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Tools for big data processing

DATA & Al LANDSCAPE 2019

INFRASTRUCTURE ANALYTICS & MACHINE INTELLIGENCE APPLICATIONS - ENTERPRISE
HADOOP ON-PREMISE HADOOP IN THE CLOUD STREAMING / IN-MEMORY 1 | DATA ANALYST PLATFORMS DATA SCIENCE PLATFORMS -B2B MARKETING - B2C CUSTOMER EXPERIENCE / SERVICE ENTERPRISE ——|
cloudera S AWS B2 Microsoft Azure O ecstobrioce 2% Microsoft ‘@ pentoho  alteryx @databricks ?ﬁ}a yamiie CHARRUS RADIUS o fuie 7612 @bloomreach M SendGrid | qualrcs™ @ MEDALLIA £4 sureyionkey EETesing EROsDIzc::l”w
- P“_ ° "I‘ 2 GoogleCloud .- AYASDI 5 D NSIDESALESCOM peoplear | /i eversiane broge AcTioNG @ siuscore | @CARABRIDGE zendesk @ Kustomer greses | A X
VWA ivota BT Cloud Platform EI7Cloud Platform fluent {yoomino 1)) rapidminer T3 ©conversica e B mco g, & commrsoue Sreasim Fmpartc <o @it © wvercricn Gainsoht gpendo | ORACLE
IBM InfoSphere ATTIV/O Datameer- incorta. & . & tubular sense Amplero. & amperty @ ouanminmo | OMEAP @ampituse <5 Wison s 1 @ouoston | GURU lumiata
P — . . o nene | - tubula & =
_ o antosgrers QM Gstrim W& hazelcast & iaa ; mr‘u“ Muooe ENDO? ) . Gsas s clari Aaviso tact.ai n: | e @ ©® Simon [PERSADO] | DatalGenius ASAPP @ ads nUTOMAT afiti | € biFFeoT © Clra
jethro oo CAZENA %) GIGASPACES . wallaroo ey 7 FASTOATA” KX . ; . e 4\ MathWorks: fuse/mac Poon G| cnotcn mipe -remesh CoMDesk netomi . frames talla® Kasisto
23 SISU switchboard = Starburst <
HUMAN CAPITAL — LEGAL REGTECH & — FINANCE — BACK OFFICE SECURITY
ND"SQL DATABASE;WS NEWSULC'IJAT:‘FASES G.RAP” DBs ’:’:’;i&ﬁi CLOUDEDW —) SERVERLESS| | gy p| TrORMS VISUALIZATION MACHINE LEARNING ——| | fueie ®pometics | RAVEL @l | COMPLIANCE | /2naplan | AUTOMATION&RPA | @Tanium i © ¥ L ANC S @zscaler © stackpatn [illumio
Googie Cloud g7 Clustrix neo aws Bz x " ; | @ cvertaw 0 13 esmn e . .
S M B | S e | 2 e @ WS | i ventens G D o O | 20| o3| o0 | 0 @ | Do @ % Yo o ) s
Evoot e | ] 1B Data  Google Cloud A = P ogco Qanyo Otextio JUDICATA | "X GBNage | EITSAHANA | blueprisii AR | gyEcTRA ¢ B DATAVISOR % iftscience
onons 1 X T Wrshos s = oo T st | ETY O GoogleClovd | @SS o Famewm) WADESHIET | VIDAD O drporer ] :
mongo ‘MarkLogic AR MEVSQL O Ifluxdots | ORACLE . (@ction B Microsoft Azure Q reenne s lik@ ey Y o Q 12 BWadeaWendy Stella o PARTNERSHIPS: @iorree Slortusion workato | 2 P09 Zexabeam NIFYD B Sentinelong 8 seanssconcas § socune
© coucbase 0ATASTEXY | coueonchins B, | Srenoe [ | Rognitio | Pivotal . ALE B, Qi cetonis O m ou gOMalon @ emtelo | Xrovcn | Zima Catrractog| RO @ Catavic o | Madesears @bitglass 4 SeTden i frwied foeqzai CYPUR BITSIGHT
reascr: ETETEEIRE | vourtDe SPlice ©imy | 4 rnedwn EX°S°_| Sesrou nuclio oo whmatn birst | Qzest oo |y icEnze prement | | e . ReSS ;‘D‘ms"“ butkeeper | ANTWORKS mEewe coiion. SprmeCy Lo e ) s K
