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Foreword

Predictive analytics and data mining are becoming mainstream applications, fueling data-driven insight across many industry verticals. However, in
order to continuously improve analytical processes it is crucial to be able to integrate heterogeneous data sources with tools from various origins. In
addition, it is equally important to be able to uniformly deploy the results in operational systems and reuse models across applications and processes.

To address the challenges that users face in the end-to-end processing of complex data sets, we need a comprehensive platform to perform data
extraction, pre-processing, statistical analysis and visualization. In this context, open source solutions offer the additional advantage that it is often
easier to integrate legacy tools since the underlying code base is open. Therefore, KNIME is in a unique position to facilitate cross-platform, multi-
vendor solutions which ultimately bring numerous benefits to the analytics industry, fostering common processes, agile deployment and exchange of
models between applications. In support of its vision for open standards in the analytics industry, KNIME is also a member of the Data Mining Group
(DMG) which develops the Predictive Model Markup Language (PMML), the de-facto standard for model exchange across commercial and open
source data mining tools.

| predict that, as you read through this book and become an Expert in KNIME, you will find that your data mining solutions will not only follow a
standards-based approach but also foster reuse of knowledge among all constituents involved in the analytics process, from data extraction,
sophisticated statistical analysis to real-time business process integration.

As the first book for entry level users of KNIME, this book breaks ground with a comprehensive introduction which guides the reader through the
multitude of analysis nodes, algorithms and configuration options. Supplemented with many examples and screen shots, it will make you productive
with KNIME in no time.

Michael Zeller (CEO Zementis, Inc., PhD)
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Chapter 1. Introduction

1.1. Purpose and structure of this book

We live in the age of data! Every purchase we make is dutifully recorded; every money transaction is carefully registered; every web click ends up in a
web click archive. Nowadays everything carries an RFID chip and can record data. We have data available like never before. What can we do with all
these data? Can we make some sense out of it? Can we use it to learn something useful and profitable? We need a tool, a surgical knife that can
empower us to cut deeper and deeper into our data, to look at it from many different perspectives, to represent its underlying structure.

Let’s suppose then that we have this huge amount of data already available, waiting to be dissected. What are the options for a professional to enter
the world of Business Intelligence (Bl) and data analytics? The options available are of course multiple and growing rapidly. If our professional does
not control an excessive budget he could turn to the world of open source software. Open source software, however, is more than a money driven
choice. In many cases it represents a software philosophy for resource sharing that many professionals would like to support.

Inside the open source software world we can find a few data analysis and Bl tools. KNIME software represents an easy choice for the non-initiated
professional. It does not require learning a specific script and it offers a graphical way to implement and document analysis procedures. In addition -
and this is not a secondary advantage - KNIME can work as an integration platform into which many other Bl and data analysis tools can be plugged. It
is then not only possible but even easy to analyze data with KNIME and to build dashboards on the same processed data with a different Bl tool.

Even though KNIME is very simple and intuitive to use, any beginner would profit from an accelerated orientation through all of KNIME’s nodes,
categories, and settings. This book represents the beginner’s luck, because it is aimed to help any beginner to gear up his/her learning process. This
book is not meant to be an exhaustive guide to the whole KNIME software. It does not cover implementations under the KNIME Server, which is not
open source, or topics which are considered advanced. Flow Variables, for example, and implementations of database SQL queries are not discussed
here.

The book is divided into six chapters. The first chapter covers the basic concepts of KNIME, while chapter two takes the reader by the hand into the
implementation of a very first analysis procedure. In the third chapter we investigate data analysis in a more in depth manner. The third chapter
indeed explains how to perform some data visualization, in terms of the nodes and processing flow. Chapter four is dedicated to data modeling. It
covers a few demonstrative approaches to data modeling, from naive Bayesian networks to decision trees and artificial neural networks. Finally,
chapters five and six are dedicated to reporting. Usually the results of an investigation based on data visualization or, in a later phase, on data
modeling have to be shown at some point to colleagues, management, directors, customers, or external workers. Reporting represents a very
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important phase at the end of the data analysis process. Chapter five shows how to prepare the data to export into a report while chapter six shows
how to build the report itself.

Each chapter guides the reader through a data manipulation or a data analysis process step by step. Each step is explained in details and offers some
explanations about alternative employments of the current nodes. At the end of each chapter a number of exercises are proposed to the reader to
test and perfect what he/she has learned so far.

Examples and exercises in this book have been implemented using KNIME 2.10. They should also work under subsequent KNIME versions, although
there might be slight differences in their appearance. Updates and further discussions about the contents of this book can be found at the author’s
blog site http://dataminingreporting.com/blog.html.

1.2. The KNIME community

Web Links

This is the first place to look for information about KNIME products. The open source KNIME Analytics
http://www.knime.org Platform can be downloaded here.

This is the landing page to learn more specific KNIME functionalities. Learning material - as web sites,
http://www.knime.org/learning-hub videos, webinars, courses, and more - is organized by topic, like text mining or chemistry, or basic
KNIME functionalities, etc...

In the www.knime.org site you can find a number of resources. What | find particularly useful is the
KNIME Forum. Here you can ask questions about how to use KNIME or about how to extend KNIME
http://tech.knime.org/forum with new nodes. Someone from the KNIME community answers always and quickly.

This site contains nodes still under development; i.e. the beta version of new nodes. You can already
http://tech.knime.org/knime-labs download them and use them, but they are not of product/release quality yet.

http://knime.org/supporters-0 This is the site where all contributing supporters (partners, providers, and sponsors) are listed.
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Courses, Events, and Videos

KNIME User Training (Basic and Advanced)

KNIME periodically offers Basic and Advanced User Training Courses. To check for the next available
date/place and to register, just go to the KNIME Training web site http://knime.org/trainings.

KNIME Webinars

A number of webinars are also available since May 2013 on specific topics, like chemistry nodes, text
mining, integration with other analytics tools, and so on. To know about the next scheduled webinars,
check the KNIME Training web page at http://knime.org/trainings.

KNIME Meetups and User Days

KNIME Meetups and KNIME User Days are held periodically all over the world. These are always good
chances to learn more about KNIME, to get inspired about new data analytics projects, and to get to
know other people from the KNIME Community (http://knime.org/about/events)

KNIME TV Channel on YouTube

KNIME has its own video channel on YouTube, named KNIME TV. There, a number of videos are
available to learn more about many different topics and especially to get updated about the new
features in the new KNIME releases (http://www.youtube.com/user/KNIMETV)

Books

KNIME Platform

For the advanced use:

Rosaria Sllipo, Mike Mazanetz, “The KNIME Cookbook: Recipes for the Advanced User”
(http://www.knime.org/knimepress/the-knime-cookbook)

For a general summary:

Gabor Bakos, “KNIME Essentials” (http://www.packtpub.com/knime-essentials/book)

Reporting Suite

The KNIME Reporting Suite is based on BIRT, another open source tool for reporting. Here is a basic
guide on how to use BIRT:
D. Peh, N. Hague, J. Tatchell, “BIRT. A field Guide to Reporting.”, Addison-Wesley, 2008

Data Analysis and KNIME

To apply KNIME to the most common problems in data analysis and data mining:
Berthold M.R., Borgelt C., Hoppner F., Klawonn F.,“Guide to intelligent data analysis”, Springer 2010.
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1.3. Download and install the KNIME Analytics Platform

To start playing with KNIME, first, you need to download it to your computer.
There are two available versions of KNIME:
- the open source KNIME Analytics Platform, which can be downloaded free of charge at www.knime.org under the GPL version 3 license

- the Enterprise KNIME server, which can be purchased at http://knime.org/enterprise-server

The functionalities of the two versions are very similar. The Enterprise version includes a few more centralized operations and collaboration tools that
better fit a large enterprise environment. In this book we work with KNIME Analytics Platform (open source) version 2.10.

Download KNIME Analytics Platform

. 1.1. The KNIME Download web page
- Gotowww.knime.org pag

- Inthe lower part of the main page, click “Download Now”

KN” IE PRODUCTS / RESOURCES / PARTNERS / COMMUNITY / USECASES / ABOUT Search this site

- If you wish, provide a little information about yourself (that is
appreciated), otherwise select “Download Now”

- Choose the version that suits your environment Open fOl' Innovation
(Windows/Mac/Linux, 32 bit/64 bit) NaVigate complex data with the agility and

- Accept the terms and conditions

- Start downloading

- You will end up with a zipped (*.zip), a self-extracting archive file
(*.exe), or an Installer application T o

- For .zip and .exe files, just unpack it in the destination folder on
your machine ’
i

- If you selected the installer version, just run it and follow the ning NE o e n '
installer instructions Gettingstared Leamore MestUs | WhatsNew

If you want to move your installation to a different location, you can just
move the “KNIME _2.x.y” folder to the selected location.

fféedom that only an-epen platform can bring
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1.4. The workspace
To start KNIME, open the folder “KNIME_2.x.y” where KNIME has been installed and run knime.exe (or knime on a Linux/Mac machine).

After the splash screen, the “Workspace Launcher” window requires you to enter the path of the workspace.

1.2. The ,Workspace Launcher” window

e

The” Workspace Launcher”

The workspace is the folder where all current Select a workspace
workflows and preferences are saved for the next KMIME stores your projects in a folder called a workspace.
Choose a workspace felder to use for this session.

KNIME session.

Workspace: Ch\Users\rosy\knime_2.6.0\book_jworkspace - Browse...

The workspace folder can be located anywhere
on the hard-disk.

By default, the workspace folder is “..\knime-

” . [7] Use this as the default and do not ask again
workspace”. However, you can easily change
that, by changing the path proposed in the

“Workspace Launcher” window, before starting

the KNIME working session.

From inside KNIME, you can change the workspace, by selecting “File” in the top menu and then “Switch Workspace”. After selecting the new
workspace, KNIME closes and reopens, showing then the workflow list from the selected workspace. Notice that if the workspace folder does not

exist, it will be automatically created.

If | have a large number of projects or of customers or of both, | use a new workspace for each new project/customer. This keeps my work space clean
and tidy and protects me from mixing up information by mistake. For this project | used the workspace “KNIME_2.x.y\book_workspace”.
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1.5. Download the KNIME extensions

The KNIME Analytics Platform is an open source product. As every open source product, it benefits from the feedback and the side utilities that the

open source community develops. A number of extensions are available for the KNIME Analytics Platform and the KNIME Enterprise products alike.

However, the KNIME Extensions are not available together with the KNIME Analytics Platform: they need to be installed separately on a running

KNIME.

To install a new KNIME extension, there are two possible ways.

1. From the Top Menu, select “File” -> “Install KNIME
Extensions”, select the extension, click the “Next” button
and follow the wizard instructions.

OR

2. From the Top Menu, select “Help” -> “Install New
Software”. In the “Available Software” window, in the
“Work with” textbox, select the URL with the KNIME update
site (usually named  “KNIME  Update  Site” -
http://www.knime.org/update/2.x). Then select the extension,

click the “Next” button and follow the wizard instructions.

Once the KNIME extension has been installed and KNIME has been
restarted, you should see the new node/category in the “Node
Repository” in the KNIME workbench (see a few sections ahead).

For example, after installing the KNIME Report Designer extension,
you should see a category “Reporting” in the “Node Repository”
panel on the left.

1.3. The , Available Software” window

e =

Available Software
. . . J
Check the items that you wish to install. :)l_
Work with:  KNIME Update Site - http://www.knime.org/update/2.5 - Add...

Find more software by working with the "Available Software Sites” preferences.

type filter text
Narne Version -
[ & KMIME Math Expression (JEP) 2.5.0.0031109
[ &3¢ KMIME Modes to create KNIME Quick Forms 2.5.0.0031568
[7] 4 KNIME Public Server View 2.5.0.0031768
[] 4 KMNIME R Statistics Integration 2.5.0.0031534
[] & KMIME R Statistics Integration (Windows Binaries) 2120
Lis KMIME Report Designer 2.5.0.0031568
[7] 4p¢ KNIME SV Support 2.5.0.0031658
[ % KMIME Webservice Client 2.5.0.0031568
[ &p# KMNIME Weka Data Mining Integration 2.5.00031754 =
[7] 4 KMNIME XLS Support 2.5.0.0031590
[] 4 KNIME XML-Processing 2500031439

» [C] 000 KMIME Labs Extensions
> []000 KMIME Node Development Toels
» []000 Marvin Chemistry Extensions (denated by Infocom & Chem >

[ Select All ] [ Deselect All 1 item selected

Details

Show only the latest versions of available software [ Hide items that are already installed
Group items by category What is already installed?
[7] Contact all update sites during install to find required software

T T Foi

In the “Available Software” window there are some extension groups available: KNIME & Extensions, KNIME Labs Extensions, KNIME Development

Tools, Sources, and more. “KNIME &Extensions” contains all extensions provided by KNIME for the current release; “KNIME Labs Extensions” contains
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a number of packages developed by KNIME, ready to use, but not yet of release quality; “KNIME Development Tools” contains packages with some
useful tools for the node developers; and “Source” contains the KNIME source code. Specific packages donated by third parties or community entities
might are also available in the list of extensions.

1.6. The KNIME workflow

KNIME does not work with scripts, it works with workflows.

What is a workflow

A workflow is an analysis flow, i.e. the sequence of analysis steps Below is an example of a KNIME workflow, with:

necessary to reach a given result. It is the pipeline of the analysis process,
- anode to read data from a file,

something like:
& - a node to exclude some data columns,
Step 1 Read data - a node to filter out some data rows,

- anode to write the processed data into a file.

Step 2. Clean data

Step 3. Filter data 1.4. Example of a KNIME workflow
Step 4. Train a model

KNIME implements its workflows graphically. Each step of the data analysis is File Reader Column Filter Row Filter CS¥ Writer

implemented and executed through a little box, called node. A sequence of @ T I = ﬁ

nodes makes a workflow.
adult.data set rm "final weight" barn outside US wirite new File

In the KNIME whitepaper [1] a workflow is defined as follows: "Workflows in
KNIME are essentially graphs connecting nodes, or more formally, direct acyclic
graphs (DAG).” (http://www.kdd2006.com/docs/KDD06_Demo 13 Knime.pdf)

Note. A workflow is a data analysis sequence, which in a traditional programming language would be implemented by a series of instructions and calls
to functions. KNIME implements it graphically. This graphical representation is more intuitive to use, lets you keep an overview of the analysis
process, and makes for the documentation as well.
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What is a node

A node is the single processing unit of a workflow. Below are three examples of the same node (a File Reader
node) in each one of the three states.

A node takes a data set as input, processes it, and makes it available at its output
port. The “processing” action of a node ranges from modeling, like an Artificial

Neural Network Learner node, to data manipulation, like transposing the input 1.5. File Reader node with different status
data matrix, from graphical tools, like a scatter plot, to reading/writing
i File Reader File Reader File Reader
operations.
Every node in KNIME has 3 states: E! E \ Eﬁ
CIa) Mode 5 Mode 5
- Inactive and not yet configured - red traffic light Mode 5 [
- Configured but not yet executed - traffic light
- Executed successfully - green traffic light

If the node is executed with errors (unsuccessfully), its status stays at the yellow
traffic light.

Nodes containing other nodes are called meta nodes.

1.7. The KNIME workbench

After accepting the workspace path, the KNIME workbench opens on a “Welcome to KNIME” page. This page provides a few links to get started and to
documentation. It also shows a link to create a new workflow, to the “Learning Hub” web page where you can find links to all available tutorials,
videos, and other learning material, to the EXAMPLES workflows, to the extensions, and to all most recently used workflows. By selecting “Go to my
workflows”, you then reach the workflow editor.

The KNIME workbench was developed as an Eclipse Plug-in and many of its features are inherited from the Eclipse environment, i.e. many items on
the workbench are actually referring to a Java programming environment and are not necessarily of interest for KNIME beginners. | will warn the
reader, when the item on the KNIME workbench is not directly related to the creation of KNIME workflows. The “KNIME Workbench” consists of a top
menu, a tool bar, and a few panels. Panels can be closed and moved around.
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1.6. The KNIME workbench

ESXMME oo Tl
File Edit View Mode  Search Run Help
O-EHR A if-5-i% - (0% - || =<2 O0CDO0OF=BABXP OO & |
& KNIME Explorer 2 | =UW = O || 2\ Node Deseription & | Sl =]
EEB|& B =
-
= - 8 File Reader
This node is set to
[ 5k EXAMPLES (guest@publicserver knime.org:4 Remove nat interesting columns and rows override the output fie if
3 LOCAL ﬂ.M:Worl:pate] " e it already exsts This nede can be used to read |
{i BeginnersLuck File Readen Column Filter Row Filter C5V Writer data from an ASCII file or URL |®
i == Chantes? location. It can be configured to
- pres @——h#b—b—}b—bﬁ read various formats.
i@ Chapter . When you open the node's
i Chapterd FF5 == =3 i configuration dizlog and provide | |
i Chapters adult.data set rrn “final weight™ born autside US a filename, it tries to guess the
A FFINE project write new file reader's settings by anahzing
the content of the file. Check th
Servers r\e'suclnr'_inuf ﬂues:ense‘:ings in th:
This workflow is my first KNIME workflow, preview table, I the data shown
a“d wu r kfl OWSs It reads dra]lita, removes uninteresting colurmns and rows from the data table and writes the result is not comect or an error is
7 = g L Jpreported, you can adjust the
— sattings manually (see balow).
Favorite Modes 13 BEERLZ RSO
. - eron 5 The file analysis runs in the
Perzonal favarite nades background and can be cut short
7 Most frequenty used nodes H H by clicking the “Quick scan®,
B postreauenty Workflow Node Description ||| ¥ s te "due =,
. takes longer. In this case the file
| : Ed'tﬂ r is not analyzed completaly, but
Mode Reposit =/ only the first fifty lines are taken
A g il = into account. B could happen
- | f& then, that the preview appears
iy 10 locking fine, but the execution of
€ Database the File Reader :dis, wher;iz it
; ; reads the lines it didn't analyze.
% g::r;wlam Thus it is recommended you
W, Dot check the settings, when you cut
£ Statistics an analysis short.
i Mining
', Chemastry
W Distance M Dialog Options
wue | Node | S —
B Misc . 55 Outline &1 | = = 0| B console £ | il +B8~-r3~-°0
~ navewe:| REPOSItOry KNIME Console
T ) L T "_._'T-_,E:,.. AN AREEERA RN EE AR REEERE AR RERRERREE =
ﬁ,é c:.w::ﬂﬂ [ —— ==% welcome to KNIME v2.7.0.8€35968 - the Konstanz Information Hiner **%
R e ek Farm = R s =s%  Copyright, 2063 - 2812, Uni Konstanz and KNIME GmbH, Germany  ***
* Reporting = Log file is located at: C:\Users\rosy\knime_2.7.0 2012-11-26_12-86-56\book_workspace\.metadat
- Weka WARM C5W Writer Selected cutput file exists and will be overwritten!
ML
Outline Console
4 m ] 3

This copy of the book “KNIME Beginner’s Luck” is licensed to: Dilcia Amaya

22



Let’s have a closer look at the KNIME workbench.

The KNIME workbench

Top Menu: File, Edit, View, Node, Help

Tool Bar: New, Save (Save As, Save All), Undo/Redo, Open Report (if reporting was installed), Align selected nodes vertically/horizontally, Auto layout,
Configure, Execute options, Cancel execution options, Reset, Edit node name and description, Open node’s first out port table, Open node’s first view, Open
the “Add Meta node” Wizard, , Hide all node names, Loop execution options, Insert grid in workflow editor

KNIME Explorer Workflow Editor Node Description

This panel shows the list of | The central area consists of the “Workflow Editor” itself. If a node is selected in the
workflow projects available in the “Workflow Editor” or in the
selected workspace (LOCAL) or on A node can be selected from the “Node Repository” panel and dragged and dropped “Node Repository”, this panel
the EXAMPLES server or on other | Nere, in the “Workflow Editor” panel. displays a summary
connected KNIME servers. description of the selected

Nodes can be connected by clicking the output port of one node and releasing the ) o
node’s functionalities.

Favorite Nodes mouse either at the input port of the next node or at the next node itself.
This panel stores the nodes that
are used most often or most
recently or that for some other
reason you want to keep at hand.

Node Repository Outline Console

This panel contains all the nodes | The “Outline” panel contains a small overview | The “Console” panel displays error and warning messages to the
that are available in your KNIME | of the contents of the “Workflow Editor”. The | user.

installation. It is something similar | “Outline” panel might not be of so much

to a palette of tools when | interest for small workflows. However, as soon | 1S Panel also shows the location of the log file, which might be of

working in a report or with a web | as the workflows reach a considerable size, all | Interest when the console does not show all messages.

designer software. There we use | the workflow’s nodes may no longer be visible . . .
g y g There is a button in the tool bar as well to show the log file

graphical tools, while in KNIME | in the “Workflow Editor” without scrolling. The associated with this KNIME instance.

we use data analytics tools. “Outline” panel, for example, can help you
locate newly created nodes.

This copy of the book “KNIME Beginner’s Luck” is licensed to: Dilcia Amaya



Top menu

File Edit View
9 Mew.. Ctrl+M << Undo Cil+Z El Console Alt+Shift+Q, C
save Gl Redo Ctrl+Y @] Error Log Alt+Shift+Q, L
[E] SaveAs.. .
. Favorite Modes
Save All Ctrl+ Shift+5 Cut Crl+X 12
Close Al Ctrl+Shift+W Copy Ctrl+C A KNIME Explorer
& Prit.. Ctrl+P [ Paste Ctrl+V A Node Description
& Import KNIME workflow... l Mode Repository
Delete Delete
& Export KNIME workflow... B=  Outline Alt+Shift+Q, O
& Exportto SVG Select All Ctrl+ A
portio ¥, a Waorkflow Projects
Switch Workspace r .
COther... Alt+5hift+Q, Q
Preferences Reset Perspective...
L{:? Export Preferences...
= Import Preferences... G Open KNIME log
Install KNIME Extensions...
Update KMIME...
Exit
File includes the traditional File commands, like Edit contains the usual edit | View contains the list of all panels that can be opened in
“New” and “Save”, in addition to some KNIME specific | commands. the KNIME workbench.
commandes, like:
Cut, Copy, Paste, and Delete refer to | A closed panel can only be re-opened here.
- Import/Export KNIME workflow... selected nodes in the workflow.
- Exportto SVG Also, when the F)anel disposition is m.e.ssed up, the option
. Select All selects all the nodes of the | “Reset Perspective” re-creates the original panel layout of
- Switch Workspace . . . . .
workflow in the workflow editor. KNIME when it was started for the first time.
- Preferences
- Export/Import Preferences Option “Other” opens additional views useful to customize
- Install KNIME Extensions the workbench.
- Update KNIME
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Node Help
¥ Configure... F& {71 Help Contents
Execute F7 &7 Search
Execute All Shift+F7 Tips and Tricks
L5 Execute and Open Views Shift+F10 About KNIME
@ Cancel F9 Check for Updates
_ Cancel All Shift+F9 Install New Software...
eset . Cheat Sheets...
= Edit Node Name and Description... Alt+F2
FZ Open First Out-Port View Shift+F6 LA Sl
2, Open First View F10
Update Meta Node Links Ctrl+Alt+U
Open Meta Node Wizard... Shift+F12
weii  Hide Node Names Ctrl+Alt+Q
Step Loop Execution Ctrl+Alt+Fo
Pause Execution Ctrl+Alt+F7
Resume Loop Execution Ctrl+Alt+F8
}  SelectLoop Ctrl+ Alt+F10
% Grid Settings... Crl+Alt+Shift+ X
P Configure JobMgr...

