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Nagy grafok feldolgozasa



Mi a graf?

Csucs

e G=(V,E)
e V :csucsok

— attributommal
rendelkeznek

e E:élek
— attributomok

— lehetnek
iranyitottak,
iranytatlanok

Vertices: @ Edges: @& Triplets:
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Adatbanyaszat, Machine Learning
feladatok grafokon

* Megtalalni a befolyasos (influencer) embereket
* Megtalalni 6sszefluiggd csoportokat
e Ajanlasokat adni termékekrol



Valos grafok

 Weboldalak
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weboldalak

linkek a weboldalak kozott



Web Graphs

i e S~ Wikipedia restricted to
= = 1000 climate change

» Vertices: Web-pages Generated Content:
» Edges: Links (Directed) < Click-streams
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Valds grafok

 Tudasbazisok, tudas halok
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Robert Lee Zemeckis litvan szarmazas( amerikai producer, rendezd, forgatékényvird. Leghiresebb
filmjei kozé tartozik a Vissza a jovébe trilbgia, valamint a Forrest Gump, amivel vilaghirl ismertséget

Sziiletési datum: 1952. majus 14. (&letkor 68 év), Chicago, llinois, Egyesilt Allamok
da Vinci Gyermekek: Alexander Zemeckis, Zsa Zsa Rose Zemeckis, Rhys Zemeckis, Zane Zemeckis

Hazastars: Leslie Harter Zemeckis (hazas. 2001.), Mary Ellen Trainor (hazas. 1980.-2000.)



Valos grafok

Biologia grafok
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Valos grafok

* Logisztika, utvonal keresés

Distribution ,
Sources/ centres - Regional

Production cDe DC - RDC Customers
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Valos grafok

* Ajanlasok
Recommendation System Project
Item-based Collaborative Filtering Recommendeﬂ
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Graf feldolgozasi feladatok

e Alap statisztikak

— PI: Bemend/kimeng élek

e Szarmaztatott tulajdonsagok a grafbal

— Klaszterezési egyitthato

* Legrovidebb ut keresés

— Internet (routing)



Graf feldolgozasi feladatok

Parositas

— Randi oldalak (match.com)
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Graf feldolgozasi feladatok

* PageRank GO\JSIQ

— Node fontossag meghatarozas

PageRank
R— |
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Graf feldolgozasi feladatok

 Haromszogek keresése
— Tarsasagok megtalalasa

More Triangles

Fewer Triangles Stronger Community

Weaker Community
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Kihivasok

* Grafok nagyok

— Milliés nagysagrendd csucsok és élek

* Tarolas, feldolgozas egy serveren:
— Memoria limit
— Lassu

 Tarolas elosztva:

— Sok kommunikacio a gépek kozott



A Grafok fontosak az elemzésekben

Hyperlinks PageRank Top 20 Pages
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Kulonbozd rendszerek mas
megkozelités
~ Tablas nézet

Grafos nézet

Pregel Graph Lab\
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GIRAPH

Dependency
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Nehezkes hasznalat

» Afelhasznaloknak kulonbozb rendszereket
kell megtanulni, hasznalni

e Sokszor nehézkes interface-ken keresztul

; LR Yy N\
‘@ BIVE SprK Fraex Graph Lab'

A P A C H E

GIRAPH
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Nem hatékony

« Koltséges az adatok masolas a haldzaton és a
fajlrendszeren a kulonbozo6 rendszerek kozott

* Nem lehet felhasznalni a korabbi adatokat
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Megoldas: A graphX

Uj API Uj rendszer
Elmossa a kiilénbséget E%{ ziggfr”g sa
a tablak és a gréfok parLaznos
k6zott gratfeldolgozo
rendszereket
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Spark eszkozok

Apache Spark Core
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A tablazatos és grafos megjelenitése is
van ugyanannak a fizikai adatnak