@ngDs SCYLLA, | pasdomt g i Clremic s | nfoworks | @t | | micostetogy ke CHARTIO Flonens e deepsercedi cen T | @easeen | BRC | pior ALKYHI B 5umcacon Semmie @ oo 3 acouws Bt
APPLICATIONS - INDUSTRY
COMPUTERVISION H Al SPEECH & NLP
DATA DATA INTEGRATION DATAGOVERNANCE - MGMT / MONITORING .
TRANSFORMATION Sromsons @ i | 3 ot aws O ewkelc. actifio B2 Microsoft Azure & 1 watson Cortans, EERH | O GoodeClows @twle . ADVERTISING EDUCATION 1~ REALESTATE - GOV'T INTELLIGENCE ) FINANCE- 1 FINANCE - LENDING INSURANCE —|
oS, Boaloint | 3 aroovnamIcs o Qmuoniiea || apeenus 8 Luisno REDFIN @OPENGOV | QPalantir wg"'szu’éﬁ ondeck ffirm O IMnetromile
stalend @penteho | - eigma yasesnen | e . darifai oo | @t O voacers. sratve@ o A semantr=ics | | criteol. @yad” Gintegral Opendoor | mark43 BDataminr | oo | OIANPUAL  Kreditech AVANT W
alteryx Qamscrs | < e ) " atibra o | TR S SEVERN @ despomatic | ) Affectiva 70710 B Gmea s | | opacieTe O GyvTs Fm‘““" Quid Faroosoan | £%ms @ince AUpstart | tippo
 segrent 3 ATIUNITY remio | it Saruva al o ’ s MC toramo iFi Livestories [ ot N =
) irmats | 2r waset e | Pt | s o aoars Q 1 dwentyon | e ) SeundHound nc D7 © thelradeDesk [ | ..\ | g:d;; SGEOPHY | passport PRIMER QUG 3LEARBANC < worade | Shift echnolony
#tamr iy [ I o = Fusoumve ADEE & | nrioges "ORASAL 05 4 FME @t v dstillery s Liveintent 25! Greoory | g | FEIROE ISENTIOM | oo e @vielab wecasnimmam | ROOT
N @ | mhoworks ¥ e S OKERA | Gyumavel “numeriy = VBT trax cogito snips dat oo | o o Pucorz zestyoi P
desteansets gy SNOWPLOW /» MATILLION aNTA € datasworla 26058 OpsRAT mannonTUDE synthesia Dutacis OBED M, et Sisuaamne ) s Polysl B nn-o aloxw o oknowre |2 'S smcouneer | STTEETLCHIOAA Ravenpack "“““”';'Q Heneytien TN
Uppier v, MEEEE O agradescope | oM APAGATA aire aghi e ACAP
STORAGE CLUSTERSVCS - DATA GENERATION 1 Al OPS GPUDBs & HARDWARE —{ | SEARCH LOG ANALYTICS -7 SOCIALANALYTICS 1 WEB/MOBILE/ ———— | e tycaRe LIFE SCIENCES TRANSPORTATION ——————— AGRICULTURE | COMMERCE -} INDUSTRIAL
aws © s &LABELLING awsommavia | CLOUD Googew arm | | & omacte | splunk> N Hootsuite” ¢y “I’Z?ERCEA"AM'CS #y fatiron Clover 7750s @ e | Yo user T=sim W Z0 | g° Finstacort | AVEVA SIEMENS
7 Gk e L. - ETm | (e s SAnvioia elasticsearch ek @ sumologic _ _ ogle Analytics . o wavo FATRE % UPTAKE
e oot | @D | G ko | SO | wevanse | ST || i Gopio o @ | L vty | @ 50 ey o, | B | S [T
(:nmisw:wnm | onOrK Qunay | damo | =g [ vrine \B Lucidworks ATTIVIO | iy & synthesio t/tx | °* - 30Med Fzebra @rara OV WuXiNetcODE 22 R 0 | @ somosme | P G
Ao Ovestl| o ez | *PPN soqie ) O gy | 5% e ;i Tmsen 5 Airtable RE5CH | | TEMPUS poisions Oaicure o | G gy arry | O @t Surora | RBLUERIVER | fioncs | ESCORTEX
< im ¥ o = WHIVE il wowsseness | pg.syom Movidius¥ dhabana | | @ swiftype 2 exavcao “reach e iCure B @ =mcan R @ nvome G i PO sdge | Bheurinc | TAcHYUs
