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Smart Data Analytics (SDA) -

¢ Prof. Dr. Jens Lehmann
m Institute for Computer Science , University of Bonn
m Fraunhofer Institute for Intelligent Analysis and Information
Systems (IAIS)
m Institute for Applied Computer Science, Leipzig.

*¢ Machine learning techniques ("analytics") for Structured
knowledge ("smart data")

Covering the full spectrum of research including theoretical
foundations, algorithms, prototypes and industrial applications!
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SDA Group Overview

* Foundedin 2016
e 55 Members:
— 1 Professor
— 13 PostDocs
— 31 PhD Students
— 11 master students
* Core topics:
— Semantic Web
— Al/ML
10+ awards acquired
» 3000+ citations / year
* Collaboration with Fraunhofer IAIS
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Distributed Semantic Analytics

SDA Group Overview

> Aims to develop scalable analytics algorithms based on Apache Spark and Apache Flink for analysing large scale RDF datasets

Semantic Question Answering

> Make use of Semantic Web technologies and Al for better and advanced question answering & dialogue systems

Structured Machine Learning

> Combines Semantic Web and supervised ML technologies in order to improve both quality ana quantity o? aval’al.),e znow,eage

Smart Services

> Semantic services and their composition, applications in loT

Software Engineering for Data Science

> Researches on how data and software engineering methods can be aligned with Data Science

Semantic Data Management

> Focuses on Knowledge and data representation, integration, and management based on semantic technologies
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Dr. Damien Graux

¢ Research Interests :
> Big Data , Data Mining
> Machine Learning, Analytics
> Semantic Web, Structured Machine learning
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University of Bonn

 Fundedin 1818 - 200th -
anniversary

e 38000 Students

e Among the best German
universities

* 7 nobel prizes and 3 Fields
Medal winners

« THES CS 2018 Ranking: 81

* 6 Centers of excellence

1A - ‘- £
y | E - i
= m & ;
3 ! Kl
- 7N TR,
=it i R el R ;
k Learaaacs, Awprama, Ve Bic Db Asoanmes
I




Computer Science Institute

New Computer Science Campus uniting previously three CS
locations
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Dr. Hajira Jabeen

*» Senior Researcher at University of Bonn, since 2016

¢ Research Interests :
> Big Data , Data Mining
> Machine Learning, Analytics
> Semantic Web, Structured Machine learning
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Projects — EU H2020

Big Data Europe, Big Data
Big Data Ocean, Big Data
* HOBBIT, Big Data

¢ SLIPO, Big Data

** QROWD, Big Data

*+ BETTER, Big Data

** QualiChain, Block chain
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Software Projects

** SANSA - Distributed Semantic Analytics Stack
* AskNow - Question Answering Engine

7/

¢ DL-Learner - Supervised Machine Learning in RDF / OWL

7/

% LinkedGeoData - RDF version of OpenStreetMap

7/

*» DBpedia - Wikipedia Extraction Framework

7

*»» DeFacto - Fact Validation Framework
¢ PyKEEN - A Python library for learning and evaluating
knowledge graph embeddings

** MINTE - Semantic Integration Approach
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Distributed Semantic Analytics

Members

Hajira Jabeen
Damien Graux
Gezim Sejdiu
Heba Allah
Rajjat Dadwal

Claus Stadler ‘ IIII
Patrick Westphal
Afshin Sadeghi

Mohammed N. Mami
Shimma lbrahim
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What is BigData?




Big Data

 Datais extremely
— Large
— Complex
— Does not fit into one memory
— Traditional algorithms are inadequate

* Processing

— Analytics
 Patterns
e Trends

* |nteractions

— Distributed
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Big Data Dimensions

It's estimated that

2.5 QUINTILLION BYTES
[ 2.3 TRILLION GIGABYTES |

of data are created each day

40 ZETTABYTES
[ 43 TRILLION GIGABYTES
of data will be created by
2020, an increase of 300
times from 2005

6 BILLION
E PEOPLE
have cell
phones.

The
FOUR V’s
of Big
Data

Most companies in the
U_S. have at least
100 TERABYTES

| 100,000 GIGABYTES

of data stored r entists
Volume,

'WORLD POPULATION: 7 BILLION

The New York Stock Exchange T — Tﬁggﬁzﬁaﬁf;clm to
captures
1TB OF TRADE m @) ot monitor e sucn 2
INFORMATION ( \ fuel level and tire pressure

during each trading session

Velocity

ANALYSIS OF
STREAMING DATA

By 20186, it is projected
there will be

18.9 BILLION
NETWORK
CONNECTIONS B i o

YYYr Y YYY
amszsemc: QPR RRRRERE

As of 2011, the gilobal size of

data in healthcare was
estimated to be

150 EXABYTES

[ 161 BILLION YTES |

30 BILLION
PIECES OF CONTENT
are shared on Facebook

every month

don’t trust the information
they use to make decisions

OF
NDENTS )

