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• A	network	describes	a	collec<on	
of	nodes	and	the	links	between	
them.	
• Once	you	begin	to	study	
networks	it	is	difficult	not	to	see	
them	everywhere.	



Invasion	of	Iraq	started	in	March	19,	2003.	Many	of	the	regime’s	high	ranking	
officials,	including	Saddam	Hussein,	avoided	capture.		
Hussein	was	last	spoRed	kissing	a	baby	in	Baghdad	in	April	2003,	and	then	his	
trace	went	cold.		



•  US	armed	forces	designed	a	deck	of	cards,	each	
card	engraved	with	the	images	of	the	55	most	
wanted	Iraqi	officials.		

•  By	May	1,	2003,	15	men	on	the	cards	were	
captured,	and	by	the	end	of	the	month	another	12	
were	under	custody.		

•  Yet,	the	ace	of	spades	(see	Figure),	i.e.	Hussein	
himself,	remained	at	large.	

PS:	cards	are	s<ll	for	sale	on	eBay,	btw.	



•  Col	James	Hickey,	in	charge	of	
Opera&on	Desert	Scorpion,	wanted	to	
know	the	rela<onship	between	
everyone	killed	or	captured.		

•  The	task	fell	to	Brian	Reed,	the	
opera<ons	officer	under	Col.	Hickey,	
who	was	exposed	to	social	networks	
during	his	studies	at	West	Point.	

•  Reed	started	to	systema<cally	
reconstruct	the	social	network	of	
Saddam's	inner	circle.		

•  They	did	not	rely	on	government	
documents,	but	rather	gossip	and	
family	trees.		

•  Instead	of	focusing	on	military	<tles,	
they	learned	to	understand	the	five	
names	each	Iraqi	man	had,	lis<ng	the	
name	of	their	father,	grandfather,	and	
the	city	of	origin--	serving	as	a	family	
tree.		



•  As	they	me<culously	pieced	together	an	
extensive	diagram	of	who	drank	with	
whom	and	who	is	related	to	whom	in	the	
Tikrit	region,	where	Saddam	was	from,	
they	started	to	use	network	diagrams	to	
guide	the	raids.	In	one	of	those	raids	
they	found	Saddam’s	family	photo	
album,	providing	the	faces	of	those	that	
the	family	trusted,	filling	with	in<mate	
details	their	growing	network	diagram.		

•  Their	increasingly	detailed	maps	
consistently	pointed	to	two	individuals,	
Rudman	Ibrahim	and	Mohammed	
Ibrahim.	They	served	instead	as	
Saddam's	second-level	bodyguards,	
numbering	about	40	who	ran	the	daily	
tasks,	serving	as	his	driver,	cook,	or	
mechanic.		

•  Yet,	Rudman,	whom	the	inves<gators	
believed	that	he	knew	Hussein's	
whereabouts,	had	a	heart	aRack	and	
died	within	a	few	hours	of	his	capture.	



•  Next	the	inves<gators	used	their	
network	diagram	to	iden<fy	
individuals	who	could	have	known	
the	whereabouts	of	Mohammad,	
dubbed	the	"fat	man".		Not	a	major	
player	in	the	regime's	power	
structure,		while	Saddam's	
whereabouts	kept	secret,	
Mohammed's	social	<es	were	not	
as	protected	as	Saddam's.		

•  Once	they	found	someone	to	
turned	Mohammed	Ibrahim	in,	the	
same	man	escorted	them	to	a	farm	
near	the	Tigris	river,	reveling	the	
spider	hole	that	hid	the	dictator	
himself.	



The	capture	of	Saddam	Hussein	
shows:	
•  The	strong	predic>ve	power	of	

networks.			
•  The	remarkable	stability	of	

social	networks:		The	capture	
of	Hussein	was	not	based	on	
fresh	intelligence,	but	rather	
on	his	pre-invasion	social	links,	
unearthed	from	old	photos	
stacked	in	his	family	album.	

•  That	networks	are	not	all	
alike.	The	choice	of	network	
we	focus	on	makes	a	huge	
difference:	the	hierarchical	
tree,	that	captured	the	official	
organiza<on	of	the	Iraqi	
government,	was	of	no	use	
when	it	came	to	Saddam	
Hussein’s	whereabouts.		

•  That	interconnec>vity	entails	
strength	and	vulnerability.	





•  These	satellite	images	show	lights	shining	in	highly	populated	areas,	and	dark	spaces	
marking	vast	uninhabited	forests	and	oceans.		

•  On	August	14,	2003,	the	night	of	a	blackout	that	lee	an	es<mated	45	million	people	in	
eight	US	states	and	another	10	million	in	Ontario	without	power.		