Node refers to all possible operations that can be performed on a node. A node can be:

- Configured

- Executed

- Cancelled (stopped during execution)

- Reset (resets the results of the last “Execute” operation)
- Given a name and description

- Setto show its View (if any)

Options are only active if they are possible. For example, an already successfully executed
node is not re-executed unless it is reset or its configuration has been changed. The
“Cancel” and “Execute” options are then inactive.

Option “Open Meta Node Wizard” starts the wizard to create a new meta node in the
workflow editor.

Help Contents provides general Help about the Eclipse Workbench,
BIRT, and KNIME.

Search opens a panel on the right of the “Node Description” panel
to search for specific Help topics or nodes.

Install New Software is the door to install KNIME Extensions from
the KNIME Update sites.

Cheat Sheets offer tutorials on specific Eclipse topics: the reporting
tool, cvs, Eclipse Plug-ins.

Key Assist summarizes all keyboard commands for the workflow
editor.
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. . 1.7. Window ,,| t workflows*”
Let’s now go through the most frequently used items in the Top Menu. [neow ,import worktiows

“File” -> “Import KNIME workflow” reads workflows and copies them into the current )
Workflow Import Selection

Workspace. Select the workflows to import.
Option “Select root directory” copies the workflow from a folder into the current SR
() Select root directory: Browse...
workspace (LOCAL).
A “ A - . . . @ Select archive file: C\data\book\Export\workflows-export.zip
Option “Select archive file” reads a workflow from a zipped file into the current
workspace (LOCAL). Zipped files are created by the specular option “File”-> “Export Terget
' Y Select destination:
KNIME workflow”
Worldflows:
a [J]|i@ Chapter2 -S lect All
“File” -> “Export KNIME workflow” exports the selected workflow to a zip file 4 Vi Bercises =
P p p . [¥] (&) Exercisel
[¥] (&) Exercise2
77 (0 e Fiect saanelofl

Option “Exclude data from export” enables the export of nodes only, without the
associated data. This generates considerably smaller export files.

Copy projects into workspace

Simply copying a workflow from one folder to another can create a number of

Finish ] [ Cancel

problems related to internal KNIME updates. Copying workflows by using the option

“Import KNIME workflow” is definitely safer.

“File” -> “Install KNIME Extensions” and “Help” -> “Install New Software” both link to the dialog window for the installation of KNIME Extensions
from the KNIME Update sites (see Fig. 1.3).

“File” -> “Switch Workspace” changes the current workspace with a new one.
“File” -> “Export to SVG” exports a KNIME workflow into an SVG file.
“File” -> “Preferences” brings you to the window where all KNIME settings can be customized. Let’s check these KNIME Settings.

o Chemistry has settings related to the KNIME Renderers in the chemistry packages.

e Databases specifies the location of specific database drivers, not already available within KNIME. Indeed, the most common and most
recent database drivers should already available within KNIME. Thus, if you work with some rare or old database version, the path to the
database driver should be set here.
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type filter text
Ant

» Data Management

> General

> Help

» Install/Update

- Java

4 KNIME

» Chemistry
Databases
Generic KNIME Nodes
Groovy Scripting
HCS-Tools
Image Processing Plugin
KMIME Explorer
KMIME Store
Marvin
Master Key
Matlab Scripting
Meta Info Preferences
Network
Open Street Map
Palladian Location Extractor
Palladian Ranking Services
Palladian Web Searcher
Perl
Preferred Renderers
Python Scripting
R
R-Scripting
REST Nodes
Report Designer
» Textprocessing

> Plug-in Development

> Report Design

» Run/Debug

- Team

1.8. The "Preferences" window

Preferences = ©

KNIME GUI (=14 - -

Console View Log Level
(ODEBUG ()INFO (8 WARN () ERROR

Confirm Node Reset

Cenfirm Mode/Connection Deletion

Confirm reconnection of already connected nodes
Confirm if executing nodes are not saved

Execute upstream nodes when needed Prompt v
Maximal size for most frequently used nedes | 10
Maximal size for last used nodes 10

[] Set node label prefix

Node

Change node name and label font size 9

These grid preferences apply to new workflows only.

[ Show grid

[JSnap to grid

Heoriz. grid size (in px) a0
Vertic. grid size (in px) 120

To change the grid settings of a workflow, use the 'Editor Grid Settings' toolbar button.

[] Auto Save open workflows
Auto-Save Interval (in secs) 180

[ save with data

[ Wrap Column Header in Table Views
Update meta node links when workflow loads | Prompt v

[ Suppress warnings about missing browser integration

Restore Defaults Apply

KNIME Explorer allows to access shared repositories via KNIME
TeamSpace and KNIME Server. Both of these are available as add-on
products from KNIME.com.

KNIME GUI contains a few settings about the KNIME workbench
options and layout.

KNIME Store contains the credentials to access the KNIME Store web
page http://tech.knime.org/knime-store from the KNIME Analytics

Platformto check for new products, licenses, etc ... You need to be
signed up into the KNIME Forum to access the KNIME Store page.
Master Key contains the master key to be used in nodes with an
encryption option, like database connection nodes. Since KNIME 2.3
database passwords are passed via the “Credentials” workflow
variables and the Master Key preference has been deprecated. You
can still find it in the Preferences menu for backward compatibility.

In Meta Info Preferences you can upload meta-info template for
nodes and workflows.

After Meta Info Preferences, you can find the preference settings for
the installed packages. If the R Extension had been installed, you
would find an R menu item. In figure 1.8 you can see the preferences
pages for R, Report Designer, Perl, Text Processing, Open Street
Maps, Network Graphs, and more extension packages.

Export Preferences and Import Preferences in the “File” menu respectively exports and imports the “Preferences” settings into and from a *.epf

file. These two commands come in handy when, for example, a new version of KNIME is installed and we want to import the old preferences

settings.

The “Auto Layout” button in the tool bar automatically adjusts the position of the nodes in the workflow to produce a clean, ordered, and easy to

explore workflow. This auto-layout operation becomes particularly useful when, for examplke after a long development session, the workflow

overview has become difficult.
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1.9. The "Auto Layout" button in the tool bar

File Edit View MNode Search Run Help

Sele F- G sn-i- i e cojum el i 4{)0000008 -BAE<F00 K

When building a workflow, it is also possible to include workflow annotations to comment and explain the function of each node or group of nodes.
The result is an improved overview of the workflow general goal and single sub-tasks.

1.10. The Annotation Editor

Double-click to edit

Workflow Annotations

To insert a new annotation: B Background
. . . . T Al t v
- right-click anywhere in the workflow editor =
T Font
- select “New Workflow Annotation” I} Colar
b Bold
- a pale-yellow small frame appears with written “Double-click to edit”: this is the default il |l3talkic
annotation frame v OK (commit)
X Cancel (discard)

- double-click the frame to edit it

- the context menu of the annotation contains the annotation editor options. Right-click anywhere in the annotation frame and use the context
menu to edit text style, font color, background color, and text alignement.

Note that fonts related options are disabled in the context menu if no text has been selected in the annotation frame.

1.11. The Search box in the "Node Repository" panel
Node Repository Search box '

,1 MNode ¢
In the “Node Repository” panel there is a search box. domain| ’W

=

4 B
If you type a keyword in the search box and then hit “Enter”, you obtain the list of 4 ] Column
nodes with that keyword in the name. Press the “Esc” key to see all nodes again. = gﬂgn;erts_mepme
omain Calculator

For example, here we searched for all nodes with the keyword “domain” in their name.
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For all keyboard lovers, most KNIME commands can also run via hotkeys. All hotkeys are listed in the KNIME menus on the side of the corresponding
commands or in the tooltip messages of the icons in the Tool Bar under the Top Menu. Here are the most frequently used hotkeys.

Hotkeys
Node Configuration Node Resetting
e F6 opens the configuration window of the selected node o F8resets selected nodes
Node Execution Save Workflows
e F7 executes selected configured nodes e Ctrl + S saves the workflow
e Shift + F7 executes all configured nodes e  Ctrl + Shift + S saves all open workflows
o Shift + F10 executes all configured nodes and opens all views e  Ctrl + Shift + W closes all open workflows
Stop Node Execution Meta-Node
e F9 cancels selected running nodes e Shift + F12 opens Meta Node Wizard

e Shift + F9 cancels all running nodes
To move Annotations
To move nodes
e Ctrl + Shift + PgUp/PgDown moves the selected annotation in the
e Ctrl + Shift + Arrow moves the selected node in the arrow

o front or in the back of all the overlapping annotations
direction

Note. The “KNIME Explorer” can also host data. Just create a folder under the workspace folder, fill it with data files, and select “Refresh” in the
context-menu of the “KNIME Explorer” panel.

1.8. Customizing the KNIME Workbench

KNIME also offers a few options to customize the KNIME workbench, to better suites your personality.
The first possible customization is to switch on the grid in the workflow editor. The grid feature contains two options:
1. “Show grid lines”. This shows grid lines in the workflow editor and allows to better aligh nodes and annotations manually.
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2. “Snap to grid”. This option attaches nodes and annotations to the closest available corner of the grid. It gives you less manual freedom, but

the result is cleaner and more ordered in shorter time.

Grid in Workflow Editor

There are two spots from where to switch the grid on:

- The last button in the Tool Bar (see Fig. 1.9)

- The last option, named “Grid Settings”, in the menu “Node” in the top menu
Both options lead to the “Workflow Editor Grid Settings” window.
Here, you can enable:

- one or both grid options (“show grid lines” and “snap to grid”)
- the grid size

If the grid is enabled, it will be shown in the workflow editor.

1.12. The Editor for the Grid Settings

Workflow Editor Grid Settings

Meodify the settings for the grid in the active workflow editor
(To change default settings for new workflow editors go to the preference page.
Snap to grid behavior can be toggled by pressing 'Ctrl-Shift-X')

Enable Grid:
Snap to grid (Alt-key disables snapping ternporarily while moving nodes)
Show grid lines

Grid Size:

horizontal spacing (px): g vertical spacing (px): 120

|| cancel

1.13. Additional KNIME Views from
»View” -> , Other” -> “KNIME Views”

. . . . . 5 — g -
Another source of customization can be found in the “View” menu in the top menu. Two very popular Show View
views are the “Node Monitor”, the “Custom Node Repository”, and the “Licenses” and Server related views, typefilter tex
. Data 5
if you have a connected server. s )
c Custom Mode Repository
. . . . Favorite Nodes
All these extra views can be found in the Top Menu under “View” -> “Other” -> “KNIME Views”. 2 K';M?;Eixpﬁ:a
,f Licenses
. . . . . @ Node Descripti
The “Node Monitor” view helps, especially during the development phase, to monitor and debug the i Node Moritor
. gl Mode Repository
workflow execution. & Server History
1§ Server Recycle Bin
. . . . 2 Workflow Project
The “Custom Node Repository allows for a customized “Node Repository” with only a subset of nodes )@ﬁ?ug_ﬂ'[,;";n;?;:
. > [= Report Design
available. = Team .
“Licenses” allows to monitor your license situation, if you have one.
oK Cancel
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KNIME Node Monitor

To insert the “KNIME Node Monitor” panel in the workbench:

- Select “View” in the top menu

- Select “Other...”

- Inthe “Show View” window, expand the “KNIME Views” item and double-click “Node Monitor” (Fig. 1.13)

- A panel, named “Node Monitor”, appears on the side of the “Console” panel

- The panel shows the values for the output flow variables or for the output data or for the configuration settings of the selected node in

the workflow editor.

- You can decide what to show (data, configuration, variables), via the menu in the top right corner.

1.14.

The Annotation Editor

——

Mode:  Row Filter (0:0:3)
State: EXECUTED

El Console | 74 KNIME Node Monitor 3 l

Lo

Show Output Table
Show Variables

Show Cenfiguration

Port Qutput Show Entire Cenfiguration

i) age workclass education education-num  marital-status occupation relati «
Rowd 28 Private Bachelors 13 Married-civ-spouse Prof-specialty Wifel—l
Rowb 49 Private 9th 5 Married-spouse-absent  Other-service Mot-
Rowll 30  State-gowv Bachelors 13 Married-civ-spouse Prof-specialty Hust
Rowld 40  Private Assoc-voc 11 Married-civ-spouse Craft-repair Hust -
1| m 3
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Mounting Servers in the KNIME Explorer

You now need to add KNIME instances (servers or teamspaces) to the “KNIME
Explorer” panel.

- Select the “KNIME Explorer” panel
- Click the “Configure Explorer View” button (Fig. 1.15).

- The “Preferences (Filtered)” window opens on the “KNIME Explorer” page.

- Inthe “Preferences (Filtered)” window lists all KNIME Servers and
Teamspaces uploaded in this KNIME instance. The first two KNIME Servers
uploaded by default on every KNIME instance are the local KNIME Analytics
Platform “LOCAL” and the KNIME public Server “EXAMPLES".

Use the “New” and the “Remove” button to add /remove connections to remote
servers.

When installing a mountpoint for a new server (the “New” button), in the “Select
New Content” window, use the “Test Connection” button to automatically
retrieve the default mountpoint for the selected server (Fig. 1.17).

The same KNIME Explorer “Preferences” page in figure 1.16 can be reached via
“File” in the top menu -> “Preferences” -> “KNIME Explorer”.

To login into any of the available servers in the “KNIME Explorer” panel in the
upper left corner of the KNIME workbench:

- right-click the server name in the “KNIME Explorer” panel
- select “Login”
- provide the credentials

1.15.

1.16.

4 Workflow Pro... | 2 KNIME Exple... 22| — O
BEl$ S

Filter -

(| &

A

=]

> =gy EXAMPLES (guest@publicserver.knime.
» o LOCAL (Local Workspace)

< [ | +

The ,,Configure KNIME Explorer” button

The ,,Preferences (Filtered)” window

Preferences (Filtered)

type filter text

KNIME
KNIME Explorer

KNIME Explorer

Setup mount points for usage in KNIME Explorer view.
List of configured mount points:

=5 558

MountID Mounted Content Mounted Type

Testserver i rosariasilipoBtest.. 5 KNIME ServerSpace

knime05 Zi RosariaSilipo@kni.. Zh KNIME ServerSpace
EXAMPLES 24 guest®publicserve.. =4 KNIME Example Server
LOCAL 4 Local Workspace 3 Local Workspace

Edit...
Remove

Up

Down

Link meta node when defining new template | Prompt

Restore Defaults Apply
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1.17. The “Select New Content”” window
Select New Content ===

Mounting a new resource for display in the KNIME Explorer

Please select the type of resource that should be mounted.

=5, KNIME ServerSpace
=, KNIME Community Server
1) KNIME Team Space

Server name or address:

Server name: | localhos]

Server login credentials:

Username:  rosy Password (optional):

Enter the name that is used to reference the new content.
A default is fetched from the server when "Test Connection” is pressed.

MountID:  book-server

1.18. Example Workflows in the KNIME Public Server
The EXAMPLES Server aWork‘FIowProjects aKNIMEExplolel g3l = 0O
EEIEa]
A link to the KNIME Public Server (EXAMPLES) is available in the “KNIME Explorer” panel. This is a i - &

4 5, EXAMPLES (guest@publicserver knime.on »

server provided by KNIME to all users for tutorials and demos. There you can find a number of @ 001 Timesesies

useful examples on how to implement specific tasks with KNIME. To connect to the EXAMPLES :gg;gr;ﬂcm?ng
Server: > 004:Databases

> l'. 005_ChemCDK
> | 006_R Integration

m

- right click “EXAMPLES” in the “KNIME Explorer” panel * i@ 007 ModulsDatsGeneration
> |g 008_WebAnalytics
- select “Login” - i 009_TextMining
. . > | 010_Reporting
You should be automatically logged in as a guest. . & 011_FlowVarsAndLoops b

> | 012_NetworkMining

- | 0113_XMLProcessin
To transfer example workflows from the EXAMPLES Server to your LOCAL workspace, just drag and - i 045 Misc :
drop or copy and paste (Ctrl-C, Ctrl-V in Windows) them from “EXAMPLES” to “LOCAL”. : :ﬂjﬂﬁiﬂ:ﬁnﬁgj

4 A LOCAL (Local Workspace)

> | BeginnersLuck -
You can also open the EXAMPLES workflows in the workflow editor, however only temporarely and e —— '

in read-only mode. A yellow warning box on top warns that this workflow copy will not be saved.
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Another possible customization lies in the “Favorite Nodes” panel in the middle part of the left side bar, where you can store all the nodes that you
want to keep at hand. Sometimes though, this is not enough. Sometimes KNIME users in the same group might need to share the same view of nodes.
If you have a license for one of the KNIME commercial products, you can build a customized “Node Repository”.

1.19. The Customizable Node Repository

Custom Node Repository

El Console _ﬂ KMNIME Mode Monitor i Custom MNode Repository &2 B
To insert the “Custom Node Repository” panel in the workbench: - % 5 @ =
- Select “View” in the top menu 1= Filter
“ ” m" IO
- Select “Other... A SAP
- In the “Show View” window (Fig. 1.13), expand the “KNIME Views” = EISEL
=

item and double-click “Custom Node Repository” e _
aF Scatter Matrix

- A panel, named “Custom Node Repository”, appears on the side of
the “Console” panel

In this panel:

- You can drag and drop nodes, categories, and subcategories from the “Node Repository” panel.
- You can even create your own categories and fill them up with specific nodes.

- Finally, you can export your “Custom Node Repository” (Fig. 1.19) and pass it to other users.

1.9. Data and workflows for this book

In the course of this book we will implement a few workflows to show how KNIME works. In each chapter we will build one or more workflows and we
will expect the reader to build a few more in the exercises. The data and workflows used and implemented here are available in the “Download Zone”
of this book. There you will find a folder for each chapter containing the chapter’s demonstrative workflows and a subfolder “Exercises”. The
subfolder “Exercises” contains the solutions to the exercises proposed in the same chapter.
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Data

e Datal.txt
e Projects.txt

e Adult.data

e Jris.data

e Wine.data
e Web site 1.txt

e SoccerWorldCup2006.txt
e SoccerWorldCup2010.txt

e Yellow-small.data (Balloons)

Structure of the “Download Zone”

Chapter 2

o my_first_ workflow.zip °

e Exercises .
o Exercisel.zip °

o Exercise2.zip

Chapter 4
e data_preparation.zip .
e my_first_data_model.zip .

e my_first ANN.zip
e Clustering and Regression.zip
e Exercises

o Exercisel.zip

o Exercise2.zip

o Exercise3.zip

Chapter 3

writeToDB.zip
my_first_data_exploration.zip
Exercises

o Exercisel.zip

o Exercise2.zip

o Exercise3.zip

Chapter 5

Projects.zip
Exercises
o Exercisel.zip
o Exercise2.zip
o Exercise3.zip

The data used for the exercises and for the demonstrative workflows of this book were either generated by the author or downloaded from the UCI

Machine Learning Repository, a public data repository (http://archive.ics.uci.edu/ml/datasets). If the data set belongs to the UCI Repository, a full link is

provided here to download it. Data generated by the author, that is not public data, are located in the “Download Zone” in the “Data” folder.

Data from the UCI Machine Learning Repository:

e Adult.data:

e Iris data:

¢ Yellow-small.data (Balloons)
e Wine data:

http://archive.ics.uci.edu/ml/datasets/Adult

http://archive.ics.uci.edu/ml/datasets/Iris

http://archive.ics.uci.edu/ml/datasets/Balloons

http://archive.ics.uci.edu/ml/datasets/Wine
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1.10. Exercises

Exercise 1

Create your own workspace and name it “book_workspace”. You will use this workspace for the workflows and the exercises of this book.

Solution to Exercise 1

1.20. Exercise 1: Create workspace "book_workspace"

Click “Browse”
Select a workspace

Choose a workspace folder to use for this session,

Select the path for your new Workspace KNIME stores your projects in a folder called a workspace,

Launch KNIME Warkspece Luncher S

iAW

Click “OK”

Waorkspace: Ch\Users\rosytknime_2.51\book_workspace

To keep this as your default workspace, enable the option on the bottom
|eft [ Use this as the default and do not ask again

Exercise 2

Install the following extensions:

- KNIME Math Expression Extension (JEP)
- KNIME External Tool Node
- KNIME Report Designer
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Solution to Exercise 2
From Top Menu, select “File” -> “Install KNIME Extensions”
Select Extensions

Click “Next”

1.21. Exercise 2: List of KNIME Extensions

Available Software
Check the items that you wish ta install. \D

Work w|th:a KNIME Update Site - hitp://www.knime.org/update/2.5] - Add...

Find more software by working with the "Available Software Sites” preferences.

[ type filter text |

Name Versien
T MAIE-kebr-ExteREans
[] 000 KNIME Node Development Taols
71000 Marvin Chemistry Extensions (donated by Infocom & Chem
[ 000 Sources

Select All Deselect All

Details

Show only the latest versions of available software  [| Hide items that are already installed

[¥] Group items by category What is already installed?
[7] Contact all update sites during install to find required software

cBock || et Fi
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1.22. Exercise 2: KNIME Report Extension

Available Software
Check the items that you wish to install. @
Work with:  KMNIME Update Site - http://www.knime.org/update/2.5 - Add...

Find more software by working with the "Available Software Sites” preferences.

| type filter text |
MName Version &
[ &% KNIME HTML/PDF Writer 2.5.0.0031109
[ &+ KNIME Ftemset Mining 2.5.0.0031540
[T &% KNIME IFreeChart 2500071666
[] & KNIME LIBSYM Integration 2.5.0.0031109
[ 45+ KNIME Math Expression (JER) 2.5.0.0031108
[] 4z KNIME Modes to create KNIME Quick Forms 2.5.0.0031568
[ &+ KNIME Public Server View 2.5.0.0031768 =
[7] 55 KNIME R Statistics Integration 2.5.0.0031534
[] e KNIME R Statistics Integration (Windows Binaries) 2120
KNIME Report Designer 2.5.0.0031568
KNIMESVG SUpport 2.5.0.0031658
= KMIME Webservice Client 2.5.0.0031568
[] 5 KNIME Weka Data Mining Integration 2.5.0.0031754
[] 5 KNIME XLS Support 2.5.0.0031580 -
[ selectan | [ Deselectal
Details

Show only the latest versions of available software [T Hide items that are already installed

Group items by category ‘What is already installed?
[T] Contact all update sites during install to find required software

< Back Next > [t
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Exercise 3

Search all “Row Filter” nodes in the Node Repository.

From the “Node Description” panel, can you explain what the difference is between a “Row Filter”, a “Reference Row Filter”, and a “Nominal Value
Row Filter”?

