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Variety, Volume, Velocity

Variety:
* integrating heterogeneous data (and tools)
Volume:
 from small files...
e ..todistributed data repositories (Hadoop)
 bring the tools to the data
Velocity:

* from distributing computationally heavy
computations...

e ..toreal time scoring of millions of
records/sec.
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Energy Usage Prediction from Smart Meters Data

4 )

* Read Smart Meter Energy Data (176 millions rows)

* Clean Up and Aggregate total Energy Usage by hour,
week, day, month, year Workflow 1

\_° Calculate Behavioral Measures for each Smart I\/Ieter/

( )

e Cluster Smart Meters with Similar Behavior (k-
. Means) Workflow 2 )

* Predict Energy Usage in Clustered Smart Meters
(Auto-Regressive Time Series Prediction) | Workflow3
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Workflow 1: PrepareData

This workflow reads Ireland’s electricity data,
converts the dates from the proprietary format into

datetime values, and groups kW values by:

- day

- hour ) Write to server
- intra-day times it s

- month
- year

- week

It also aggregates average and % values for

the k-Means procedure by day, month, wiek, ydar

The top port alsp offers!
average kW fisage
daily, monthly,

Read all Data String to datetime

Read & files convert proprieta
for a total of date format
176 Mio Rows into

datetime values

kKW usage by meter ID
by hour and intra-day times
The top port also offers:
average kW usage
hourly, for each intra-day time
by meter ID

Open for Innovation
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Big Data Options
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Big Data Support

KNIME Big Data Access Nodes

— preconfigured connectors
— in database processing

Big Data Platforms

— HDFS, Hive, Impala, HP Vertica, Hortonworks, ParStream,
Actian, MapR, any big data platform really!

Spark MLlib integration (coming soon)

e Streaming Executor (coming soon)

/
cloudera

ortonworks
CERTIFIED CERTIFIED
~

Open for Innovation
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Hadoop Sandboxes

e Hortonworks:

http://hortonworks.com/products/hortonworks-sandbox/

Cloudera:

http://www.cloudera.com/content/cloudera/en/downloads/
quickstart vms.html

 Virtual Box

https://www.virtualbox.org/
VMWare Player

http://www.vmware.com/

Open for Innovation
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http://hortonworks.com/products/hortonworks-sandbox/
http://www.cloudera.com/content/cloudera/en/downloads/quickstart_vms.html
https://www.virtualbox.org/
http://www.vmware.com/

..aseasyas 1,2,3,.4

1] [2] [3] [4

Access Big In-DB
Data SEEEELE Processing
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1. Database Connector

Dialog - 0:179 - Database Connector(par.. = ©

Generic Database Connector

Connection settings | Flow '."ariabJesI Memary PoJiqr|

— Can connect to any JDBC source acion

[ Database driver | com.parstream.ParstreamDriver v]
— Register new JDBC driver via N
() Use credentials
preferences page — |

(®) Use username & password

Username | |

Password | |

Timezone correction

() No correction (use UTC) (@) Use local tmezone

% m () Use selected timezone |Euro|:ne,|'BerIin

Misc

Allow spaces in column names
[] validate connection on dose

[] Retrieve metadata in configure

Copyright © 2015 KNIME.com AG % Open for Innovat ion
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1. Register JDBC Driver

Preferences

Ant
Data Management
General
Help
Install/Update
Java
KMNIME
Chemistry
Databases

[ A

Image Processing Plugin
KMIME Explorer
KMIME GUI
KMIME Store
= Marvin
Master Key
Meta Info Preferences
MNetwork
Open Street Map
Palladian Location Extractor
Palladian Ranking Services
Palladian Web Searcher
Preferred Renderers
R
R-5cripting
[» REST Modes
Report Designer
[» Textprocessing
[> Plug-in Development
[» Report Design
> Run/Debug
[> Team

