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The ZHAW Data Science Laboratory

me datalab

dlab.zhaw.ch

* Eines der ersten Data Science Labs in Europa

« Zusammenschluss von Informatikern, Statistikern, Mathematikern und
Physikern zur Losung von Data Science Problemen in Forschung, Lehre
und Praxis:

* Institut fur Angewandte Informationstechnologie
 Institut fir Datenanalyse und Prozessdesign

« Zentrum fur Sozialrecht

 Institut fur Angewandte Mathematik und Physik (neu)
 Institut fur Angewandte Simulation (neu)
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DAS = Diploma of Advanced Studies

Besteht aus 3 CAS (Teilzeit, ein Nachmittag pro Woche):
* CAS Information Engineering:
* Information Retrieval & Text Analysis
« Data Warehousing & Big Data
« CAS Data Analysis:
« Statistical Inference, Regression, Time Series Analysis
» Descriptive Statistics, Clustering, Classification
« Data Science Applications:
* Machine Learning

» Visualization of Big / High-Dimensional Data
» Data Protection Laws & Data Security

 Mehr Information:
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(ursprunglich: alle 24 Monate)
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Moore’s Law Turns 50
MAY 13, 2015
SAN FRANCISCO — On April 19, 1965, just over 50 years ago, Gordon
Moore, then the head of research for Fairchild Semiconductor and later
one of the co-founders of Intel, was asked by Electronics Magazine to
submit an article predicting what was going to happen to integrated
Thomas L. circuits, the heart of computing, in the next 10 years. Studying the trend
Friedman he’d seen in the previous few years, Moore predicted that every year we'd
double the number of transistors that could fit on a single chip of silicon so
you’d get twice as much computing power for only slightly more money.
\V]
&4 Email When that came true, in 1975, he modified his prediction to a doubling
roughly every two years. “Moore’s Law” has essentially held up ever since
H shre — and, despite the skeptics, keeps chugging along, making it probably the
most remarkable example ever of sustained exponential growth of a
W Tweet

technology.
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« Gedankenexperiment

* Wie hatte sich ein VW Kafer seit 1971 gemasst Moore's Law entwickelt?
* Geschwindigkeit?
* Benzinverbrauch?
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« Gedankenexperiment

» Geschwindigkeit: ~480°000 km/h
« Benzinverbrauch: ~ 0.00011875 Liter pro 100 km
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F()rbes ~ New Posts Most Popular 10 Stocks to Buy NOW Search

Log in Sign up Connect n u m >

1 12/12/2013 @ 11:40PM | 3,944 views
|

How To Create A Moore's Law For Data

+ Comment Now + Follow Comments
We are often reminded in press and analyst

Dan Woods <P reports that more data has been created in the last
Gonuributer year than in all previous years combined. Such
articles often are written in a giddy tone based on
Ifind technology that the unstated assumption that more data will mean
matters for early more value, more benefit to us all.
adopters.

e At first glance, this seems like a reasonable

proposition. More of something (money, time,
food) often means that more benefit can be
obtained. I suspect the authors of such articles

Opinions expressed by Forbes
Contributors are their own.

0000

° . Moore’s Law, The Fifth Paradigm. (Photo credit: have MOOI'e. s Law II} mlnd’ Whl(:l:l’ In ltS. poplﬂar
Wikipedia) understanding predicts the ever increasing power
of computers.

But a closer look at the world of data shows that there is no Moore’s Law in effect.
[..] More data means more costs for storage, for governance and having too much unorganized
data may make it more difficult to find what you need. In other words more data can mean less value.

Quelle: 9
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Studie vom TDWI:

The Data Warehouse Institute

TDWI RESEARCH

TDWI BEST PRACTICES REPORT SECOND QUARTER 2013

INTEGRATING HADOOP
INTO BUSINESS INTELLIGENGE
AND DATA WAREHOUSING

By Philip Russom

1



Ruckmeldungen von ca. 300 Firmen

weltweit

Industry

Consulting/professional services
Financial services
Software/Internet

Telecommunications
Insurance

Healthcare

Computer manufacturing
Education
Retail/wholesale/distribution
Government: federal
Hospitality/travel

Aerospace

Other

(“Other” consists of multiple industries, each
represented by 2% or less of respondents.)