Show the node effects by using the following data tables:

Original Table Reference Table
Position name team

1 The Black Rose | 4 Ranking scores
2 Cynthia 4 1 22
3 Tinkerbell 4 3 14
4 Mother 4 4 10
5 Augusta 3
6 The Seven Seas 3

Solution to Exercise 3

Row Filter

The node allows for row filtering according to certain criteria. It can include or exclude: certain ranges (by row number), rows with a certain row ID,
and rows with a certain value in a selectable column (attribute). In the example below we used the following filter criterion:  team > 3

Original table Filtered table
Position name team Position name team

1 The Black Rose 4 1 The Black Rose 4
2 Cynthia 4 2 Cynthia 4
3 Tinkerbell 4 3 Tinkerbell 4
4 Mother 4 4 Mother 4
5 Augusta 3

6 The Seven Seas 3
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Reference Row Filter

This node has two input tables. The first input table, connected to the top port, is taken as the reference table; the second input table, connected to
the bottom port, is the table to be filtered. You have to choose the reference column in the reference table and the filtering column in the second table.
All rows with a value in the filtering column that also exists in the reference column are kept, if the option “include” is selected; they are removed if the
option "exclude” is selected.

Reference Table Filtering Table
Ranking scores Position name team

1 22 1 The Black Rose 4

3 14 2 Cynthia 4

4 10 3 Tinkerbell 4
4 Mother 4
5 Augusta 3
6 The Seven Seas 3

Resulting Table

Position name team
1 The Black Rose 4
3 Tinkerbell 4
4 Mother 4

In the example above, we use “Ranking” as the reference column in the reference table and “Position” as the filtering column in the filtering table. We
have chosen to include the common rows.

Nominal Value Row Filter

Filters the rows based on the selected value of a nominal attribute. A nominal column and one or more nominal values of this attribute can be selected
as the filter criterion. Rows that have these nominal values in the selected column are included in the output data. Basically it is a Row Filter applied to
a column with nominal values. Nominal columns are string columns and nominal values are the values in it.

In the example below, we use “name” as the nominal column and “name = Cynthia” as the filtering criterion.
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Original table

Position

name

team

1

The Black Rose

Filtered table
Position name team
2 Cynthia 4

Cynthia

Tinkerbell

Mother

Augusta

bW N

The Seven Seas

wWw b |d
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Chapter 2. My first workflow

2.1. Workflow operations

If you have started KNIME for the first time, your “KNIME Explorer” panel on the top left corner of the KNIME workbench should only contain one
workflow named “Example Workflow”. This “Example Workflow” shows a few basic operations with KNIME: import data, assign visual properties,
calculate basic statistical measures, partition data, train and evaluate a model, and finally display and interactively explore the error values.

In order to keep your space clean, workflow groups can help you collect workflows by topic or project. | usually define a workflow group for each
project or subproject | work on, into which | put all the workflows related to the same topic. Let’s create then a new workflow group and call it
“Chapter 2”.

Once this has been done, we need to populate the newly 2.1. Workflow Structure in the ,,KNIME Explorer” panel
created workflow group with a new workflow, let’s call it —
“ , ” % KNIME Explorer i B || 4 0: my_first_workfl
my_first_workflow”.
18 B8 &
Eventually in the “KNIME Explorer” panel, you will see — a
workflow group “Chapter2” with a workflow named =
“my_first_workflow” in it. - 5y EXAMPLES (guest@publicserver.knime.on =
4 5 LOCAL (Local Workspace)

For now, “my_first_workflow” is an empty workflow. If 4 = Eegi””E'SL”‘k

S . 4 | Chapterd
you double-click it, the workflow editor opens to an empty . _

+ | Exercises
- | Chapfer

Let’s see now how to perform all these operations.
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Create a new Workflow Group

In the “KNIME Explorer” panel:

- Right-click anywhere in the LOCAL workspace (or in a server
space)
- Select “New Workflow Group”

In the “New KNIME Workflow Group Wizard” dialog:

- Enter the name of the workflow group
- Click “Finish”

Note. If you already have workflow groups in your workspace, you will
also need to select the final destination, for example in the root or in
some of the already existing workflow groups. To visualize the possible
workflow group destinations, click the “Browse” button.

2.2. Create a new workflow group

% KNIME Explorer &2 l = O 4 0: my_first v

BHEES S|

i

Filter - Pz

> =, EXAMPLES (guest@publicserver.knime.org:4]
> |5 LOCAL (Local Workspace)

o New riflow...

q MNew Workflow Group...

& Import KNIME Workflow...
5 Export KNIME Worlkflow...

2.3. Create a new workflow group named "Chapter2"

New KNIME Workflow Group Wizard

Creates a new KNIME worldflow group, which allows for the grouping of several KNIME workflows.

oo vorer neee TN [ =

Mame of the workflow group to create: Chapter2|

Workspace destination: /

Browse...

[ Finsh ||

Cancel
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Create a new workflow

- Right-click a workflow group in the “KNIME Explorer”
panel

- Select “New KNIME Workflow”

In the “New KNIME Workflow Wizard” dialog

- Enter the name of the new workflow
- Specify where it should be located, for example under
an existing workflow group, by using the “Browse”

button

- Click “Finish”

2.4. Create a new workflow

4 KNIME Explorer EEI = B 4 0:my

BEEB| S

i

Filter - |

I 5y EXAMPLES (guest@publicserver.knime.org:4]

& Delete...

» |2 LOCAL (Loca—t
4 New KNIME Workflow... ]
MNew Workflow Group...

& Import KNIME Workflow...
57 Export KNIME Workflow...

New KNIME Workflow Wizard

Create a new KNIME workflow.

2.5. Create a new workflow named "my_first_workflow" and placed under "Chapter2"

Mame of the workflow to create: myjirst,workﬂow{

Workspace destination:  /Chapter2
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Save a workflow

To save a workflow, click the disk icon in the Top Menu.

Saving the workflow saves the workflow architecture, the nodes’
configuration, and the data at the output of each node.

Delete a workflow

To delete a workflow

- Right-click the workflow in the “KNIME Explorer” panel
- Select “Delete”

In the “Confirm Deletion” dialog, you will be asked if you really
want to delete the workflow. Indeed, the “Delete” command
removes the workflow project physically from the hard disk.
There is no way to get it back.

2.6. Save a workflow
a
File Edit View MNode Search  Run  Help
N WL
b KNIMERE - -
(=

Filter - o]

4 LOCAL (Local Workspace) -

i& BeginnersLuck

2.7. Delete a workflow

F

o4 LOCAL (Local Workspace) -
4 | BeginnersLuck

4 [ Chapter2
[ E Exercises

IE my_fir )
Mew KENIME Workflow...

b |&@ Chapter3 =
b g Chapterd | I Mew Workflow Group...

4 [ Chapter5 & Import KNIME Workflow...

bl Exercis

A Project &7 Export KNIME Workflow...

< |

A KNIME_PFOJ% ¥ Delete.. )
{1 -

l Favorite Modes 23 ‘ Configure...
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2.2. Node operations

In Chapter 1, we have seen that a node is the basic computational unit in a KNIME workflow. We have also seen that nodes are available in the “Node
Repository” panel on the bottom left, organized in categories. And we have seen that every node has three states: not yet configured (red),
configured (yellow), and successfully executed (green).

In this section we are going to explore: how to add a new node to a workflow (status = inactive, not configured; red light), how to configure the node
(status = configured, not executed; ), and how to execute the node (status = successfully executed; green light).

2.8. Drag and drop the node into the workflow editor to create a new node

KNIME

File Edit VYiew MNode Search Run Help
D= v Bl i Qv D] 0% v

Create a new node

- To create a new node, drag and drop the node from the
“Node Repository” panel into the workflow editor OR

4 KNIME Explorer 52 = B || L *3: KNIME_project &2
double-click the node in the “Node Repository” panel. The BB &g
node is usually imported with red traffic light status. Filter . a
- To connect the node with existing nodes, click the output 3 E‘gff (gluﬁt@i(P”b'i;“”e’-k"ime-°f9’43
. . oca OreEspace,
triangle of the first node and release the mouse at the & BeginnersLuck
. . . A -
[input triangle of the] second node. To move this st KNIME_project
connection to the next input port, Shift + double click the
. . « | m | » File Reader
destination node.
4 Favorite Nodes 52 = o ¥~ 0 @
. . ¥ Personal favorite nodes !
- The node now needs configuration. £ Most frequently used nodes
(@) Last used nodes Nodel

Drag and Drop)/

- To know what the node task and settings are, you can

check the “Node Description” view on the right. This has a

.. . . J Nede Repository
short description of the node functionality.

- If the “Node Description” view is not yet open, then: w0 .
ARFF Reader
FH CSV Reader
£5 Line Reader
2 Table Reader
vt PMML Reader

o Open the “View” item in the Top Menu,
o Select “Node Description”
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Configure a node
- Double-click the node
OR
- Right-click the node and select “Configure”

If all input ports are connected, the configuration dialog appears for you to fill in the
configuration settings.

Every node has a different configuration dialog, since every node performs a
different task.

After a successful configuration, the node switches its traffic light to yellow.

2.9. Right-click the node and select "Configure" to configure

the node

i

»|
|
D

BEa®od

It.data 5

W
o
5

orkflow is
s data, re
BV file.

i J

] <8

Configure...

Execute

Execute and Open Views
Cancel

Reset

Edit Node Description...
MNew Workflow Annotation
Collapse into Meta Node

Expand Meta Node
Show Flow Variable Ports

Cut
Copy
Paste
Undo
Redo

Delete

0 File Table

Execute a node
The node is now configured, which means it knows what to do.
In order to actually make it perform its task, we need to execute it.

e Right-click the node
e Select “Execute”.

If execution is successful, the node switches its traffic light to green.

2.10. Right-click the node and select "Execute" to run the node

[File Reader

Foe

adult.datz

workflow i
ds data, r
SV file.

LRzl vl

BHE

ﬁl’r’ o

B x

Configure...

Execute

Execute and Open Views
Cancel

Reset

Edit Node Description...
MNew Workflow Annotation
Collapse into Meta Node

Expand Meta Mode
Show Flow Variable Ports

Cut

Copy
Paste
Undo
Redo

Delete

0 File Table
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Finally we need to give a meaningful name to this node for documentation purposes, to easily recognize which task it is performing inside the
workflow. The default name assigned to a new node by KNIME would be “Node n”, where “n” is a progressive number. The node name however can
be customized. This, together with the workflow annotations described in chapter 1, keeps the overview of the workflow clear and fulfills the purpose
of the workflow documentation.

2.11. Double-click the node name and enter a new name text
Node Name
In order to change the node’s name: File i
- Double-click the node name under the node E}
e
- The node name becomes editable " Readdatd [
s ——
- Write the new name for the node. You can use more lines
just by inserting an “Enter” in the node name
- Click outside the node to commit the name change
2.12. Double-click the node name and enter a new name text
Node Description
¥ Configure...
Besides the node name, you can also insert a quick description of D Becute
. 5 Execute and Open Views
the node task. In the context menu of the node, select the option O Concel
“Edit Node Description”, that is: Reset
= Edit Node Description...
. . U] ew Workflow Annotation
- Right-click the node ew Werkflow Annotat
_mfé Collapse into Meta Node
- Select option “Edit Node Description ...” Fpand et Hoge
Show Flow Variable Ports
- Inthe “Node Description” window (Fig. 2.13) of | Cut
1. In the field “Custom Description”, write the node GE Copy
Paste
description <) Undo
2. Click “OK” Rede
¥ Delete
&I 0File Table
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2.13. The "Node Description" window with the node custom description text

_. 035 - File Reader(adult.data =
0:5

This node reads the adult data set -

- located in:
file:/C/data/book/adult %:20data%20set/adult. data

- with column headers
Custem description:

" &z column delimiter

- and no advanced reading features

2.14. Right-click the node and select the last option in the context
View the processed data menu to visualize the processed data

:
|

Configure...

=

BE 1 006

Execute

If the execution was successful (green light), you can see the _
processed data by right-clicking the node and selecting the last adukd
option in the context menu.

Execute and Open Views
Cancel

Reset

Edit Node Description...
New Workflow Annotation
Collapse into Meta Node
orkflov Expand Meta Node

context menu (right-click menu) for all nodes with output data, B o chow Flow Varishle Ports

The option to view the processed data is the last item of the

but it takes on different names for different nodes. cut

i) R

Copy
Paste

Undo
Redo
Delete

The data table with the processed data is then shown.

&) 0FileTable
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2.3. Read data from a file

The first step in all data analysis works consists of reading data. Data is usually read from a file or from a database. In this chapter we describe how to
read and write data from and to a text file. Reading and writing data from and to a database is described in section 3.7 “Database Operations”.

Create a “File Reader” node
2.15. Create a "File Reader" node

-Fd:u;i View Node Search Run  Help ‘.- Lot l
CrE® 4 Gl - Q- # =< A00R0OE-"RAE<pFrO0 B
“ . ” 2 KNIME Explorer &2 = 0| & *3: KNIME_project & = O || 2\ Node Description 2 =T
In the “Node Repository” on the bottom left panel TS .
Fier . & File Reader

+ fim BeginnersLuck

4 {i@ Chapter2 This node can be used to read

e Expand the “10” category and then the “Read” fp e caon e o conhred s |
ooy fiectsenciellon read various formats.
. . i@ Chapters when you open the node's
sub-category OR alternatively type “File Reader” -t - - St Gy 1

reader's settings by analyzing

in the search box in the “Node Repository” panel Artoe 5[_DBEXTD iy e o e g b

W Perzonsl favorite nodes i preview table. If the data shown
1 is not correct or an error is
- reparted, you can adjust the
H it settings manually (see below).
,File Reader

€ Most frequently used nodes
The file analysis runs in the

Last used nodes
description background and can be cut short

. [ Node Repository L
by dicking the “Quick ",
workflow editor T e e, ks
&6 Drag and drop takes longer.In this case the fl
2 " is not analyzed completely, but

e If the “Node Description” panel on the right is e s Y i e

e Drag and drop the “File Reader” node into the

into account. &t could happen
. then, that the preview appears
5 CSV Reader looking fine, but the execution of

5 Line Reader the File Reader fails, when it
2 Table Reader ds the | didn’ hyze.
enabled, it shows the description of the “File BTt resd the nes 1 e nazs
ER&] XL Reader check the settings, when you cut
Rea d e rn node .gﬁ Mode! Reader an analysis short.
[~ Oher & Dialog Options
Cache
. “« . . ” k‘ Database = = = -
e To activate the “Node Description” panel, go to % ows arunion B oute 5 @ cansete ~ri-=o
E Statistics
o H 7 “"
the Top Menu, open “View” and select “Node v
W Distance Matrix i s : .
. . ” 0 Mets = Log File is lcf:t:? at: E:;usef:\*os,‘.tmr«i_z.Lui_ia,l:;um. 11;8:;:6 \D?u_:w‘:’kspace\.freudn
Description”. % Flow Contl W Swe smigpet  The ype of ohe £ 005" has <hanged bk 13 corpotibie
& Misc WARN €SV Writer Selected output file exists and will be overwritten!
s KNIME Labs WARN File Reader No Settings available.
A Time s
3 Curkroum

Note. Below the newly created “File Reader” node you might notice a little yellow warning triangle. If you hover over it with the mouse, the following
tooltip appears: “No Settings available”. This is because the File Reader node has not yet been configured (it needs at least the filename!). At the
moment, the node is in the red traffic light state: not even configured.
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Configure the “File Reader” node

OR

Double-click the node

Right-click the node and select “Configure”

Specify the file path in the configuration dialog, by
button. For this
example, we used the adult.data file, downloadable
from the UCI Machine Learning Repository
(http://archive.ics.uci.edu/ml/datasets/Adult).
If it is a comma or tab separated file, the “File Reader”

typing or by using the “Browse”

node automatically detects the structure.

Next,
checkboxes according to the structure of the data in
the file.

enable/disable the number of respective

A preview of the data is available on the bottom part of the
window and reports possible reading errors.

On the right of the acceptance/cancellation buttons in the
bottom part of the window, you might notice a small button
carrying a question mark icon. This is the help button and
leads to a new window containing the node description.

2.16. "File Reader" node configuration window

File
Settings | Flow Variables | Memory Policy|
Enter ASCII data file location: {press ‘Enter' to update preview)
valid URL:  |file:fC: fdata /book fadult¥e20data % 20set/adult. data - '.
[ Preserve user settings for new location

Basic Settings

[ read row IDs Column delimiter: |, -

read column headers ignore spaces and tabs

[ Java-style comments Single line comment:
Preview
Click column header to change column properties {* = name/type user settings)
Row ID | age S workdass | § =finalw...| § education| | educati...| & marital-,
Row0 39 State-gov 77516 Bachelors 13 Never-marrie .
Rowl 50 Self-emp-no... (83311 Bachelors 13 Married-civ-.[
Row2 38 Private 215646 HS-grad 9 Divorced
Row3 53 Private 234721 11th 7 Married-civ-,
Row4 25 Private 338409 Bachelors 13 Married-civ-,
Row5 37 Private 284582 Masters 14 Married-cv-,
Rows 45 Private 160187 9th 5 Married-spo. | =
Row? 52 Self-emp-no... (209642 HS-grad 9 Married-civ-.
Rowd 31 Private 45781 Masters 14 Newver-marrie:
Rowd 42 Private 159449 Bachelors 13 Married-civ-.
Row10 37 Private 280464 Some-college (10 Married-civ-.
Rowll 30 State-gov 141297 Bachelors 13 Married-civ-.
Row12 23 Private 122272 Bachelors 13 Never-marric —
Rowl3 32 Private 205019 Assoc-acdm |12 Never-marrie
Row14 40 Private 121772 Assoc-voc 11 Married-cv-.
Row15s 34 Private 245487 7th-8th 4 Married-civ-.
Row16 25 Self-emp-no... [176756 HS-grad 9 Never-marrie
Row17 32 Private 156824 HS-grad &l Mever-marrie
Row1s 38 Private 23837 11th 7 Married-civ-,
Row19 43 Self-emp-no... (232175 Masters 14 Divorced
Row20 40 Private 193524 Doctorate 16 Married-cv-.
Row21 54 Private 302146 HS-grad 9 Separated
Row22 35 Federal-gov (75845 gth 5 Married-civ-.
Row23 43 Private 117037 11th 7 Married-civ-,
Row24 59 Private 109015 HS-grad 9 Divorced =
4| 1 | L2
0K ] [ Apply ] [ Cancel
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2.17. Customize how to read columns
Customize Column Properties

It is possible to customize the way that column data is read.

For example, let’s read column “fnlwgt” as a String instead of as
an Integer and set “final weight” as column header instead of
“fnlwgt”.

- Click the column header of column “fnlwgt”
- The window to customize the column properties opens

Click column header to change column ties (* = name/type user settings)

Row ID 1 |8 S “fnaiweght) | § educaton| | educati...[ & m
Rowd 13 Stategov__[77516- Bachelors 13 J.:v; -
Here you can: Row1 50 Seifempo... 83311 Bachelors |13 |
Row2_ BE] Private 215646 Hsgrad s Divoro:
Row3 S3 Private 234721 |11th 7 Marrie:
- Change the column name ( = column header) from Rowd. 1B private 338309 Bachelors 113 Marrie:
Row5 37 Private 284582 Masters 14 Marries
“fnlwgt” to “final weight” Rowé ) Private 160187 Sth s Marrie: -
Row7 52 Self-emp-no... |209642 HSgrad 3 Marrie|
Rowd 1 Private 45781 Masters 14 Never-
_ Rows 142 private ___|159449 Bochelors 113 e
- Change the column data type from Integer to String or Row10 37 Private 280464 Some-colege 110 Marmie:
Rowil 30 State-gov 141297 Bachelors i13 Marrier
Double Row12 123 Private 122272 Bachelors |13 Mever-—
Row13 32 Private 205019 lAssoc-acdm 12 MNever-
Row14 % Private 121772 Assocvoc |11 Marrie:
Row15 34 Private 245437 |7th-8th B Marries
- Introduce a special character to represent missing values Rowis 125 Selfempo... 176756 rsgd B Mever-
Row17 32 Private 136824 HSgrad el Never-
Row13 3 Private 28887 [11th 7 Maeries
Row19 a3 Seif-emp-no... 292175 Masters 14 brvo'o
|\ Row20 0 Private 193524 Doctorate 16 Marrie:
Row21 54 Private 130219 Hsgad B Separz
Row22 35 Federal-gov (76845 19th is Marries
Row2s 143 Pprvate 117037 B EC rarce
Row24 59 Private 109015 HS-grad ) Divoro o
< o - '
ok |[ apply || conca |[@
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Advanced Reading Options

only three of them.

“Quote Support” allows the definition of special
quote characters.

Quote characters are essential because they
define the start and the end of a special string. The
default quote characters are \“ and \'. Quoted
strings spanning multiple lines are allowed if the
corresponding flag is enabled.

2.18. Advanced settings: Quote Support

| 4| File Reader: Advanced Settings (===

Missing Value Pattern
Ignore spaces Short Lines

""" Gliote support

Decimal Separator

Define quote characters here.
Quotes can be multi-character patterns {for example: <quote> ).
Escape character (if checked) is always the backslash (V).

currently set quotes
" {esc: ')
't lesc V)

Enter a new quote character:

[F] support esc character (1)

Allow multi line quoted strings:
[] Quoted strings can extend over multiple lines

Read from XML fle... | [ cancel

“Limit Rows” allows to read/skip only a limited

number of rows.

If the first lines of a text file for example are just
comments, you might want to skip them. The
same, if only the first N rows are interesting and
the rest is garbage like when reading a log file.

Under the “Advanced” button you will find some more reading options. Each option tab is extensively described. | provide brief comments here on

To read the adult.data file however we do not need to enable any of those options, as the adult.data file is pure ASCII.

“Character Decoding” offers you the possibility of
reading files encoded with a different locale than
just ASCII (default).

Files with text in a different language than English
need to have an encoding enabled, in order to be
read properly.

2.19. Advanced settings: Limit Rows 2.20. Advanced settings: Character Decoding
uote support i eparator Ignore spaces Short Lines i eparato anore spaces Short Lines
Character decoding

unigue RowIDs Limit Rows Character decoding Missing Value Pattern

Skip lines at the beginning of the file:

Skip the first |4 lines from the beginning of the file.

Limit the number of rows read:
[T Read only the first table rows from the file,

(the lines skipped above don't count in)

Read from XML file... Cancel

Missing Yalue Pattern

Limit Rows

unigue RowIDs

Select a character set for decoding:

() default

() UTF-168E
) UTF-16

(7 user defined

Read from XML file... Cancel

Click “OK” at the bottom of the “Advanced Settings” window.

If you are satisfied with the data preview and your settings, click “OK” at the bottom of the “File Reader Configuration” window.

Note. After configuring the “File Reader” node, its state moves to the yellow traffic light.
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Note. If a data folder is displayed in your “KNIME Explorer” panel, dragging and dropping a file with known extension (like .csv for example) into the
workflow editor automatically creates the appropriate reader node, appropriately configured, in the workflow editor space.

