problem in structural graph theory is:  
 

 Given a graph G determine a largest sized particular subgraph H. 
 

z 

•  In our case H will be a “book graph”. 
	



Applica2ons	



Analysis	of	func2onal	MRI	data	



In	our	study	we	will	use	graph	theory	to	model	the	brain.	The	ver2ces	
will	represent	regions	of	the	brain	(Talairach	defined)	and	edges	will	
represent	func.onal	connec2ons	between	the	regions.	

From	Brains	to	Graphs	



We	monitor	oxygen	levels	in	the	blood	over	the	length	of	a	scan.	

Images	from	E.	B.	Hintz,	URMC	



•  We	used	clustering	centrality	to	analyze	networks	arising	from	func2onal	
MRI	data	from	the	Rochester	Center	for	Brain	Imaging.		

•  In	the	research	study	12	subjects	were	asked	to	undergo	func2onal	MRI	
scans	where	they	would	view	and	pantomime	various	tools	(hammer,	
scissors,	screwdriver,	knife,	pliers,	corkscrew).	
(All	subjects	were	right-handed).	

•  We	looked	at	correla2ons	between	the	blood	oxygen	levels	between	each	
pair	of	12	different	regions.	A	two	sided	t	test	was	performed	and	
sta2s2cally	significant	values	(t	>	2.75)	were	selected.	

•  We	then	created	two	networks:		
(i)	pantomiming	was	greater	than	viewing	
(ii)	viewing	greater	than	pantomiming	





Clustering	Centrality:	Pantomiming	Greater	than	Viewing	-The	Network.	



Clustering	Centrality:	Pantomiming	Greater	than	Viewing	



Clustering	Centrality:	Viewing	Greater	than	Pantomiming	



When	pantomiming	>	viewing	the	motor	regions	show	increased	correla2ons.	
	
When	viewing	>	pantomiming	the	visual	regions	shown	increased	correla2ons.	



Graphs	and	Social	Networks	



We	can	also	use	a	graph	to	represent	rela2onships	among	aaendees	at	a	wedding.	

We	note	that	in	this	network	that	everyone	knows	the	bride	or	the	groom	(or	both).	



However	suppose	we	want	to	see	who	is	best	connected	to	both	the	bride	and	the	groom.		
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What	happens	to	the	topology	of	the	network	when	two	ver2ces	are	merged?	

R.	Lopez,	J.	Worrell,	R.	Florez,	and	D.	A.	Narayan,	Edge	Contrac.on	and	Betweenness	Centrality,	to	be	
submiaed	for	publica2on.	

This	problem	could	be	studied	using	data	from	social	media	networks.	



Brain	connec2vity	
and	Trauma2c	Brain	
Injuries	in	Athletes	

A	study	involved	10	football	players	that	
received	DTI	scans	before	and	ader	the	season.	

Chari2es	



Helmets	were	oueiaed	with	linear	
accelerometers	with	the	Head	Impact	
Telemetry	System	(HITS).	
	

Each	impact	to	the	helmet	is	measured	
with	both	linear	and	rota2onal	
accelera2on.	



Repe22ve	sub-concussive	head	hits	(RSH)	(incurred	during	
sports,	military	duty,	and	alike)	produce	changes	in	brain	white	
maaer	(WM)	that	may	contribute	to	the	development	or	
progression	of	chronic	trauma2c	encephalopathy	(CTE)	later	in	
life.	
Research	studies	have	shown	an	inconsistent	rela2onship	
between	acute	brain	WM	changes	and	the	total	number	and	
magnitude	of	RSHs	over	a	season	of	play.		
	
Prior	research	has	not	accounted	for	the	interval	of	2me	
between	hits	(TBH)	or	the	period	of	2me	between	an	impact	
and	the	assessment	(e.g.	diffusion	tensor	imaging;	DTI)	(TUA).		

Frequency	of	exposures	or	2me	between	RSHs,	as	well	as	2ming	
of	exposure	rela2ve	to	measuring	the	outcome	(TUA),	is	likely	to	
influence	brain	WM	changes.		



10	collegiate	football	players	at	the	University	of	Rochester	





 

Modeling the cumulative effect of successive hits 



 

Modeling the cumulative effect of time until assessment 
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The cumulative impact over M days is given by: 

 





Increased	frac2onal	anisotropy	(FA)	is	known	to	be	linked	to	schizophrenia	and	ADHD.	
(Li	et	al.	2010)	







Using	graph	theory	to	assess	efficiency	in	transporta2on	network	design	





“Euclidean	Efficiency”	





*	This	has	both	theore2cal	and	applied	extensions.	



Metropolitan	Atlanta	
Rapid	Transit	Authority	
(MARTA)	

How	efficient	is	the	
network	compared	to	a	
network	where	every	pair	
of	sta2ons	is	connected	by	
a	direct	line?	

To	answer	this	ques2on	
what	data	would	we	need?	



Rail	distances	(provided	by	MARTA)	





The	MARTA	network	is	82%	as	efficient	as	a	
network	where	each	pair	of	sta2ons	is	
connected	by	a	direct	line.	
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Wanted:		Beta	–	testers!	

We	have	developed	a	library	of	modules	with	real	world	applica=ons	of	graph	theory.	

•  Measuring	Brain	Connec2vity	(Rochester	Center	for	Brain	Imaging)	
•  3-D	Surface	Reconstruc2on	(Microsod	Research)	
•  Eulerian	Digraphs	(Tui2on	Exchange	Network)	
•  Enumera2ng	Spanning	Trees	(Cisco	Systems)	
•  Minimum	weight	spanning	trees	(Na2onal	LambdaRail)	
•  Distance,	diameter,	radius,	and	eccentricity	(jetBlue	Airways)	
•  Menger’s	Theorem	(Na2onal	LambdaRail)	
	



Mathematical Modeling Ph.D Program 

Starts	Fall	2017	
	
For	informa2on	contact	Dr.	
Elizabeth	Cherry,	
excsma@rit.edu	



Thank	you	for	your	2me!	