o panasas: = . 26 Detarminaa s ' WAVE | @ i aphasense MAANA | HIDBAQ ity Osimiaes HSIGOPT [ granify IR e ¥, en® €) | & ceartots frosnome [{]nauto A @ﬁﬂ"'ﬂ'*“ OTHER
comHesITY Do | vionsmiose @ saaer [ e, Pl -8 SINEQUA $logzio 4 Gsimilaried | crora notable. e QRGN (oonos | BEERE onAnenss | 4R NIO OPTMUS @moovit u p,):?,:ﬁ;; @ehormony stem Amper” ByteDance
Gerite ;f sosten @ pavians cmret | p) fiexar Kodiak coma-ai | irapaws | <t B OSOERN poxeven
Quentus smAGEN twoSkAR 2, o = a @ | Sonan | v dueto @ M
K @ oo PAGE O R netradyne. esies SMIMops {50 iy | ®Electric @ zmiza
o “ = AU I=1
WS O Google Cloud § Microsolt FIY foseons §S3S 1010DATA Vmware' TIBCA Teransn ORACLE Fllnetaps $ 5060 MAPR cloudera B, | | 2 movscce i @ oas | goman @ind” INRIX Sprospera | 3wmme
OPEN SOURCE
FRAMEWORKS QUERY / DATA FLOW DATA ACCESS & DATABASES ORCHESTRATION & MGMT —  STREAMING & STATTOOLS & AIOPS Al/ MACHINE LEARNING / DEEP LEARNING ——————————  SEARCH LOGGING & MONITORING —— VISUALIZATION |  COLLABORATION 7 ~ SECURITY ——{
VIR spik’ | spoik’ 501 ] ZTF O ongors @ redis stalend 3. MESSAGING mm e | | T R DL @@k Caffe Bl & | & Kb matplitlib | g Apache Ranger
e - X o B | soadX @ niifie Boion | 6 A~ e f— ) HNOX
@rini YR T2 e § Cockroachirss ) ciruid O e | @i B kobetiow opena1 TK LHEANO apacke@SINGA e FeatureFu Sol? Ralogstash  @Fromanoss _seabom@ fm )
ind £ Wi Apoche Ambe inl a mm \
M "SLAMDATA ) OO0 S— @~ DC Fat A ° \g
g & 2. P #0000 | Ruwentor o | Bione Do | @y | comoon | P VELES T IR 6 onne K P Tzene | Ny Wiens Doroens | (I entry
docker YCOAP I
@t R B _e @ik sriak Haksg @ e e | geted R Kong Apache Rocketa -@® v | ® 4 wanout Aerosolve Love Teton ANACONDA sccurmulo
DATA SOURCES & APls DATA RESOURCES
HEALTH 107 FINANCIAL & ECONOMIC DATA AIR/ SPACE / SEA . PEOPLE / ENTITIES LOCATION INTELLIGENCE DATA SERVICES INCUBATORS & SCHOOLS RESEARCH
't V vaiioic o€ Digial Bloomberg ¢  howsouseuress [ | pow Jones | O omemisn (pbonet 88 | Gexj@m sBiperion | FOURSQUARE Q) ATAGOV 5y orrs @ © @ solanize oD, facebook research
A ENVESTNET AIRBBOTIES A spire R e . ENET ‘ﬂ‘ ik ks b PLURALSIGHT S
Xng Practice fusion $ thingworc | 1 fmaig EECBsars GRoa sieone B VS @ . P Cespry ersiton | ginsideview | senseseo W | ome B axwsces . - S¢@ MIRI
B} e 08 Crimson Hexagon Placef esri I factual DataCamp 44 DataClite
itbit GARMIN @reivn G samsera & G, sestimize = premise Quandl Ao '/ @ 0550 7 tellusiabs el ;ua ntcast e & P EE S | | froctob.. <999 9 @ V7 yector
’ 7| WINDWARDY . @) oronepeoioy BASls “\Mapilary 4 CRUX =D X DataKind | "INSIGHT, @2 meoutaraunator -
Qkinsa o Stocklwits Xignite earnest predata Tvmerte o B [Glorsorarn | o ebiq ARadar o | igrafiiio EX jnnapexus A2 AT e
July 16,2019 - FINAL 2019 VERSION © Matt Turck (@mattturck), Lisa Xu (@lisaxu92), & FirstMark (@firstmarkcap) mattturck.com/data2019 FIRSTMARK