in one survey were unsure of
how much of their data was
inaccurate

Veracity

UNCERTAINTY
OF DATA

By 2014, it's anticipated
there will

420 MILLION
WEARABLE, WIRELESS
HEALTH MONITORS

4 BILLION+
HOURS OF VIDEO

are watched on
YouTube each month

400 MILLION TWEETS
are sent per day by about 200
million monthly active users

Poor data quality costs the US
economy around

TRILLIONAY

Sources: McKinsey Giobal Institute, Twitter, Cisco, Gartner, EMC, SAS. IBM, MEPTEC. QAS

http://www.ibmbigdatahub.com/infographic/four-vs-big-data
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Big Data landscape (2012)
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Big Data Landscape 2016

Infrastructure Analytics Applications
(- Hadoop Hadoop in Spark Cluster Services ) [ IA“faWSt Analytics Data Science  \( visualization ) [ Sales & Marketing Customer Service gumtar; Legal )
On-Premise the Cloud ol Platforms Platforms . RADIUS Gainsight apita
;i amazen - +w+ableau = MEDALLIA
c'“’de"au.:hdmﬂ‘ efaimazon Micosoft Azure | [®databricks S Q Palantir B2 Microsoft :)t @bloomreach Zet3r FI%IUIW P golld RAVEL
: O Gooye 35 — AYASDI Alpine A v livefyred . blueyonder -
Pivotal IBM InfoSphere GridGain/=m .. docker Q:li(l guAvus M’:!ODE T:ll.l AD;"J,AQ @Roambi “# Lattice QSTELLASEW:' o connectitior ||
IBM InfoSphere W Sapasune TACHYON | | 5 Hesoseuere s D e p— dataiku @tonia Zooronta = SAILTHRU NG-‘"-DATA"E Preact P Everla
splice Bbuedats | & attiscale N EXTGS|| @ coreos  seperiaa B s commno  €asense Qlik@ persado infer Ssense iy wiseio || enteto || @srevia
e jethro [Moole  xplenty Sistackia ) | EEEZIEIEER inter|ana ghat _aawcormeas J{  cHARTIO ) - ACTIONIG B & appuri hicl PREMENITION"
e ~ \ #ENGAGIO gl
(" NoSQL Databases NewSQL Databases N\ ( siPlatforms statistical )(Log Analytics |(  Social ) = = <
© Google . S Clustrix  Pivotal G Power 81 ’amazon || COMPUtINg || gppynks Analytics AdOpRtansh Y] o o e A\,/,iﬁ:;atli:,:s
amoDB NETS3ASE ! =
Microsoft Azure ORAC1 E o paradigm4 W a §Sas @ sumologic DATASIFT \ .!35?%{3' ] CounterTack cybereason facebook
X s"MarkLog N A
@ siongsD R || S sewal vy nuoos| | &K L R birst HbSAS | eracx |t - ~erocketiuet || AGE o TSCMetrb XI"%é
o Maric i ” synthesio SECURITY > B
@® Couchbase Jw ariaDe YOULTDB g citusdata plauora P w» < S .Eh‘iﬁf’c 5 e = > NM:M B s Guardian OO Clara
\_ 1 Sequoiai:: redislabs @ influxdaro Trafediess § Cockroach tabs ¥@ st At e ) loggly P reach ) 88 Liveintent  dstillery A FORTSCALE “ssiftscience KASISTo
DataX'u Oppier 700 St
(" Graph MPP Cloud EDW Data \( Dpata | (Real-Time )(Machine Learning)(Speech & NLP |(~ Honzontal Al ) st B Heybase feedzai LSONIFYD i
) . g|| =P & J
Databases 1l?:-ltab«:-lses p "é_?paxon_ Transformation ||Integration - — m Nersaasasici il ) watsmem ( Publisher ) (Govt/ Regulation ] Finance &
®@neoyj || [ERADATA o alteryx ||iziormatca . : i || Sapiai T 4 Tools © o Affirm LendingClub