X

Grafos nézet

Tab

egyseges
reprezentacio

Mindkét nezetnek sajat operatoral
vannak a hatékonysag miatt



Graf tablas reprezentacioja

Property Graph

Vertex Property Table

|d Property (V)
RXin (Stu., Berk.)
Jegonzal | (PstDoc, Berk.)
Franklin (Prof., Berk)
|stoica (Prof., Berk)

Edge Property Table

Srcld Dstid Property (E)
rxin jegonzal Friend
franklin rxin Advisor
Istoica | franklin Coworker
franklin | jegonzal Pl




Tabla miveletek

* Table (RDD) operatorok a Spark-bél szarmaznak:

map reduce sample
filter count take
groupBy fold first

sort reduceByKey partitionBy
union groupByKey mapwith
join cogroup pipe
leftOuterJoin Cross save

rightOouterJoin Zip



Graf operatorok

A Information about the Graph

val numEdges: Long

val numVertices: Long

val inDegrees: VertexROD[Int]
val outDegrees: VertexRDD[Int]
val degrees: VertexRDD[Int]

2 ¥Views of the graph as collections
val vertices: VertexRDD[VD]

val edges: EdgeRDD[ED]

val triplets: ROD[EdgeTriplet[VD, ED]]

A Functions for caching graphs
def persisti(newLevel : StoragelLevel = Storagelevel. MEMORY_ONLY) = Graph[vD, ED]
def cache(): Graph[vD, ED]

def unpersistVertices(blocking: Boolean = true): Graph[vD, ED]

A Change the partitioning heuristic
def partitionBy(partitionstrategy: Partitionstrategy) : Graph[VD, ED]

A Transform vertex and edge attributes

def mapVertices[VD2](map: (VertexID, VD) == VD2): Graph[VDzZ, ED]
def mapEdges=[ED2] (map: Edge[ED] == ED2): Graph[vD, EDZ]
def mapEdges [EDZ] (map: (PartitionID, Iterator[Edge[ED]]) =» Iterator[EDZ]): Graph[VD, EDZ]
def mapTriplets[ED2] (map: EdgeTriplet[VD, ED] == ED2): Graph[vD, ED2]
def mapTriplets[ED2] (map: (PartitionID, Iterator[EdgeTriplet[VD, ED]]) == Iterator[EDZ])
: Graph[VD, EDZ]
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Graf operatorok

A Modify the graph structure
def reverse: Graph[VD, ED]
def subagraph(
epred: EdgeTriplet[VD,ED] == Boolean = (x == true),
vpred: (VertexID, VD) =+ Boolean = ({v, d) =» true))
: Graph[vD, ED]
def mask[VD2, EDZ](other: Graph[VWD2, ED2]): Graph[VD, ED]
def groupEdges(merge: (ED, ED) == ED): Graph[VD, ED]

Fr T

A Join RDODs with the graph
def joinVertices[U](table:z RDD[(VertexID, U)])(mapFunc: {(VertexID, VD, U) == VD) : Graph[VD, ED]
def outerJoinVertices[U, VD2] (other: RDD[(VertexID, UJ])

(mapFunc: (VertexID, VD, Option[U]) == VD2)

: Graph[vDz2, ED]

A Aggregate information about adjacent triplets
def collectNeighborIds(edgeDirection: Edgelirection) : VertexRDD[Array [VertexID]]
def collectNeighbors(edgebirection: Edgelirection) : VertexRDD[Array [ (VertexID, VD))
def aggregateMessages [Msg: ClassTag](

sendM=sg: EdgeContext[VD, ED, M=sg] == Umt,

mergeMsg: (Msg, Msg) == Msg,

tripletFields: TripletFields = TripletFields. A1T)

: VertexRDD[A]