Databases

Let's you load additional database driver from Jar or Zip archive and set other database related preferences.
List of loaded database driver files:

CAKNIMEWDBC \parstream’parstream-jdbe.jar

CAKNIMEUDEC oracle\ojdbc? jar

CAKNIMEUDBC db2\db2jccd jar

CAKNIMBUDBCms sql server\sqljdbed,jar

CADEVELOPMENT \workspaces\KNIME-workspace_3_Torg.knime bigdata.vertica\lib\vertica-jdk3-6.1.3-0,jar
CAKNIMEWDEC postgresgl-9.2-1002,jdbed.jar

CAKNIMEVJDBC mysgl-connector-java-3.1.20-bin.jar

Timeout for database operations (in seconds)

Increase connection timeout for
long running retrieval operations

Open KNIME and go to
File -> Preferences

Up

Down

- - v

Remove

| Restore Defaults | |

Apply |

| oK

| | Cancel |
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1. Dedicated Connectors cc.;’;:a -

Dedicated pre-configured connectors

— Bundling necessary JDBC drivers

— Easy to use
o _ . works for most
— DB specific behavior/capability Hadoop HIVE
installations,
including

Hortonworks

free

Some dedicated connectors are part of
the open source KNIME Analytics
Platform, some belong to the
commercial KNIME Big Data Extension

Copyright © 2015 KNIME.com AG




2. Data Table Selection

Connect to a big data platform:
- Impala

- Hive

- parstream

to read the energy data

Database Connector

=

parStream platform

Impala Connector
=9

Cloudera Amazon table "energy” with
cluster all energy measurements

sampled every half an hour
one year long
Imost 6000 meter |
Hive Connector
E=9
Hive Cluster

Copyright © 2015 KNIME.com AG

Dialog - 0:7 - Database Table Selector

Y |

File

Settings | Flow 'u'an'ablesl Memory Poliqu

SQL Statement
SELECT * FROM energyDate

Database Browser
| Fetch Metadata |
., TABLE

----- # energy
----- # energyRaw

----- # energyfag

, VIEW

----- # aggregated_energy
----- # energyTopl00

Flow Variable List

§ dbFile A
& temp_path
& knime.workspace
W £ >
ok || mpply || cCance |

A
A
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3. In-Database Processing

* Filter rows and columns

Join tables/queries

e Sort your data

* Write your own query
* Aggregate™ your data

Manioulati
Database Row Filter

Similar Settings as

Database Joiner node

Column Filter

Database Joiner Database Sorter

ax (£=28)
Database GroupBy £ = m 5w
—8 = B =9 =g
GI= R
aoareatan s Similar Settings as
Database Query GroupBy node
——a 2.
(=
write your

oWn query

* Database GroupBy node exposes DB specific aggregation methods

Copyright © 2015 KNIME.com AG



3. Queries for average Measures

Connect to a big data platform: 501 queries to calculate
- Impala -

- Hive

- parstream

to read the energy data

Database Connector

=

parstream platform

usage by meter|[

day, month, week, yes

The top port also offers:
average kW usage

Database Table daily, monthly, weekly, yearly
Impala Connector by meter ID
(G
Cloudera Amazon table "energy" with datetime
cluster all energy measurements format
sampled every half an hour
one year long
almost 6000 meter Ds
Hive Connector

% kW usage by meter ID

by hour and intra-day times

The top port also offers:
Hiv[%f]ster average kW usage
hourly, for each intra-day time
by meter D

Copyright © 2015 KNIME.com AG
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3. Average Monthly Values

File

Settings | Description | Flow Variables | Memery Palicy |

Groups | Manual Aggregation | Pattern Based Agaregation | Type Based Aggregation|

-~ Group settings
Available column(s) —————————— " calect Group column(s)
[ Select all search hits [ Select all search hits
§ year_month add all >> § meter_id
D kw_30
Ill_ﬁ1“‘“-1“_ll B u
@ @ Advanced settings