•  The	light	in	several	regions,	Toronto,	Detroit,	Cleveland,	Columbus,	Long	Island	have	
simply	disappeared.		

August	14,	2003:	9:29pm	EDT	
20	hours	before	the	blackout	

August	15,	2003:	9:14pm	EDT	
7	hours	aeer	the	blackout	Vulnerability	





•  The	2003	blackout	is	a	typical	example	of	a	cascading	failure.	When	a	network	acts	
as	a	transporta<on	system,	a	local	failure	shies	loads	to	other	nodes.	If	the	extra	
load	is	negligible,	the	system	can	seamlessly	absorb	it,	and	the	failure	goes	
unno<ced.		

•  If,	however,	the	extra	load	is	too	much	for	the	neighboring	nodes,	they	will	too	<p	
and	redistribute	the	load	to	their	neighbors.	In	no	<me,	we	are	faced	with	a	
cascading	event,	whose	magnitude	depends	on	the	posi<on	and	the	capacity	of	the	
nodes	that	failed	ini<ally.	

Cascading	failures	have	been	observed	in	many	complex	systems.		
1.  They	take	place	on	the	Internet,	when	traffic	is	rerouted	to	bypass	malfunc<oning	

routers.	This	rou<ne	opera<on	can	occasionally	create	denial	of	service	aRacks,	
which	make	fully	func<onal	routers	unavailable	by	overwhelming	them	with	traffic.	

2.  We	witness	cascading	events	in	financial	systems,	like	in	1997,	when	the	
Interna<onal	Monetary	Fund	pressured	the	central	banks	of	several	Pacific	na<ons	
to	limit	their	credit,	which	defaulted	mul<ple	corpora<ons,	eventually	resul<ng	in	
stock	market	crashes	worldwide.	

Cascading	failures	



Cascading	failures	
Cascading	failures	can	be	also	induced	ar<ficially:	
1)  An	example	is	the	worldwide	effort	to	dry	up	the	money	supply	of	terrorist	

organiza<ons,	aimed	at	crippling	their	ability	to	func<on.		
2)  Similarly,	cancer	researchers	aim	to	induce	cascading	failures	in	our	cells	to	kill	

cancer	cells.	

Cancer,	and	more	generally	our	body,	are	
complex	systems.	



“I	think	the	next	century	will	be	the	
century	of	complexity”	
	
Stephen	Hawking	



Networks	at	the	heart	of	
complex	systems	



[adj., v. kuh m-pleks, kom-pleks; n. kom-
pleks] 
–adjective 
1. 
composed of many interconnected parts; 
compound; composite: a complex highway 
system. 
2. 
characterized by a very complicated or 
involved arrangement of parts, units, etc.: 
complex machinery. 
3. 
so complicated or intricate as to be hard to 
understand or deal with: a complex 
problem. 

Source: Dictionary.com

Complexity, a scientific theory which 
asserts that some systems display 
behavioral phenomena that are 
completely inexplicable by any 
conventional analysis of the 
systems’ constituent parts. These 
phenomena, commonly referred to 
as emergent behaviour, seem to 
occur in many complex systems 
involving living organisms, such as a 
stock market or the human brain.

 
Source: John L. Casti, Encyclopædia 

Britannica

Complex	

Complexity	



We	are	surrounded	by	systems	that	are	hopelessly	complicated.		
Consider	for	example:		
1)  the	society	that	requires	coopera<on	between	billions	of	individuals,		
2)  or	communica<ons	infrastructures	that	integrate	billions	of	cell	phones	with	

computers	and	satellites.		
3)  Our	ability	to	reason	and	comprehend	our	world	requires	the	coherent	ac<vity	of	

billions	of	neurons	in	our	brain.		
4)  Our	biological	existence	is	rooted	in	seamless	interac<ons	between	thousands	of	

genes	and	metabolites	within	our	cells.	

These	systems	are	collec<vely	called	complex	systems,	capturing	
the	fact	that	it	is	difficult	to	derive	their	collec>ve	behavior	from	
a	knowledge	of	the	system’s	components.	

Indeed,	behind	each	complex	system	there	is	a	network	that	
encodes	the	interac>ons	between	the	system’s	components…	



The	network	encoding	the	
interac<ons	between	genes,	
proteins,	and	metabolites	integrates	
these	components	into	live	cells.	
The	very	existence	of	this	cellular	
network	is	a	prerequisite	of	life.	



The	wiring	diagram	capturing	
the	connec<ons	between	
neurons,	called	the	neural	
network,	holds	the	key	to	our	
understanding	of	how	the	brain	
func<ons	and	to	our	
consciousness.	



The	sum	of	all	professional,	
acquaintanceship,	friendship,	and	
family	>es,	oFen	called	the	social	
network,	is	the	fabric	of	society	and	
determines	your	knowledge,	
behavior	and	resources.	