Big Data Haladd



GraphX

A Assume the SparkContext has already been constructed
val sc: SparkContext
A Create an ROP for the vertices
val users: RDD[(VertexId, (5tring, 5tring))] =
sc.parallelize(Array( (3L, ("rxin", "student™)), (7L, ("jgonzal™, “postdoc™)),
(5L, (“franklin", "prof™)), (2L, (Mistoica”, "prof™))))
A Create an ROP for edges
val relationships: RDD[Edge[5tringl] =
sc.parallelize(Array(Edge(3L, 7L, "collab™), Edge(sL, 3L, "advisor™),
Edge(ZL, 5L, "colleague"), Edge(5L, 7L, "pi")))
A Define a8 default user n case there are relationship with missing user
val defaultUser = ("John Doe", "Missing™)
A Butld the nitral Graph
val graph = Graph(users, relationships, defaultUser)

Property Graph

O

Vertex Table

Property (V)

(rin, student)

(jgonzal, postdoc)

(franklin, professor)

[N RO, I N I OS]

(istoica, professor)

Edge Table
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GraphX Achitektura



Optimalis graftarolas

Altalaban GraphX

/

P ~
7 s
’ S
.’ ‘

Edge Cut Vertex Cut
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Elosztott graf mint tablak (RDDk)

Vertex Routing Edge Table
Property Graph Table Table (RDD)
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Csucs tarolas

 Honnan tudjuk melyik csucs melyik szerveren
tarolodik?

* Lehetbségek:
— Hash-alapu:
e Hash(csucs id) mod num(server)
* Hasonlé: P2P
— Lokalitas-alapu
* A szomszédos csucsokat probaljuk egy szerveren tarolni
* Csokken a szerver-szerver kozotti kommunikacio



Graf elemzés Pipeline
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Graf elmezés pipeline

Raw Wikipedia Hyperlinks PageRank Top 20 Pages
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Spark Preprocess Compute Spark Post.
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Bulk Synchronous Parallel(BSP) Model

e Think like a vertex” Processors

* Originally by Valiant (1990)
Local
Compulation
Communicakion W
.

A I
i-L_'.' ne hromnisation

Big Data Haladd
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Graph- ParaHe\ Pattem

10) _:1|'-_. L C F)%E| | ]

Gather information from
neighboring vertices
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Graph-Parallel Pattern

. \
Apply an update the

vertex property




Graph-Parallel Pattern

Gonzalez et al. |OSDI' [ 2]

—

Scatter information to
neighboring vertices
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Pregel API

def pregel[A]
(initialMsg: A,
maxIter:z Int = Int.MaxValue,
activeDir: EdgeDnrection = EdgeDirection.Out)
(vprog: (VertexId, VD, A) == VD,
sendvsg: EdgeTriplet[VD, ED] =» Iterator[(VertexId, A)],

mergeMsg:z (A, A) =» A)

* Elso lista — konfiguracio
— inicializal6 Gzenet
— max iteraciészam
— aktiv él irany — melyik iranyba menjenek az Gzenetek

» kovetkezd iteracidban csak azokkal az élekkel fog foglalkozni,
amelyek kaptak Gzenetet

 alap beallitas mindkét irany

Big Data Haladé
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Pregel API

def pregel[A]
(initialMsg: A,
maxIter: Int = Int.MaxValue,
activeDir: EdgeDnrection = EdgeDirection.Out)
(vprog: (VertexId, VD, A) == VD,
sendvsg: EdgeTriplet[VD, ED] =» Iterator[(VertexId, A)],

mergeMsg:z (A, A) =» A)

e Masodik lista

— vertex program
— Uzenet kuldése
— Uzenet aggregalasa

Big Data Haladd
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Legrovidebb ut keresése Pregel

import org.apache. spark. graphx. {Graph, vertexzd}
import org.apache. spark. graphx. util.GraphGenerators

A A graph with edge attributes containing distances
val graph: Graph[Long, Double] =
GraphGenerators. loghormalcraph(sc, numvertices = 100).mapeEdges(e =» e.attr.toDouble)
val sourcerd: vertexId = 42 /. the ultimare source
S Initialize the graph such that all vertices except the rootr have distance infinity.
val initialGraph = graph. mapvertices((id, _) =>
if (id == sourceid) 0.0 else Double.PositiveInfinity)
val sssp = initialcraph. pregel{Double. PositiveInfinity)(
(id, dist, newDist) == math.min{dist, newDist), ./ Vertrex Program
triplet = { ./ Send Message
it (triplet.srcattr + triplet.attr < triplet.dstattr) {