We also need to give this node a meaningful name so that we can easily recognize what its task is in the workflow. The default name of our “File
Reader” is “Node 1” because it is the first node created in the workflow. In order to change the node’s name:

1. Click the “Node 1” label under the “File Reader” node
2. Enter the node’s new name (for example “Adult data set”)
3. Click elsewhere

We have now changed the name of the “File Reader” node from “Node 1” to “Adult data set”.
In order to make the node read the file, we need to execute it. Proceed as follows:

o Right-click the node
o Select “Execute”

Note. If the reading process has no errors, the node switches its traffic light to green.

Note. On every configuration window you will find a tab, called “Flow Variables”. Flow Variables are used to pass external variables from one node to
another. However, we are not going to work with Flow Variables in this book, since they belong to a more advanced course on KNIME usage.

The “I0” -> “Read” category in the “Node Repository” contain a number of other nodes to read files in different formats, like Excel files, CSV files,
KNIME proprietary format files, and more. The “10”/”File Handling” category has additional nodes to read special formats and special files, like for
example zip files, remote files, etc....

2.4. KNIME data

If the node execution was successful, you can now see the resulting data.

- Right-click the “File Reader” node
- Select option “File Table”
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A table with the read data appears. Let’s have a look at this table now to understand how data is structured inside KNIME.

First of all, data in KNIME is organized as a table.

Each row is identified by a Row ID. By default, Row IDs are strings like “Row n” where “n” is a progressive number. But RowIDs can be forced to be
anything, with the only condition that they must be unique. Not unique RowIDs produce an error.

Columns are identified by column headers. If no column headers are available, default column headers like “Col n” - where “n” is a progressive
number - are assigned by KNIME. In adult.data file column headers were included. We enabled the checkbox “Read column headers” in the
configuration window of the “File Reader” node and we now have a header for each column in the final data table. Even column headers need to be
unique. If a column header occurs more than once, KNIME adds a suffix “(#n)” (n = progressive number) to each multiple occurrence of the column
header.

Each column contains data with a set data type. A few common data types are defined in KNIME:
¢ Double (“D”)
e Integer (“1”)
e String (“S”)
e Date/time (calendar + clock icon)
e Unknown (“?”)

e Other specific domain related types (like Document in the text processing extension or Smiles in chemistry extensions)

Date/time type is never generated by reading from a file. Dates are read from a text file just as strings. You need a “Time To String” node in the “Time
Series” category to convert a String into a date/time data column.

Unknown type refers to columns with mixed data types, for example String and Integer, or with an indefinable data type, for example with all missing
values.

Missing values are data cells with a special “missing value” status and are displayed by default with a question mark (“?”), unless the display character
for the missing values was set otherwise in the “File Reader” node configuration.

Note. Missing values are represented by default by question marks. They are not question marks. Question marks in the text file are read as question
marks, but they are not missing data. Missing values could be represented by anything else as defined in the configuration window of the “File
Reader” node.
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KNIME data structure

Data in KNIME is organized as a table with
a fixed number of columns.

Each row is identified by a Row ID.

Columns are identified by column
headers.

Each column represents a data type:

Double (“D"”)

Integer (“1”)

String (“S”)

Date/time (calendar + clock icon)
Unknown (“?”)

Other domain related types

2.21. The KNIME data structure

‘ Row ID ‘ ‘ Column Header ‘

wa File Jable - 2:1 - File Reader

File

Integer
data type

String
data type

Table “3dult.data” - Rows: Eésl | Spec - Columns: 15 I Properties I Flow Vanablei

2

pw ID Q age S workdass | § final we...| § educatiorl] | aduaﬁ..‘ S marital-.. S)zou.lpa... S relation...| § race S sex | capital-,
h__ 39 State-gov 77516 Bachelors 13 MNever-married |Adm-clerical ~ |Not-in-family ~ [White Male 2174 "

Rowl__) 50 Self-emp-no... (83311 Bachelors 13 Married-civ-... [Exec-manag. .. Husband White Male 0 =

Row2 38 Private 215646 H5-grad 9 Divaorced Handlers-de... [Not-in-family  |White Male ]

Row3 53 Private 234721 11th 7 Married-civ-... [Handlers-de. .. |Husband Black Male 0

Rowd 28 Frivate 335409 Bachelors 13 Married-civ-... |Prof-spedalty |Wife Black Female 0

Row5 37 Private 234532 Masters 14 Married-civ-... [Exec-manag. .. |Wife White Female 0

Rowd 49 Private 160187 9th 5 Married-spo... |Other-service |Notin-family  [Black Female 1]

Row? 52 Self-emp-no... | 209642 HS-grad 9 Married-civ-... [Exec-manag. .. Husband White Male 0

Row8 31 Frivate 45781 Masters 14 MNever-married Prof-specialty |Not-n-family  |White Female 14084

Rowd 42 Frivate 159449 Bachelors 13 Married-civ-... [Exec-manag. .. Husband White Male 5178

Row10 37 Private 280464 Some-college |10 Married-civ-... [Exec-manag. .. [Husband Black Male 0

Rowll 30 State-gov 141297 Bachelors 13 Married-civ-.., |Prof-specialty |Husband Asian-Pac-Is. .. Male ]

Rowi12 23 Private 122272 Bachelors 13 Never-married [Adm-clerical  |Own-child white Female o

Rowil3 32 Frivate 205019 Assoc-acdm |12 MNever-married |Sales Mot-in-family  |Black Male 0

Rowid 40 Private 121772 Assoc-voc 11 Married-civ-... |Craft-repair  |Husband Asian-Pac-Is...Male 0

Row15 34 Private 245437 Tth-8th 4 Married-civ-... |Transpart-m. .. |Husband Amer-Indian. .. Male ]

Rowls 25 Self-emp-no... 176756 HS-grad 9 Mever-married [Farming-fish. .. |Own-child White Male 0 -

4 1

Clicking the header of a data column allows to sort the data rows in an ascending / descending order.

Right-clicking the header of a data column allows to visualize the data using specific renderers. For Double/Integer data, for example, the
“Bars” renderer displays the data as bars with a proportional length to their value and on a red/green heatmap.

2.5. Filter Data Columns

In the next step, we want to filter out the column “final weight” from the read data set. In the “Node Repository” panel, on the bottom left, there is a
whole category called “Data Manipulation” with nodes dedicated to managing the data structure. This category includes operations on columns,
rows, and on the full data matrix.
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Create a “Column Filter” node

- Inthe “Node Repository” panel on the bottom left, find the node “Column Filter” under “*Data Manipulation” -> “Column” ->
“Filter” or search for “Column Filter” in the search box.

- Dragand drop (or double-click) the “Column Filter” node from the “Node Repository” panel to move it into the workflow editor

- The description for this node appears in the “Node Description” panel on the right.

- Connect the “Column Filter” node with the previous node (in our workflow, the “File Reader” node named “adult.data set”)

2.22. Creating and configuring a "Column Filter" node: the “Manual Selection” option

KNIME ' . : [=]@] =
= W W

File Edit View Search Run Node Help

Cr-H@ Ar -3 % G- do|ws - | ~<A00200RHC B

o % (=) T
-?n,“_ww i A *2: my first_workdlow 53 = B | 2\ Node Description 51 -0
Fiter - a z
§ pee e at] Description Column El
a rkipace)  ——
» il Beginnersluck anel — -
g 3 Filter
i Chopten
@ Chaptent
+ i Chapters File Reader  |Column Filter]
i Brecises i i This node allows columns to
a Kminl";fl“k: @—-—p !@& > Conflguratlon be filtered from the input
projec .
window table while only the
‘ = . ) ' =9 remaining  columns  are
A\ Favorite Nodes 52 =] Nodel / ~ MNode2 _— | passed o the output table.

B ma R ~ Dialog - 26 - Colinn Filter )] | -
W Perscnal favorite nodes 2 File (=]

« T v

2 Node Repository =a) Column Fitey/| Fiow Variabies | Memory Policy|
_ | @) Manual Selection () Wikdcard/Regex Selection (7) Type Selection
Column Filler] | pescuee select Incude 5
_"- y n Od e Column(s): Column(s): Search
el 10 - [ select al search hits 7] Select all search hits
& Database /
53 Data Manipulation § final weight | age -
I column S workdass
& Binning S education = =]
5 G 1t & Fepl | education-num
S .n“ eplac S marital-status -~
¥ y a
e 1 .
: § relationship
1% Reference Col S race i f
prl l.s\:c\fanz:ace @) Enforce exdusion (7 Enforce inclusion =
i ombine
= Transform
2% HiLite Collector  _ =
B in '
1 [ oK I [ Apply I [ Cancel @

To configure the node then:
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e Double-click the node or right-click the node and select “Configure”

e The configuration window opens. The node’s configuration window contains all settings for that particular node.

e Set the node configuration settings
e Click “OK”

Manual Selection

If the “Manual Selection” option is selected,

the configuration window shows 2 sets of

columns (Fig. 2.22):

» The columns to be included in the data
table (“Include” set on the right)

» The columns to be excluded from the
data table (“Exclude” set on the left)

Two “Search” buttons allow to search for the
specific column.

You can add and remove columns from one
set to the other using the buttons “Add” and
“Remove”.

> “Enforce Inclusion” keeps the “Include”
set fixed. If one more input column is
added from the previous node, this new
column is automatically inserted into the
“Exclude” set.

» “Enforce Exclusion” keeps the “Exclude”
set fixed. If one more input column is
added from the previous node, this new
column is automatically inserted into the
“Include” set.

Configure the “Column Filter” node

name, according to the radio buttons at the top of the configuration window.

Wildcard/Regex Selection

In case the “Wildcard/Regex Selection” option is
enabled, the configuration window presents a
textbox to edit the desired wildcard or regular
expression (Fig. 2.23).

The radio button below the textbox specifies
whether this is a regular expression or a wildcard
expression. An additional checkbox enables a case
sensitive match.

Columns with name matching the expression will
be included in the output data table.

2.23. Configuration window of "Column Filter" node:
the “Wildcard/Regex Selection” option

The first setting in the configuration window is the type of filtering (Fig. 2.22). You can select and retain columns manually, by type, and by

Type Selection

If the “Type Selection” option is enabled, you are
presented with a series of checkboxes about the
column types to keep in the output data table (Fig.
2.24).

Selecting Double, Integer, and Long Numbers, for
example, will keep all numerical columns in the
node’s output table.

2.24. Configuration window of "Column Filter" node:
the “Type Selection” option

B8 BB =3

. Dialog - 0:6 - Column Filter(rm "final weight")
File

) Manual Selection (@) Widcard/Regex Selection () Type Selection

(E=8ECR (=)

. Dialog - 0:6 - Columin Filter(rm "final weight")
File

() Manual Selection () Wiidcard/Regex Selection @ Type Selection

jues [ Dates and Times
Double rumbers (7] ke Aumbers
Long numbers [ Strings

ok [ aey ][ caca (@]
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Remember this column selection frame, because we will find it again in all nodes requiring column selection.

In our example workflow, we want to remove only the “final 2.25. The column filtered table does not contain column "final weight"

H 7 . “"
weight” column. We set the column filter mode to “manual p= e ——
Selection” and to “Enforce Exclusion”, because we want to keep all File

Table "default” - Rows: 32561 | Spec - Columns: 14 | Properties | Flow Variables|

possible new input columns besides “final weight”. After

Row ID | age S workdass | § education | | educati... | § marital-... | § occupa... | § relation... | § race S sex | capital-...

. . . . . “« . ” W Rowo 39 State-gov Bachelors 13 Never-married Adm-derical  |Not-in-family |White Male 2174 la

com pletlng the co nflgu ratlon, rlght-Cl |Ck the CO|Umn Fllter node | Rowl 50 Self-emp-no... |Bachelors 13 Married-civ-... |Exec-manag... Husband White Male 0 =
| Row2 38 Private HS-grad ] Divorced Handlers-de... [Not-in-family ~ [White Male 0 0
and glve |t a name. We named |t ”rm 'flnal Weight’” nght_cl |Ck the W rows 53 Private 1ith 7 Married-civ-... |Handlers-de... |Husband Black Male 0 (
| Rowd 28 Private Bachelors 13 Married-civ-... Prof-spedialty \Wife Black Female 0 0
“ ” . W rows 37 Private Masters 14 Married-civ-... [Exec-manag... |Wife White Female 0 (
node and seleCt EXGCUte to run the COIumn fllter- | Rows 49 Private 9th 5 Married-spo... (Other-service [Mot-in-family  |[Black Female 0 0
| Row? 52 Self-emp-no... [HS-grad 9 Married-civ-... [Exec-manag... Husband White Male 0 0
| Rows 31 Private Masters 14 Never-married |Prof-specialty Mot-n-family  [White Female 14084 i
. . . “ . . ” | Rowg 42 Private Bachelors 13 Married-civ-... [Exec-manag... Husband White Male 5178 i
TO see the flnal processed data; rlght_C| ICk the rm fl nal We'ght | Row10 37 Private Some-college |10 Married-civ-... |Exec-manag... Husband Black Male ] 0
i ” . . ” | Rowlil 30 State-gov Bachelors 13 Married-civ-... |Prof-spedalty |Husband \Asian-Pac-Is... Male 0 0
node and select “Filtered Table”. The column “final weight” should ez I Private Bachelrs |13 Never-married [Adm-erical _Ownhid __[White Femaie 0 i
| Row13 32 Private Assoc-acdm |12 Never-married |Sales Mot-in-family  |Black Male 0 0
H | Row14 40 Private Assac-voc 11 Married-civ-... [Craft-repair  [Husband \Asian-Pac-Is... Male 0 i

no longer be in the data table. fonts i ke e ot T e Pisbend s ide (-

< m | r

2.6. Filter Data Rows

Now let’s retain only those data rows that refer to people born outside of the United States that is only those rows with “native-country” other than
“United States”.

Create a “Row Filter” node

In the “Node Repository” panel on the bottom left, open the node category “Data Manipulation” and navigate to the node “Row Filter” in
“Data Manipulation” -> “Row” -> “Filter” or search for “Row Filter” in the search box.

Drag and drop (or double-click) the “Row Filter” node in the “Node Repository” to create a new instance in the workflow editor panel.

The task and settings description for this node can be found in the “Node Description” panel on the right or clicking the help button in the
configuration window at the right of the “Cancel” button.

Connect the “Row Filter” node with the “Column Filter” node named “rm final weight ”.
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2.26.

Creating and setting up a "Row Filter" node

KNIME

= | &3

File Edit View  Search Run Node Help

P v iwige.

=0l| & #2: my.first workflow &2

cErEd@&

e

Fiter - a

W% +| = LA00000FR A B

= B3| @\ Node Description £2

0
Enl» | O

Description Row Filter

W Personal favorite nodes
% Most freauently used nc ™ /|
& " Iz Set fiter parameter:

=]
A\ Node Repository e

select the cokamn to test:

|| & 5 matching riteria:

sy

© Database @ use pattern matching

EX Data

l fI' column

&2 Row

& Filter L

o HiLite Filter |~
= Nominal Valul
53 Numeric Row
g R

pattem: |United-States

use range cheding
indude rows by row ID

exdude rows by row ID

3% Row Splitter
& Transform
1 Other
FH Matrix
3 PMML
2 Data Views
Il « i ] '

4 EUAMPLES (quest@pubicrenverknmecogd]
. _}:(:;\:iﬁnwn pan el
S it The node allows for row
a0 Chaste
i Chapted File Reader  Column Filter Filter filtering according to certain
i Chogtend - : criteria. X can include or
o s @——-o e o Configuration exclude: certain ranges (by
A 2 row number), rows with a
A 00 prejec = = o ET window certain row ID, and rows
with a certain value in 2
| selectable column
e T (attribute). Below are the
A Favorite Nodes 52 S (N steps on how to configure

$ native-country

] case sensitive match

the node in its configuration
dialog. Note: The node
doesn't change the domain ~

2 Server Workflow Pro... 82 | < O
B8 B8|f

Workflow Server:  publicserver.kn
Status: not con | Connect. |

+ %5 7] contains wid carcs

reguar expression

lower bound:
upper bound:

_2.5.0\workspace\.metada

Configure the “Row Filter” node
e Double-click the “Row Filter” node to open its configuration window.

The node implements three filter criteria, which are shown on the side. Each of
these criteria can be used to include or to exclude rows.

e Implement your row filter criterion
e C(lick “OK”

Row Filter criteria

e Select rows by attribute value (pattern matching)
e Select rows by row number
e Select rows by RowlD (pattern matching on RowID)
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Row filter criteria

By attribute value
All rows, for which the value in a given column
matches a given pattern, are filtered out or kept.

After you “select the column to test”, you need to
define the matching mode.

For String values, “use pattern matching” requires the
given pattern to be either entered manually or
selected from a list of pre-defined patterns.

A matching value with wildcards * (for example
“United*”) or with a regular expression is also
possible.

For Integer values, “use range checking” requires a
lower boundary and/or an upper boundary, which will
be the same value if the condition is equality.

For Missing values, choose the last matching option.

2.27. Row filter criterion by attribute value

File

Filter Criteria | Flow Varisbles | Memory Policy

Setfiter parameter:

Column value matching

select the column to te
e
S native-country -

‘matching critarias

%) use pattern matching
' L |
pattern: [United-States - ] contains wid cards

e sereitve ot [ regur expressien

©) indude rows by atiribute value

@ exclude rows by attrbute value

!

indude rows By number
) excude rows by number .
) use range checking
©) include rows by row ID
loner bound:
) exclude rows by row 1D
upper bound:

(©) only missing values match

[ cne (@]

ok [ Aeply

By row number

If you know where your desired or undesired rows
are, you can just enter the row number range to be
filtered out.

For example, if | know that the first 10 rows are
garbage, | would select the filter criterion “exclude
row by number” and set the row number range 1-10.

2.28. Row filter criterion by row number

File

Filter Criteria | Flow Variables | Memory Policy

Set fiter parameter:

) indude rows by attribute value

) exdude rows by attribute value Row number range:

78 Indlude rows by number’ first row number: 14
() exdlude rows by number ] o the end of the table
7 includETows By Tow ID lastrow number: 1,000 -+

© exdlude rows by row 1D

ok [ apply ][ Concel ]

By RowID
A special row filter by attribute value runs on the
RowIDs.

Here the matching pattern is given by a regular
expression. The regular expression has to match the
whole RowlID or just its beginning,

2.29. Row filter by RowID
2 biaks 003 row e seee S =

File

Filter Criteria | Fiow Variables | Memory Policy

Set fiter parameter:

() include rows by atiribute value

) exclude rows by atiibute vaiue Row ID pattern:
() include rows by number reqular expression to match:
") exclude rows by number ] case sensitive match.

[ row I must only start with expres

Enter o valid regular expression

) exdude rows by row ID

ok |[ sy ][ cance ]
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In order to retain all rows with data referring to people born outside of the United States, we need to:

> Set filter mode “exclude row by attribute value”

» Set the column to test to “native-country”

> Enable “use pattern matching”, because it is a string comparison

> Set pattern “United States”

We have just implemented the following filter criterion: native-country != “United States”

. Give the “Row Filter” node a meaningful name. We named it “born outside US”. The name of a node is important for documentation
purposes. Since KNIME is a graphical tool, it is easy to keep an overview of what a workflow does, if the name of each node gives a clear indication of
its task.

. Right-click the node and select “Execute” to run the row filter

To see the final processed data, right-click the node
“born outside US” and select “Filtered”.

There should be no “United States” in column
native-country.

2.30. The row filtered table has no pattern "United States" in column "native-country”

-
_. Filtered - 2:3 - Row Filter(Born outside U E=REEN -

File
Table "default” - Rows: 3391 | Spec - Columns: 14| Properties | Flowe \u'ariables| s
Row ID 5 sex | apital-.. | | cpitaH...| | hoursp... ,é naﬁve-cobqtry S income
[ Rows Female 0 0 40 Jfcuba N\ [<=50K -
[ Rows Female 0 0 15 [ [amaica \ [<=50K =
Il Row11 ... Male 0 0 40 | [india \ [>50€
[ Rowi14 ... Male 0 0 40 [ E \ [=50K
| Row15 .. [Male 0 0 45 Mexico <=50K
[l Rowz7 ... [Male 0 0 50 South >50K
| Row35 Male 0 0 40 Puerto-Rico <=50K
[l Row3s Male 0 0 38 B »50K
Il Rows1 Female 0 0 30 B <=50K
| Row52 Female 0 1502 50 Honduras 50K
[ Rowse Male 0 0 40 | [Mexico | [==50K
[ Rows7 Male 0 0 40 | [Puerto-Rico | |==50K
Il Rows1 Male 0 0 40 v\ | [<=50K
[l Row7s Male 0 0 40 Mexico | [==50K
Il Rowa1 Male 0 0 40 Nuba J |<=s50K
[ Rowas 5. [Female 0 1573 35 BN J [==50K
[ Rowas Female 0 0 40 Enghsag_~" <=50K -
< [ 1 b
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2.7. Write Data to a File

Now we want to write the processed data to a file. There are many nodes that can write to a file. Let’s choose the easiest and most standard format:

the CSV (Comma Separated Values) format.

Create a “CSV Writer” node

In the “Node Repository” in the bottom left
panel:

e Expand category “IO”/”Write” or

search for “CSV Writer” in the
search box in the “Node
Repository”

e Drag and drop (or double-click) the
node “CSV Writer” to create a new
node in the workflow editor

o If the “Node Description” panel on
the right is enabled, it fills up with
the description of the “CSV Writer”
node. “Node
Description” panel, go to the Top
Menu, open “View”
“Node Description”.

To activate the

and select

e Right-click the node and select

“Configure” to open its

configuration window.

File Edit View

Search Run

i, ECAMPLES (goeit Bpublacserver ke cogo]
- 2 LOCAL (Leal Workspace)
4 il Beginnersbuck
i Chageer?
i Chegterd
i Chagter
4 i Chagter

A Favorite Nodes 52 =a
=N WA ]
W Personal favorite nodes =~

7 Most frequently used nc ~
A i '

£\ Node Repesitory

PP
& Table Writer
o PMML Writer
# Model Writer
& Other
=1 Cache
£ Database
EL Dats Manipulation
(L, Data Views
I Statistics
@ Mining
B Meta
{2 Flow Control
£ Misc S

O~B& : #~:8~3
|5 KIS Exphoser (0
Finer - &

Node Help
- it

2.31.

Ilv

T "2 my first workflow

Create a "CSV Writer" node

|10% «| | = 200DCOFHA K

= B | 7\ Mode Description

File Reader  Column Filter

=3
adult data set  rm final weight Bao

el

Row Filter

=9
n outside US

ErT
Moded

Drag an

ddrop

= 0| B Console 2
KNIME Console

8% Outline 52
T WARN
et w2 & WARN
WARN
WARN
WARN

File Reader
File Reader
Column Filcer
Row Filter
C5V Writer

No Settings available.
No Sertings available.
All columns retained.