The	social	network	of	Facebook	users	



The	network	of	an	ISIS	TwiHer	account	



Bibliometric	maps	
•  Bibliometric	maps	are	a	typical	example	of	social	networks.	
•  A	bibliometric	map	is	the	visualiza<on	of	a	network	created	

from	a	set	of	scien<fic	publica<ons.		
•  Three	basic	types	of	networks	can	be	created	from	these	

sets:	
	
–  collabora<on	networks,	
–  seman<c	networks	
–  publica<on	cita<on	networks.		
	

•  Within	each	of	these	three	types,	it	is	possible	to	create	a	
number	of	addi<onal	networks	depending	on	the	specifics	
of	how	the	networks	are	constructed.		



A	publica>on	cita>on	network	
The	Academy	of	Management	Journal	



A	university	collabora>on	network	



A	seman>c	network	



To	how	many	(and	which)	
networks	do	you	belong?	



Networks	in	economics	

•  The	most	relevant	networks	for	economics	
are:	
– primarily	social.	e.g.	friendships,	family,	sport	
clubs,	associa<ons	(e.g.	voluntary	organiza<ons,	
professional	organiza<ons,	etc.).	

– primarily	economic:	e.g.	research	collabora<on	
networks	between	firms,	trading	networks,	inter-
bank	networks.	

– combine	elements	of	the	two.	Co-author	
networks,	world	wide	web,	colleagues.	



•  Tradi<onally,	social	structures	were	viewed	as	
important	just	in	backward	economies:	the	
mainstream	idea	was	that	with	industrializa<on,	
moderniza<on,	economic	development,	this	role	
gradually	declines	and	eventually	disappears.	

•  Similarly,	trading	restric<ons	were	viewed	as	a	
departure	from	perfectly	func<oning	markets	
where	everyone	can	trade	with	everyone	else	on	
common	prices.	

•  The	most	well	known	exposi<on	of	this	argument	
is	“The	Great	Transforma<on”	by	Karl	Polanyi.	

Networks	in	economics	



•  Un<l	the	1970s	economics	was	based	on	an	
acceptance	of	this	view.	

•  Economists	took	the	view	that	economic	ac<vity	
takes	place	between	
–  anonymous	agents	
– who	meet	in	centralized	markets	
–  and	trade	at	common	prices.	

•  General	equilibrium	theory,	oligopoly	theory,	the	
theory	of	search	and	matching	fric<ons,	
epitomize	this	approach.	

•  This	theory	yields	deep	insights	and	it	has	been	
very	successful,	but…	

Networks	in	economics	



•  The	1970s	asymmetric	informa<on	revolu<on:	
economists	realized	that	economic	exchange	
takes	place	in	the	shadow	of	imperfect	and	
asymmetric	informa>on.	

•  Buyers	do	not	know	the	quality	of	products	they	
buy,	and	the	seller	knows	more.	

•  Banks	do	not	know	the	quality	of	the	projects	
they	fund,	while	the	entrepreneur	knows	more.	

•  Managers	do	not	know	the	effort	that	workers	
exert,	and	must	reward	them	based	on	imperfect	
signals	such	as	output.	

Networks	in	economics	



Networks	in	economics	

•  Economic	growth	takes	place	due	to	
technological	change.	Firms,	farmers	and	
consumers	adopt	new	products	under	
imperfect	informa<on	of	their	profitability.	

•  Ins>tu>ons	–	formal	and	informal	--	play	a	
key	role	in	mi>ga>ng	these	informa>on	
problems.	



•  Interac<on	between	individuals	is	very	restricted:	
we	meet	a	very	small	subset	of	the	popula<on.	
The	descrip<ve	plausibility	of	these	local	
interac<ons	was	not	contested	but	its	
significance	was	not	examined	either.	

•  1990’s	research:	showed	that	local	interac<on	
yields	very	different	predic<ons	as	compared	to	
centralized	interac<on	(as	in	general	equilibrium	
and	oligopoly	interac<on)	and	in	random	
interac<on	(as	in	search	theory).	

Networks	in	economics	



Networks	in	economics	

•  In	addi<on	to	the	effect	of	imperfect	informa<on,	
agents’	ra>onality	is	limited	in	several	ways.	We	
do	not	always	do	(or	even	know)	what	is	in	our	
best	interest!	

•  Altruism,	reciprocity,	moral	norms	play	a	role.	
•  Peer	effects,	social	image	concerns,	social	
pressures.	

•  Culture,	religion,	shared	beliefs	(e.g.	on	the	
trustworthiness	of	others	and	on	the	moral	
obliga>on	to	trust	others	or	not).	