EARLY STAGE VENTURE CAPITAL




Hundreds of solutions

* A possible classification:
® Based on the features provided in the global architecture

® Based on the approach to big data processing
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A global view of Big Data processing
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The lambda architecture for analytics
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Lambda vs kappa arohitecture

Serving
Backend

Architettura lambda

Architettura kappa
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Orthogonal approaches to BD Processing

® Programming Model
e DAG
® Graph
e BSP
® SQL on Hadoop
® NoSQL/NewSQL

° Efficiency
° In—memory processing
® Columnar storage

e Multi-level execution trees

° Latency
® Batch

® Stream

e OLTP
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Alternative programming models

e DAG * SQL on Hadoop
® Spark * Hive
® Tez ® Spark SQL
® Dremel e Drill
.s Storm i e : meila

° BSP | - ) resto
* MapReduce * - ® Spanner
® Pregel * Tajo
e Giraph L= B o NoSQL DBMS
* Hama "o =B e Key Value

* Graph “=== e Document store
* Giraph * Column family
® GraphLab ® NewSQL DBMS
* GraphX * Google Spanner
e GDBMS e VoltDB

e (ClusterixDB




Improving the performance

® In-memory processing * Columnar storage

® Spark ® Dremel

¢ Flink ® Impala

e M3R ® Parquet

® Terracotta/BigMemory ® Druid

® In-memory DBMS e Multi-level execution trees
Kognitio o Toy
3;2;13 ® Dremel
Redis ® Impala




Supporting low latency

* Stream processing (near-real time) ® OLTP (real time)
e Flink * NoSQL DBMSs
® Storm ® NewSQL DBMSs
® Spark Streaming
° 54
® Samza
® Dremel

® Hyracks




What else?

® Data Ingestion (collecting, aggregating, and moving big data)
* Kafka, Sqoop, Flume, ...
® Scheduling and coordination (Hadoop workflow management and
coordination)
® Zookeeper, Oozie, Thrift, ...
* System Deployment (Cluster management)
® Ambari, Mesos, Helix, ...
* Data cleaning
® OpenRefine, DataCleaner, ...

e Data visualization
® Tableau, D3.js, Kibana, ...




An overview of some solutions for analytics

5 sTorM




An overview of some solutions

e Kafka e Tez
® Data Ingestion ® DAG processing model
® collecting, aggregating, and ® SQL via Hive
moving big data e Dremel
* Giraph ® Columnar storage
® Graph data model ® Multi-level execution trees
® BSP processing model ® SQL via BigQuery
® Storm

® Stream processing

® DAG processing model







What is Kafka?

* Kafka is a distributed publish-subscribe messaging system
® It’s designed to be

® Fast

® Scalable

® Durable

* The whole job of Kafka is to provide an "absorber" between the

flood of events and those who want to consume them in their own

Way




Capabilities and applications

e Kafka has three key capabilities:
® Publish and subscribe streams of records.
® Store streams of records in a fault-tolerant durable way.

® Process streams of records as they OCCur.

o Kafka is generally used for two broad classes of applications:

° Building real-time streaming data pipelines that reliably get data

between systems or applications

° Building real-time streaming applications that transform or react to

the streams of data




Actors in Kafka

e Kafka has four core APIs:
® The Producer API allows an application
to publish a stream of records to one or Producers
more Kafka topics.

App App App

¢ The Consumer API allows an application
to subscribe to one or more topics and

process the stream of records produced to -\‘ l / o App
them. c ‘ Kafka Stream
® The Streams API allows an application ONNEeclors | cyyster Processors

(stream processor) to consume an input 4/’/ l \

stream from one or more topics and

produce an output stream to one or more

output topics, effectively transforming the

input streams to output streams. Consumers
® The Connector API allows the connection

of Kafka topics to existing applications or

data systems.

