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Graph	Simplifica2on		
&	Interac2on	

h9p://i.imgur.com/cW19IBR.jpg	
h9ps://www.reddit.com/r/CableManagement/	
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Today	

•  Reading	
– “Social	Network	Clustering	and	Visualiza2on	using	
Hierarchical	Edge	Bundles”	

– Defini2on	of	Betweenness	Centrality	
– “On	the	Visualiza2on	of	Social	and	other	Scale-Free	
Networks”	

•  Graph	Interac2on	Brainstorming	Exercise	

•  Emergency	Management	Visualiza2on	
– Sean	Kim’s	masters	project	

•  Reading	for	Tuesday	&	Homework	3	

Reading	for	Today	

•  “Social	Network	Clustering	and	Visualiza2on	
using	Hierarchical	Edge	Bundles”,	Jia,	Garland,		
&	Hart,	Computer	Graphics	Forum,	2011.	
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“Social	Network	Clustering	and	Visualiza2on	using	Hierarchical	Edge	
Bundles”,	Jia,	Garland,	and	Hart,	Computer	Graphics	Forum	2011.	

•  Dense	graphs,	e.g.,	social	networks	
•  Straight	line	drawings	are		
clu9ered	by	crossings	
–  Curved	edges	
–  Bundled	edges	(similar	pathways)	
reduce	visual	clu9er,	similar	to	
clusters	of	electric	wires	

•  Try	to	preserve	tree	balance	
– Merge	equal	height	trees	at	the	root	
–  Differently	heighted	trees	at	levels	to		
be	balanced	

•  Clarifies	communica2on,	
collabora2on,	and	compe22on	
network	structure	

“Social	Network	Clustering	and	Visualiza2on	using	Hierarchical	Edge	
Bundles”,	Jia,	Garland,	and	Hart,	Computer	Graphics	Forum	2011.	

•  Modulariza2on	Quality:	average	edge	density	within	
clusters	vs.	average	edge	density	between	clusters	
–  Large	MQ	=	be9er	clustering	
–  Unclear	if	this	is	actually	a	good	metric?		(degeneracies?)	

•  Their	Contribu2on!		Betweenness	Centrality	Differen'al	
–  Inter-community	vs	intra-community	edges	
– Was	the	decision	to	merge	these	trees	obvious	or	arbitrary?	
–  Used	this	value	as	the	strength	of	an	edge	bundle	

•  Tradeoff:	accuracy	vs.	running	2me	
•  Interac2ve:		select	or	deselect	nodes,	text	queries,	change	
colors,	edit	numerical	bundle	strengths	

•  Uniform	depth	op2mal	for	Radial	Layout	[Eades	92]	
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“Social	Network	Clustering	and	Visualiza2on	using	Hierarchical	Edge	
Bundles”,	Jia,	Garland,	and	Hart,	Computer	Graphics	Forum	2011.	

•  What	are	some	anecdotal	real-world	examples	of	a	“low	
BC	edge”	and	a	“high	BC	edge”?	
– Why	does	it	make	sense		
to	preserve	or	simplify		
away	these	edges?	

– Why	is	a	tree	the		
best	simplified		
representa2on	of	a		
big	complex	graph?	

•  Ground	Truth		
Comparisons:		
Why	is	this	the	“best”		
simplifica2on/rendering?	

•  Should	this	be	a	future		
Data	Structures	Homework?	

“Social	Network	Clustering	and	Visualiza2on	
using	Hierarchical	Edge	Bundles”,	Jia,	Garland,	
and	Hart,	Computer	Graphics	Forum	2011.	

•  Wri2ng:	
–  Not	all	steps	of	prior	work	
presented	in	full/intui2vely	

–  Difficult	to	read	when	referenced	
figure	is	on	the	next	page	

–  Each	example	graph/figure		
shows	something	specific,	
a	contribu2on	

–  Lengthy	discussion	comparing		
to	previous	methods	

–  Limita2ons	presented	and	
explained	

– Would	be	nice	to	also	have	
pseudocode.		(or	are	the		
many	diagrams	a	visual	
pseudocode?)	
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Today	

•  Reading	
– “Social	Network	Clustering	and	Visualiza2on	using	
Hierarchical	Edge	Bundles”	

– Defini2on	of	Betweenness	Centrality	
– “On	the	Visualiza2on	of	Social	and	other	Scale-Free	
Networks”	

•  Graph	Interac2on	Brainstorming	Exercise	

•  Emergency	Management	Visualiza2on	
– Sean	Kim’s	masters	project	

•  Reading	for	Tuesday	&	Homework	3	

Betweenness		
Centrality	

•  For	each	pair	of	nodes		
“A”	and	“C”	in	the	graph	

•  Compute	the	shortest		
path	between	A	&	C	

•  Is	B	on	that	path?		
A->B->C?			How	many	of	the	paths?		