No row filter specified
Mo eutpuc file spacified.

L Server Workflow Pro... £

CSV Writer

This node writes out the
datatable coming through its
input port into a file. The
node provides many options
to customize the output
format (see below). But
there is no checking done on
the settings, so it is possible
to write out the data in a
format that makes it
Impossible to read it in again
(e. g. if you spacify no data
separator).

B A

Workflow Server: | publicserver.kn

Status: not com -Connect

w &l

Log file is located at: C:\Users\rosy\temp\knime_2.5.0\workspace\.metada =

=08

= EB~-r~=0

m/» | O

m

This copy of the book “KNIME Beginner’s Luck” is licensed to: Dilcia Amaya

62



Configure the “CSV Writer” node

“Settings” is the most important tab of this configuration window. It
requires:

- The path of the output file
- Afew options, such as:

2.32.  Configuring a "CSV Writer" node

. Dialog - 0:0:4 - CSV Writar{write mﬁh_[glélg

File

edmal Separator

Flow Variables Memory Poli

Settings Advanced Quotes

Qutput file location:
C:\data\book'\born_outside_US.csv

Warning: selected file exists.

Writer options:

|83 (o

1. Write column headers and/or RowlID in output file B

e . . . Don't write I headers if fil ist
2. Writing mode if file already exists erE s eRger e S

[ write row ID
= Qverwrite
=  Append

= Abort (does not write to file) o= © Append Brbocc

[] Compress output file (gzip)

If file exists...

ok | amy ][ Gence |[@]

There are a few more tabs in this configuration window:

o “Advanced” allows specification of a different separation character other than “,” and of a different missing value character.
e “Quotes” is for setting quote characters other than the default.

e “Comment Header” is to write a header with comments on top of the data.

e “Decimal Separator” is to specify a new decimal separator (default is “.”)

e “Memory Policy” offers a few strategies to handle memory and data. It comes in useful when the workflow deals with a large
amount of data.

e Inthis book we do not investigate the tab “Flow variables”.

Note. Writing in mode “Append” can be tricky, because it just appends the new data to an existing file without checking the data structure nor
matching the column by name. So, if the data table structure has changed, for example because of new or deleted columns, the output CSV file is not
consistent anymore.
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You want to select “Abort” as writing mode, in order to avoid overwriting the existing file.
Let’s now change the node’s name:

Click the node label under the node

Enter the node’s new name (for example “write new file”)
Click elsewhere

Right-click the node and select “Execute”

o v kAW

2.33.  Workflow "my_first_

At this point we also add a few annotations to make even clearer what each node

workflow"

It is NOT possible ko
overribe the output File

CSY Writer

or group of nodes does. Remaove not interesting columns and raws
File Reader Column Filter Row Filter
We have created our first workflow to read data from a file, reorganize rows and @: o gt b ol b
= 1
columns, and finally write the data to an output file.
adult.data set rm “final weight"  born outside US
This is how the final workflow looks like.

o

wirite new file

2.8. Exercises

Exercise 1

In a workflow group “Exercises” under the existing workflow group “Chapter2” create an empty workflow “Exercisel”.
Workflow “Exercisel” should perform the following operations:

- Read file datal.txt (from the “Download Zone”) with column “ranking” as String and named “marks”;

- Remove initial comments from data read from file;

- Remove column “class”

- Write final data to file in CSV format (for example with name “datal_new.csv”) using character “;” as separator

’

Enter a short description for all nodes in the workflow.
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Save and execute workflow “Exercisel”. Execution must be without errors (green lights for all nodes).

Solution to Exercise 1

The file has some comments at the very beginning, which of course do not have the same length as the other lines in the file.

First, you need to enable the option “allow short lines” in the “Advanced” tab.

Then you can either enable the “Skip the first 6 lines ...” in the “Limit Rows” tab of the “Advanced” window and the “read column headers” option in
the basic configuration window or you can use a “Row Filter” node to exclude the first 5 rows of the read data. The difference between these two

approaches is in the reading of the column headers from the file.

The “File Reader” node in both workflows changes the name of the 4™ column to “marks”, as required.

2.34.  Exercise 1: The two possible workflows

File Reader Column Filter CSV Writer
@
ESe) ESe :
datal bt exclude < class> (I=L]]
short lines enabled datal_new.csv
skip first & rows
read column headers
File Reader Row Filter Column Filter CSV Writer
@
(I=L)] ESe !
datal .t fitter first 5 rows exclude Cold (CI=L)]

only short lines enabled
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2.35.  Exercisel: “File Reader” configuration settings

. e (7T g ” . H
= 2.36.  Exercise 1: "File Reader" “Limit Rows” tab configuration
Settings | Flow Variables | Memary Policy
~Enter ASCII data file location: (press Enter’ to update preview)
valid URL: |ﬁle:JC:]dam}hnnidmziaxerdsasjdala1‘nt - |([ Browse... )
Character decoding Missing Value Pattern
Preserve user settings for new location rSkip lines at the beginning of the file:
~Basic Setting: e
] read row s Column deli - Gvaﬂo&d.
"Qn'é) | [ ) Skip the first Dlmes from the beginning of the file.
E read column headers ) ignore spaces s
Java-style comments Single line comment: |:|
- Limit the number of rows read:
. . Read only the first I:I table rows from the file.
Click column header to change column properties (* = name ftype user settings)
Row ID 8§ linear S comments| § ID S “marks S dass
Row0 This is & comment for this ... ? ? 7 ? - (the lines skipped above don't countin)
Rowl [This is a comment for this ... |? ? ? ?
Row2 [This file has been written ... ? ? i ?
Row3 in June 2010 ? ? ? ?
Rows to be part of the book KNN.... |? ? i ?
Row5 15 verygood  [IDax32 g A
Rows 25 average IDbs12 4 B L
Row? 35 notso good _[IDzh66 5 c
Rows 45 terrible 1Dws92 17 D
RowS 5.5 verygood  [IDM84 i1 A
Row10 6.5 verygood  [IDyv31 s B
Row1l 7.5 verygood  [IDtgs5 16 c
Row12 &5 bad IDfs44 12 D
Row13 5.5 very bad IDmnoz2 3 A
Row14 10.5 terrible [Dcx29 10 B
Row15 5.5 good Dro41 1 c
| | M rowis a5 nood TDalAR 21 o
. L . ” . . . . L T . . .
2.37.  Exercise 1: “Column Filter” configuration options 2.38.  Exercise 1: “CSV Writer” configuration settings
e -
. Dialog - 3:10 - Column Filter(exclude <class>) (=0 R <= Dialog - 0:2:4 - CSV Wil
File
File
Coluran Filter | Figw Variables | Memory Policy |
© Manual Selection (*) Wikcard Regex Selection (©) Type Selection s At Eloviaciabies s laatienonyf
Settings Advanced Quotes
Exdude ——————————  Sclect T ——

Output file location:

Col - Col :
s l:l . l:l |C:\data\book\dﬂz_exerdses\datal_new.csv - |
Select all search hits Select all search hits
5 o o rear Warning: selected file exists.
S comments . —
= s D Writer options:
__rEmavE
g m‘m Write column header
Cals
[[] Deon't write column headers if file exists

- Virite row ID
) Enforce exdusion

Enforce inclusion

Compress output file (gzip)

If file exists...

OK

[ Aoy ][ cancel

Overwrite ) Append @) Abort

ok ][ Ay || concel
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2.39. Exercise 1: “CSV Writer”: “Advanced” tab

oa Dialog - 0:2:4 - CSV Wﬁteddatal_newuv_@lélg

File

Comment Header
Settings

Data Separator

Pattern written out between data values: |;

Missing Value Pattern

Pattern written out for missing values:

ok [ Ay |[ cance |[@]

Exercise 2
In the workflow group “Chapter2\Exercises” create a workflow “Exercise2” to perform the following operations:

- Read the CSV file written in Exercisel (“datal_new.csv”) and rename column “marks” to “ranking”
- Filter out rows with comments = “average” in data column “ranking”

- Exclude Integer type columns

- Write final data to file in “Append” mode and with a tab as a separating character

Rename all nodes where necessary. Save and execute workflow “Exercise2”.

Solution to Exercise 2

We recycled the workflow structure from the workflow created in Exercise 1. That is we did a “Copy and Paste” operation (Ctrl-C, Ctrl-V) on the whole

“Exercise 1” workflow from the workflow editor for “Exercise 1” into the workflow editor for “Exercise 2”.
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2.40. Exercise 2: “File Reader” configuration options

File

Settings | Flow Variables | Memory Policy

~Enter ASCII data file location: (press Enter’ to update previ

valid URL: [ flei/Ci/data book/ch2_exercses datal new.csv - [ erowse.

Preserve user settings for new location

[] read row IDs Column delimiter:

B - ‘ [ advanced... |
read column headers ignore spaces and tabs

Check  the fle containstou D2 o the st column| 5y tne comment:| |

Click column header to change column properties (* = name/type user settings)

Row ID D lingar § comments| § ID | “ranking

Rowd L5 verygood  |IDax32 @ o
Row 1 25 average Ibs12 4

Row2 3-5 not so good  |[Dzh66 5

Row3 4.5 terrible Dws32 17

Rowd 5.5 wery good Dfna4 11

Rows 6.5 verygood  |[Dyval g

Rows 7.5 verygood _|Digés 6

Row7. 8.5 bad Dfs44 1z L
Rowd 9.5 very bad Dmn02 5 5
Rows 10.5 terrible [Dex29 10

Row 10 5.5 lgood Dro41 1

Rowil 6.5 good Dalsa P

Row12 7.5 faverage Dwk08 15

2.42. Exercise 2: “Column Filter” configuration options

_a Dialog - 0:5 - Column Filter(exclude integer columns) o |2
File

Column Filter | Flow Variables | Memary Policy|

(7) Manual Selection () Wildcard Regex Selection @) Type Selection

[¥] Boolean values Dates and Times
Double numbers Integer numbers
Long numbers Strings

ok || appy || Cancel
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2.41. Exercise 2: “Row Filter” configuration options

File

Filter Criteria | Fow Variables | Memry Poicy|
- Set fiter parameter:

~Column value g

select the column to test:

matching criteria:

() indude rows by attribute value (@) use pattern matching
exdude rows by atiribute value T .

indude rows by number requar expression

case sensitive match
©) exclude rows by number

) use range chedking
) indude rows by row ID

lower bound:
©) exdude rows by row ID
upper bound:

) only missing values match

ok || Ay | [ cancel

2.43. Exercise 2: “CSV Writer” configuration options

rOutput file location:

ator Flow Variables Memary Poli
Settings Advanced Quotes

|C:\data\}..lser MeetingTemplates\data1_new.csv - | Browse. ..

Warning: selected file exists,

Writer options:

Write column header

Don't write column headers if file exists

Write row ID

Compress output file (gzip)

If file exists...

() Overwrite
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2.44. Exercise 2: The workflow

File Reader Row Filter Column Filter 5V Writer
B3

datal_new.csv comments = "average” exclude integer columns  datal_new.csv

Note. After copying the “File Reader” from Exercise 1, you need to disable the option “Limit Rows” in the “Advanced Settings” window, because this

file has no initial comments.

Note. Notice the yellow triangle under the “Column Filter” node. This is a warning message that comes from the copy of the workflow and that
remains even when the node has the green light. Hovering over the yellow triangle shows the warning message “Some columns are not available:
marks”. This is correct: column “marks” is not there anymore, because we have renamed the column “marks” as “ranking”. However, the column
filter still works; only a warning message is issued. If we open the configuration window of the column filter, we see that the column “ranking” was
automatically inserted into the “Exclude” set. This is because the option “Enforce Inclusion” was enabled. Clicking the “OK” button accepts the current

configuration settings and makes the warning yellow triangle disappear.

Note. We saved the data in “Append” mode into the CSV file. The data from Exercise2 has only 3 columns, while the existing data in the file has 4
columns. The “CSV Writer” node does not check the consistency of the number and the position of the columns to be written with the number and
the positions of the existing columns. It is then possible to write inconsistent data to a file. You need to be careful when working in “Append” mode
with a “CSV Writer” node.
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Chapter 3. My first data exploration

3.1. Introduction

This chapter describes two workflows: “WriteToDB” and “my_first_data_exploration”. “WriteToDB” writes data into a database and
“my_first_data_exploration” reads the same data from the database and allows you to graphically explore the data.

The goal here is to become familiar with:

- nodes and options for database handling
- the “Data Views” category containing nodes for graphical data exploration
- afew more column operation nodes, like nodes for string manipulation and missing value handling

We start from the very well known “Iris” Dataset from the UCI Machine Learning Repository web site (http://archive.ics.uci.edu/ml/datasets/Iris) to

build the data to write into the database. The Iris dataset describes a number of iris plants by means of 4 attributes:

3.1. The iris data set

the Sepal Iength .. File Table - 3:1 - File Reader(iriz.data mﬂ_@l&lﬂ

File
- the Sepal width Table “iris.data” - Rows: 150 | Spec - Columns: 5 | Properties | Flow Variablesl
Row ID D ColD D Col1 D Col2 D Col3 S Col4
- the petal length Rowd 5.1 3.5 1.4 0.2 Iris-setosa -
. Rowl 4.9 3 14 0.2 Iris-setosa —
- the petal width Row2 4.7 3.2 L3 02 Iris-setosa
Row3 4.6 3.1 15 0.2 Iris-setosa
Row4 5 3.6 1.4 0.2 Iris-setosa
Row5 5.4 3.9 17 0.4 Iris-setosa
. . . .. . Row6 3 3.4 1.4 0.3 Iriz-setosa
The plants described in the data set belong to three different iris classes: Iris Row? 34 15 0.2 Tris-setosa
. . . ... Rowd L 2.9 1.4 0.2 Iris-setosa
setosa, Iris ver5|co|or, and Iris virginica. Rowg . 3.1 15 0.1 Tris-setosa

This dataset has been used for many years as a standard for classification. The three classes are not all linearly separable. Only two of the three iris
classes can be separated by using a linear threshold on two of the four numeric attributes. For the third class we need to use something more
sophisticated than a linear separation. The separation of the first two classes can be clearly seen by using graphic plots. This is the reason why we use
this dataset to illustrate the KNIME nodes for visual data exploration.
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We will use this chapter also to explore string manipulation and how to create new rule-based values from the existing columns’ values.

We create now a new workflow group named “Chapter3” in the “KNIME Explorer” panel. This workflow group will contain all workflows created in this
chapter of the book. Under workflow group “Chapter3” we create two empty workflows: “WriteToDB” and “my_first_data_exploration”. As we said at
the beginning of this section, “WriteToDB” illustrates how to build a new dataset and how to write it into a database, while
“my_first_data_exploration” describes how to perform a visual data exploration of the data. The workflow group and its workflows can be found in the
“Download Zone”.

Let’s start with shaping the “WriteToDB” workflow.

After reading the Iris dataset file (iris.data) with a “File Reader” node, we get the data table in figure 3.1. We name the “File Reader” node “iris.data
set” for a quick overview of the node task.

Note. The iris dataset file does not contain any names for the data columns. The “File Reader” node then assigns to each column a default name like
“Col0”, “Col1”, “Col2”, “Col3”, and “Col4”. Besides “Col4” where we can see that this is the iris class, we need to read the file specifications in file
“iris.names” to understand which column represents which numerical attribute.

3.2. Replace Values in Columns

After reading the description of the iris data set in the iris.name file, we discover that the five columns are organized as follows:

Sepal length in cm
Sepal width in cm
Petal length in cm
Petal width in cm

vk wnN e

class
And that there are no missing values in the data set.

Thus, the first step is to rename the data set’s columns, in order to be able to talk clearly about what we are doing on the data. KNIME has a node
“Column Rename” to be used exactly for this purpose.
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Column Rename

under:

input data table.

The node “Column Rename” can be found in the “Node Repository” panel

“Data Manipulation” -> “Column” -> “Convert & Replace”

The “Column Rename” node allows for the renaming of columns in the

3.3. Configuration dialog of the "Column Rename" node

Dialog - 0:2 - Column Rename = =
File
Change columns | Flow Variables | Memory Palicy
Column Search
Cold Remove
Filter Options
Nane v Change: sepal length D DoubleValue v
D Colo Coll Remove
D Colt
D col2 [#] Change: sepal width D Doublevalue W
D col3
5 Cot Col2 Remove
Change: |petal length D DoubleValue w
Col3 Remove
Change: |petal width D DoubleValue v
Col4 Remove
Change: dass S stringvalue v

oK Apply Cancel @

3.2. Create a "Column Rename" node

kFavome Nodes 22 =Mz =0

¥ Personal favorite nodes iris.data set Node2 fror

¢y Most frequently used nodes
@ Last used nodes

l Node Repository =0

oy 10
£ Database
EA Data Manipulation
) l] Column
= Binning

m

= Rename (Regex)
E¥ Domain Calculator

The configuration dialog requires:

- To select the columns on which to operate

- to flag the columns whose name or type needs
changing

- the new column names

- optionally the new column types
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We created a “Column Rename” node and we connected it to the “File Reader” node “iris.data”. We then assigned new names to the data table
columns according to the” Iris.name” specification file and we run the “Execute” command.

Let’s suppose now that the iris names in the “class” column are too long or too complex for our task. We would like to have just class numbers: “class
1”, “class 2”, and “class 3”. That is, we would like to add a column where “Iris-setosa” from column “class” is translated into “class 1”, “Iris-versicolor”
into “class 2”, and finally all remaining instances belong to a “class 3”.

KNIME has a very practical node: the “Rule Engine” node. This node defines a set of rules on the values of the input data columns and generates new
values according to the defined rule set. The new values can form a new column to append to the existing ones in the input data table or replace an
existing data column.

The rule set that we would like to implement in this case is the following:

IF class = “Iris-setosa” THEN class 1
IF class = “Iris-versicolor” THEN class 2
ELSE class 3

The “Rule Engine” node uses the following syntax to express this rule set:

SclassS = "Iris-setosa" => "class 1"
SclassS = "Iris-versicolor" => "class 2"
TRUE => "class 3"

“u_n

Where SclassS indicates values in input data column “class”, “Iris-setosa” is the match value for the “=” operator, “=>" introduces the consequent of
the rule, and “class 1” is the consequent value.

Note. String values need to be encapsulated in between quotation marks to be correctly interpreted as strings by the “Rule Engine” node.

The final keyword “TRUE” represents the ELSE value in our list of rules, i.e. the value that is always true if no other rule is applied first.

Note. To insert a new constant value in a data column, just use TRUE => <new constant value> with no other rule.
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columns.

Rule Engine

3.5. The Configuration window for the "Rule Engine" node

The node “Rule Engine” is located in the “Node Repository” panel in the category
“Data Manipulation” -> “Row” -> “Other”.

It defines a set of rules and creates new values based on the values in the existing

-4 Dialog - 3:23 - Rule Engine(from iris name) E
File
Rule Editor | Flow Variables ] Memory Pulv;y‘
Column List Category Description
ig:{w Al ~ | |Logical and of two boolean expressions. You can use this in a sequence, like AAND BAND C .
ROWZC[E P without parenthesis, but it has no precedence regarding to OR or XOR, so you have to use
C;‘ h parenthesis around the logical connectives if you want to combine them.
D sepalleng 7 < - | |(short-circuit evaluation.)
D sepal width > <=7 -
D petallength r e Function/Operator
D petal width hs E——
§ dass ol Description
Input PIN?
?LIKE ? .
columns || yroess Functions and
? ?
o Operators
Flow Varisble List | [ e i 2
& knime.workspace
Expression
? 1 // enter ordered set of -
? 2 // Sdouble column name$ =4 I
? 3 // $string column name$ LIKE "*blue** => "small and blue" 3
2 4 7/ TRUE => "default outcome" .
8§ 5 Sclass$ = "Iris-setosa” => "class 1" R e Ed|t°r
§ © %class$ = "Iris-versicoler” => "class 2"
8§ 7 TRUE => "class 3"
@ Append Column:  |dass r 8
Replace Column:
ok |[ Ay |[ camea |[@

3.4. Location of the "Rule Engine" node in the "Node
Repository" panel

|\ Node Repository =8
- tir -
> e 10 -
> [Ei Database
o .
4 Ei Data Manipulation
» I Column
4 53 Row
> 1 Filter
» 1 Transform
4 [ Other

T Add Empty Rows.
55 Extract Column Header
53 Insert Column Header
Tip RowlD
=> Rule Engine
> [ Matrix
» 1 PMML
» O, Data Views
» & Statistics
> @ Mining
> 4 Chemistry

The configuration dialog includes:

- The list of available input data columns
- The list of available functions and operators

- A description panel to describe the usage and
task of the selected function/operator

- Arrule editor where to create the set of rules

- The option to create a new column in the
output data table or to replace an existing one

- The list of available flow variables. However,

Flow Variables are considered an advanced
concept and we will ignore them in this book.
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Column List

The first panel on the left upper corner of the “Rule Engine” configuration window shows all available columns from the input data table. Those are
the columns our set of rules is going to work on.

Flow Variable List

The panel right below the “Column List” panel contains all flow variables available to the node. However, Flow Variables are not treated in this book
and we will ignore flow variables when setting up our set of rules.

Function

The “Function” panel contains a list of functions and logical operators available to create the rule set. The “Category” menu on top of the “Function”
list, allows to reduce the function list to a smaller subset.

Description

If a function or an operator is selected in the “Function” list, this panel provides a description of its task and usage.

Expression

The “Expression” panel is the rule editor. Here you can type your set of rules. If you need to involve a data column or a function, just double-click the
desired item in the respective panel and it will appear in the rule editor.

Ill

Every rule consists of a condition including a function or an operator and of a consequence value. The symbol “=>" leads the condition to the

consequence value, like: <condition> => <consequence value>. “TRUE” in the last rule leads to the default value, when none of the previous
conditions apply. The rule can be edited and changed at any time.

To build our rule set, we typed in the set of rules described above at page 73.

Append Column / Replace Column

At the bottom of the configuration window, there are the options to choose whether to create a new data column or replacing an existing one. The
default option is “Append Column” and the default name for the new column is “prediction”. We selected the default option and we named the new
column “class nr”.

After configuration, we named the Rule Engine node “from iris names to class nr” and we run the “Execute” command.
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3.4. String Splitting

In this section we explore how to perform string manipulation with KNIME. For example, how can we split the column “class” in a way as to have “Iris”

in one column and “setosa”, “versicolor”, or “virginica” in another column? Vice versa, how can | build a key to uniquely identify each row of the data
table?

In KNIME there are 3 nodes to split string cells.

- “Cell Splitter by Position” splits each string based on character position. The column to split contains a number of strings. The node splits all
strings in the column in k substrings, each of length n1, n2, n3,... nk, where n1+n2+n3 +... nk is the length of the original string. Each substring
is then placed in an additional column.

- “Cell Splitter [by Delimiter]” uses a delimiter character to separate the substrings in the original string. The column to split can also contain
strings with variable length. If the delimiter character is found, the substring before and after will end up in two different additional columns.
The name of the node is actually just “Cell Splitter”. However, since it uses a delimiter character | will call it “Cell Splitter [by Delimiter]”.