Iterator((triplet.dstid, triplet.srcAttr + triplet.attr))
T else {
Iterator.empty
Fy
¥s
(a2, b) == math.min(a, b) /. Merge Message

)

printin{sssp.vertices. collect.mkstring("\n"))

Big Data Haladd 41



Pagerank

e vprog: 0.15 + 0.85 * msg
* sendMsg: nl send nl.p*edge.attr
e aggrMsg: sum(a,b)

Big Data Haladd
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Pagerank

e vprog: 0.15 + 0.85 * msg
* sendMsg: nl send nl.p*edge.attr
e aggrMsg: sum(a,b)

Big Data Haladd
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Pagerank

e vprog: 0.15 + 0.85 * msg
* sendMsg: nl send nl.p*edge.attr
e aggrMsg: sum(a,b)

1/2

/’

0.15*0.5

Big Data Haladd
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Pagerank

e vprog: 0.15 + 0.85 * msg
* sendMsg: nl send nl.p*edge.attr
e aggrMsg: sum(a,b)

1/2

/’

0.15*0.5

Big Data Haladd
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Connected Components

e vprog: math.min(msg,id)
* sendMsg: if nl.id<n2.id: n1 send nl.id
e aggrMsg: math.min(a,b)

Big Data Haladd
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Connected Components

e vprog: math.min(msg,id)
* sendMsg: if nl.id<n2.id: n1 send nl.id
e aggrMsg: math.min(a,b)

\

Big Data Haladd
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Connected Components

e vprog: math.min(msg,id)
* sendMsg: if nl.id<n2.id: n1 send nl.id
e aggrMsg: math.min(a,b)

Big Data Haladd
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Triangle Count

e kiszamoljuk a szomszedok halmazat

Big Data Haladd
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Triangle Count

* minden élen megnézzik hany
egyez0 szomszéd van

Big Data Haladd
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Triangle Count

* Minden élen mindkét iranyba
elkuldjuk az Gzenetet, majd 6sszegezziik

2

Big Data Haladd
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Triangle Count

* Mivel minden haromszog 2szer szerepel
leosztjuk 2-vel

Az eredmény megmondja, hogy egy node hany

haromszogben szerepel 1
2

Big Data Haladd
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Create a Property Graph

0 Import required classes

e Create vertex RDD

@ Create edge RDD

Q Create graph

IR Academy © 2016 MapR 0-
Technologies 53



Create a Property Graph

Import required classes

import org.apache.spark.
import org.apache.spark.graphx.
import org.apache.spark.rdd.RDD

IR Academy

© 2016 MapR
Technologies



Create a Property Graph: Data Set

Vertices:

Vertex 1D Property (V)

Id (Long) Name (String)

Edges:

Dest ID | Property (E)
1D

Id Id Distance (Integer)

IR Academy © 2016 MapR
Technologies 55



1d____|Property_

Create a Property 1 SFO
Graph

Create vertex RDD ° ORD

3 DFW

// create vertices RDD with ID and Name

val vertices=Array( (1L, ("SFO")),
(2L, ("ORD")) , (3L, ("DFW")) )

val vRDD= sc.parallelize(vertices)
vRDD. take (1)

// Array((1l,SFO))

IR Academy © 2016 MapR
Technologies



Create a Property 1 2 1800
Graph
2 3 800

Create edge RDD
1 1400

// create routes RDD with srcid, destid ,
distance

val edges = Array(Edge(1L,2L,1800),

Edge (2L,3L,800) ,Edge (3L,1L,1400))

val eRDD= sc.parallelize (edges)

eRDD. take (2)

// Array(Edge(1,2,1800), Edge(2,3,800))

IR Academy



Create a Property Graph

Create graph

// define default vertex nowhere
val nowhere = “nowhere”

//build initial graph
val graph = Graph(vertices, edges, nowhere)

graph.vertices. take (3) . foreach (print)
// (2,0RD) (1,SFO) (3,DFW)

graph.edges. take (3) . foreach (print)
// Edge(1,2,1800) Edge(2,3,800) Edge(3,1,1400)

IR Academy



Graph Operators

Toanswer questions such as:

How many airports are
there?