•  The	realiza>on	that	informal	ins>tu>ons	and	
culture	are	very	important	led	to	a	revolu>on	in	
contemporary	poli>cal	economy	(and,	more	in	
general,	economics):	

•  Three	key	elements:	
	1.	individual	iden>ty	is	important.	
	2.	paHerns	of	interac>on	between	
	individuals	are	crucial.	
	3.	As	well	as	their	culture.	

•  These	elements	have	fuelled	modern	research	
on	networks	and	culture	in	economics.	

Networks	in	economics	



•  In	the	Theory	of	Moral	Sen&ments,	Smith	(1759)	
argued	that	there	were	certain	virtues,	such	as	
trust	and	a	concern	for	fairness,	that	were	vital	
for	the	func<oning	of	a	market	economy.	He	
described	trust	and	reciprocity	as	cri<cal	
founda<ons	of	the	early	beginnings	of	the	
market,	allowing	reciprocal	gie	exchange	to	
emerge,	and	leading	to	trade.		

•  In	the		Principles	of	Poli&cal	Economy,	John	Stuart	
Mill	(1848)	shared	the	belief	that	trust	plays	a	
fundamental	role	in	the	economic	performance	
of	na<ons		

Networks,	norms	and	culture	in	
classical	economics	-	Examples	



Networks,	norms	and	culture	in	
classical	economics	-	Examples	

•  As	Bentham	(1781)	used	it,	u<lity	refers	to	pleasure	and	
pain,	the	“sovereign	masters”	that	“point	out	what	we	
ought	to	do,	as	well	as	determine	what	we	shall	
do”	(Kahneman	et	al.,	1997).		

•  Bentham	explained	how	the	pleasures	and	pains	enjoyed	
and	suffered	by	others	are	fundamental	sources	of	human	
sa<sfac<on	and	dissa<sfac<on.	“The	pleasures	of	
malevolence	are	the	pleasures	resul<ng	from	the	view	of	
any	pain	supposed	to	be	suffered	by	the	beings	who	may	
become	the	objects	of	malevolence”.	“The	pains	of	
malevolence	are	the	pains	resul<ng	from	the	view	of	any	
pleasures	supposed	to	be	enjoyed	by	any	beings	who	
happen	to	be	the	objects	of	a	man’s	
displeasure”	(Bentham,	1781,	pp.	37-40).	



•  Marx	explained	the	rela<ve	nature	of	u<lity	in	his	
early	work	on	wage,	labour,	and	capital:	“Our	
wants	and	pleasures	have	their	origin	in	society;	
we	therefore	measure	them	in	rela<on	to	
society;	we	do	not	measure	them	in	rela<on	to	
the	objects	which	serve	for	their	gra<fica<on.	
Since	they	are	of	a	social	nature,	they	are	of	a	
rela<ve	nature”	(Marx,	1847,	p.	45).		

•  A	few	years	later,	Veblen	(1899)	introduced	the	
concept	of	‘conspicuous	consump>on’,	serving	
to	impress	other	persons.	

Networks,	norms	and	culture	in	
classical	economics	-	Examples	



Some	examples	
•  Does	any	example	come	across	your	mind	
concerning	how	culture	and	networks	
influence	the	following	behaviors?	
– Consump<on	habits	(which	food?	Cultural	
consump<on?)	

– Savings	habits	
– Working	habits	and	work	ethic	
– Fer<lity	
– Health-related	behaviors	



Some	examples	
•  In	modern	economics,	networks	and	culture	are	claimed	to	

be	responsible	of	–	or	at	least	to	have	a	sta<s<cally	
significant	and	remarkable	influence	on:	

•  The	performance	of	ins<tu<ons.	
•  Educa<on	and	investments	in	human	capital.	
•  Transac<ons	requiring	trust	–	e.g.	in	the	credit	market,	in	

the	second-hand	market,	etc.	
•  Entrepreneurship.	
•  Job	matching.	
•  Labour	market	regula<on.	
•  The	design	of	the	welfare	state.	
•  The	redistribu<on	of	income.	
•  Economic	growth.	
•  Health.	
•  Happiness.	



•  As	perspec>ve	economists	and,	more	in	
general,	as	social	scien>sts,	we	will	mostly	
deal	with	SOCIAL	NETWORKS	in	this	course.		

•  We	will	also	deal	with	the	informal	ins<tu<ons	
stemming	from	networks	that	shape	the	
economic	ac<vity:	culture,	social	norms,	
social	structures,	social	pressures,	shared	
beliefs,	etc.	

•  We	will	consider	how	economic	policy	can	
influence	such	informal	ins<tu<ons	to	nudge	
individuals	and	networks	to	the	purpose	of	
increasing	social	welfare.	



Thank	you!	