o VERTICH r t Azure Q TRIFACTA Put potential fo work (3] METAMARKETS amazon NUANCE S oktecait Socra OnDeck > .Kreditech
F,j ) ez~ 4!3|yotq| i ©) Mutesort Esifiaant } . Fribioarel (D OPENGOV @ rinance Lendlp 8§ Kabbage
10 ol % kognitio || ¥ i snaplogic thommsronnesr || 3 ’ " - [EN] FiscalNote tdemark @)  INSIKT
& rensecrasn @ dremio Woworks s » f ta ) | oo - 10 gy voran | | iDiBON & o) I =+ acﬁa;;b:::_ ) sisiod r Z vora &Dataminr M5 Lenddo
———\—' yie mark43 || cens (s iSENTIUM
/Mana ement Securi Storage A Dev\ fCrowd— N Search =) Data For Business)( sSMB / ® ENSHE. . Alby]
8 PP ; s OpenDataSoft @ Quantopian € sentient
/ Monitoring S TANIUM opigee sourcing @ oRrRACLE Services Analysts Commerce \__Yieldmo J\ _
O Newgsllr. fiics illumio AR amazon rcrncais 25 exALend @ OPERA || «%" origamitooi 4\»(:@:3[; ﬁEducation/\ N Life Sciences Industries )
G ki e aveuTuoe RIMet andMe paTWAY 3 X .
pe ..e'l!mzon actifio léi:;:;;ty e e P E X - S Lucowont M Sigms f»: ClearStory < GLUE:.CJ)Q: e Learning Z?é] é::unsu | RIS OPLU\N_ER eHarmony
~ Numerify ClpherCloud panasas 45 Typesate m 4% elastic [E1 mougnesocr s - g sumall € granify ITKNEWTON $¢ Recombine Yy “ RetailNext d@
um‘msmu"k GVECTRA || < nimble 4 MAANA @ swiftype, kaggle CTED CIRRO B Aictable Clever ruus FLATI ROg S yl\. \l/ :;f(_:xlsi :nl X®
\_¥rocona  ancder/ | 29 A owenien || & Qumulo coN(:RRENv/ \’w""‘ms'm‘) \_Algolia simneoua )| PataKing import @ Jretention custora) | @)eclara oceoszymergen Healthlop™ {0, c
2 Emerasiora ZEPHYR SwiftKey FarmLogs
Cross-Infrastructure/Analytics - PANORAMA || Gingerio = transeriptic Glow || “howcoos TS @ H2te
= know® @enltic @AiCure [, Ao miistatmuse BEXEVER
amazon Google BE Microsoft FTY Gsas () v vmware stalend TIBC2 TerADATA ORACLE Il Netapp | IS = S‘ . 2,
L pen source
( Framework Query / Data Flow Data Access Coordination Real-Time Stat Tools Machine Learning @ Search Security
T HsAsE 4] mag;ugrguw stalend m P>)) sronmspo'iz v ; ot [lapecheRenger
dra asticsearch
YARN MESOS o~ - -+ iﬁ @ #Scala Caffe CNTK e % |(Visualizati
7 - g% kafk - Tensor 2 |(Visualization
Spark TEZ®y "a aSc-ub§g mf‘: Sl aFllnk ® tearn FeatureFu . Solr- =
R SBESEES Flink “WCDAP Google Cloud Datafiow JARCNLEE ak _\ Apache Ambari & TacHvoN druid DIMSUM “:"’“" DL4) W i m '_’;“E_'J
Data Sources & APIs Incubators & Schools
(- Health 10T Financial & Economic Data Air / Space / Sea Location/People/Entities Other gnatacamp
- Bl be i A
JAWEBONE GARMlN ThingWerx oomberd. B | powuones A spire GARMIN ou '.'«Insideview'besri m "INSIGHT
R , < 5 a9 sep - b '
eapracticerusion - Fitloit | i @) somsara | [ Y= DLEE"E PREMISE 79 EAPiTALIQ i ge P
Withings ¥~ vacioic atmo © @ [#1quandl xignite EEECBiccis 5::" STREETLINE * canToos panjiva «& Datatlite o7,
R Qkinsa (@ Human a®i .v'“—* mattermark  (@estimize EBeiaw = Airware () bronedepior 838 Crimson Hexagon (@ placemeter | == DATA GOV g The Data Incubator