— 21%
1%
mm 10%
m 7%
m 6%
m 5%

m 4%

m 4%

m 4%
3%

m 3%

m 3%

e 19%

senschaften
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Geography

United States

Asia

Europe

Mexico, Central or South America
Canada

Australia/New Zealand

Africa

Middle East

Ee—— 49%
 20%

s 17%

o 5%

m 4%

m 3%

11%

11%
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Can the Hadoop Distributed File System (HDFS) replace your enterprise data warehouse (EDW)?

— 4% Yes

Nb 5% —— 37% Maybe

Can HDFS augment your enterprise data warehouse (EDW) or other data infrastructure?

N 3% —

‘ — 50% ¥es
13

Mayoe 47%
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If your organization were to implement Hadoop technologies, which business processes, data, and
applications would most likely benefit? Select eight or fewer.

Big data source for analytics | meEE——————————————— /1%
Analytics: data mining, statistics, complex SQL | meessss————————— 68%
Exploratory analytics with big data | m——————————— 48%
Information exploration and discovery | m—————— 33%
Good complement of our data warehouse | m———— 30%

Low-cost hardware and software | m——— 26%
Data visualization | m————— 25%

Capturing more data than before | m————— 24%

Understanding consumer behavior via clickstreams | m——— 23%

Sentiment analytics and trending | m— 22%

14



Hindernisse fur die

Anwendung von Hadoop

School of
Engineering

InIT Institut fir angewandte
Informationstechnologie

What are the most likely barriers to implementing Hadoop technologies in your organization? Select eight

or fewer.

Inadequate staffing or skills for big data analytics
Lack of business sponsorship

Lack of compelling business case

Difficulty of architecting big data analytic system
Cost of implementing a new technology

Software tools are few and immature

Enough information on how to get started
Existing user-defined DW architecture

Lack of metadata management

e 62%
s 41%
e 40%
I 32%
e 30%

I—— 28%

e 27%

I 27%

e 25%
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Big Data Technologien:

NoSQL-Systeme

System/

Scale to Primary Secondary

Integrity
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longuage/ Dato

_Yeor Paper 1000s _ Index Indexes Tr Constroints V. Algebra mode/
1971 RDBMS 0 v v v v v v v tables
488 T TG T T AT T rva v I 3 13 13 I 13 m.
2004 MapReduce v 0 0 0 v 0 0 0 key-val
2005 CouchDB v v v record MR 0 v 0 document  nosql
2006 BigTable/Mbase v v record compat. w/MR / 0 0 ext.record  nosql
2007  MongoD8 v v v EC, record 0 0 0 0 document  nosql
—007 ___Dynamo o o 0 0 0 0 0 0
2008 Pig v 0 0 0 v / 0 v tables sql-like
2008 HIVE v 0 0 0 v v 0 v tables sql-like
2008  Cassandra v v v EC, record 0 v v 0 key-val nosql
2009  Voldemort v v 0 EC, record 0 0 0 0 key-val nosql
2009 Riak v v v EC, record MR 0 key-val nosql
2010 Dremel v 0 0 0 / v 0 v tables sql-like
2011  Megastore v v v entity groups 0 / 0 / tables nosql
2011 Tenzing v 0 0 0 ) v v v tables  sql-like
2011  Spark/Shark v 0 0 0 v v 0 v tables sql-like
2012 Spaoner o o o o 2 o oL oL tables lql.lllt_l
2013 Impala v 0 o0 o v v o v tables sql-like

Tabelle Gbernommen von Bill Howe, University of Washington (Coursera «Introduction to Data Science»), 2013.