App

App App App




Publish/subscribe messaging system

e Kafka maintains feeds of messages in categories called topics

* Producers publish messages (records) to one or more topics

* Consumers subscribe to topics and process the feed of published

messages

* A topic can have zero, one, or many consumers that subscribe to

the data written to it.

Publisher

A

Publisher Publisher
B C

Messaée 1

Message 2 Message 3

Y

Y

Topic A

Topi

Y

ic B Toplc C
Kafka

| SubscnphonXA I

| Subscnptlon XB | I Subscription YC I | Subscription ZC I

Message 1
Message 3
Messaqe 2 I @@

Subscrlber

Subscrlber Subscrlber




Anatomy of a topic

* For each topic, the Katka
cluster maintains a Anatomy of a Topic

partitioned log

. Partition |
* Each partition is an ordered, o |of1]2]3]4|5(6]7]8]9 (1) : ;!
immutable sequence of --!
records that is continuall " ! |
) Pa“;“"" 0l1]2|3lal5]|6|7|8]a! < Wites
appended !
® The records in the partitions N °
Partition 111(1
: ol1]213l4]56|7]8]9 |
are each a551gned a 2 0f112]

Sequential 1d number called
the offset that uniquely

» New

identifies each message within
the partition.




Retention

® The Kafka cluster retains all published records—whether or not
they have been consumed—{for a configurable period of time; after
which it will be discarded to free up space.

® The offset of the records is controlled by consumer.

® Normally a consumer will advance its offset linearly as it reads records,
but it can consume records in any order it likes.

e Kafka consumers can come and go without much impact on the cluster
or on other consumers.

Producers

l writes
1
2

1

8(9 ]
/ reads

Consumer A Consumer B
(offset=9) (offset=11)

-——— e = -




Kafka cluster

e Since Kafka is distributed in nature, Kafka is run as a cluster.
* A cluster is typically comprised multiple servers; each of which
is called a broker.

e Communication between the clients and the servers takes place

over TCP protocol

E=0 =0 G=0 @=0O
P i e
{Consumer ] [Consumer} [Consumer] (Consumer} [Consumer]




Distribution and partitions

broker 1 broker 2 broker 3 broker 4 broker 5

)

A {onc Comt'lgwcd T T

to use & partitions.
The D of a replica is For eath partition

\ the same as the D of Kafka will eleet ome
0 1 the broker that hosts it.  broker as the 'leader’
3

2

H:, say) the veplication fattor of 3 topit is set to 3, then
Eat‘,% Pa\r{llcion Kafka will eveate 3 identical rc?lit‘,as of eath Yar{:i{lon and
has an 'D Place those vreplicas on available brokers in the tluster.




Distribution and fault tolerance

e Each partition has one server which acts as the "leader" and zero

or more servers which act as "followers".

* The leader handles all read and write requests for the
partition while the followers passively replicate the leader.

* If the leader fails, one of the followers will automatically become
the new leader.

e Each server acts as a leader for some partitions and a

follower for others so load is well balanced within the cluster.




Producers

® Producers publish data to the topics by assigning records to a
partition within the topic either in a round-robin fashion or
according to some semantic partition function (say based on

some key in the message).

My Topic
Partition 1
LS
= -
—————————————— # Consumer A
- 0 1
Producer A ™~ . /
/ ~ o~ & Partition 2
~
~
= . =
“ ~
« I - - )
0 1 2 Consumer B /
Partition 3
=
SN || S
ProducerB | = === === = === == > D e o -
/ 0 1 Consumer C




Consumers

e Consumers can be grouped in consumer groups
e FEach record published to a topic is delivered to one consumer within each
consumer group.

* Ifall the consumers are in the same consumer group, then this works just
like a traditional queue balancing load over the consumers.

* Ifall the consumers have different consumer groups, then this works
like publish—subscribe and all messages are broadcast to all consumers.

— Kafka Cluster
Server 1 Server 2
! P1 || P2 \

PO || P3
C4 C5 C6

C1 C3

Consumer Group A “——Consumer Group B——




Performance benchmark
* 500,000 messages published per second

® 22,000 messages consumed per second

® on a 2-node cluster

e with 6-disk RAID 10.




Key benefits

o Horizontally scalable

® [t’s a distributed system can be elasticaily and transparently
expanded with no downtime

* High throughput
° High throughput is provided for both publishing and subscribing even

with many terabytes of stored messages

e Reliable delivery
® Persists messages on disk, and provides intra-cluster replication
® Supports large number of subscribers and automatically balances

consumers in case of failure.