© Matt Turck (@mattturck), Jim Hao (@jimrhao), & FirstMark Capital (@firstmarkcap)

FIRSTMARK



HADDF ON-FREMISE
cloudera A
EEERl  pivotal
THM InfoSphars’
¥ bluedats jethro

BIG DATA LANDSCAPE 2017

HPPLICATIONS - ENTERPRISE

WOSCH DATABASES

) Google Cloud Platform
CRACLE .,
BACTAC Aure. o Ba s Logic
nongellH o0sTASTARY
EECEEDE (%) couctbase
redslobs 22 i

DATATRANSFORMATION —)
stalend @) pertabo
aLter:.r;.; A TRIFACTA

DaTa

NIEGRATION —y

APF OEY
=

) raminmst
]

T

£ muzsle

ﬁ s _E_

e,

INFRASTRULTURE ANALYTICS
HADODF N THE CLOUD STREAMING DATA AHALYST PLATFORMS DATA SCIEMCE PLATFORMS
diaron 1icroaoit Az “famazen @ darabricks B Microsoft ‘@ pentaho alteryx - R data
')’:-,ocgecman,rfun g . Sistriim @, QuUAVUS  AYASDI o B iku
MWATTIVD M) Dacameer wied L
oainiE [ ueransnsers . - Q,, TN _@lﬂpldmﬁv
GridGair datartisans ClzarSiery %" OrigamilLcci: Inter|ane et A
¥ oamarommereT poiinioee smwo® ENDOR Pimece | Ausissans * PIS i
NEWSEL DATABASES GRAPHIAS | MPPDES | CLOUD EOW VISUALIZATION —) VERTICAL STATISTICAL | DIATA SERVICES
Clustrix o™ y - — G easleny L_’“ ANALYTICS COMPUTING "
N sy | Doemoacre | PREDIX | G
00 P Ty o “hsas
P ) A
P - cnarTre fGien

ik

MACHINE LEARNING

MGMT ! MONITORING

(D oo Gl Pl
MO0 F cawAetet
s el
VitENEE

Bbansal

callibra

Ation,

HORIZONTAL Al

-B2B MARKETING - B2C

CLISTOMER SERVICE

CROWDSOURCING - HARDWARE

amasee ety bk Gaogl TPU A RM

upwork e

#WorkFusian vmac R
e 5

Mouidies®  sroRTEX

SOCIAL ANMLYTICS 1 WEE/ MOBILE ¢

N Hootsuite- COMMERCE ANALYTICS

MNETEASE C-f.h:gh_- i

ALTASHT , o Mimpanal #iwmuns

S oynthesio | swmall P e
raach pratention FRSaGOeT

bitly predats | @igranlfy custora

i
re P co o oo
| - =
e e - e dore g
amazan FTY e §53S |98 vnware TIBCS Jovnin ORACLE Wl metaps o el v | @ praznorn
OPEN SOURCE
FRAMEBNORK OQUERY [/ DATA FLOW DATA ACCESS COORMNATION STREAMING STAT TOOLS Al MACHINE LEARNING ' DEEP LEARNING SEARCH LG ANALYSIS VISUSLIZATION COLLABRORATION SECURITY
i soait’ sl /g?m'“ﬂ imnngol soai’ € | @ 4 theano EEEEN BE0we @@ oo | S E ey [“:\,
0 SO ., - uTma N
oo | . o @5 | v 27 DN EEER <% | LiosAd 5
= T o . . o £ .
[T M:m-.& — oo aricik Jresmn Fowama —wun | [T . B tosmians 7 Rodeo s 'E“""“
@coap B ik i [ R =T Sscry
DATA SOURCES & APIS DATA RESOURCES
HEALTH 107 FINANCIAL & ECONOMIC DATA, AIR: ! SPACE [ SEA PEORLE { ENTITIES LOCATION INTELLIGENCE —  OTHER INCUBATORS & SCHOOLS RESEARCH
"’ JAWRDINE Bloomberg © @ momien mzuees [ DOW JONES @ = Airware acxism 9 m [+] @ aal - @& facebook rescarch
- - - £ Splre PLSRAL EAHT -
WowaLie EERETE ThngWerx DE i ERCEecn wanite [l Pty @5 FlacelE DATAGOV OpenAl & MIRI

Rractics [us o

s
fitiit GARMIN
7 Human &P Sl s

G reiiom

Last updated 4°5/2017

- J—
o oW

YuOLEE = FREMISE Dostimine

‘mm_- StockTeits 8 mam

@ Matt Turck (@mattturck), Jim Hao (@jimrhac), & FirstMark (Efirstmarkcap)

Cr—

o cnarus | RADIUS oo deoie Zetdr Mblcomresh | o MEDaiia ZE
- = aurnchesk
INSIDESALES.COM Sy RS i biue yonder pers_ac::a cLau:IDo: Gainsight’
@ conversica Anfar [BY rnios @ oLupcoae | B culerex ppmpaTa
Clar| EEEE @ vact | 99900 $subular “0 | s ripy @ s | SEDEI oy o g
tfuse mechires [[rnoars Witis suoacic o rartcie Amplera L frame.zi
HUMAN CAFTAL LEGAL FIKANCE | ENTERPRISE BACK OFFICE SECURITY
f?:"" Toe ml‘m FRODUCTIVITY AUTORATION
zuora | ¥eslack b [ - B
Bidemart: -
2 . CRACLE Fcplrk?w
Sy T p—— Bt
@ T e talla® | A ApgLen
Fmaptrics BRtier o BASISTS socum R4 Bramcus @i 2P amorker:
' & g
AFPLICATIONS - INDUSTRY
EDUCATION | GONERNMENT ¢ FINAMCE - LENDING FINAHNCE - REAL ESTATE 4 INSURANCE —
reneron | ([PhSocrata | OnDeck> Affirm | WVESTING | e | Snatvomits
reditech A a1 | EOGamine | .
Gaclara (@ OPENGOV s INSIKT | HENSHC S VTS | fmonnde
Kidlagreid mark43 £ Woneylion | B CLantopian CYEZMCE
dstlllcry RS Truenreord oDty e
.‘IM%HM P Feauittics nih crire - Tractabla™
e P petattek | R AT Al Bezeaie
HEALTHCARE TRANSPORATION AGRICULTURE 1 COMMERCE
FLATIRGH * UBER Zie |