Cokrm i [eep ol et o] ClacacomTey coumm name:

=9 =g

adjust month monthly usage
year_month by meterlD T ————
Database GroupBy Database Query
B E————a & —l
Dialog - 0:65:35:43 - Database Query(adjust month) = &
File =9 =g
average rename
Settings | Flow \l'an'ablesl Memory Poliqr| monthly usage
Flow Variable List SQL Statement by meterlD
& knime.workspace A SELECT *, concat({cast(my_year as string),”_", substr
{concat ("00", cast({my month as string)), -2, 2)) as ¥

ear_month FROM #tabled ttd

ok || mpply || Cancel |

Open for Innovation
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4. Import Data from Database

This workflow reads Ireland’s electricity data,
converts the dates from the proprietary format into datetime values,
and groups kW values by, day, hour, intra-day times, month, year, week

monthly
Database Connection

It also aggregates average and % values for the k-Means procedure Table Reader

Connect to a big data platform: SQL queries to calculate

- Impala Energy Usage Measures

- Hive

- parStream daily, hourly, weekly, monthly,
to read the energy data yearly, by intra-day segments

atabase Connector

arStream platform

day, month, week, yea

The top port also offers:
average kW usage weekly i
Database Table daily, monthly, weekly, yearly Database Connection
Impala Connector Selector String to datetim by meter ID Database Joiner % values Table Reader
. - @
=9 intra-day and —
Cloudera Amazon table "energy" with datetime join time series intra-week result
cluster all energy measurements format kW % usage [ ]
sampled every half an hour by meter ID
almost 6000 meter IDs ble
Hive Connector ﬂ
% kW usage by meter ID
by hour and intra-day times hourly
) The top port also offers:
Hive Cluster average kW usage Run the SOL queries and
hourly, fer each intra-day time retrieve final data

by meter ID

Open for Innovation
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New Big Data Platform?

This workflow reads Ireland’s electricity data,
converts the dates from the proprietary format into datetime values,
and groups kW values by, day, hour, intra-day times, month, year, week

monthly
Database Connection

Table Reader

It also aggregates average and % values for the k-Means procedure

Connect to a big data plat NO prObIem!
e Just change the connector node!

- Hive
- parStream .
to read the energy data yearly, by intra-day segments

Database Connector

parStream platform

day, month, week, yea

The top port also offers:
average kW usage weekly i
daily, monthly, weekly, yearly Database Connection
Impala Connector by meter ID Database Joiner % wvalues Table Reader
o R
=9 intra-day and (e=eQ)
Cloudera Amazon table "energy" with datetime join time series intra-week result
cluster all energy measurements format kW % usage
sampled every half an hour by meter ID .
one year long Database Connection
almost 6000 meter IDs Table Reader
Hive Connector %
% kW usagelby meter I.D
by hour and intra-day times hourly
) The top port also offers:
Hive Cluster average k""_'r =3 Run the 50L queries and
hourly, for each intra-day time retrieve final data
by meter ID

C ight © 2015 KNIME AG Open for Innovation
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Other Useful Database Nodes

* Drop table
— missing table handling
— cascade option

* Execute any SQL
statement

* Manipulate existing
gueries

Copyright © 2015 KNIME.com AG



HDFS File Handling

 KNIME & Extensions -> —_—
KNIME File Handling Nodes 4 TisAcan

4 [ Connections

. FTP Connection
 HDFS Connection and C:HDFSCW:M]
HTTP Cennection
HDFS File Permission nodes A, resComecto
B Create Directory
|3 Delete Files
o Cownload
Download / Upload from List
[ HDFS File Permission
E List Directory
Upload
[ il URI
- @l Zip
H Copy/Move Files
ki| File Meta Info
T Find MIME-Type
) List MIME-Types

Open for Innovation
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Hive/Impala Loader