Uses of Kafka

e Kafka as a Messaging System
® Messaging traditionally has two models: queuing and publish-
subscribe. The consumer group concept in Kafka generalizes these

two concepts.

e Kafka as a Storage System
® Data written to Kafka is written to disk and replicated for fault-
tolerance, decoupling the publishing phase from the consuming phase.

This makes Kaftka very good storage system.

o Kaﬂ<a fOI' Stream Processing

® In Kafka a stream processor is anything that takes continual streams of
data from input topics, performs some processing on this input, and

produces continual streams of data to output topics.




Kafka uses ZooKeeper

* Katka uses ZooKeeper, a centralized service used to maintain
naming and configuration data in a distributed system and to
provide flexible and robust synchronization.

° Zookeeper keeps track of status of the Kafka cluster nodes and
keeps track of Katka topics, partitions etc.

Zookeeper

messages messages
Kafka consumers

ejepejal

producers




Usage

e Start the Kafka server:

> bin/kafka-server-start.sh config/server.properties
» bin/run-kafka.sh

® (Create a topic named test:

» bin/kafka-topics.sh --create --zookeeper localhost:2181 --replication-factor 1 --partitions 13 --topic test
» bin/create-topic.sh

® [ist topics:

> bin/kafka-topics.sh --list --zookeeper localhost:2181
test

® Publish data:

> bin/kafka-console-producer.sh --broker-list localhost:9092 --topic test
This is a message
This is another message

® Consume data:

> bin/kafka-console-consumer.sh --bootstrap-server localhost:9092 --topic test --from-beginning

This is a message
This is another message

e Kaftka Connect is a tool included with Kafka that runs connectors, which

implement the custom logic for interacting with an external system.,

/
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Analytics

Database

You are here!

MapReduce Giraph
GraphlLab

Hive .
Pig Signal/Collect

Cassandra Neo4]J
MySQL Tinkerpop
HBase OrientDB
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Timeline

* Inspired by Google Pregel (2010)
* Donated to ASF by Yahoo! in 2011
* Top-level project in 2012

® 1.0 release in January 2013

® 1.1 release in October 2014

® 1.2.0release in October 2016




Plays well with Hadoop

Giraph
YARN Zookeeper MapReduce

H Gora Tinkerpop
Hive T
Tables J HBase Cassandra TX}DBM Neo4J DEX

%P HDFS

o




Graphs are simple

Vertex 1 Vertex 2

TVertex

ertex ID
Undirected edge

2ource

Vertex 1 Vertex 2

“==Destination

oop

/irected edge

ranked

5

Mark ranked Minority Report

Braveheart
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A computer network

[N 192.168.2.2

192.168.2.1 Meskmp

: :
¢ B _ 192.168.1.3 —Switch

—Router
Wifi Access point

192.168.1.2
/Tablef
—Phone
192.168.3.3
—=Server
192.168.3.2
192.168.2.4 192.168.2.3
192.168.2.2
192.168.1.3

o 192.166.2.5 192.168.2.1 192.168.1.1

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.

4. Router 192.168.1.1 has two
interfaces but we used one as
vertex ID. 192.168.2.4 192.168.2.3 192.168.3.2 192.168.3.3

192.168.1.2




A social network

John

co-worker
family

Note

1. A symmetric
relationship is
substituted by two
directed edges.

2. A relationship does not
have to be substituted
by two edges, but e.g.
by a more specific one.

father

friend

wife ) husband

employee friend

Susan




Sub ject

United States

United States

United States
United States
United States
United States
Barack Obama

Barack Obama

Barack Obama

Hawaii

Hawaii

Predicate

areaTotal

anthem

leaderName
leaderName
leaderName
leaderName
birthPlace

birthPlace

orderInOffice

areaTotal

country

0b ject
9826675.0

The Star Spangled
Banner

Barack Obama
Joe Biden
John Boehner
John Roberts
United States
Hawaii

President of the
United States

28311.0

United States

A semantic network

The Star Spangled
Banner

9826675.0

areaTotal
anthem

John Roberts

John Boehner United States

leaderName leaderName

leaderName

Barack Obama

Joe Biden birthPlace

country

orderinOffice

28311.0
areaTotal

President of the
United States

Hawaii

78




Edge weights are used

Iﬁ for distances (in km.)
Torino Milano Verona V
142

160

Venezia

Bari

Edge labels are used for the highway names
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Vertex-centric API