Heakniac® Ak e
Gingerin Gilow .,
O

#* Instacort
TESLA (P "
Baswars )i
drve.a

igecri
BN < Moitary

STREETLING

% factual

panjiva

mattturck.comibigdata2017

| = CEEEe 24 Catalite g?a
P

o

INSIGHT

&
LAEE

FIRSTMARK
LY STAGE VENTURE AL




BIG DATA & Al LANDSCAPE 2018

INFRASTRUCTURE ANALYTICS APPLICATIONS - ENTERPRISE
HADOOP ON-PREMISE ——— HADOOP IN THE CLOUD ST / IN-MEMORY DATA ANALYST PLATFORMS DATA SCIENCE PLA SALES -828 -B2C c SERVICE
cloudera AR AWS  Miciosoft Anire aws gdatabricks Microsoft ‘@ pentoho  alteryx ——— data oN cH@RrUS | RADIUS  App Autie 138 @bloomrcach MSendGrid | @ MEDALUA zendesk
Hortorworks | S e KNIME ik > . @ CLARABRIDGE
Pivotal BM ntoSphor | Sonfluent GridGaini = ponal guUAVUS  AYASDI S IKu INSIDESALESCOM S[peverstane ) osice | BlueYonder (persaco) EEEEN e
ivotal O Google Cloud Biginsights . —— i {oomino rapidminer . ACTIONIO SAUTMRU @ swuscos | GANSIht NO@DATA
dataArtisans B3 hazeicast ATTIV/O Datameer Quid Incoda @ conversica B nco Gsense o afniti
IBM InfoSphere * [Mocie ) altiscale | L - 4 D P DigitalGenius afin
& th TERRACOTTA Y ARSI | | inter|ana  ClearSioy  Origomi H CONTIUUM.  dkaaohmiens clari Aaviso tactai | o tubuiar ¥ 015 st | Ecuannnne ZZme Amplero. | o romaT Mfamesi A
bluedata jethro A i Y
J & ConturyLink ¥ Wallaroo. - - o i Gsas fuser e @racoes | s=ncacio §7F MPS | & empety (SIDND e Simon Litics CakDesk
HUMAN CAPITAL LEGAL FINANCE —  ENTERPRISE BACKOFFICE 7 SECURITY
NoSQL DATABASES NewSQL DATABASES ———— GRAPH DBs - MPP DBs — CLOUDEDW —| | g pLATFORMS VISUALIZATION MACHINE LEARNING e arake RAVEL yenaptan | PRODUCTIVITY MAOMANOR] Braraims © Cyi Arce (bamety
O Google Cloud AWS Clustrix o @r=ou TERADATA aws aws hiD g e ~napl: & slack & stackeocn [Dillumio [3coves: Qoomcns
i Pivotal & Amazon Nepture — - i) ¢ awsrer > Pt N
ORACLE 1 - = e 1BM iy s T oac g Juoicata | ZuOrQ i x. WoaRKiAcs ANOMAL! ) mrcimats RUECTRA
@ mongoit ¥ MarkLog A:'f,'",_"'s:L ' influx oracLe gad s Ficenmsnce textic EETTRTRE o 3 g i WE o B OATAVISOR %ifiscience
- ~ p - ity gomaion B Woded Stella X e DTSN - 5 W seronet B smnsnt G socume
BT o s o B vour | e F3 (Rpgnitio | Pivotal eLement Py N % @ cara talla® P mf...‘.... Al P foedzal
@ arngo0s @) Couchbase | (@ citusdata splice paTs— Exasol B visenze < oot * = | ress AT butters Kasisto Eor e W
redislabs SCYLLA. Fvaacom: Whwis KEEE | oo™ | @Yacomio oo Dbonsal mya @ catetoxt 3 2 Frrmcogpion G
. __| | compurEr VISiON HORIZONTAL Al SPEECH & NLP APPLICATIONS - INDUSTRY
DATA ] DATA INTEGRATION DATA £ MGMT/ ADVERTISING EDUCATION 7 GOVERNMENT — REAL ESTATE 1 FINANCE - FINANCE - LENDING INSURANCE —
TRANSFORMATION aws O NewRelic actfio | | Micosolt Azure ® s watson Cortana (EXETHL oc_-ofg\-cw @-: ™ & o @ orEnsov REDFIN INVESTING ondeck affirm netromite
“talend @) pentoho & rubeix D APPOYNAMICS @ sentient ) Voyages o- bty ;;theo"“'@)m o Trsiwron | marka3 Opendoor praReys
on e 1t wa Clarifsi S IS ot 5 e ORACLE Trpenx o o < vTs
