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Big Data Research in Berlin
BBDC and Apache Flink

Tilmann Rabl
rabl@tu-berlin.de
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Agenda

ÅAbout Data Management, Big Data, and Data Scientists

ÅAbout the Berlin Big Data Center

ÅApache Flink ïthe Next Generation of Big Data Analytics Technologies

a technology-driven perspective
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data too uncertain Veracity Data Mining MATLAB, R, Python

Predictive/Prescriptive MATLAB, R, Python

Data & Analysis: Increasingly Complex!

data volume too large Volume

data rate too fast      Velocity

data too heterogeneous Variability

Data

Reporting aggregation, selection

Ad-Hoc Queries SQL, XQuery

ETL/ELT MapReduce

Analysis
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Deep Analysis of Big Data

Small Data Big Data (3V)
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Databases ốñBig Dataò

ÅTables ố Tables and unstructured files

ïSchema on read

ÅParallel ố More parallel, commodity, shared clusters

ïMid-query fault tolerance, resource allocation

ÅSQL ố SQL and Java, Scala, Python, you name it

ïGeneral object manipulation

ÅData Warehousing ố Logs, ML, Graphs, also DW

ïIterative processing, user-defined functions

5
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Application

Data

Science

Control Flow

Iterative Algorithms

Error Estimation

Active Sampling

Sketches

Curse of Dimensionality

Decoupling

Convergence

Monte Carlo

Mathematical Programming

Linear Algebra

Stochastic Gradient Descent

Regression

Statistics

Hashing

Parallelization

Query Optimization

Fault Tolerance

Relational Algebra / SQL 

Scalability

Data Analysis Language

Compiler

Memory Management

Memory Hierarchy

Data Flow

Hardware Adaptation

Indexing

Resource Management

NF2 /XQuery

Data Warehouse/OLAP

ñData Scientistò ïñJack of All Trades!ò
Domain Expertise (e.g., Industry 4.0, Medicine, Physics, Engineering, Energy, Logistics)

Real-Time
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Big Data Analytics Requires Systems Programming

R/Matlab:

3 million users

Hadoop:

100,000 

users

Data Analysis 

Statistics

Algebra

Optimization

Machine Learning

NLP

Signal Processing

Image Analysis

Audio-,Video Analysis

Information Integration

Information Extraction

Data Value Chain

Data Analysis Process

Predictive Analytics

Indexing

Parallelization

Communication

Memory Management

Query Optimization

Efficient Algorithms

Resource Management

Fault Tolerance

Numerical Stability
Big Data is now where database systems were in the

70s (prior to relational algebra, query optimization

and a SQL-standard)!

People with Big Data

Analytics Skills

Declarative languages to the rescue!
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Fritz-Haber-Institut,

Max-Planck-Gesellschaft

ZIB Berlin

DFKI

Beuth Hochschule

Technische Universität Berlin, Data Analytics Lab

Anja
Feldmann

Klaus R. 
Müller

Volker 
Markl

Odej 
Kao

Thomas 
Wiegand

Hans Uszkoreit

Alexander 

Reinefeld

Christof

Schütte

Matthias 
Scheffler

Stefan Edlich

Data Management Machine

Learning

Computer

Networks

Distributed 

Systems

Video Mining
Language Technology

Material Science

Software Engineering

File Systems,

Supercomputing

Information-

based Medicine
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ML DM
Feature Engineering

Representation

Algorithms (SVM, GPs, etc.)

Think ML-algorithms 

in a scalable way

Process iterative 

algorithms 

in a scalable way

Technology X

Machine Learning + Data Management = X

Declarative Languages

Automatic Adaption

Scalable processing

Control flow

Iterative Algorithms

Error Estimation

Active Sampling

Sketches

Curse of Dimensionality

Isolation Convergence

Monte Carlo

Mathematical Programming

Linear Algebra

Regression

Statistic

Hashing

Parallelization

Query Optimization

Fault Tolerance

Relational Algebra/SQL 

Scalability

Data Analysis Language

Compiler

Memory Management

Memory Hierarchy

Dataflow

Hardware adaption

Indexing

Resource Management

NF2 /XQuery 

Data Warehouse/OLAP

declarative

Goal: Data Analysis without 

System Programming!
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X = Big Data Analytics ïSystem Programming!

(ĂWhatñ, not ĂHowñ)

Technology X
Think ML-algorithms 

in a scalable way

Analysis of 

ñdata in motionò

Multimodal

analysis

Numerical

stability

Declarative specification

Automatic optimization, 

parallelization and hardware adaption

of dataflow and control flow

with user-defined functions,

iterations and distributed state

Scalable algorithms and debugging

process 

Iterative algorithms

in a scalable way

Algorithmic

fault tolerance

Consistent

intermediate results

Software-defined 

networking

Description of ĂHowñ?

(State of the art in scalable data analysis)

Hadoop, MPI

Larger human base of Ădata scientistsñ

Reduction of Ăhumanñ latencies

Cost reduction

Description of ĂWhatñ?

(declarative specification)

Technology X

Data Analyst Machine
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Application example:

Marketplace 

for 

information

Technology X

science-basedsociety-basedeconomics-based

hierarchical

numerical

simulation data

text data flows
multimodal data

windowing

numerical

stability

integration: 

video, images, text

Think ML-algorithms 

in a scalable way

Declarative

Process iterative algorithms

in a scalable way

Application Examples:

Technology Drivers and Validation

Application Example: 

Material 

science

Application Example: 

Health