- “Regex Split” is a Cell Splitter by Regex. It uses a Regular Expression rule to recognize substrings. After the substrings have been recognized
the node splits the original string into the recognized substrings and places them into different additional columns.

Unlike the split column operation, there is only one node to combine string columns: the “Column Combiner” node.

- The “Column Combiner” node concatenates the strings from two or more columns and puts the result into a new appended column.

Note. All string manipulation nodes, like the “Cell Splitter” nodes and the “Column Combiner” node, are located in the “Node Repository” panel in:
“Data Manipulation” -> “Column” -> “Split & Combine”

”

In the column “class” we want to separate substring “Iris” from the remaining substrings “setosa”, “versicolor”, or “viriginica”.

- If we split by position, we need to split at the 4™ character (at the end of “Iris” and before the rest of the string) and at the 5" character

” u,

(before “setosa”, “versicolor”, or “virginica”).

" ou

- If we split by delimiter, we need to split around character
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n " ou

- Finally, if we split by RegEx, we need to find a Regular Expression rules to express “Iris”, “-“, and the remaining letters. A possible regular

expression could be: ( (Iris) [\-]* ([A-Za-z]*).

Let’s see now in details how to use the three “Cell Splitter” nodes to do that.

Cell Splitter by Position 3.6. Configuration dialog for the "Cell Splitter by Position" node
This node splits the column string values based on character position. The . Dialog - 0:2:4 - Cell Splitter By Position(iris + attr} .@ﬂg
result will be as many new columns as many delimiter characters have been File

found plus 1. . : ;
Cptions | Flow Variables | Memory Pollcyl
splits

The configuration window asks for:
Split indices, comma separated: (4,5

- The split indices (the character positions inside the string on which to
Mew column names, comma separated: |split_0, split_1,split_2

split)
Target Column

- The new column names (the new column names are always one more : :
Column to split: | § dass -

than the number of split indices)

- The name of the string column on which to perform the split

oK ] [ Apply l [ Cancel l

We selected:

- Splitindices 4 (at the end of word “Iris”) and 5 (after “-“)
- We will have then 3 substrings: “Iris” in column “split_0", “-“ in column “split_1", and “setosa”/”virginica”/”versicolor” in column “split_2"

- The column to perform the split on is “class”

Column “split_1" will contain only strings “-“ . We can always remove it later on by means of a “Column Filter” node.
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Cell Splitter [by Delimiter]

This node splits the column string values at the delimiter character. The result will be as
many new columns as many delimiter characters have been found plus one.

The configuration window requires the following settings:

- The name of the column on which to perform the split
- The delimiter character
- The output type:
1. As new columns to append to the data table (here you need to set the
array size)
2. As one column only containing the list/set of sub-strings (a set of strings
is like a list but without duplicate values)

If the array size is smaller than the number of detected substrings, the last splits will be
ignored.

On the other side if the array size is bigger than the number of detected substrings, the
last new columns will be empty.

3.7. Configuration dialog for the "Cell Splitter" node

fa ™
_. Dialog - 0:2: - Cell splmw

File

Settings | Flow Variables | Memaory Policy|

Column to split

Select a column: | § dass

Settings
Enter a delimiter: |- [] use \ as escape character
Enter a quotation character: (leave emtpy for none.)

remave leading and traiing white space chars (trim)

Outpuk

(") aslist () asset(remove duplicates) @) as new columns

i@ set array size 2

-

() guess size and column types (requires additional data table scan)

Missing Value Handling
[ Create empty string cells instead of missing string cells

ok [ sy [ cocer |[@)]

We selected:

- Column to split = “class”
“w u

- Delimiter character =
- Arraysize=2

The substrings will be stored in column “<original_column_name>_Arr[0]” and “<original_column_name>_Arr[1]”, that is based on our configuration

settings “class_Arr[0]” and “class_Arr[1]".

o u

Note. Here there is no column with only strings “-“. All characters “-“ are lost.
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RegEx Split (= Cell Splitter by RegEx)

3.8. Configuration dialog for the "RegEx Split" node

This node identifies substrings in a selected string column on the basis of a Regular [ Dialog - 0:2:7 - Regex Splitiiris +¥tr1-@|§|ﬂ
Expression. File

Settings | Flow Variables | Memary Poliq-l

Substrings are represented as Regular Expressions inside parenthesis. The original
string is then split in the substrings identified by the regular expressions. Each Target Column: | g class
substring will create a new column. :
et {Izis) [\=1*([A-Za-z]*)

The configuration window requires:

|| Ignere Case (Case Insensitive)

- The name of the column to split [C] Multine

- The Regular Expression pattern to identify the substrings, with the
substrings included in parenthesis and the delimiter characters placed
between the parenthesis groups

To separate the word “Iris” from the rest of the string in column “class” by using a “RegEx Split” node, we selected:

- Column to split (Target Column) = class
- Regular Expression: ((Iris) [\-]1* ([A-Za-z]*), which means:
1. First substring in parenthesis contains the word “Iris”

“ u

2. Then comes a “-“ not to be used as a substring, since it is not in parenthesis

3. The second substring can contain any alphabetical character

The result are two substrings named “split_0” and “split_1", one containing the word “Iris” and the other containing the remaining word “setosa”,
“versicolor”, or “virginica”.

The same result could have been obtained with a more general Regular Expression, like for example  ([A-Za-z]*)[\-]*(.*S), which means:

4. First substring in parenthesis contains any alphabetical character

“ u

5. Thencomesa not to be used as a substring, since it is not in parenthesis

6. The second substring can contain any alphanumerical character
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These “Cell Splitter” nodes have all been named “iris + attr”, which describes the split between word “iris” and the following attribute “versicolor”,
“virginica”, or “setosa”.

3.5. String Manipulation

Let’s suppose now that we want to rebuild the iris class name but with a different string structure, for example “<attribute>:IRIS”, with the word IRIS
all in capital letters. We need then to replace the string “Iris” with “IRIS” and to recombine it with the <attribute> string. In KNIME there are many
nodes to perform all kinds of string manipulation. One in particular, though, can perform most of the needed string manipulation tasks: the “String
Manipulation” node.

String Manipulation

The “String Manipulation” node can perform a number of string manipulation tasks, like to calculate a string length, to compare two
strings, to change a string into only uppercase or lowercase characters, to replace a substring or all occurrences of a character inside a
string, to capitalize the string words, to find the positions of a character or substring occurrence, to extract a substring from a string, and so
on.

The configuration window of the “String Manipulation” node is similar to the one of the “Rule Engine” node. The “Expression Editor” is
located again in the central bottom part of the configuration window. Here a number of string functions can be combined together to
obtain the desired string transformation.

The available string functions are listed above in the “Function List” panel. The “Description” panel on the right explains the task of the
selected function.

Functions can also be visualized in smaller groups, by selecting a category in the “Category List” menu over the “Function List” panel.
On the left, in the “Column List” panel, all available data columns are displayed.

Double-clicking a column or a function automatically inserts it in the “Expression Editor”. String values have to be reported in quotation
marks, for example “abc”, when introduced in the “Expression Editor”.

The “Insert Missing As Null” flag enables the production of a null string, instead of an empty data cell, when there are missing values in the
input data. The configuration window finally requires the name of the new or of the existing column, depending on whether the resulting
string has to overwrite existing data.
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3.9. Configuration dialog for the "String Manipulation" node

File

Column List Function Category List

String Manipulation |‘;(m 7

Column List Categary Desaription

ROWID Al | | Joins to or more strings into a single string.

ROWINDEXY

ROWCOUNT Function

D sepal length indexOf(str, toSearch, start, modifiers) join("a", "b", "¢")= "abc”

D sepal width indexOfChars{str, chars) Jjoin{null, =, "a")="a"

D petal length indexOfChars(str, chars, modifiers) join{nully =null

D petal width indexOfChars(str, chars, start) I

8 dass indexOfChars(str, chars, start, modifiers)
dass p

2 dossrv | Bonseplsep, strr) \ Function Description

ace ArrlN]

Examples:

length(str)
Flow Varigble List [ [owerCase(str)
8 knime.workspace removeChars(str)

tilon List
[

s

Expression

join($class_Arr[1]§, ":",upperCase($class Arr[0]%))

‘ Expression Editor ‘

@ Append Column: (iris name [] Insert Missing As MNull

) Replace Column: | 8§ dass_arr[1] ~ [] Syntax check on dose

OK ] ’ Apply I I Cancel ]

The “String Manipulation” node that we introduced in the “WriteToDB” workflow follows the “Cell Splitter” node and combines (string function

“join()”) the <attribute> part of the class name with “:” and with an uppercase version (string function “uppercase()”) of the word “iris” (Fig. 3.9). The
result is “setosa:IRIS” for the original “iris:setosa”.

Note. Notice the “tolnt()”, “to Long()”, “toNull()”, “toDouble()”, “toBoolean()” functions which convert a string respectively into an integer, a double,
and so on. They can be used to produce a non-string output column
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An alternative processing consists of using a sequence of single dedicated nodes. In this way, the workflow becomes more crowded with nodes, but
this approach might avoid us the interpretation of the many available string functions in the “Function List” of the “String Manipulation” node.

To change from lower to upper case or vice versa, KNIME has a “Case Converter” node in the category “Data Manipulation” -> “Column” ->

“Transform”.

3.10. Configuration window for the "Case Converter" node
Case Converter

File

This node transforms the string characters into lowercase or uppercase o :
- ptions les | Memory Policy
depending on the “Select mode” flag. dect mode

(@ Convert to UPPERCASE

() Convert to lowercase

The configuration window requires:

- Excude - Indude

“" n, u n “" ”
- Select mode”: “UPPERCASE” or “lowercase R .

| Select all search hits | Select all search hits

- The names of the columns to transform. These columns are
. . . dd all ==
listed in the frame “Include”. All other columns that will not be g SZZZW = § cass_Arld]
affected by the transformation are listed in the frame § dass_an1] p—

“Exclude”.

<< remove all

- To move from frame “Include” to frame “Exclude” and vice
versa, use buttons “add” and “remove”. To move all columns to
one frame or the other use buttons “add all” and “remove all”.

Apply ] [ Cancel ]

We connected a “Case Converter” node to the output port of the “Cell Splitter” node. Of course we could have connected the “Case Converter” node
to the output port of any of the “Cell Splitter” nodes. We chose the “Cell Splitter” node just as an example. Then we configured the “Case Converter”
node like that:

- “Select mode” = “Convert to UPPERCASE”
- Columns to change = “class_Arr[0]”, which is the column containing the word “Iris”, in the “Include” set

To replace a string in general, KNIME has a “String Replacer” node in “Data Manipulation” -> “Column” -> “Convert & Replace”.
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This node has a variant “String Replace (Dictionary)” that performs a spelling check based on a previously formatted dictionary text file.

3.11. Configuration window for the ,,String Replacer” node
String Replacer . .
_. Dialog - 2:10 - String Rep|acerw§‘g
File

The “String Replacer” node replaces a pattern in a string column.

Standard settings | Flow Variables I Memory Policy|

The configuration window requires: : :
Target column S dass_Arr[0] «

- The name of the column where the pattern has to be replaced PRI @ Wildcard pattern

(7 Regular expression

- The pattern to replace (wildcards in the pattern are also allowed)

. . Pattern Ir=
- The new pattern to override the old one with ’
Replacement text

And a few more options:

Replace ... @ ... whole string

- Whether the pattern to be replaced contains wildcards or a
regular expression

) +.. all occurrences

Case sensitive search

- Whether the replacement text must replace all occurrences of the

pattern or just isolated strings matching the pattern Use backslash as escape character

Append new column Enter column name

- Whether the pattern match has to be case sensitive

- Whether escape characters are indicated though a backslash

- Whether the result replaces the original column (default) or Eoneel ]
creates a new column

To change string “Iris” into string “IRIS”, we can connect a “String Replacer” node to the output port of the “Cell Splitter” node and use the following
configuration:

- Target column = “class_Arr[0]”, which contains string “Iris”
“uxn

- Pattern to be replaced can be “Iris” or more generally “Ir*” with a wildcard
- The new pattern to replace the old one = “IRIS”

As a result column “class_Arr[0]” contains all strings “IRIS” like the column generated with the “Case Converter” node.
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Finally, we want to combine all those substrings in a new string column named “iris name” and containing strings structured as: “<attribute>:IRIS”. To

combine two or more string columns, there is a “Column Combiner” node under “Data Manipulation” -> “Column” -> “Split & Combine”.

Column Combiner

The “Column Combiner” node combines two or more string columns
into a single string column.

The configuration window requires:

- The delimiter character (if any, this field can also be empty)

- If we want to include the original substrings in quotes, then
flag “Quote always” must be enabled and the “Quote
character” must be supplied

- The name of the new column

- The names of the columns to combine. These columns are
listed in the frame “Include”. All other columns that will not
be used for the combination are listed in the frame
“Exclude”.

- To move from frame “Include” to frame “Exclude” and vice
versa, use buttons “add” and “remove”. To move all
columns to one frame or the other use buttons “add all” and
“remove all”.

3.12. Configuration window for the ,,Column Combiner” node

ra ™

File

Settings emary Policy

Delimiter

@ Quote Character

() Replace Delimiter by
Mame of appended column  |irig name

- Exclude

[ Quote always

Column(s):

[] select all search hits

D s=epal length
D sepal width
D petal length
D petal width
5 dass

S dassnr

add all »>

<< remave

<< remove all

- Indude

Column(s):

[T Select all search hits

S dass_arr[1]
S dass_Arr[0]

To obtain the final String “<attribute:IRIS>”, we need a “Column Combiner” node with the following settings:

“.n

- Delimiter =

- Columns to combine in the “Include” frame: “class_Arr[1]” and “class_Arr[0]”

- No quotes, that is flag “Quote always” is disabled
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Note. In the “Column Combiner” node it is not possible to arrange the columns’ concatenation order. Columns are combined following their order in

the data table.

For example, column “class_Arr[0]” comes before column “class_Arr[1]” in the data table and the resulting combined strings will be
“class_Arr[0]:class_Arr[1]”, that is: “IRIS:<attribute>", which is not exactly what we wanted.

To change the columns’ order in the data table, we can use a “Column Resorter” node located in “Data Manipulation” -> “Column” ->

”
“Transform .

Column Resorter

The node “Column Resorter” changes the order of the columns in the
input data table.

The list of columns with their order (left-to-right becomes top-to-bottom)
is presented in the configuration window.

- To move one column down, select the column in the list and click
button “Down”. Same procedure to move one column up with
button “Up”.

- To make one column the first of the list, select the column and
click “Move First”. Same procedure to make one column the last
of the list with button “Move Last”.

- To use an alphabetical order on the column names, click button
“A-Z" for descending order and “Z-A” for ascending order.

3.13. Configuration window of the "Column Resorter" node

File

Resort columns | Flow Variables | Memary Policy|

Colurnns

D sepal length
D sepal width
D petal length
D petal width
S dass

5 dassnr

?
S dass_Arr[0]

T <any unknown new column =

Actions

We connected a “Column Resorter” node to the output port of the “Case Converter” node. We moved column “class_Arr[0]” one position down in the
configuration window. We then named the “Column Resorter” node “class_Arr[0] after class_Arr[1]” and we connected its output port to the
“Column Combiner”. Now the “Column Combiner” has the input columns in the right order to get the final strings structured as “<attribute>:IRIS”.

The “Column Combiner” node was then named “<attr>:IRIS”.

Note. The “Column Combiner” node is particularly useful to build unique keys to identify data rows.
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3.6. Type Conversions

In the previous section we went through the string manipulation as performed by KNIME.
Before moving to the database section, | would like to spend a little time showing the
“Type Conversion” nodes.

In this book we will not work with Type DateTime. Excluding the Type DateTime, there are
three basic “Type Conversion” nodes: “Number To String” node, “String To Number” node,
and “Double To Int” node. All these nodes are located in the “Node Repository” panel in:

“Data Manipulation” -> “Column” -> “Convert & Replace".

In order to show how these Type Conversion nodes work, we will pretend that we want to
change one of the data columns, for example “petal width”, from Type Double to Type
String. We will use a “Number To String” node for that.

3.14.

Location of the “Type Conversion” node in the

"Node Repository" panel

J Mode Repository

)

> (& Database
4 B} Data Manipulation
a D Column
» 1=+ Binning
4 1= Convert & Replace

=

M |

i&} Category To Mumber

E%J Category To Mumber (Apply)
4H| Cell Replacer

|%2| Column Rename
Column Rename (Regex)

28 MNumber To String
S2 String To Number
B Double To Int
E]'ﬁ String Replace (Dictionary)
S8 String Replacer

3.15.
Number To String

Configuration window of the "Number To String" node

File
The “Number To String” node converts all cells of a column from Type

Options | Flow Variables I Memory Policy|

“Double” or “Int” to Type “String”.

r Exdude

. . . . Column(s):
The configuration window requires: T s
. D sepallength
- The names of the columns to be converted to Type String. D sepal width

These columns are listed in the frame “Include”. All other B petallength

columns are listed in the frame “Exclude”.

- To move from frame “Include” to frame “Exclude” and vice

versa, use buttons “add” and “remove”. To move all columns
to one frame or the other use buttons “add all” and “remove

add all =>

<< remove

<< remove all

r Indude

Column(s):

[ select all search hits

D petal width

[ Always include all columns

all”.

The “number to String” node is equivalent to the function “string()” in
the “String Manipulation” node.

| (@
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We inserted only the column “petal width” in the frame “Include” to be converted from Type Double to Type String. The node has then been named

just “petal width”, since it is already clear what its function is.

Now for demonstration sake, let’s suppose that we want to isolate the floating and the integer part of column “petal width”. Since now column “petal

width" is of Type String, we will use a “Cell Splitter” node with delimiter character “.”. We named this node “int(petal width)”. At this point we have:

- The original String column “petal width”

- The first substring “petal width_Arr[0]” containing the integer part of “petal width” value

- The second substring “petal width_Arr[1]” containing the floating part of “petal width” value

Still for demonstration sake, let’s reconvert the integer and the floating part of “petal width” from a String Type to a Number Type (Double or Int). In

order to do that, we can use the “String To Number” node.

String To Number

The “String To Number” node converts all cells of a column from
Type “String” to Type “Double”.

The configuration window requires:

- The final column Type: Double or Int

- The decimal separator and the thousands separator (if
desired)

- The names of the columns to be converted to the selected
Type. These columns are listed in the frame “Include”. All
other columns are listed in the frame “Exclude”.

- To move from frame “Include” to frame “Exclude” and vice
versa, use buttons “add” and “remove”. To move all
columns to one frame or the other use buttons “add all”
and “remove all” accordingly.

3.16. Configuration dialog of the "String To Number" node

_. Dialog - 0:2:14 - String To Number(petal width a_@lﬂlﬂ

File

Settings | Flow Variables I Memary Policy|

Parsing options

- Exclude

Column{s):

[7] select all search hits

S petal width
S dass

S dassnr

S dass_arr[0]
8 dass_arr[1]
S iris name

Type: [ D DoubleCell v | Decimal separator: |,

Select

add all ==

<< remave

<< remove all

Thousands separator:

- Indude

Column({s):

[] select all search hits

S petal width_Arr[0]
S petal width_Arr[1]

[] Always indude all columns

Apply ] [ Cancel ]
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This node has been named “petal width array” just to make it clear that it is working on the substring arrays generated from “petal width” column.
Now the two columns “petal width_Arr[0]” and “petal width_Arr[1]” are of Type Double.

Let’s still suppose, for the sake of nodes demonstration, that we have converted the “petal width” array columns into the Type Double, but that
actually we wanted to have Type Int. Let’s ignore the fact that it would be enough to change option “Type” in the configuration window of the “String
To Number” node and let’s experiment with a new node: the “Double To Int” node.

3.17. Configuration window of the "Double To Int" node

\

File

Double To Int

The “Double To Int” node converts all cells of a column from Type
“Double” to Type “Int”.

Options | Flow Variables | Memary P0|qu|

Rounding type

@ round () floor () ceil

The configuration window requires:

r Exclude

Select

- Include

Column(g): Column(z):

- The rounding type: round, floor, or ceil. “round” is the

standard rounding, “floor” rounds up to the next smaller
integer, “ceil” rounds up to the next bigger integer

The names of the columns to be converted to Type
Integer. These columns are listed in the frame “Include”.
All other columns are listed in the frame “Exclude”.

|| Select all search hits

D sepal length
D sepal width
D petal length

add >

add all »»

<< remove

<< remove all

|] Select all search hits

D petal width_Arr[0]
D petal width_arr[1]

- To move from frame “Include” to frame “Exclude” and
vice versa, use buttons “add” and “remove”. To move all
columns to one frame or the other use buttons “add all” ok ||
and “remove all”.

I [ Cancel

Apply

3.7. Database Operations

We have only showed the Type Conversion nodes to illustrate KNIME’s potentials. We did not actually need these type conversions.

We will now write the data table feeding the “Type Conversion” nodes into a database. In the “Node Repository” panel there is a whole category
called “patabase” containing all nodes that perform operations on databases. However, before we start using any node to work on a database, we
need to enable the protocol between KNIME and the database with the specific Database Driver. The Database Driver is a file that enables KNIME, or
better Java programs in general, to interface with the database. We installed PostgreSQL (http://www.postgresgl.org/), open source database
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software, on our machine and we created a database “Book” in which to write the data table. We also defined a special user, with username

“knime_userl” and password “knime_userl” to access the database.

The goal of the “WriteToDB workflow is to write the final results in to a database table. In order to do that, we need the “Database Writer” node.

Database Writer

The node “Database Writer”, located in the “Database” category,
writes the input data table into a database table in either the
“Append” mode or the “Overwrite” mode. If the table does not
exist in the database, it is created. The configuration window
requires the following settings.

- The Database Driver. A few database drivers are preloaded
and available in the database driver menu. If you cannot
find the database driver for you, you need to upload it via
the Preferences page (see below “Import a database
Driver”).

-  The URL location of the database, with server name
(<host>), <port> on the server and <database name>.

- The credentials to access the database, i.e. username and
password. The access credentials are provided by the
database administrator. The database credentials can be
supplied:

1. Viathe “Workflow Credentials” (recommended)

2. Or directly with the traditional “User name” and
“Password” fields.

- The specific Time Zone, if any
- The name of the table in the database

- The flag for the “Append” mode. The default writing mode
is “Override”

3.18.

File

Configuration window of the ,Database Writer” node

Dialog - 0:20 - Database Writer(Table test in DB Book)

Settings | QL Types | Advanced | Flow Variables | Memory Palicy

- o N

Database Driver

org.postgresgl.Driver
Database URL
Workflow Credentials
( writeToDBl1
Usél
Password
TimeZane

(@) No Correction (use UTC)

Misc

Table Name

test

Append Data

[] ... to existing table (if any!)

{Additional Database Drivers can be loaded in the KNIME preference page.)

jdbe: ://localhost:5432/Book

() Use local TimeZone

() TimeZone: |Eurcpe/Berlin

[] Allow spaces in column names

oK Apply

Cancel
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Workflow Credentials

You can set all usernames and passwords that you need for your workflow from
the workflow’s context menu.