•  “Betweenness	Centrality	of	node	B”	=	
#	of	2mes	B	appears	in	these	shortest	paths		

•  (Assuming?)		Similar	defini2on	for		
“Betweenness	Centrality	of	edge	B1->B2”	

h9p://mathforum.org/mathimages/index.php/	
Social_Networks#Betweenness_Centrality	
Click	on	“A	More	Mathema'cal	Explana'on”	
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“On	the	Visualiza2on	of	Social	and	other	Scale-Free	
Networks”	Jia,	Hoberock,	Garland,	and	Hart,	TVCG	2008.	

•  Scale	free	network	==(?)	Power	law	graph	
– Degree	distribu2on	follows	a	power	law	
–  Few	nodes	with	high	degree		
(called	“hubs”),	many	with	low	degree	

– Naturally	occurring	in	many	sciences	

•  Goal:	Eliminate	“less	important”	edges	in	the	graph	
that	are	seldom	used	for	communica2on	

•  Goal:	Simplifica2on	will	improve	the	convergence	
and	quality	of	node	layout	algorithms	

•  Filtering	vs.	clustering?	
•  Automa2cally	vs.	interac2vely?	

“On	the	Visualiza2on	of	Social	and	other	Scale-Free	
Networks”	Jia,	Hoberock,	Garland,	and	Hart,	TVCG	2008.	

•  Clustering	works	well	for	planar	graphs,	but	can	
actually	increase	the	edge	density	of	non	planar	
graphs.		Also	loses	original	seman2cs.	

•  Filtering	retains	edge	&	node	seman2cs,	
simplified	graph	is	a	subset	of	the	original.			
– Stochas2c	filtering	(random	edge	dele2on)		
can	destroy	connec2vity	&	important	features	

– Determinis2c	filtering	choice:	
•  preserve	high	betweenness	centrality	edges	
focus	on	communica2on	pathways	
•  preserve	low	betweenness	centrality	edges	
focus	on	clusters	
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“On	the	
Visualiza2on		
of	Social	and	
other	Scale-
Free	Networks”	
Jia,	Hoberock,	
Garland,	and	
Hart,	TVCG	
2008.	

“On	the	Visualiza2on	of	Social	and	other	Scale-Free	
Networks”	Jia,	Hoberock,	Garland,	and	Hart,	TVCG	2008.	

•  Preprocess:	mark	feature	
edges	(e.g.,	cliques	or	
highly	connected	
components)	

•  Priority	queue	
•  Post-processing:	catch	
errors	in	connec2vity	
preserva2on	
approxima2on	

•  Es2mate	of	betweenness	
centrality		is	much	faster	
than	exact	computa2on	
–  Focus	on	paths	through	
50+	hub	nodes	

Summed	squared	error	in	shortest	
paths	of	simplified	vs	original	graph	
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“On	the	Visualiza2on	of	Social	and	other	Scale-Free	
Networks”	Jia,	Hoberock,	Garland,	and	Hart,	TVCG	2008.	

•  Rendering	
– Alpha	(transparency)	
– Occlusion	of	less	
important	lines	

–  Interpolate	warm	to	
cold	colors,	highlight	
high-degree	hubs	
(warm	color	
foreground,	cool	color	
recedes)	

•  Interac2ve	slider	to	
control	simplifica2on	

“On	the	Visualiza2on	of	Social	and	other	Scale-Free	
Networks”	Jia,	Hoberock,	Garland,	and	Hart,	TVCG	2008.	

•  How	do	we	know	these	simplifica2ons	are	
correct/appropriate/not	misleading?	
– Metrics	may	be	applica2on	domain	specific?	
– Study	graph	sta2s2cs	
– Perform	tests	of	random	node/edge	selec2on	&	
random	walks	

•  Overclustering	(problem	with	prior	work)	can	
imply	that	items	directly	interact	when	they	did	
not	in	the	original	dataset	
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Today	

•  Reading	
– “Social	Network	Clustering	and	Visualiza2on	using	
Hierarchical	Edge	Bundles”	

– Defini2on	of	Betweenness	Centrality	
– “On	the	Visualiza2on	of	Social	and	other	Scale-Free	
Networks”	

•  Graph	Interac2on	Brainstorming	Exercise	

•  Emergency	Management	Visualiza2on	
– Sean	Kim’s	masters	project	

•  Reading	for	Tuesday	&	Homework	3	

“Story-boarding”	

h9p://pixar-anima2on.weebly.com/storyboard.html	
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“Wizard-of-Oz”	for	Interface	Design	

h9p://courses.cs.washington.edu/courses/	
cse440/12wi/projects/pocketdoctor/medfi.html	

h9p://kate-vogt.com/bond.html	

Today’s	Marker/Crayon	Exercise	
•  Team	up	with	another	student	who	you	did	not	know	
before	this	course	began.		Both	of	you	must	draw	☺	

•  Brainstorm	an	interac'on	method	for	a	graph	drawing	
visualiza2on			
–  Choose	a	real-world	applica2on	and	typical	dataset	
(Pick	something	other	than	Facebook	data…		be	crea2ve!)	