Iteration i
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Iteration i+ |




BSP machine
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PU 5

Iteration i
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BSP & Giraph
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Architecture

T O UL e

Vertices
~ 88833| (83888 | (B3%8

Message Inbox
-_—

Message Outbox

Netty Netty

Worker 1 Worker 2 Worker N Master
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Giraph job lifetime

Loading phase Compute phase Offloading phase
.
Workers call

compute() on the
active vertices and
collect messages

Vertices are loaded Vertices are offloaded

into Giraph through an More vertices and to HDFS through an
InputFormat All data loaded messa0es to be OutputFormat
processed
All vertices halted
and no messages
produced

All vertices computed

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

Workers finish
exchange messages




Shortest Paths




Shortest Paths




Shortest Paths




Shortest Paths




Shortest Paths
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Properties

e Stateful (in-memory)

® Only intermediate values (messages) sent
* Hits the disk at input, output, checkpoint
* Combiners (minimizes messages)

* Aggregators (global aggregations)




Checkpointing

Worker failure!

Superstes +.:
(che&CkDGint)

Worker| failure
after checkpoint
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Application

7 Complete




Failure management

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)

500
375
250
125
0
50 00 I50 200 250 300
# of Workers
< Giraph — ldeal

Seconds

Scalability of edges (50 workers)

500
375
250
125
0
I 67 134 200
Billions of Edges
O Giraph — ldeal




Giraph is fast

® 100x over MR
® Jobs run within minutes

* Given y011 have resources




HBase - Cassandra
Solr - RDBMs - Accurnulo
MongoDB - Oracle
NoSQL -...

Many stores with Gora

GoraCompile

Java Data
gorLproperues 8ean

95

v

{

For putting data INTO Giraph

GoraVertexinputFormat {
Vertex<l, V, E> transformVertex|{Object goraObject|

)

GoraEdgetnputFormat {
Edge<!, E> transformEdge(Object goraObject)
)

GoraVernexOutputFarmat |
Persistent getGaraVertex|Vertescl, V., E> vertes):
Object getGoraKey|Vertescl, V. E>vertes):

GoraEdzeOutputFarmat {
Persistent getGarakdze|l srcld. V srcValue, Edzec), B> edze):
Dbject getGarakey|l sreid, V srcValue, Edgec), B> edge):

)

For taking data OUT of Glraph




GraphDBs

(-

And graph databases

ET /graphs/db/tp/ giraph/ vertices HITP/ 1.1

Host: rexster.exanple.com

POST / graphs/db/tp/ giraph/ vertices HITP/ 1.1
Host: rexster.exanple.com

{"vlabel":"_vid", "tx":[
{"value":0,"_vid": 5},
{"value":0,"_vid": 1},

{"value":0,"_vid":2}]}

96
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Storm?

* Storm is distributed processing of big data streams

* “Distributed and fault-tolerant real-time computation”

® http://storm.incubator.apache.org/

* Originated at BackType/Twitter, open sourced in late 2011
* Implemented in Clojure, some Java

® 12 core committers, plus ~ 70 contributors

® Current version: 2.1.0 (Oct 2019)
* Competitors: Flink, Streaming Spark, Samza, Apex, ..




(-

WordCount example

(1.1.1.1, “foo.com”
(2.2.2.2, “bar.net”)
(3.3.3.3, “foo.com”
(4.4.4.4, “foo.com”
(5.5.5.5, “bar.net”)

5

| 2
( (“foo.com”, 3)
(“bar.net”, 2) )

DNS queries

Top queried
domains




(-

vih WNER
vih WNER
vih WNER

~ AN A
« vi b WDNER
o o o o o

(“foo.com”, “bar.
“foo.com”, “bar.

