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The 3D’s of Big Data

= Volume
* Sheer size of data. Storage, mgmt., bandwidth

= Velocity

» Realtime processing, ephemeral, latency

= Variety
» Complexity, linked data analysis, compute+|/O

= Not exclusive dimensions, but useful

= Volume is well studied, but Velocity & Variety
less so
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Hadoop for Graphs
= PageRank is a Graph algorithm

Map(nid n, node N)
p = N.PageRank/|N.AdjacencyList|

Emit(nid n, N) // Pass along graph structure
forall nodeid m in N.AdjacencylList do
Emit(nid m, p) // Pass PageRank to neighbors
Reduce(nid m, P[])
M =20

forall p in P[] do

if IsNode(p) then M=p // Recover graph

else s = s + p // Sum incoming PageRank
M.PageRank = s
Emit(nid m, node M)

= Stationary algorithm
* No traversal, constant cost per job
» Traversals are more tricky

Data-Intensive Text Processing with MapReduce, Jimmy Lin and Chris Dyer, 2010
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Connected Components in Hadoop

vert: vid, min, neighbours[], active

Map(key, vert)

if(iter==1) // init min, active
vert.min = min(vert.neighbours)
vert.active = true

Emit(vert.vid, vert) // propagate adj list

if(vert.active) then // send message
foreach neighbour in vert.neighbours]]

Emit(neighbour, vert.min)

Reduce(vid, vert[])
vert[@].active = false
if vert[@].min > min(vert[1l..n]) then // messages
vert[@].min = min(vert[1..n])
vert[@].active = true
Emit(vid, vert) // save (updated) graph

http://codingwiththomas.blogspot.in/2 0 1 1/04/graph-exploration-with-hadoop-mapreduce.html



n
c
.m | I R R N . - D B | | I Y I R N L e B |
)
(qv] A A A A A A A A a8 a A A A A A A A & & @ a
uolu********** * X K X X K X X X ¥
pt A A A A A A A A A a A A A A A A A a a @«
OI@12212312@ O - N AN -H AN N-EHANO
A A A A A A A a8 a A A A A A A A a a8 a
O O AN M LN OMNOWO O -H AN M WNN ONOO
o o
a @
T o “°
c
O | I B B N N e s s | | N I N i i D R |
no._u A A A A A A A a8 a8 @« A A A A A A A & a8 a
M % % % % X % % % % % * X ¥ X X K X X X ¥
u — —
e A A A A A A A A A & A A A A A A A A a8 &
= O - AN Nc-=I MWUN AN O - N AN - AN MeEANO
S A A A A A A A a8 e A A A A A A A A a8 a
- @ H ANMS< N WOMN 0 O OC-dH AN M N ONOWO
e I ANANMALWNO
_ A A A A A A& & @~
<N MOOWN H OO
O -
M++++++++++ I R L S A I
po._u A A A A A A A A & & A A A A A A A A A ®
a********** * X ¥ X X K X X KX ¥
Nlb. A A A A A A A a &8 & A A A A A A A A a8 &
= O AN M-I OO0 O - AN AN = MmN AN
O A A A A A A A A & & A A A A A A A A A e
O AN MW OMNO00O O AN M LN OMN OO
- o
1S
-
O S
QD
Q) o
C %
R
-m L
M n P
(&)
= O c N 00
L (V)
e U 9
o ﬁ <t MmN« O o
©
. << odANMIFINON OO

http://codingwiththomas.blogspot.in/2 0 1 1/04/graph-exploration-with-hadoop-mapreduce.html



B DREAN:Lab Y () )

Hadoop for Graphs

= Traversals are more tricRy
* BFS one level at a time
* Need to perform several MR jobs, Overheads
* Read/Write graphs to HDFS multiple times
» Shuffle for each step
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Google Pregel

= Shift from tuple centric (MR) to vertex
centric

* Logic written from perspective of a vertex

= Message passing between vertices
» Avoid graph transmission

= Implicit iterative execution
* Bulk Synchronous Parallel (BSP)

Pregel: A System for Large-Scale Graph Processing, Grzegorz Malewicz, et al., 2010 ACM SIGMOD
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= Series of synchronized supersteps

= Message passing between independent tasks on
distributed hosts

* Messages delivered at superstep boundaries

SSSSSSSSS
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Superstep 1 I I I I
superstep

Superstep 2

Y | © Sebastian Schelter

= Extended to vertices (tasks) across partitions
(hosts)

= Message passing along edges between vertices

Superstep 3
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\Vertex Centric Logic

Vote to halt
—

~
C(Act ive | Inactive |D

w

Message received

" In superstep 1, every vertex is active
= A vertex deactivates itself by voting to halt.

= Vertex can be reactivated by receiving a
message

= Algorithm terminates when every vertex votes
to halt

Pregel: A System for Large-Scale Graph Processing, Grzegorz Malewicz, et al., 2010 ACM SIGMOD
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\Vertex Centric Logic

compute(Message msgs|])
getVertex|d
get/setVertexValue
getOutEdges
getSuperstep
voteToHalt
isHalted
sendMsg(vid, msg)
sentMsgToAll[Edges(msg)
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Max VVertex using Vertex Centric Logic

Algorithm 1 Max Vertex Value using Vertex Centric Model

I: procedure CoMPUTE(Vertex my Vertex, Iterator{Message) M)
2 hasChanged = (superstep = 1) 7 true : false

3 while M.hasNext do Update to max message value
4 Message m +— M.next

5 if m.value > myVertex.value then

6: myVertex.value < m.value

T: hasChanged = true

8 if hasChanged then Send message to neighbors
9 SENDTOALLNEIGHBORS(myVertex.value)

0
1

else
VoTETOHALT( )
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Blue Arrows
are messages.

Blue vertices
have voted
to halt.
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Max Vertex using Vertex Centric Logic

Pregel: A System for Large-Scale Graph Processing, Grzegorz Malewicz, et al., 2010 ACM SIGMOD
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Apache Giraph — Pregel using Hadoop

= Hadoop Map-only Application
= ZooKeeper: responsible for computation state
» Partition/worker mapping, global #superstep

= Master: responsible for coordination
» Assigns partitions to workers, synchronization

= Worker: responsible for vertices

° lnvohes.active vertices compute() function, sends, receives
and assigns messages

TaskTracker TaskTracker TaskTracker

TaskTracker
ZooKeeper
JobTracker
NameNode

© Sebastian Schelter
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Upcoming Deadlines

= Research Paper mid-term draft submission
is due on Tue 10 Mar.
» Submission is required, even if ungraded!

= Mid-term project report due on Thu 12
Mar.

= Demo on Fri 13 Mar

» Upload code to GitHub

» Signup for presentation slots from 3-6PM
(25mins each; all welcome to attend)

* Yogesh to send account info & doodle slots