- Right-click the workflow name in the “KNIME Explorer” panel
- Select “Workflow Credentials”

The “Workflow Credentials ...” window opens.

To add a new workflow credential -- that is a new pair (Username, Password) -- :
- Click the “Add” button
- The window “Add/Edit Credentials” opens.
- Set the credential ID, the User Login, and the User Password
- Click the “OK” button
- Insert as many credentials as you need for your workflow

- Click the “OK” button

3.20. The "Workflow Credentials..." window

Edit Credentials for Worlflow "writeToDB'".

MName Login Password C  Add 1)

writeToDEL ( Edit ]

knime_userl

Remove

3.19.

Set the “Workflow Credentials” from the
workflow’s context menu

4

4 (i@ Chapter3

3 E Chapterd
I {f@ Chapter5 [ Mew Workflow Group...

[> E Exercises *

1 (&) my_first_data_exp.

B :s writeToDF

& Mew KNIME workflow...

(] KNIME_proje|
5 Copy

Paste

= ¥ Delete..

A Favorite No... 52

Move...

Rename...

EH H

4

T 5 Export KNIME workflow...

W Personal fav DpEs

©7 Most freque 4 Import KNIME workflow...
(7) Last used no’

1 Mode Repository

Workflow Variables...
Workflow Credentials...

Configure...

@ Execute...

o 10 (@ Cancel Execution

3.21. The window "Add/Edit Credentials"

Add/Edit Credentials ‘ [

Credential Identifier:  writeToDBL

User Login: knime_userl

User Password: |-uuuuu

ok || Cancel

Note. The “Workflow Credentials” are automatically encrypted by KNIME. Database access via workflow credentials is then more secure and

therefore recommended.
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In order to write the processed iris data, a “Database Writer” node was connected to the output port of the “Column Combiner” node “<attr>:IRIS”. In
the configuration window of the “Database Writer” node, we set the server name, the port number and the database name. The port number (=5432)
was supplied by the database administration tool. We selected to write into the database called “Book”. We need now to set the username and
password to access the database in the “Workflow Credentials”.

3.22. The "Master Key" window under "Preferences"
Master Key (deprecated) pret =
type filter text Master Key (Sl 4 v
The MaSter Key is Simply a Strlng that encrypts the Ant Starting with KMNIME 2.2 the master key becomnes cbsolete and is
. . . . Data Management replaced by the Workflow Credentials. Those credentials with
password when the workflow, including the credentials, is General user name and password can be defined independently for each
Help workflow (available in the Workflow Projects’ context menu).
saved on disk. Only you should know the value of the sl Update The master key is used to encrypt/decrypt passwords,
ave mainly for database passwords in nodes connecting to databases
Master Key KNI!LE (e.g. database reader/writer nodes).
emistry Thi ids having to ent ds f h i
Detahase Drver and cach node indhidualy.Inorder to avoid stoing those.
. . KNIME Explarer passwords in plain text, a central master key is used.
You can set the Master Key directly in the “Preferences” KNIME GUI
. d Master Key Enable password en-/decrypticn
WIindow. Meta Info Preferences Master Key: =
Perl
Confirm: |
. . R
To open the “Preferences” window, in the Top Menu: Report Designer [F] Save Master Key and don't ask again on restart (unsafe)
Textprocessing
Plug-in Development
- ”F.I ” Report Design
Select “File port Desig
Run/Debug
- Select “Preferences” Team
In the “Preferences” window:
- Expand “KNIME”
- Select “Master Key”
- Enter the Value fOI’ the Master Key [Re;toreDafauItsl [ Apply ]
- Confirm the value for the Master Key ] i

- Click “OK”

The ID list of all created workflow credentials is now available in the “Database Writer” node in the menu for the “Workflow Credentials” input. We
selected the ID referring to the credential for database Book, named the final database table “test”, and opted for “Override” since we are not
appending the data to an existing table (if any) (Fig. 3.18). Then we run the “Execute” command. If you now use the database administrator tool to
check the “Book” database, you should see a table called “test” containing the Iris dataset. We named the “Database Writer” node “Table test in DB
Book”.
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In all database nodes it is also possible to supply directly the values for the “User name” and “Password”. By default, the contents of these fields are

not encrypted when the workflow is saved, unless a value has been assigned to the “Master Key” variable in the “Preferences” window. Even though

possible, this approach is considered obsolete since already KNIME 2.2. It is kept only for backward compatibility with workflows developed with older

versions of KNIME.

Import a Database Driver

The most common and recent database drivers are already included in the database nodes. However, it might happen that you need a specific

database driver not available in the database driver menu of the node. In this case, you need to upload the required database driver. Usually the

Database Driver file (*.jar) can be found in the database installation or can be requested at the vendor’s site as an accessory to the database

installation. In the second part of the installation of PostgreSQL we were indeed asked if we wanted to install drivers for this database. In order to

load a database driver into KNIME, the driver location must be specified in the KNIME “Preferences” window.

Open “Preferences” window 3.23.

Database Drivers locations are specified in the “Preferences” window.
To access the “Preferences” window, in the Top Menu:

- Select “File”
- Select “Preferences”

The “Preferences” window opens.

Option "Preferences", located under "File" in the Top

Menu, leads to the "Preferences" page

T New..

Save

Save All

Close All
=y Print..

5 Import KNIME workflow...
5% Export KNIME workflow...

& Exportto SVG...

Switch Workspace

Preferences

:':-> Export Preferences...

f*: Import Preferences...

Install KMIME Extensions...

Update KNIME...

Exait

Ctrl+MN
Ctrl+5
Ctrl+Shift+5
Ctrl+Shift+W
Ctrl+P
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. Specify the location of a new Database Driver
3.24. The “Database Driver” page under "Preferences"

The “Preferences” window sets the value for a number of general

fypefilter text stz LUbyEn items, like “Help”, “Plug-in”, “Java” and so on. All these items are
Ant Load additional database driver from Jar or Zip archive, grouped in the list on the left in the “Preferences” window.

Data Management . . )
List of loaded database driver files:

General
:i:IIIUpdate Cdataibookdnversiojdbeldjar We are interested in the preferences for the item “KNIME” and inside
Java item “KNIME” we are looking for the sub-item, “Database Driver”.
KMIME

[C}:::E:fmer - Expand item “KNIME”

KMIME Explorer - Select sub-item “Database Driver”

KMIME GUT

Master Key

Meta Info Preferences The panel on the right displays the “Database Driver” settings.

:E" In order to add a new database driver:

Repart Designer

Tedprocessing - Click the “New” button
E':pgc:r':DDe?;wme”t - Select the *.jar or *.zip file that contains the database driver
Run/Debug - The new driver appears in the “List of loaded database driver

Team

files” in the center

’Restore Defaults] ’ Apply

[ ok || Coancel |

We just finished the workflow “WriteToDB”, where the Iris Dataset was read and we performed a number of string manipulations and some type
conversions. The data table emerging from the string manipulation node was written into a database table called “test”. The final workflow is shown
in figure 3.25.
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3.25.

Workflow "WriteToDB"

Cell Splitter
By Position

Q]D‘

iris + attr

Regex Split

@[}

File Reader Column Rename Rule Engine

Cell Splitter

String Replacer

5% -

String Manipulation nodes

Case Converter Column Resorter Column Combiner
B t E O

IRIS class_Arr[0] «<attr=:IRIS
after class_Arr[1]

String Manipulation Database Writer

LN

L—a—{g

e

:
iris.data set Node2 from iris name to class  iris + attr (=D
Table test in DB
Type Conversion nodes
NumberTo String  Cell Splitter String ToNumber  |Double To Inf|
28 > B > 32 > BB B
O (i) B
petal width int(petal with) petal width array petal width arra

Let’s now read the same data to perform some visual data exploration. Next to the “Database Writer” node in the “Node Repository” panel, we find a
“Database Reader” node. The “Database Reader” node will be used to read the data from the database table “test” created in the previous workflow.

We created a new workflow “my_first_data_exploration” and we used a “Database Reader” node in it. We named the “Database Reader” node “DB
Book, Table test”. We also created a “Workflow Credential” identifier, named “ID1”, with username “knime_user1” and password “knime_user1”, as

defined at the beginning of this section.
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3.26. Configuration window of the ,Database

- The Database Driver. A few database drivers are preloaded and available
in the database driver menu. If you cannot find the database driver for
you, you need to upload it via the Preferences page (see below “Import a i
database Driver”).

Database Reader Reader” node
-a Dialog - 3:5 - Database Reader(DB Book, Table test_Eléﬂ

The “Database Reader” node, located in the category “Database”, reads data File
from a database table. Settings | Fow Variables | Memory Policy|

Database Driver

_Dm.pnstgresql .Driver =
The configuration window requires the following information, whereby the first 5 (Q“Z:"”E‘E:f"“w”““ﬁ”"e'med‘”ﬂ’emMED’Ef“”‘e"ag”
options are the same as for the “Database Writer” node. Jdbc:postaresqls//Localhost: 5432/Book -

Workflow Cradentials

1Dl =

TimeZone

(@) Mo Correction (use UTC) () Use local TimeZone

- The URL location of the database, in terms of server name (host), the port
on the server and the database name.

@ TimeZone: |America/Los_Angeles

Dajabase Browsel S0L Statement
- The credentials to access the database, i.e. Username and Password. | ek vemien | | seiecr + mou cest
These are supplied by your database administrator. Username and T i
Password can be either supplied directly or via “Workflow Credentials”. e
-4 chapter3exercisg
- The Time Zone, if required. e /
- iris
- The SQL query (SELECT) to read the data is the only box that is present & rewexampied,
here, but not found in the “Database Writer” node configuration. W
The SQL SELECT query can also be constructed using the help of the “Database ;l.u M = '
Browser” panel on the left. Double-clicking a table or a table field in the 8 i o || :
“Database Browser” panel automatically inserts the corresponding object in the | ST ——
SQL SELECT query.

[ ok J[ 4y J[ conce

If it is not necessary to read the whole data table in our workflow, we may upload
only the columns and/or the rows we are interested in via the “SELECT”
statement.

The node reads all the columns from the table “test” in the database “Book” on the server “localhost”. These are the 9 columns:

- 4 columns -- “sepal width”, “sepal length”, petal width”, and “petal length” -- of data type “Double” come directly from the Iris dataset
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- 1column -- “class” -- represents the iris class and comes from the Iris dataset

- 1 column specifies the class number (“class 1”, “class 2”, and “class 3”) and was introduced to show how the “Rule Engine” node works

- The remaining 3 columns are substrings or combination of substrings of the column called “class”. They were introduced as examples of KNIME
string manipulation operations.

3.8. Data Views

The goal of this chapter is to introduce the KNIME graphic tools and how data can be visually explored in KNIME. In this section, we show how some
graphical nodes can be used to visually investigate the structure of the data. However, before continuing with the investigation of graphical nodes, |
would like to describe an important feature of the KNIME data analysis tool, known as Hiliting.

Hiliting
“Hiliting” is a state that can be associated to data rows in a data table.

If a data row has been “hilited”, the “hilited” status follows the data row throughout the entire workflow (back and forth). Nodes enabled
to recognize and display the “hilited” status, color the “hilited” data rows/points in orange. “Hiliting” can be set in one node for a few data
rows; more data rows can then be “hilited” in another node’s view; all “hilited” data rows can be displayed in a third node; and finally the
“hilite” status can be turned off in a forth node.

The “hilite” status is recognized by most graphical nodes, some model nodes, and even a few aggregation nodes, like the “GroupBy” node.
For example, you can hilite the result/class of an aggregation/model node. All data rows falling into the result/class are hilited
automatically and retroactively.

Note. The “Hilite” status remains with the data row until it is explicitly un-hilited or cleared. Even if you connect a new node to the workflow, the view
of this new node shows the data rows with their previously set “hilited” status.

Let’s proceed now with the investigation of all those nodes that allow a graphical exploration of the data.

All graphical nodes are located in the same category called “Data Views” inthe “Node Repository” panel (Fig. 3.27).
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3.27. Location of the graphical 3.28. Context menu of a ,,Scatter Plot” node. The 3.29. Configuration window for the , Scatter

nodes in the “Node Repository” option to visualize the data is “View: Scatter Plot” Plot“ node
panel m - Dialog - 0:0:2 - Scatter Plot(petal length - petal wid... ?‘ﬂg
_.h Mode Repository =8 ADF e
= ¥ Configure... Options | Flow Variabies | Memory Policy
L [ Execute No. of rows to display: 2500
M | engt! Execute and Open Views
@ Cancel
' % Data MEI"IiFI ulation Z E Reset Ignore columns with more nominal values than: 805
4 i;‘ Data Views || = Edit Node Description...
y ;-:4> Property 7] 0] MNew Workflow Annotation
» 1= IFreeChart P Collapse into Meta Node
- 4l Utility Expand Meta Node ok [ awy [ G |[@
@ Box Plot { View: Scatter Plat
BE Conditional Box Plot ;
H_Il Histogram s ~— Show Flow Variable Ports
[ﬂ_ﬁ Histogram (interactive) 1 of  Cut
F Interactive Table =2 Copy
B Lift Chart Paste
A/ Line Plot < Undo
§ E?;ilLealrfoordlnates i Redo
i"" Pie chart (interactive) X Delete

,..‘.Eg Rule Viewer

%% Scatter Matrix

¥°, Scatter Plot

... Spark Line Appender

E7 Radar Plot Appender
. ¥ Statistics

All view nodes have a “View” option available via the context-menu, that is when you right-click the node. For example, the “View” option of a
“Scatter Plot” node is “View: Scatter Plot” (Fig. 3.28). The View shows the data in a special interactive window where you can change attributes and
perspective.

For these graphical nodes the setting options are moved from the configuration window to the interactive View window. Therefore most graphical
nodes present a very essential configuration window (Fig. 3.29). The configuration window usually contains:

- The number of rows to display
- The maximum number of nominal values allowed in a column: columns with more nominal values than the maximum allowed are ignored.
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Let’s have a look at the View window of a few graphical nodes.

3.30. View of the ,,Scatter Plot”“ node: “Column Selection” tab and “Hilite” menu
Scatter Plot e 001t Pttt ) SO )
File-fHiLite] ShowHide
. N HiLite selected "
The “Scatter Plot” node plots each data row as a dotin a m— " .
graphic by using two of its attributes as coordinates on Clear Hilite ", : . .
the X-axis and the Y-axis. Lo E L :
58] R
You can change the display of the plot by using the 5.0 "al E P

options in the tabs displayed on the bottom: “Default

”n o«

Settings”, “Column Selection” “Appearance”.

457

4,07

357

“Default Settings” contains the settings for the mouse
mode, the size, and the background color of the plot. 307 -

2.5
“Appearance” contains the parameters to display the
points in the plot.

2,07

“Column Selection” enables you to select the columns

you want to be displayed in the plot. In the “Column oaoo ™ osao U7 ogee " aaee " qeee P a0 7 asm
Selection” tab you can select which columns are

reported on the X- and Y-axis (see boxes “X-Column” Defauit Settings | Column Selection | Appearance |

and “Y-Column”). The 4 boxes on the bottom right e e X attribute 0,1/ 2,502
define the range for the X and the Y attributes. D petalvidth ~ | D petallength v || o oo
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Top Menu of the Scatter Plot node’s View 3.31. View of the ,Scatter Plot” node: “Show/Hide” menu

f oa Scatter Plot - 0:0:14 - Scatter Plot(petal length - petal width_blélg\
The Top Menu of the Scatter Plot node’s View contains 3 File_Hilite (Show/Hide]

6.8

items. =

Show hilited only

- File. “File” menu item allows the plot to be made " o .

557

always visible as “always on top” of the other

5.0

windows, saving the plot as an image, or closing the

457

window.

- Hilite. “Hilite” menu offers three hiliting options. You
can “hilite selected” data points, “unhilite selected”
data points, or “clear hilite” completely. Data points
in the plot can be selected with the mouse and
“hilited” via Top Menu -> “Hilite”. “Hilited” means
that the record underlying the data point is given a

“hilite” status. 0100 230

- Show/Hide. This item enables the data points to be AL T—
selectively displayed, i.e. “all” data points, “hilited — —  tbbute
only” data points, or to “fade out unhilited” data D petlwidth ~ | D petallength v ||

points by using a less intense color.

Hilite Data Points
- Select the data points in the plot, by clicking each Save plot as image

data pomt. or by drawing a rectangle around a group You can export the plot as a graphical file.
of data points

. PR . In the Top Menu of the Scatter Plot View:
- Click on “Hilite” in the Top Menu of the plot view

- Select “File”
- Click on “Hilite selected”

- Select “Export as”
Selected data points have a black border; hilited data points P

have an orange border. - Select “PNG” or “SVG” for the graphical format

A data point stays hilited until “Unhilite” or “Clear Hilite” is
selected.
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3.32. View of the ,,Scatter Matrix“ node

Scatter Matrix (. Scatter Matrix - 2:14 - Scatter Matrix(all 4 Double aﬁn@lﬂ‘
File HiLite
A “Scatter Matrix” node plots a matrix of scatter =
plots by reporting all selected attributes once on
the Y-axis and once on the X-axis. | ",
| |
To select the attributes for the scatter plots, you .
will find a classical “Exclude-Include” frame at the "'-@,%j
bottom of the plot view. 7 3
- The names of the columns to use to build the "f-%&
plots are listed in the frame “Include”. All o a
other columns are listed in the frame
“Exclude”. e

- To move from the frame “Include” to the
frame “Exclude” and vice versa, use buttons
“add” and “remove”. To move all columns to
one frame or the other use buttons “add all” 4 & 1 5

“ ” T T T I
and remove a” . sepal_length sepal_width petal_length petal_width

The Top Menu of the plot view contains the same
commands as the plot view for the “Scatter Plot” Defauit Settings | Column Selection | Appearance
node - Exclude Select - Include
- “File” -> “Export as” and select “PNG” or Column(s): Column(s):
“S\/G” as graphical format [ Select all search hits [] Select all search hits
- “Hilite” -> “Hilite Selected” to hilite S dass D sepal fength
. S dass_nr D sepal_width
selected points $ dass_ar_1_ D petal_length
. . . S dass_arr_0_ D petal_width
-  There are no “Show/Hide” options in S iris_name
comparison to the view of the “Scatter
Plot” node.

“Default Settings” and “Appearance” tabs
contain the settings for background, mouse
mode, and point appearance in the plot.
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In the “Scatter Matrix” node we chose to plot all attributes of type Double— “petal length”, “petal width”, “sepal length”, and “sepal width”—, in this
way obtaining 16 scatter plots of the Iris data. We named the “Scatter Matrix” node “All 4 Double attr” to remind the user which attributes were used
for the scatter plots.

The two separable classes of the Iris dataset are easily distinguished in the scatter plot node, by setting X-column = “petal length” and Y-column =
"petal width”. The two classes can be distinguished even more easily in some other scatter plots of the “Scatter Matrix” node.

Note. Generally plot views do not save the settings. Every time we open a plot view the settings are reset to their default values. Only the
configuration values are saved.

We have found that the separation between two of the three classes of the Iris data set is best observed in a scatter plot if we use “petal length” as
the X-column and “petal width” as the Y-column. However, the plot view does not store the X-column and Y-column settings, and every time we open
the “Scatter Plot” node’s plot view, we have to re-set the X-column and the Y-column values to “petal length” and “petal width” without re-executing
the node. When we open the plot view of the “Scatter Plot” node, the default columns are always “sepal length” and “sepal width”, i.e. the first 2
attributes of the data table.

Note. The “Hilited” status is recognized across plots, models, and interactive tables. Indeed data points with the hilited status keep this status across
plots, interactive tables, and models nodes until their status is manually cleared by the user.

When we built the scatter plot we hilited the group of points close to the axis origin (displayed in orange). Afterwards when we built the scatter
matrix plots, we did not hilite any point, but we still have hilited points (in orange). The hilited points in all plots of the scatter matrix have inherited
their hilited status from the “Scatter Plot” node.

If we connect the original data table -- that is the data table coming from the “Database Reader” node -- to an “Interactive Table” node, we see that
the points that are “hilited” in the plots are also “hilited” in the “Interactive Table”. The “Interactive Table” node allows navigating the records in the
data table, such as jumping to a particular row or isolating the hilited or non-hilited records. If we connect a model node to the original data table, we
could also distinguish the hilited records in the rules or clusters generated by the model.

We will have a look now at the node called “Interactive Table”. Model nodes are investigated in the next chapter.
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Interactive Table

The “Interactive Table” node provides a View in which data rows can be searched and “hilited”. The “Interactive Table” node is located in
the “Node Repository” panel in the “Data Views” category.

No configuration is necessary (the “Configure” option in the context- menu is disabled). The “View: Table View” option takes us to an
interactive display of the data table.

In the Top Menu of the “Table View” window, we find two interesting items: “Hilite” and “Navigation”.

Top Menu items “File”, “View”, and “Output” contain options to
export the table as a CSV file, as a PNG or SVG image, and to adjust 3.33.  Table View of the “Interactive Table” node
the size of rows and columns.

-a Table View - 2:9 - Interactive Tabl

H.I. Hilite Selected Loo- S dass S dass_nr
tiite Unhilite Selected ;fiﬁezsa 3355 1
ris-setosa ass
“Hilite” contains commands to: Clear Hilte Irissetosa__|ciass 1
Filter » @ ShowAll . Iris-setosa class 1
o o - . Iris-setosa dass 1
- Hilite/unhilite selected data rows : SRR . Issetosa  |dass 1

Show UnHilited Only ! Iris-setosa class 1
- Filter and show only hilited/unhilited data rows ' L : i N ke

Iris-setosa dass 1

Iris-setosa dass 1

Hilited rows might have been set to the “hilited” status by other : : : : Ifssetosa [dass 1
nodes. RowKey cells of hilited rows are displayed in orange. rssetosa  dass 1

Iris-setosa dass 1
Iris-setosa dass 1
Iris-setosa dass 1
Iris-setosa dass 1

Navigation . . . ] Iris-setosa  |dass 1

Iris-setosa dass 1

Iris-setosa dass 1

“Navigation” contains commands to: ) ) ) ) Tissetosa  |dass 1
Iris-setosa dass 1
- Jump to a row with a specific row number ' ' : ' lrissetosa _(dass 1

Iris-setosa dass 1

Iris-setosa dass 1

- Find a specific string in the rows : ) ) ) rissetosa[dass 1

Note. If data points have been previously hilited in a plot, in a model or in another interactive table, the same data points will still be hilited (orange
RowKey cells) in a newly created interactive table. This is called “Interactive Brushing”.
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Another useful plot node available in the “Data Views” category is the “Line Plot” node. A line plot connects data points (=data rows) sequentially
following their order in the data table. The row sequence represents the X-axis, while the corresponding attribute values are plotted on the Y-axis. A
line plot is usually developed over time, i.e. the row sequence represents a time sequence. This is not the case of the iris data set, where rows
represent only different iris examples and have no temporal relationship. Nevertheless, we are going to use this workflow to show how a “Line Plot”

node works.
3.34. “Line Plot View” window of the , Line Plot“ node
Line Plot i o o S e
File HiLite
The “Line Plot” node displays data points using the row sequence as -
the X-axis. . V
The “Line Plot” node is located in the “Node Repository” panel in the L '
“Data Views” category. ] =
Like most of the “Data Views” nodes, it requires only minimal -
configuration settings. The “Plot View” is the window in which all plot
settings are located.
In particular, the tab “Column Selection” has an “Exclude/Include”

frame that can be used to select the columns to plot.