alteryx @ rmracta bt Odynatrace Ve # g pRIMER MOA @ coara | @eclara . CYER
% zALeN! ey Soruva e . SoHs Seadilosnd e W = & thatradoesk © ivesoorion INSIKT 100Credit -
_— atooma Fthe, . SignafFx a i - . - 4 2 e NSIKT 3 e e
o L1 Stitch import.ia P« B * EVERAI < deepomatic ""“ @ snips -i_?')’ D.;uu m'“’m“ 0“( ::--OM: wetab wocs-,»-n-mnn v
B GNiFL | infoworks o Artumiry pocercury ¥ Numenfy e “&twentybn oo oD = b u 00 | T | e ACAPE “t;m‘“ aire aghh
STORAGE ———— CLUSTERSVCS — APP DEV - CROWD- —— HARDWARE L GPUDBs — | SEARCH = LOG ANALYTICS c"f.‘a“'s‘:&““ wymcs | | HEALTHCARE TRANSPORTATION AGRICULTURE |  COMMERCE - INDUSTRIAL ——
aws SOURCING Google TPU Kin:itica = MOLE ANAI = = - NER instocart AVIVA SIEMENS
Mcronotta - Doy | S b e all Google Anatytics P fotion Clover ATAUUS HeokHio® CoES SuRLY AN | Svirem mix PREDIX
v T [ = yenmod = S | E Ry Prti-agl il eisoigrndii | PO S S [ 2527 (75
Lo - ocx Joves Dunms
O raintocent PP | Hooon. gy | =5 O swiftype  ©sigotia ooRER) sumol. S amatle AL E sabrs e RS
N g%“ scale | Mouidiuse ¢namens i dphasense an bitly predats AE3CI @sicorT TEMPUS surtsone @AICUS .
| MHIVE MVAVE  Heme | botlyteessom | [ ominitus sineo ©simitarweb O granify custora Qoo piognos @enme o) | (o FarmLogs
orrnraet
CROSS-INFRA TURE ALYTICS B i ‘f“’q““
= - @&= rEp—
AWS 2 Google Cloud B Microsoft FIY iciamawe §GSAS 1010DATA vmware TIBC® Teraoain ORACLE Fllnetape $syncsor cloudera Biown Rprosoas
OPEN SOURCE
FRAMEWORK QUERY / DATA FLOW — DATA ACCESS C 1 STREAMING - STATTOOLS Al/ MACHINE LEARNING / DEEP LEARNING 1 SEARCH — LOGGING & — VISUALIZATION COLLABORATION SECURITY ——
- = MONITORING 2
lgeop |t Soo’ sQL ﬁ ‘S| ZZF ot Omongon =talend Spaik’ @ Flensorfiow theano [EE ML @ € = G | treheRemer
» R | cassandra X il @ Caffe EMoset  © DM pommmy | U | S Kidbana T === | KNOX
2e0esd - \Sis 3 ‘Flink B Scalatab CopwveTesd®  Openal  TK S l"B
e YARN s SLAMDATA L =1 £SciDB Apseac @ sINGa lolig EE=E w losstash ¢ g
@i CouchdB  § sriak & i &rana -
il @ mesos [Cocaetioo Dansn I omenrecn & Ssory neon™ " iicane O visiiis ANACONDA
Sp @CDRP e &) oewmm  BcCUMULO XL Apache Autlow | 2 sroam julia [OSSTNE ]
DATA SOURCES & APIs DATA RESOURCES
HEALTH o1 FINANCIAL & ECONOMIC DATA AIR/ SPACE / SEA PEOPLE / ENTITIE! LOCATION INTELLIGENCE OIHER DATA SERVICES INC & SCHOOLS RESEARCH
', V ovavioie | @ ceogo Bloomberg Tuowsonazurens [3 | Dow JoNes | O owsi (pignet acxiem FouRTQUARE ;Y Ludg::cov e e.0 ze [ oear STt s
B S Aiware  AIRCBOTICS 2 k. OPERY == | sevmavsionr
R Practicefusion S thingworx | D Wbraciy  EICBsc:  xignite Quandl BPIRG = sonserss NN i vexscon R
= S L o enloma 2 oavancmnce @ ostacamp 4 Datatite
“ fitbit garmiIN Oroiven @ somsoro UL " PREMISE Giestimize o ® ez e "8 s @
I\ oRp. WINDWARD  tollusiots [Geasis W CRUX Octohee taking | INSIGHT, G2 meomaircomer
kinsa | 4= T | Angenine StokTons Erise ERIEEL 2705 | G) oroneouoo, [N [ o] fext nnomexus