– What	is	the	story	behind	the	purpose	&	audience	for	this	
visualiza2on?		Why	is	a	dynamic	interac2on	beneficial?	

–  How	would	you	clearly	&	efficiently	present	the	data		
through	an	interac2ve	&	dynamic	experience?		

–  Use	color,	size,	level	of	detail,	mo2on,	hover	text,	etc.	
–  Storyboard/Wizard-of-Oz	this	interac2on	

•  Upload/send	photos	(labeled	&	sequenced)	to:	
rpi.vis.s16@gmail.com		or		h9p://2nyurl.com/h4txnjp	
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Today	

•  Reading	
– “Social	Network	Clustering	and	Visualiza2on	using	
Hierarchical	Edge	Bundles”	

– Defini2on	of	Betweenness	Centrality	
– “On	the	Visualiza2on	of	Social	and	other	Scale-Free	
Networks”	

•  Graph	Interac2on	Brainstorming	Exercise	

•  Emergency	Management	Visualiza2on	
– Sean	Kim’s	masters	project	

•  Reading	for	Tuesday	&	Homework	3	

Emergency	Response	Decision	Making	
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Full	network	detail	is	
overwhelming	

Subset	of	data	
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Zoom	and	“expand”	
informa2on	for	cri2cal	nodes	

and	network	links		

Trace	back	problem	to	source	
of	outage	
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Priori2ze	crew	
assignments	

Mul2-User	Non-Linear	Adap2ve	Magnifica2on		
for	Satellite	Imagery	and	Graph	Networks	
Sean	Kim,	Masters	Thesis,	RPI,	July	2014	
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Mul2-User	Non-Linear	Adap2ve	Magnifica2on		
for	Satellite	Imagery	and	Graph	Networks	
Sean	Kim,	Masters	Thesis,	RPI,	July	2014	

Mul2-User	Non-Linear	Adap2ve	Magnifica2on		
for	Satellite	Imagery	and	Graph	Networks	
Sean	Kim,	Masters	Thesis,	RPI,	July	2014	
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Mul2-User	Non-Linear	Adap2ve	Magnifica2on		
for	Satellite	Imagery	and	Graph	Networks	
Sean	Kim,	Masters	Thesis,	RPI,	July	2014	

Mul2-User	Non-Linear	Adap2ve	Magnifica2on		
for	Satellite	Imagery	and	Graph	Networks	
Sean	Kim,	Masters	Thesis,	RPI,	July	2014	
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Today	

•  Reading	
– “Social	Network	Clustering	and	Visualiza2on	using	
Hierarchical	Edge	Bundles”	

– Defini2on	of	Betweenness	Centrality	
– “On	the	Visualiza2on	of	Social	and	other	Scale-Free	
Networks”	

•  Graph	Interac2on	Brainstorming	Exercise	

•  Emergency	Management	Visualiza2on	
– Sean	Kim’s	masters	project	

•  Reading	for	Tuesday	&	Homework	3	

Reading	for	Tuesday	
•  “Useful	Junk?	The	Effects	of	Visual	Embellishment	on	

Comprehension	and	Memorability	of	Charts”		
Bateman	et	al.,	CHI	2010.	

•  Ar2cle	discussed	here:	
h9p://eagereyes.org/cri2cism/chart-junk-considered-useful-ayer-all	

Post	a	comment/ques'on		
on	LMS	by	Tuesday	@10am	
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Homework	Assignment	3:	due	Thursday	@	11:59pm	
Intro	to	(Web-Based)	Interac2on	
•  Explore	the	examples	on	the	D3:	Data-Driven	Documents	
•  h9p://d3js.org/	website	(download	the	examples,	modify	
them,	start	to	read	the	documenta2on)	

•  Make	an	interac2ve	(visualiza2on)	ar2fact:	
–  Depends	on	your	level	of	prior	experience	with	Web	
Development	tools	(if	you’re	already	a	D3	expert,	you	can	
choose	another	new-to-you	tool)	

–  Purpose:	Can	be	silly	&	possibly	exemplify	our	“bad	
visualiza2on”	traits	(pie	charts,	chart	junk,	etc.)	

–  Types	of	“interac2on”	may	include:	
•  pop	up	text	messages	
•  data	hide/reveal/emphasize/restructure	
•  font/size/color/transparency	change	


