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Graphs are easy.
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Binary Tree
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What is a graph?
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Graph Problems

TouchGraph

Network Routing Social Network Connections
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Example: A computer network

(Y 192.168.2.2

192.168.2.1

HHHHEHHH

R‘_l':aaskh:-p
192.168.1.3 SWH'ch

—Router
Wifi Access point

192.168.1.1, 192.168.3.1
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192.168.1.2

Mfdble*
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192.168.3.3

Server
192.168.2.49 192.168.2.3 Ra——
192.166.2.2
192.168.1.3

Note 192.168.2.5 10216821  192.168.1.1
1. There are three networks: servers.

desktops and mobile.
2. They are connected through two

routers/firewalls.
3. We ignored the switches and the

access point in the graph. 192.168.1.2
4. Router 192.168.1.1 has two

interfaces but we used one as
vertex 1D. 192.168.2.4 182.168.23 1921683.2 192.168.3.3
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Example: A social network

John

father

wife | husband

Susan

Mark Sarah

co-worker friend

Sarah

employee friend
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Note

1.

2.

A symmetric
relationship is
substituted by two
directed edges.

A relationship does not
have to be substituted
by two edges, but e.q.

by a more specific one.
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Example: A semantic network

The Star Spangled
Banner

9826675.0

Subject Predicate 0b ject

United States areaTotal 9826675.0

areaTotal

anthem
The Star Spangled

United States anthem Banner John Boehner United States John Roberts
United States leaderName Barack Obama leaderName
United States leaderName Joe Biden
United States leaderName John Boehner
Barack Obama
United States leaderName John Roberts Joe Biden
Barack Obama birthFlace United States
Barack Obama birthFlace Hawaii country
. President of the
Barack Obama orderInOfFice United States orderinOffi
2B8311.0
Hawaii areaTotal 28311.0
areaTotal
Hawaii country United States

President of the

Hawail United States
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Example: A map
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Edge labels are used for the highway names
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Predicting break ups
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Graphs are nasty.

O Each vertex depends on its neighbors, recursively.

O Recursive problems are nicely solved iteratively.
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PageRank in MapReduce

O Data Record: <v, pr, [V, ..., v, ] >
O Mapper: emits < v, pr / #neighbours >

O Reducer: sums the partial values
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MapReduce datatlow

Input Map Intermediate Reduce Output
format tasks files tasks format
Input O > Z ;  E— > Output 0
Input 1 > By pL @ > Output 1
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Drawbacks

O Each jobis executed N times
® Job bootstrap

O Mappers send PR values and structure

O Extensive I/0 at input, shuffle & sort, output in each iteration!
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Apache Giraph
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Apache Giraph

Inspired by Google Pregel (2010)

&
&

&
L/

Donated to the Apache Software
Foundation (ASF) by Yahoo! in 2011

»
T

Top-level project in 2012

@
A

1.0 release in January 2013

=h
9oy

1.1 release in November 2014

0> ¢
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You are here!

MapReduce Giraph
Analytics wve  Spark | GraphX GraphlLab
pig Signal/Collect
Cassandra Neod4]
Database MySQL Tinkerpop
HBase Orien{DB

Tuples Graphs
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Plays well with Hadoop

Giraph

YARN Zookeeper MapReduce
0 Gora Tinkerpop
Hive
Tables HBase Cassandra FDBM Neo4JIDEX
N
HDFS )
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Vertex-centric API

Iteration i lteration i+|
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Shortest Paths
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Shortest Paths
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Shortest Paths
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Shortest Paths
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Shortest Paths
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Code

def compute(vertex, messages):
minValue = Inf  # float(‘Int’)
for m in messages:
minValue = min(minValue, m)
if minValue < vertex.getValue():
vertex.setValue(minValue)
for edge in vertex.getEdges():
message = minValue + edge.getValue()
sendMessage(edge.getTargetld(), message)
vertex.voteToHalt()
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Finding Communities [1/2

Superstep 0:

1. All vertices initialise their value to
their ID.

2. All vertices send their value to the
other endpoint.

Every vertex propagates the ID
through the messages.

Superstep 1:

1. Vertices receive the labels of their neighbours
and compute frequency.

2. Edge values are initialised to these labels.

3. At this first superstep, all frequencies are 1 so
vertices break ties randomly.

4. Vertices update their value and send it to the
endpoints of their edges..

The central vertex acquires at random one of
the lanes from the neighbours
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Finding Communities [2/2

Superstep 2:

1. Vertices receive the labels of their neighbours
and compute the frequency.

2. Vertices update edge values

3. Vertices update their label based on the
frequencies breaking ties randomly.

4. Vertices send their values to the endpoints of
their edges.

The ID of the central vertex starts being
propagated within the community

Superstep 4:
1. Remaining vertices receive the labels from the
neighbours.
. They update their edge values.
. They compute their new labels.
4, They send their new value to the endpoints of
their edges.

w P

The whole community has now acquired the id
of the central node.

® Label as a message . Active vertex with label
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Architecture

Hadoop File System (HDFS)

Master
Coordinator

Compute threads

Vertices

——

Message Inbox
L .

Message Outbox

Worker 1 Worker 2 Worker N Master
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Bulk Synchronous Parallel & Giraph
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Giraph job lifetime

Loading phase Compute phase Offloading phase
e

TN —~
Workers call

compute() on the
active vertices and
collect messages

Vertices are loaded Vertices are offloaded

into Giraph through an mmﬂ&; i’;d to HDFS through an
InputFormat All data loaded ges OutputFormat
processed

All vertices halted
and no messages
produced
All vertices computed

Workers compute
All messages sent  gqgregators, collect
statistics, and wait at
the synchronisation
barrier

Workers finish
exchange messages
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Checkpointing

> Supersteq i+1
(checkpoint)

-

Worker failure!

. Superstep i+1

(checkpoint)

S

Worker| failure
after checkpoint

Application
Complete
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No SPoFs (*

(*) SPoF = Single Point of Failure

Before failure of active master O After failure of active master O

-< -

ZooKeeper

ZooKeeper
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Giraph scales

Scalability of workers (200B edges) Scalability of edges (50 workers)
500 500
375 375
E: %
9 250 9 250
A &
125 125
0 0
50 100 150 200 250 300 I 67 134 200
# of Workers Billions of Edges
< Giraph — ldeal < Giraph — ldeal

ref: https:/ /www.facebook.com/notes/facebook-engineering /scaling-apache-giraph-to-a-trillion-
edeges/10151617006153920
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Giraph is fast

O 100x over MR (PageRank)

O jobs run within minutes

O given you have resources ;-)
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Worker

Workers own aggregators
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Agegregators

Worker

Wo ker

Aggregator owners communicate
with Master
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Aggregator owners distribute values

Worker

Worker
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Giraph Advantages

O No locks: message-based communication
O No semaphores: global synchronization
O Iteration isolation: massively parallelizable
O Designed for iterations

m Stateful (in-memory)

B Only intermediate values (messages) sent
m Hits the disk at input, output, checkpoint

>1Upog BouAyapng — MavetmiotApio MNatpwv