Final 2018 version, updated 07/15/2018

© Matt Turck (@mattturck),

Demi Ob i (@demi_obay i), & FirstMark (@firstmarkcap)

Y

mattturck.com/bigdata2018

FIRSTMARK

EARLY STAGE VENTURE CAPITAL




Big Data Ecosystem

File system HDFS, NFS
Resource manager Mesos, Yarn
Coordination Zookeeper

Data Acquisition

Apache Flume, Apache Sqoop

Data Stores

MongoDB, Cassandra, Hbase, Hive

Data Processing

e Frameworks

Hadoop MapReduce, Apache Spark, Apache Storm, Apache Flink

e Tools

Apache Pig, Apache Hive

e Libraries

SparkR, Apache Mahout, MILib, etc

Data Integration

e Message Passing
e Managing data heterogeneity

Apache Kafka
SemaGrow, Strabon

Operational Frameworks

e Monitoring

Apache Ambari

@
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Cluster Basics

 Host/Node = Computer

* Cluster = Two or more hosts connected by an internal high-
speed network

* There can be several thousands of connected nodes in a cluster

 Master = small number of hosts reserved to control the rest of
the cluster

* Worker = non-master hosts

7@
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Big Data Architectures




Architectures

* Lambda Architecture
— Batch / Stream Processing
* Kappa Architecture
— A Simplification of Lambda Architecture (everything is a
stream)

e Service Oriented Architecture

— Interaction of multiple services
® | -



Lambda Architecture

* Mostly for batch processing
* Key features
— Distributed
file system for storage

Processing

Serving

long term storage (historical data)

7@ _
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Three layers

* Batch-Layer
— Large scale long living analytics jobs
* Speed-Layer/Stream Processing Layer:
— Fast stream processing jobs
* Serving Layer:

— Allow interactive analytics combining above two

7@ _
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Lambda Architecture

Batch
recompute
Immutable P Precompute
master data O views Batch layer

—g V """""""""""""""
Batch views
New data
stream Merge ‘ Query
Real-time views
Process Increment Speed layer
stream , views
Real-time
increment
@
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Kappa Architecture

 Everythingis a stream
— Distributed ordered event log
— Stream processing platforms
— Online Machine learning algorithms

it

Queries

Historical
p— — Results
data —
—_— storage
storage




Microservice Architecture

* Not essentially a style

* Emerged from:
— Applications as services
— Availability of Software containers
— Container resource managers (Docker Swarm, Kubernetes)
— Flexible
— Quick deployment of services

7@
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Microservice Architecture

* Functions that run in response to various events
* Scales well and does not require scaling configurations
 e.g. Amazon Lambda, OpenLambda

7@ _
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Distributed Kernels
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Distributed Kernels

* Minimally complete set of utilities
— Distributed resource management
* Abstraction of the data center/cluster
— View as a single pool of resources
* Simplifies execution of distributed systems at scale
* Ensures
— High availability
— Fault tolerance
— Optimal resource utilization

7@
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Distributed Kernels

* Resource Managers

— Apache Hadoop YARN il}vadaap
* Resource manager and Job scheduler in Hadoop Wik
— Mesos -

AVAV

* Open-source project to manage computer clusters %

1§ MESOS

/
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YARN (Yet Another Resource Manager)

* ResourceManager
— Master daemon
— Communicates with the client
— Tracks resources on the cluster
— Orchestrates work by assigning tasks to NodeManagers
* NodeManager
— Worker daemon
— Launches and tracks processes spawned on worker hosts

* Application Master

L ARG, AmING B D Asciics



YARN (Yet Another Resource Manager)

MapReduce Status

Job Submission
Mode Status
Resource Request - ........

@ https://hadoop.apache.org/docs/current/hadoop-yarn/hadoop-yarn-site/YARN.html| 35
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Apache Mesos

* Distributed kernel
— Decentralised management
— Fault-tolerant cluster management
— Provides resource isolation
— Management across a cluster of slave nodes
 Opposite to virtualization
— Joins multiple physical resources into a single virtual resource
— Schedules CPU and memory resources across the cluster in the
same way the Linux Kernel schedules local resources.

7@
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Mesos Architecture

Hadoop

scheduler

MPI

scheduler

Mesos slave| | Mesos slave Mesos slave
Hadoop MPI Hadoop|| MPI
executor executor executor||executor

task I task task task

http://mesos.apache.org/documentation/latest/architecture/

e B Dhaa Asaannes
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/00 Keeper

 Aservice that enables the cluster to be:
— Highly available
— Scalable
— Distributed
* Assistsin
— Configuration
— Consensus
— Group membership
— Leader election
— Naming

— Coordination
® o



Distributed File Systems




Distributed File Systems

* NFS

— Network File system
* GFS

— Google File System
* HDEFS

— Hadoop Distributed File System

]
L, Ay, Bec: Drara Asanrncs
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(NFS)

- Network File System

Google
BigTable

o

40



Hadoop

* Open source project

* Apache Foundation

* Java

* Built on Google File System

* Optimized to handle massive quantities of data
— Structured
— Unstructured
— Semi-structured

* On commodity hardware

7@ _
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Hadoop, Why?