16



School of

Inhalt

InIT Institut fir angewandte
Informationstechnologie

« ZHAW Datalab

 Moore's Law, Big Data, Data Warehousing

« Big Data Erfahrung aus Lehre:
 MapReduce
* Pig
* Hive

« Big Data Erfahrung aus Forschung:
* Cloudera Impala

17



MapReduce - Uberblick

InIT Institut fir angewandte
Informationstechnologie

Input Data
Output Data

Split Sort Merge
[k1, v1] by k1 [k1, [v1, v2, v3 ...]]

18
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« Vorteil:
« Machtiger Programmieransatz, um Daten parallel zu bearbeiten

« Programmierer muss sich um die Datenaufteilung nicht direkt kUmmern,
da dies vom Hadoop Distributed File System verwaltet wird

« Sehr gute Skalierbarkeit fur grosse Datenmengen

* Nachteill:
* Programmieren mit MapReduce ist nicht trivial

« Java:
» Grosser Unterschied zwischen Hadoop 1.x und 2.x fur Java-API
e Grossteil der Dokumentation ist fur 1.x bzw. fur 2.x nur luckenhaft

* Python:
« Programmierung in Python ist bedeutend einfacher

« Python etabliert sich als neben SQL und R als eines der wichtigsten Data

Science Tools
19
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» Pigist eine high-level Plattform, um einfacher MapReduce Jobs auf
Hadoop auszufuhren:

« MapReduce Jobs werden automatisch generiert
» Gute Skalierbarkeit fur Big Data
« Macht Hadoop auch fur ,Nicht-Programmierer-Experten® zuganglich

» Die Script-Sprache der Plattform heisst Pig Latin:

- Ahnlich wie SQL
. . “ n e 10 lines of PigLatin = 200 lines in Java
* Kein Java-basiertes “low-level e 15 minutes in PigLatin = 4 hours in Java

MapReduce notwendig

PigLatin NEE PigLatin NEVE]

Lines of code Development time (minutes)

Quelle:

20
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« Vorteil:
* Analysen lassen sich viel schneller entwickeln als unter MapReduce

* Prozeduraler Ansatz:
» Mischung aus Programmiersprache und SQL

 Lokaler Modus erlaubt schnelles, iteratives Entwickeln

* Nachteil:
« ,Gewohnungsbedurftig®, wenn bereits SQL-Kenntnisse vorhanden

« Debugging von Code nicht trivial, da Pig nicht konsistent bei Case-
Sensitivitat ist

21
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Traditionelle DWHs haben Restriktionen:
 Bestimmter Vendor, teuer, limitierte Skalierbarkeit

Hadoop/MapReduce hat diese Restriktionen nicht, doch ist das
Programmiermodell zu low-level:

« Speziell geschriebenes Programm
 Limitierte Wartbarkeit und Wiederverwendbarkeit

Hive: ,Data Warehouse® basierend auf Hadoop:
« Vereinigung zweier Welten

» Ideal fur Verarbeitung von Big Data (Batch-Prozessierung)
* Nicht designed fur:

* Online Transaction Processing (OLTP)
» Real-Time Queries: Overhead von HDFS

22
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* Vorteil:
» Geringere Lernkurve, wenn SQL-Kenntnisse vorhanden
« Kostengunstige DWH-Variante
» Gute Integration mit Business Intelligence Tools

* Nachteil:
* Nur ein Teil vom SQL-Standard umgesetzt (jedoch rasche Entwicklung)

» Grossen Antwortzeiten sind Hindernis fur Entwicklung:
» Mindestantwortzeiten von 20 Sekunden pro Query
« Joins (bei kleinen Datenmengen) kdnnen mehrere Minuten dauern

23
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« Impala ist eine parallele Query Engine basierend auf HDFS

* Impala verwendet nicht MapReduce:
* Implementiert eigene Parallelisierung ahnlich wie parallele Datenbanken
» Kein Overhead von MapReduce
» Ermdoglicht batch-oriented und real-time Queries

* Impala vs. Hive:
* Hive:
» Fehlertolerante Prozessierung von Batch-Queries
« Overhead von mindestens 20 Sekunden
* Impala:
* Nicht-fehlertolerante Prozessierung von Batch- und near-real Queries

25
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How Impala Supports Mixed Workloads in Multi-User
Environments

by Justin Kestelyn (@kestelyn) September 17, 2014 no comments

Our thanks to Melanie Imhof, Jonas Looser, Thierry Musy, and Kurt
Stockinger of the Zurich University of Applied Science in Switzerland for
the post below about their research into the query performance of
Impala for mixed workloads.