* Upload a KNIME data table to Hive/Impala

55H Connection HDFS Connection

=9 =9

Remote file Remote file
connection connection
Hive Loader Impala Loader
Data Generator Data Generator

Open for Innovation
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Next Steps

Open for Innovati ion
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Following Workflows: k-Means

Reading and Pre-processing 30 clusters from Build average energy Output File and
k-Means time series for each Visualization
cluster CSV Writer
time series for
Table Reader Missing Value first n clusters
K - 3 O G Node 103
=9 E=9 30 clusters Line Plot
read Mode 107
aggregated
data

Mode 108

time series for

avg kW monthly
values by cluster

EE9
30 clusters
400 no of iterations
uclidean distance

- 4

time series for
Clustered Meter IDs

keep only
cluster and meter D

avg kW yearly

series for values by cluster
n dlusters KW yearly
values by
ek meter [D
_[E] _ time series for
min-maxto Denormali Sorter RowlD Column Filter avg kW daily File Reader
[0,1] values by cluster
|
Normalization Parameters \—t> = = [ f= G [= £
=9 ) =9 ) avg kW weekly
i - €9 values by cluster
denormalized by size cluster label Node 85 kW weekly
k-means as RowlD
prototypes

values by

Copyright © 2015 KNIME.com AG
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Following Workflows: AR Model

Change lag here!

Line Plot
File Reader Prepare Data Lag Column Math Formula Lag Column
. X dd template
|G Here is where |G EF=g E= & linear AR(lag) -
N N . back into |G|
read clustered the tirme series ¥it) and x(t-7*24) 7*24h seasonality from xlt) to: - -
. ; - predictions original
time series gets selected and correction w(t), w(t-10, x(t-2), ..., x(t-lag) v,
renamed to "cluster" u(t) = x(t) - u(t-7"24) predicted

Autwegressfve model using the pre vious 24h*7 as se.asan.aﬁfy te mPJfaf:e

-24_hour 5easona|it5 ‘temF|ate: the first week of the time series is used as a temp|ate for seasonah'tg correction
-auto means usage of Fast of the same time series for Fr‘edicﬁcn. MNe other esternal time series/data used.

= Regressi've refers to the mode used: either a linsar ora Fo|5nomia| regression

07

20 2474

= R A

=

= N R
i VoY |
=0y B | 1'\ | | |

.1t 1

et B \l'\_'l,:' | | |
MRTAVIVAVAVAVRS

T
T

.Figu re 30: Original time series and predicted time series after being adjusted for weekly seasonality in green
and blue respectively.

Open for Innovation
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Model Factory: Concept

Data Preparation on K-Means A-R Model
Hadoo

Database Connection Reading and Pre-processing 30 clusters from Build average energy Output File and
Table Reader k-Means time serfes for each Visualization
This workflow reads Ireland's electricity data, df“f"' 3 CSV Writer
dates from the proprietary i i 2 3 time series for
and groups kW values by, day, hour, intra-day times, month, year, week Table Reader Missing Value: first n clusters n clusters

It also aggregates average and % values for the k Means procedure

oty
Databess Comrection = N
Table Reader E
e o)