How many flight routes are
there?

What are the longest
distance routes?

Which airport has the
most incoming flights?

What are the top 10 flights?

IR Academy © 2016 MapR 0-

Technologies 59



Graph Operators

Graph Operators

// How many airports?

val numairports = graph.numVertices
// Long = 3

// How many routes?

val numroutes = graph.numEdges

// Long = 3

// routes > 1000 miles distance?
graph.edges.filter ({

case ( Edge(org id, dest id,distance))=>
distance > 1000
} . take (3)

// Array(Edge(1,2,1800), Edge(3,1,1400)

IR Academy



Triplets

Vertices: % Edges: Triplets:

// Triplets add source and destination
properties to Edges

graph. triplets. take(3) . foreach (println)
((1,SFO), (2,0RD) ,1800)

((2,0RD), (3,DFW) ,800)

((3,DFW), (1,SFO) ,1400)

IR Academy © 2016 MapR
Technologies
QA



Triplets What are the longest routes ?

((1,SFO), (2,0RD) ,1800)
((2,0RD), (3,DFW) ,800)
((3,DFW), (1,SFO) ,1400)

// print out longest routes
graph.triplets.sortBy( .attr,
ascending=false)

.map (triplet =>"Distance" +
triplet.attr.toString + “from" +
triplet.srcAttr + “to" +
triplet.dstAttr)

.collect. foreach (println)
Distance 1800 from SFO to ORD
Distance 1400 from DFW to SFO
Distance 800 from ORD to DFW



Graph Operators

Which airport has the most incoming flights? (real dataset)

// Define a function to compute the highest

degree vertex
def max (a: (VertexId, Int) ,b: (VertexId, Int))

: (VertexId, Int) =
{ if (a. 2 > b. 2) a else b }

// Which Airport has the most incoming
flights?

val maxInDegree: (VertexId, Int)=
graph.inDegrees.reduce (max)

// (10397,152) ATL

IR Academy



Graph Operators

Which 3 airports have the most incoming flights? (real dataset)

// get top 3
val maxIncoming = graph.inDegrees.collect

.sortWith( . 2 > . 2)
.map (x => (airportMap(x. 1), x. 2)).take(3)

maxIncoming. foreach (println)
(ATL,152)
(ORD, 145)
(DFW,143)

IR Academy



Pregel Operator: Example

Use Pregel to find the cheapest airfare:

// starting vertex
val sourceld: VertexId = 13024

// a graph with edges containing airfare cost calculation
val gg = graph.mapEdges (e => 50.toDouble + e.attr.toDouble/20)

// initialize graph, all vertices except source have distance
infinity
val initialGraph = gg.mapVertices((id, ) =>

if (id == sourcelId) 0.0 else Double.PositiveInfinity



Pregel Operator: Example
Use Pregel to find the cheapest airfare:

// call pregel on graph
val sssp = initialGraph.pregel (Double.PositiveInfinity) (
// Vertex Program
(id, distCost, newDistCost) =>
math.min (distCost,newDistCost),
triplet => ({
// Send Message
if (triplet.srcAttr + triplet.attr
<triplet.dstAttr) {
Iterator((triplet.dstId, triplet.srcAttr +
triplet.attr))
} else {
Iterator.empty}},
// Merge Message
(a,b) => math.min (a,b)
)



Pregel Operator: Example

Use Pregel to find the cheapest airfare:

// routes , lowest flight cost

println (sssp.edges.take (4) .mkString("\n"))

Edge (10135,10397,84.6) Edge(10135,13930,82.7)
Edge (10140,10397,113.45) Edge(10140,10821,133.5)

MR A cademy © 2016 MapR
Technologies
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