Recently, we were approached by an industry partner to research and create
a blueprint for a new Big Data, near real-time, query processing architecture
that would replace its current architecture based on a popular open source

database system.

Read More...
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Query | Description | Example: 1 Dimensional A Example: 2 Dimensional
Types
R Integer and SELECT count(*) FROM SELECT count(*) FROM
float range <tableName> WHERE al <27 <tableName> WHERE a2 > 4727
queries AND a3 =19
S String queries SELECT count(*) FROM SELECT count(*) FROM
<tableName> WHERE s1 LIKE <tableName> WHERE s2 LIKE
"%ahx%' '‘%index’ AND s3 LIKE "%j8%'
G Group by- SELECT al, count(*) FROM SELECT a2, a3, count(*) FROM
queries <tableName> GROUP BY al <tableName> GROUP BY a2, a3
M Mixed queries SELECT parse_url(s1, 'HOST'), SELECT s2, parse_url(s1, '"HOST'),
including R, S  count(*) FROM <tableName> count(*) FROM <tableName>
and G queries WHERE al = 3 AND s2 LIKE WHERE al <-63 AND s2 LIKE
'%86% ' GROUP BY parse_url(s1, "‘%pcn%' GROUP BY s2, parse_url(s1,
'HOST') 'HOST')

28
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Average Query Execution Time
T T T T Experiment Parameters T T T T T

4+ Query File:R_Dim1_NoQ100.qry + -
Number of Users:16
Number of Nodes:4
35F Sleep Time:0.0 -
Table:parquet1 QOm + +
o+
] A _ o+ s
I S T + t T
- | - - _ - T - - _ -
= 25k L T A ) R R B g
2 A e
£
¢ BH00B0Bn00BRE0BEE
N T I L
T 1Ll =1
i + + 7]
& + + t + R
+ +
S + _
05F + + _
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Threads

4-node-Impala cluster
~100 GB data, 16 concurrent users
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Query Execution Time

=
o
gtk
7k
6k
)
@
£ 5F
-
@ 1o Experiment Parameters
[~
© 4 Table:parquet100m
4 Query File:R_Dim1_NoQ100.gry
< Sleep Time:0.0
3r Number of Nodes:4
Number of Threads:1 2 4 8 16
2k 0} 32 64
1k O}
@O
U 1 L 1 1 1 1 J
0 10 20 30 40 50 60 70

#Threads

4-node-Impala cluster

~100 GB data, 64 concurrent users
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Average Query Execution Time

1 Ll 1 1 Ll 1 1 Ll 1 l
4 T Experiment Parameters
Query File:R_Dim1_NoQ100.qry
Number of Users:16
Number of Nodes: 4

w0
(8]
T

$ Table:parquet100m
3t i -
— 251 | :
— |
£
= 2r L .
TR -
15} é | % . .
1t % ¥ 4 = é é i!i . % —
05F + % # £ L % = =
Db Ub 04 Db U% b 15 1% 2b

Sleep Time [s]

4-node-Impala cluster, ~100 GB data, 16 concurrent users

delay between queries
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« Verwendung von Big Data Technologien ist nicht trivial, da sich Tools
sehr schnell entwickeln

« Big Data Technologie wurde ursprunglich zur Prozessierung von
unstrukturierten und semi-strukturieren Daten entwickelt

« Trend in Richtung Prozessieren von strukturierten Daten:

» Teilweise open-source Ersatz fur kommerzielle Datenbanken und Data
Warehouse-Losungen

* Integration von Machine Learning und Graph-Prozessierung

« Kontakt fur Forschungsprojekte bzw. Data Science Weiterbildung:
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