\ 4

{“bar.net” -> 2,

\ 4

( (“foo.com”, 3)
(“bar.net”, 2)

“foo.
“bar.
“foo.
“foo.
“bar.

com”

net”)  DNS queries

com”
com”
net”) )

net”, “foo.com”,

net”)

“foo.com”

-> 3}

J

g
h




Clojure

® Is a dialect of Lisp that targets the JVM (and JavaScript)
® clojure-1.5.1.jar

* "Dynamic, compiled programming language"
® Predominantly functional programming

* Many interesting characteristics and value propositions for

software development, notably for concurrent applications

Q

Clojure

e Storm’s core is implemented in Clojure




Previous WordCount example in Clojure

h g f

\ ) \
( o o \

(sort-by val > (frequencies (map second queries)))

Alternative, left-to-right syntax with ->>:

(->> queries (map second) frequencies (sort-by val »>))

(-




Clojure REPL

user> queries

user> (map second queries)
user> (frequencies (map second queries))

user> (sort-by val > (frequencies (map second queries)))




DAG processing model

e A topology in Storm wires data and functions via a DAG

* Executes on many machines like a MR job in Hadoop

functions

Spoutl

data

Spout2




Relationship between DAG and FP
J
S >
Coonz 3
g

h( f(data), g(data) )

data \ Spout 1

(-




4 N

Previous WordCount example in Storm

(->> queries (map second) frequencies (sort-by val »>) )

queries J g h




Data model

* Tuple = datum containing 1+ fields

(1.1.1.1, “foo.com™)

® Values can be of any type

* Stream = unbounded sequence of tuples

(1.1.1.1, “foo.com™)
(2.2.2.2, “bar.net”)
(3.3.3.3, “foo.com™)




Spouts and bolts

* Spout: source of data streams

Spout 1 :@

® Unreliable (fire-and-forget) or reliable (replay failed tuples).

e Bolt: consumes 1+ streams and potentially produces new streams

Spout 1 »  Boltl @

® Can do anything from running functions, filter tuples, joins, talk to DB,
etc.

° Complex stream transformations often require multiple steps and thus
multiple bolts.




Stream groupings control the data flow

Bolt A BoltB

=@
=0
O

N
N
M

\
\
\

\

¢ Shuffle grouping: random; distribute load evenly to downstream bolts

* Fields grouping: GROUP BY field(s)

* All grouping: replicates stream across all the bolt’s tasks;

* Global grouping: stream goes to a single one of the bolt’s tasks;

* Direct grouping: data producer decides which task of the consumer will receive the data

* Custom groupings are possible, too.




Run time

A mathine in 3 Storm ¢tluster m3y Yun one or move
worker Protesses -cov oné or movre {‘p?ologic& Ea{.k

/—'wovkcr Protess vuns exetutors for a spetific topology.

Worker Process

One or more exetutors may vun within a single
worker Protess, with eath exetutor being a

- ) (, = thread spawned by the worker Pprotess. Each
Task Task exetutor vuns one or move +asks of the same
———— ) ComPonCn{: (SPOU{‘, or bolt).
4 " ( )
A task performs the actual data processing.




TOPOLOGY

Worker Process

g N\

~ a ~

Task Task

Task Task

Task Task

Worker Process

s N

~ i -~

Task Task

Task Task

Task Task

Example of a running topology

Yellow
Bolt

parallelism parallelism parallelism
hint = hint = hint=6
) / combined
Parallelism hint = parallelism

initial #Fexetutors =24+2+6=10

\

Each of the 2 worker
protesses will spawn

10 / 2 = % threads.

The green bolt was dow(:isurcd to use two
exetutors and four +asks. For this veason
cath exetutor vuns two tasks for this bolt.




Storm architecture

ZooKeeper cluster <

zkserver1

; provides service discovery and coordination

Storm cluster

nimbus1 slave1 slave2 e slaveN
nim . super super super super
bus - visor visor visor visor




Commercial solutions: the big boys

¢ Oracle
Big Data Discovery
GoldenGate for Big Data,

Big Data SQL

NoSQL Database

e [BM

BLU Acceleration

PureData System for Hadoop

Info Sphere Biglnsights

Info Sphere Streams

® Microsoft
* Windows Azure HDInsight

® Amazon

® Amazon Web Services

Google

® Dremel

® BigQuery

SAS

® In-Memory Statistics
® Visual Analytics
SAP

® Hana

e SAPIQ

e SAP ESP
VMWare

® vSphere

Cisco

* Connected Analytics

® Big Data Warehouse Expansion
® Prime Analytics




Many new players

TERADATA DATAST H:;}
Y T 1

Hortonworks

MAPR
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