read Node 107 Change lag here!
aggregated re-buildsignal  Line Plot
data File Reader Prepare Data Lag Column  Math Formula Lag Column Linear Regression
Connect to:abig data platform: 5QL queriesto calculate —
e =1 o—P—a B o
e dd templats A
parsiream ot e time series e Here is where =9 (@) (@) lnearARGa) " packinte
to ead the energy data 2 read clustered thetime series  x(t) and x(t-7°24) 7*24h seasonality from x(0) to: redictions  original
iy, Monthiy time series gets selected and correction (), x(t-1), (t-2), ., x(t-lag) P o
Database Connector fearly Weekdy renamed to “cluster” x(t) = (1) - x(t-7°24)
predicted
values by clt Auto-regressive model using the previous 24h*7 2s seasonality template
parStream platform e
2y, month, week,
‘The top port also offers: -24-hour seasonality template: the first week of the time seriesis used as a template for seasorality correction
age kW
o Database T Datal -auto means usage of past of the same time series for prediction. No other external time series//data used.
impala Connector .
-Regressive refers to the mode used: either a linear ora polynomial regression
&
E ﬁ avg kW yearly
=9 intra-day and = values by cluster
Cloudera Amazon table "energy" it datetime oin time series  intra-week et
allenergy measurements  format W % usage
sampled every half an hour by meter ID
oneyeurlong urty Intra- Database Connection meter D o
almost 6000 meter s e Table Reader time seres for
) avg kW daily File Reader
Hive Connector values by cluster
9 KW usage by meter ID values by
by hour and intra-day times. == meter D avg KW weel
“The top port alzo offers: L=y oo
e average kW usage Run the SQL queries and KW weekly
hourly, for each intra-day time retrieve final data values by

Choosing best k for k-Means minimizing the RMS
prediction error from A-R Model on Spa rk

Loop, control, and final results remain in

Ci ight © 2015 KNIME AG \\ Open for Innovation
opyri .com
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Model Factory: Workflow

Hadoop
Select the best Model or
Data Preprocessing with use an Ensemble Model
SQL queries on a Hadoop
platform
PrepareData(SQL KNIME Select best k and re-run the analysis
Ll o re-build signal  Line Plot

l-Means AR-model

MNode 218 add template CH

Mode 221 Mode 222

back into original
predictions V.
Spa rk predicted

k-Means and k A-R Models
with ML Lib on Spark

Parameter Optimizatio
Loop Start

Parameter
k-Means AR-model
5 Optimization Loop End

Mode 219 Mode 220 @9
2 DT 2 Node 215
number of

clusters

KNIME Looponk=1,2, ...., 6000 to find best k number of clusters

Open for Innovation
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References

 Whitepaper “KNIME opens the Doors to Big Data”
http://www.knime.org/files/big data in knime 1.pdf

* Blog Post “Integrating Big data is as Easy as 1,2,3, ... 4”

http://www.knime.org/blog/integrating-big-data-is-as-easy-as-
1-2-3-4

* The Big Data Extension Product Description
http://www.knime.org/knime-big-data-extension
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http://www.knime.org/files/big_data_in_knime_1.pdf
http://www.knime.org/blog/integrating-big-data-is-as-easy-as-1-2-3-4
http://www.knime.org/knime-big-data-extension

Resources

(www.knime.org)
for news, tips and tricks(www.knime.org/blog)

for questions and answers (tech.knime.org/forum)

for example workflows
(www.knime.org/learning-hub)

* KNIME TV channel on YU[I
* KNIMEon Y @KNIME

+ KNIME on [

https://www.facebook.com/KNIMEanalytics
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http://www.knime.org/
http://www.knime.org/blog
http://tech.knime.org/forum
http://www.knime.org/learning-hub

Events and Trainings

(https://www.knime.org/about/events)

15-16 June Zurich (https://www.knime.org/knime-
user-training-june-2015)

17-18 June Zurich
(https://www.knime.org/knime-developer-training-june-2015)

* Meetup.com ,
P KNIME Zurich KNIME Users

* 16 June, Zurich, Meetup on Big Data
(http://www.meetup.com/Zurich-KNIME- ...

Switeerland Bilg Eata Scienceis just a Are you going?
Founded Aug 4, 2014 i A Yes No
Users/events/221570664/) - Click Away -2 .
@export E3Tellafriend [FShare 5 going

eeeeeee

= Tuesday, June 16, 2015

eoopm W ORGANIZER

Technoparkstrasse 1, Ziirich (map)

Organizers: A meetup on Big Data? Of coursel

m
@ Fortran Room, Technopark m Francois
Protopapa
Kilian Thiel, 1
:rm : With Big Data being one of the biggest challenges faced by IT

Open for Innovation
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