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Realworld graphs: An Example
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Graph[SNAP] #nodes (n) # edges (m) # triangles (T)
CaHepPh 12K 118K 3.35M

Source:
http://academic.research.microsoft.com



= Reaiworld graphs
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1. Graphs are everywhere.
2. Reaiworld graphs are hugéLots of vertices and edges.)
3. Reaiworld graphs have lots of triangles.

Graph[SNAP]  #nodes (n) # edges (m) # triangles (T)

web-BerkStan 0.6M 6M 64M
orkut 3M 22M 627M
CaHepPH 12K 118K 3.35M
cit-Patents 3M 16M ™
Photo Credit: a) facebook.com 3

b) http://academic.research.microsoft.com
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_ EF~G is an open wedge
B-GD is a closed wedge
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A Transitivity=_ = 3 #Triangles#Wedges = fraction of closed wedges



EF~G is an open wedge

B-GD is a closed wedge

A AwedgeA d | £ SYy3dK H LI GK® bl YST @&
A Transitivity=_ = 3 #Triangles#Wedges = fraction of closed wedges

Graph[SNAP] #nodes (n) # edges (m) #triangles (T) Transitivity

web-BerkStan 0.6M oM 64M 0.007
orkut 3M 223M 627M 0.041
CaHepPH 12K 118K 3.35M 0.39

cit-Patents 3M 16M ™ 0.067




EF~G is an open wedge

B-GD is a closed wedge
A AwedgeA d | £ SYy3dK H LI GK® bl YST @&
A Transitivity=_ = 3 #Triangles#Wedges = fraction of closed wedges

[Seshadhri Pinakolda2013]gave algorithm for computing transitivity
givenaccess$o the entire graph. This algorithm is the starting poinbbfvork.

Graph[SNAP] #nodes (n) # edges (m) #triangles (T) Transitivity

web-BerkStan 0.6M oM 64M 0.007
orkut 3M 223M 627M 0.041
CaHepPH 12K 118K 3.35M 0.39

cit-Patents 3M 16M ™ 0.067
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Why Count Triangles in Graphs?

Useful in Social Scientm positing various theses on behavior
[Burt 09], [Coleman 88], [WelleBevender Contractor 10],Portes88]

Applied to spanuetection [BecchettiBoldiCastilloGionis08]
Relevant for findingopics on WWWEckmanrvioses 02

Proposedas a guide for community structure

Stated as a corieature forgraph modelgvivarBanks 11]

Cornerstone for Block Twlevel ErdosRenyi(BTERSeshadhrPinarKoldal?2]
Good descriptor of the underlying grafhurakSeshadnrPinarKoldal2]

Richset of algorithmi(results spanning various models

OSEI OGklFLILINRBEAYI SKkRSGSNXYAYyAalAO
reduce, parallel etc.)

Very wellstudied: [AhnGuhaMcGregorGrapl2012], PurakPinarKoldaSeshadhri
2012], PaghTsourakaki2012], Buri Vassilvitskik011], [Tsourakaki&olountzakidviller
2011], [Chu Cheng 2011], [Yoon Kim 2G4dlpuntzakisMiller PengTsourakaki2010],
[Avron2010],[Tsourakaki®rineasMichelakisKoutisFaloutso2009], [Tsourakaki&ang
Miller Faloutso2009], Latapy2008], BecchettiBoldiCastilloGionis2008], [Tsourakaki€8],
[Buriol FrahlingLeonardiMarchetti-Spaccamel&ohler2006], [JowhanGhodsQOOS] BSchank
Wagner 2005][BarYosseKumarSivakumaH 1 1 H 6 =



Graph as stream of edges

A Realworld graphs have a natural tirrstamp

Madhav Jha Saravanan Va
-

Madhav Jha Ratul Ray
-

~

e

Madhav Jha Hemant Kumar
-

Photo credit: facebook.com

10



Graph as stream of edges
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Graph as stream of edges
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Graph as stream of edges
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Graph as stream of edges
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Graph as stream of edges
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Our Contributions : Theoretical

Theorem:
A singlepassstreamingalgorithmfor arbitrarily ordered edge stream
which storesonly/ (\/—é_) edQES(for most real worldgraphs)
requires nearlyconstant time updateer edge, and
estimates# trianglesandtransitivity.

Analysis based on the clasBicthday Paradax



Our Contributions : Practical

A Accurate triangles estimates in low space

Example: O®Orkutgraph (200 M edges and 0.627 B triangles), our
algorithm stores only 40 K edges (2% of graph) and reports 0.658 B
triangles (less than 5% relative error).

A Accurate transitivity estimates
A Real'“metrack”']g Rea!timetracking of # triangles

on cit-Patents graph (16Mdges,

0.18 storingonly 60K edgefom the past.
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(Our algorithm stores only 40 K edges in all these runs.)



Data Structures of the Algorithm

Input Parametersi andi

edge_reservolt

N

N

AN

N\

AN

\J An array to storeedgesof sizei

wedge_reservoli

IsClosef

An array to storevedgesof sizei

A Boolean array of size

24



The Algorithm

T
[T

edge_reservoli ’\. ’\. ’\! '\ \ \J Updateedge_reservoir

wedge_reservoli Updatewedge reservoir

isClosef] 1 ] 0o 1 UpdateisClosed

Letno S T NJ O k@yed[RCutpua Qa A Y
1. Transitivityestt o n
2. TrianglessstY estt  normalizingfactor
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The Algorithm

T
[T

edge_reservoli ’\. ’\. ’\! '\ \ \J Updateedge_reservoir

wedge_reservoli Updatewedge reservoir

isClosef] 1 ] 0] 1 UpdateisClosed

Updates toedge reservoivery rare!
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How many wedges are there in
a random pool of edges?
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