* Process Multi Petabyte Datasets

* Reliability in distributed applications
— Node failure
* Failure is expected, rather than exceptional
* The number of nodes in a cluster is not constant
* Provides a common infrastructure
— Efficient
— Reliable

7@ _
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Components

 Hadoop Resource Manager - YARN
 Hadoop Distributed File System - HDFS
« MapReduce (The Computational Framework)

®
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Hadoop Distributed File System

Very Large Distributed File System
— 10K nodes, 100 million files, 10 PB

Assumes Commodity Hardware
— Uses replication to handle hardware failure
— Detects and recovers from failures

Optimized for Batch Processing
Runs on heterogeneous OS
Minimum intervention

Scaling out

Fault tolerance



Hadoop Distributed File System

* Single Namespace for entire cluster

 Data Coherency
— Write-once-read-many access model
— Clients can only append to the existing files
* Files are broken up into blocks
— Typically 128 MB block size
— Each block is replicated on multiple DataNodes

7@
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HDFS Architecture

HDFS Architecture

Metadata (Name, replicas, ...):
/homeffoo/data, 3, ...

Metada;a_,ops"" Namenode

Block ops
Read Datanodes D Tt e
T | |
=& - = Replication g O []
L] - g Blocks
~ | v
Rack 1 Write Rack 2
. st .. http://hadoop.apache.org/docs/stable/hadoop-project-distthadoop-hdfs/HdfsDesign.html

46


http://hadoop.apache.org/docs/stable/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
http://hadoop.apache.org/docs/stable/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
http://hadoop.apache.org/docs/stable/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
http://hadoop.apache.org/docs/stable/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
http://hadoop.apache.org/docs/stable/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
http://hadoop.apache.org/docs/stable/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
http://hadoop.apache.org/docs/stable/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html

NameNode

* Meta-data in Memory

— List of files

— List of Blocks for each file

— List of DataNodes for each block

— File attributes, e.g creation time, replication factor
* A Transaction Log

— Records file creations, file deletions. etc.

7@ _
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DataNode

 ABlock Server

— Stores data in the local file system

— Stores meta-data of a block (e.g. CRC)

— Serves data and meta-data to Clients
* Block Report

— Periodically sends a report of all existing blocks to the NameNode
* Facilitates Pipelining of Data

— Forwards data to other specified DataNodes

7@ _
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Block Placement

* Current Strategy
— One replica on local node
— Second replica on a remote rack
— Third replica on same remote rack
— Additional replicas are randomly placed

e Clients read from nearest replica (Location awareness)

7@ _
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Hadoop Distributed File System

* NameNode: A single point of failure

— Multiple namenodes using Quorum Journal Manager (QJM)
* Transaction Log stored in multiple directories

— Adirectory on the local file system

— A directory on a remote file system (NFS/CIFS)

7@
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Summary

* Distributed Kernels
— Apache Mesos
* Resource Manager
— Hadoop Yarn
* File System
— Hadoop Distributed File System

]
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* Distributed Storage
* Message Passing

e Searching, Indexing
e Visualization

e Analytics

]
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Next
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References

HDFS Documentation
- https://hadoop.apache.org/docs/stable3/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html

Mesos Documentation
- http://mesos.apache.org/documentation/latest/architecture/

53


https://hadoop.apache.org/docs/stable3/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
https://hadoop.apache.org/docs/stable3/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
https://hadoop.apache.org/docs/stable3/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
https://hadoop.apache.org/docs/stable3/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
https://hadoop.apache.org/docs/stable3/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
https://hadoop.apache.org/docs/stable3/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
https://hadoop.apache.org/docs/stable3/hadoop-project-dist/hadoop-hdfs/HdfsDesign.html
http://mesos.apache.org/documentation/latest/architecture/

/.

Dr. Damien Graux
ien.graux@iais.fraunhofer.de jabeen@cs.uni-bonn.de

o THANK YOU !
LearNING, Apprying, MuctieiyinG Bia Dara Ananyics
This project has received funding from the European Union's Horizon 2020 Research and Innovation -

programme under grant agreement No 809965.


mailto:jabeen@cs.uni-bonn.de
mailto:jabeen@cs.uni-bonn.de
mailto:jabeen@cs.uni-bonn.de
mailto:damien.graux@iais.fraunhofer.de

Thank you !

k .. ARG, '\Ih‘l\l._ \|J A A
L —

55