- The columns to be plotted are listed in the “Include” frame. All other

Default Settings || Column Selection | Color Legend | Missing Values | appearanoel

columns are listed in the frame called “Exclude”. - Exclude Select - Indude
- o move from frame “Include” to frame “Exclude” and vice versa, ' ‘
T £ f “Include” to fi “Exclude” d Column(s): M Columnis): .
butt “add” and “remove”. To move all columns to one frame e s
use buttons “a .
“« ” “« ” D sepal_length
or the other use buttons “add all” and “remove all”. D sepe_nidth

D petal_width

The “Color Legend” tab allows the plot color palette to be changed.

The “Default Settings”, “Missing Values”, and “Appearance” tabs

include options affecting mouse usage, plot appearance and how to
handle missing values.

Of all the plots that are available to visually investigate the structure of the data, we cannot leave out the histogram. The histogram visualizes how
often values in a given range (bin) are encountered in the value series.
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First of all, we need to define the bins for the histogram view. In order to do that, we can use the “Numeric Binner” node.

Numeric Binner

The “Numeric Binner” node defines a series of bins (i.e. ranges) and assigns each value of a selected column to its bin.

The “Numeric Binner” node is located in the “Node Repository” panel in the “Data Manipulation -> Column -> Binning” category.

The configuration window requires the following: 3.35.  Configuration window for the ,,Numeric Binner” node
- The list of bin intervals ':“e
- The numerical column to be binned Intervals | Flow Variables | Memory Policy
. . . [~Eelect Column sepal_len
- A flag to indicate whether the binned values should appear ( ) e ength 5 s defined, append new) || A Q"D | E—
in a new column or replace the original column Dscnaliel co:] =0 |
D petal_length [0,10 : [ 0,0 1,0
. L D petal_width o R
To define a new bin interval you must: (1,20 £ [ 1,0 ... 2,0 [
[2,3[ = [ 2,0 ... 3,0 [
. [3,4] = [ 3,0 ... 4,0 [
- Click the “Add” button [4,50 : [ 4,0 «. 5,0 [
- Customize the bin range in the Bin Editor 670 : [ 6,0 e 700 1
=7 1 [ 7,0 v.. © |
To edit an existing bin interval: Bin Editor \
- . . - (s,60 N PR TS i TR ES M
- Select the bin interval in the list of bin intervals - - -
. . . . . [¥] Append new column  |sepal_length_binned
- Customize the bin range in the Bin Editor
You can build a bin representation for other numerical columns in ook J[ Ay [ conca |
your data set by selecting a new column and repeating the binning
procedure.

We chose to build the histogram on the values of the “sepal length” column only. We defined 9 bin intervals: “<0”, “[0,1[“, “[1,2[“, “[2,3[",

“3,4[“, “[4,5[“, “[5,6[“ “[6,7[“ and “>= 7”. A square bracket at the outside of the interval means that the delimiting point does not belong to
the interval. We also decided to create a new column for the binned values.
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Histogram

The “Histogram” node displays how many times the values of a given column occur in a given interval (bin). The “Histogram” node is located in the
“Node Repository” panel in the “pData views” category.

Configuration window of the “Histogram” node’s
o . ) . 3.36. Configuration window of the , Histogram“ node
This is the only node in the “Data Views” category with a more

sophisticated configuration window. The required configuration A Dialog - 27 - Hitogram{sepal length) = e ==
settings are as follows: File

Options | Flow Variables I Memary Policyl
Rows to display:

- The column(s) on which to count the value occurrences

“" H ”
Aggregation columns
( gereg ) Display all rows

- The column on which to build the bin intervals (either an No. of rows to display: 2.500 2
already binned column or a numerical column)

Column selection:

- The number of bins, providing the bins have to be built Binning column: | § sepal_length_binned v |
automatically on a numerical column

Aggregation column:

- Available columns —— - Aggregation col
- A flag indicating whether all rows should be displayed (time DV?:E,E_,;:T i’i?fj_,i:;;umns
and memory consuming) or only a limited number of rows D petal_width sepal_width
- The number of data rows to be displayed in the event that the
user does not want to display all data rows
The “Aggregation columns” frame follows the “Exclude/Include”

concept:
Binning options
- The columns to be processed and displayed in the histogram are

Mumber of bins: =
listed in the frame “Aggregation columns”. All other columns are
listed in the frame “Available columns”.
- To move from frame “Aggregation columns” to frame “Available ok || Ay || Cancel

columns” and vice versa, use buttons “add” and “remove”. To move
all columns to one frame or the other use buttons “add all” and
“remove all”.
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View window of "Histogram" node 3.37. View window of the , Histogram“ node. The figure
represents a histogram built on the prepared

. . - . . . “sepal_length_binned” column
The View window of the “Histogram” node includes a few interesting tabs: palleneti-

- “Column/Aggregation Settings” enables you to change the e
81
aggregation method to calculate the histogram’s bars. The classical ool
numbers come from the row count, but a sum or an average of the 0]
values can also be displayed. *
.
- “Bin Settings” contains a flag to display empty bins. s
30
- “Visualization settings” includes a number of graphical options, like o]
the bin size, the bar layout, and the labels settings, to better visualize Eay
the histogram. In figure 3.37 we have visualized the labels for “All ]
Elements”. i H
N R —
- “Details” allows the visualization of details of the histogram. For B T
example, after clicking on a histogram bar, in “Details” we see what
. I Default Settings | Column/Aggregation settings | Bin settings wSuahzanunsamngs|Datauls|
number exactly the histogram represents. e sepalength_brmed
“" H ”n H . .
- “Default Settings” contains settings affecting the mouse usage. —— |
() Row count (w/o missing values)

Note. In the “Histogram” node, the “RowCount” aggregation method counts the number of rows with the binned column’s value in a given binning
interval. Therefore with this definition the resulting number is independent of the selected aggregation column, since it always performs the counting
in the binning column.

We selected:

“sepal length” on the “sepal length_binned” bins created by the previous “Column Binner” node (in the configuration window)
“Row Count” as aggregation method in the “Column/Aggregation Settings” tab (in the View window)

checkbox “Show empty bins” enabled in the “Bin Settings” tab (in the View window)

“All Elements” and “Vertical” in the “Labels” section in the “Bin Settings” tab (in the View window)
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3.38. Histogram built on the “sepal_length” column instead of the
prepared sepal length_binned” column

— : Since the View does not remember the settings, we named the “Histogram”

- node “sepal length” to document that the histogram was built on the “sepal
7 length” column.

o Instead of preparing the bin intervals ourselves, we could have delegated this
o ! ! task to the “Histogram” node. That is, instead of using the prepared column

“sepal length_binned”, we could have selected “sepal length” as the “Binning
Column” and “9” as the “Number of Bins” in the configuration window. In this
case, the “Histogram” node calculates the domain of the “sepal length” column
: s Loema] and automatically builds 9 bins on it.

Aggregation methad: Brning colmn: sepal jength
et

e s [ If we use this automatic approach, however, we end up with bins like (4.434-

4.868] which might not be intuitive to interpret.

3.39. View of the ,,Histogram interactive” node

= = = [ ]
HlStOgram Interactlve _;lmeracuveﬂlsmglam\'ew 2:10 - Histogram (interactive)| :n_

F\|E HiLite

The “Histogram Interactive” node is essentially the same as -
the “Histogram” node (see “Histogram” node).
The only difference is that the “Binning Column” and the 7
“Number of Bins” parameters can be changed interactively =
in the “Histogram View” window, and precisely in the “Bin i
settings” tab. T I I

[4 4392] (4.392-4784] (4784-5.176] (5.176-5.508] (5.508-596] (5.96-6.352] (0.352-6.744] (8.744-7.130] (7.130-7.528] (7.528-7.92)

Default Settings | Column/Aggregation setjds | Bin settings | settings | Details|

Number of binz: 10 W 5

fhissing value bin
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Parallel Coordinates

The “Parallel Coordinates” node displays the data table in a parallel
coordinates plot. A parallel coordinates plot unfolds the attributes on the X-
axis and displays each attribute value as a point with X=attribute and Y=value.
As a result a data point is mapped as a line connecting values across attributes.

The “Parallel Coordinates” node is located in the “Node Repository” panel in
the “pata views” category.

With the “Parallel Coordinates” node we are back to the “Data Views” nodes
that do not require much configuration. Almost all settings are set in the View.

- The “Column Selection” tab contains an “Exclude/Include” frame to
add more columns to the parallel coordinates plot.

1. The columns to be plotted are listed in the “Include” frame. All other
columns are listed in the “Exclude” frame.

2. To move from frame “Include” to frame “Exclude” and vice versa,
use buttons “add” and “remove”. To move all columns to one frame
or the other use buttons “add all” and “remove all”.

- The “Missing Values” tab provides options to deal with missing values
- The “Appearance” tab sets graphical options

- The “Default Settings” tab changes the mouse usage

3.40.

. Parallel Coordinates - 0:11 - Parallel Coordinanﬁ:_élﬂlg

File Hilite Show/Hide

View of the ,Parallel Coordinates” node

1.0
T

0.1
T

sepal_length

sepal_width

petal_length

petal_width

Default Settings |} Column Selection | Missing Values | Appearancel

r Exclude

Column(s):

[] select all search hits

S dass_nr
S dass_arr_1_
S dass_arr_0,

S iris_name

Select

- Indude

Column(s):

[ select all search hits

D sepal_length
D sepal_width
D petal_length
D petal_width
S dass

This is where we finish our description of the list of nodes with data visualization functionalities. There are a few more interesting nodes in the “Data

Views” category, such as the “Lift Chart” or the “Box Plot”. However, we will leave them for the user to discover, based on the assumption that all

nodes in this category follow the same scheme: minimal configuration settings and interactive views. If you are unsure of what each node does,

consult the “Node Description” panel for more information.
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3.9. Data Views Properties

Output plots of “Data Views” nodes can be customized in terms of color, shape, and size of the plot’s markers. KNIME has 3 nodes to customize plot
appearance: the “Color Manager”, “Size Manager”, and “Shape Manager” nodes. These nodes can be found in the “pata views” -> “Property”

category in the “Node Repository” panel.

These nodes take a data table as input. In the settings you select one column and based on this column’s values you define a set of properties for the

plots’ markers. These nodes have two output ports:

- One port contains the data table from the input port, but with the additional information of color, size, and shape assigned to each data row.
- The other port contains the parameters selected for plot customization: color, shape, and size. These parameters can be passed to an “Appender” node and
reused for another data set.

Let’s have a look at the “Color Manager” node as an example of how this group of nodes works.

3.41. Configuration window of the ,,Color Manager”
Color Manager node
s Divog 0012 Clor Vianese [N = i)
File
The “Color Manager” node assigns a color to each row of a data table depending lr Setings | o Vorbles | Wemery Polcy|
Select one Column
on its value in a given column. 5 .
@) Nominal Range
[ ris-setosa
If it is a nominal column, colors are assigned in the “Configuration” dialog to each i
one of the nominal values. If it is a numerical column, different colors are
assigned to some pre-defined value ranges.
Preview
|

The “Color Manager” node is located in the “Node Repository” panel in the “Data
Views” -> “Property” category.

Muster | HSB | RGB | Alpha

The configuration window requires:

- The column on which to build data groups

- The data groups to be marked with colors. Data groups are built on values
for nominal columns and on ranges of values for numerical columns. o] (e ] [@)

- The color for each value (nominal column) or range of values (numerical
column)
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3.42. View of the “Scatter Matrix” plot with customized colors

ra ™
. Scatter Matrix - 2:4 - Scatter Matrix(all 4 Double M_E@ﬂ

File Hilite

In our workflow “my_first_data_exploration” a “Color Manager” node
was placed between the “Database Reader” and the “Scatter Matrix”
node.

-~

The goal here is to plot the iris classes with different colors. We chose

the “class” column to receive the color scheme. This is a nominal column.

After selecting the “class” column, KNIME automatically lists the three

nominal values found in the “class” column and assigns a default color

(red, green, and blue) to each nominal value. They are shown in the
frame below the column selection box. Default colors can be changed by

selecting the current color and choosing a new color from the color map
in the lower area of the frame.

We kept the default colors offered by the configuration window for the

three class labels found in the “class” column. We then ran the “Execute”

command for both this node and the “Scatter Matrix” node. The color

3

scheme was subsequently propagated to successor nodes from the

T
petal_length petal_width

sepal_length sepal_width

“Color Manager” node to the “Scatter Matrix” node.

Now let’s open the view for the “Scatter Matrix” node and see what has

Default Settings | Column Selection | Appearance|
- Exdude

- Indude

Select

changed. The data records belonging to the three classes are plotted

Column(s): Columnis):

with the three colors we selected. To be more precise, blue dots

represent the “Iris-virginica” data, red dots the “Iris-setosa” data, and

[ select all search hits

[ select all search hits

green dots the “Iris-versicolor” data (Fig. 3.42). It is pretty safe to state § dass D sepal_length

. . . . . S dass_nr D sepal_width
that the visualization of the data classes has been considerably improved S dass.arr 1 D petal_length
in comparison to when the data was displayed in black and white. : cess et il peted v

<< remove all

A “Shape Manager” node was also inserted between the “Color

Manager” node and the “Scatter Plot” node to additionally customize the
marker shape of each one of the three iris classes.

In the configuration window we selected the “class” column for the marker assignments and we allocated rectangle, circle, and triangle to each one

of the three class labels found in the “class” column. Here, shape can be changed by clicking on the shape row itself. A menu appears showing all the
possible alternative shapes. After running “Execute” for the “Shape Manager” node and the “Scatter Plot” node, the View of the “Scatter Plot” node
shows the three iris classes with different colors and shapes (Fig. 3.43).
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3.43. View of the "Scatter Plot" node with customized colors and markers’
shapes 3.44. The "JFreeChart" sub-category

, _

File HilLite Show/Hide v| i
- b ey 10
- i [E Database

. [ 3 Data Manipulation
a ) Data Views
. 3 §=:€> Property
4 1= IFreeChart

|k Bar Chart (JFreeChart)
. P4 Bubble Chart (JFreeChart)
m GroupBy Bar Chart (JFreeChart)
. HeatMap (JFreeChart)

[
rE

-
[ Y
EEEE B
-
[
-
r

=
= mmm
mEE ERE
[
(13
(¥
s
ERER

.
H P
"o WL Histogram Chart (JFreeChart)
P . =
pu H . [= Interval Chart (JFreeChart)
HE " [ Line Chart (JFreeChart)
.
. L] @) Pie Chart (JFreeChart)
. V", Scatter Plot (JFreeChart)
a—| . » 4L Utility
B Box Plot
ﬁ Conditional Box Plot
27 L} L}
- L - L
u u L}
L] u L] n
L - L]
|} [ ] L]
n
[ ]
1~J L}
T T T
1
[u] 2
Default Settings | Column Selection | Appearance|
¥ Column: ¥ Column: X attribute 0,15% 2,56
D petal_width = D petal_length « - -
¥ attribute 12 6,32

3.10. JFreeChart Nodes

There is one more sub-category in the “Data Views” category: “JFreeChart” (Fig. 3.44). The “JFreeChart” category contains a duplicate of most “Data
Views” nodes: scatter plot, line plot, histogram, etc ... The difference between these nodes and the “Data Views” nodes consists in the output and in
the configuration window.

111
This copy of the book “KNIME Beginner’s Luck” is licensed to: Dilcia Amaya



Scatter Plot (JFreeChart)

The “Options” tab sets:

The two data columns to use as Y and X coordinates

The dot size (“item size”)

The number of rows to display (this parameter becomes necessary to
reduce the waiting time in case of very large data)
Whether the axis range has to be calculated automatically

Whether the legend has to be shown

3.46. Configuration window of the ,Scatter Plot (JFreeChart)“ node: the “General

Plot Options” tab

File

The “Scatter Plot (JFreeChart)” node produces a static image of a scatter plot.

Its configuration settings include 2 tabs: “Options” and “General Plot Options”.

r S -
_. Dialog - 1:15 - Scatter Plot (JFreeChart){example of) I@ﬂu

Optiong | General Plot Options | Flow Variables | Memary Policy|

Type of Image:

[ itle of Graph: | Title
Width of Image (in pixel):

Height of Image {in pixel):

Background color settings

Plot Background Alpha

Font Size settings

Scale Font Size

@ PNG () SVG

600

400

1,00%

Plot Background Color |:| Change...

ok J[ sy ]

Cancel

|

3.45. Configuration window of the ,,Scatter Plot
(JFreeChart)“ node: the “Options” tab

| . Dialog - 0:2:15 - Scatter Plot (JFrEeCI\a

File

Options | General Plot Options I Flow Variables | Memory Policyl

Select X column : | D petal_width -

Select ¥ column @ | D petal_length -

Item size :

Mo. of rows to display:

Auto range axis

[ Show legend

The “General Plot Options” tab sets all plotting
parameters:

e Graphical output type
e Width and Height

o Title

e Background Properties
e Font Properties
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The JFreeChart nodes do not offer an interactive output view. They all produce an image at the output port and a view to display the static image that
was produced. You cannot play with the data displayed in the image. This however has good and bad sides. On one side you need to know since the
beginning what chart has to be generated and on which input features. On the other side, the image is fixed and ready to be exported for example in
areport. Nevertheless these nodes keep a view feature, but the only interactivity in the view window concerns the image export type.

As an example, let’s produce here a JFreeChart scatter plot and let’s compare it with the scatter plot obtained with the corresponding node in the

“Data Views” category.

3.47. The View of the "Scatter Plot (JFreeChart)" node 3.48. The final version of the "my_first_data_exploration" workflow
File m&m Scatter Matrix

{Image (PNG , 600x400)}| JFreeChart View|

7,0

6,5 all 4 Double attr

6,0

Shape Manager

53 petal length - petal width

5,0
petal length - petal width

-
B 45 Database Node13
2 Node12
2 4.0
_ : Numeric Binner Histogram
235
-]
a = il D—DE
DB Book, Table test
sepal length
[ | u
Histogram
(interactive)

0,00 025 050 07 1L00 1,25 1,50 1,75 200 225 2,50
petal_width

Parallel
Coordinates

sepal length

sepal length

Node 11

The view of the image produced by the “Scatter Plot (JFreeChart)” node can be seen in the figure 3.47 and compared with figure 3.43. It is of course
the same scatter plot, but it is not interactive and its plot settings are saved with the configuration status of the node. The image displayed with this
view is available at the output port of the JFreeChart node.

The final workflow “my_first_data_exploration” is shown in figure 3.48.
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3.11. Exercises

Exercise 1

Read file “yellow-small.data” from the Balloons Data Set (you can find this file in the book’s Download Zone or you can download it from:

http://archive.ics.uci.edu/ml/datasets.html).

This file has 5 columns: “Color”, “Size”, “Act”, “Age”,” Inflated (True/False)”. Rename the data columns accordingly.

Add the following classification column:
IF Color=yellow AND Size =Small => class =inflated
ELSE class = not inflated
Add a final column called “full sentence” that says:
“inflated is T”
OR
“not inflated is F”
where “inflated/not inflated” comes from the “class” column and “T/F” from the “Inflated (True/False)” column.

Solution to Exercise 1
There are two ways to proceed in this exercise.

1. With a series of dedicated “String Manipulation” and “Rule Engine” nodes
2. With one “Rule Engine” and “String Manipulation” node and its functions
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3.49. Exercise 1: Workflow

File Reader Column Rename Rule Engine Rule Engine Column Resorter Column Combiner String Replacer

E: = [5E| b E E £ o R B SR b

yellow-small.data from ballons.names rules for tmp = "is "Inflated” as last class + tmp + Inflated (T/F} "not,” -> "not"
"inflated"/"not inflatkd"

flg) &

same result as
from all string manipulation
nodes above

3.50. Exercise 1: The ,,String Manipulation” node configuration (“same result as ...”)
Dialog - 0:0:9 - String Manipulation(same result as i

File

String Manipulation | Flaw Variables | Memary Policy

Column List Category Description
ROWID [ Al
ROWINDEY
ROWCOLNT Function

Joins to or more strings into a single string

Examples:

Color indexOf{str, toSearch, start, modifiers) join("a", "b”, "c")="abc"
Size indexOfChars(str, chars) Join{null, ™, "a")="a"
Act indexOfChars(str, chars, modifiers) Joinnull) =null
Age indexOfChars(str, chars, start)

Inflated (True False) indexOfChars(str, chars, start, modifiers)
join(str...)

joinSep(sep, str...)

length(str)

lowerCase(str)

Flow Variable List removeChars(sty)
& knime.workspace meefobe e

dass

Expression

join($class$, " is ", $Inflated (True/False)$)

ok [ Aeply |[ Cancel
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3.51.Exercise 1: The ,,Rule Engine“ node configuration (“rules for ...”)

«a Dialog - 510 - Rule Engine(rules for)
File

Rule Editor | Flow variables | Memory Paiicy |

oo ]

Column List Categary Description
ig:m All v | |Logical and of two boolean expressions. You can use this in a sequence, like AANDBAND C =
ROWE RN without parenthesis, butit has no precedence regarding to OR or XOR, so you have to use
ol parenthesis around the logical connectives if you want to combine them.
§ Color Pe? | | (Short-circuit evaluation.)
§ size ] B
5 Act oz
S Age )
S Inflated (TruefFalse) | . _;
ECTCER— -
PIN?
?LIKE ?
? MATCHES ?
POR? B
7 XOR ?
. . FALSE
Flow Variable List a2 - -
& knime.workspace
Expression
7 1 // enter ordered set of rules, e.g.: -
? 2|// %$double column name$ > 5.8 => "large" ?
2 3|/ $string column name$ LIKE "*blue*" =»> "small and blue" |=
7 4 // TRUE => “default outcome"” W
§ 5 $Color$="YELLOW" AND $5ize$="SMALL" =» “"inflated"”
§ & TRUE =» "not inflated"”
@ Append Column:  |class [

() Replace Column:

ok H Apply ][ Cancel ]

Exercise 2

This exercise is an extension of Exercise 1 above.

Download and install the latest version of a common database (mySQL: http://dev.mysqgl.com/downloads/ or PostrgreSQL:

http://www.postgresql.org/download/ )

Write the last data table of workflow Exercise 1 into a table called “Chapter3Exercise2” in a database “Book”.
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Solution to Exercise 2

3.52. Exercise 2: Configuration Window of the Database Writer node for PostGreSQL

Exercise 3

From the adult.data input data,
Display three histograms:

“Age” histogram
“Work class” histogram
“Average(capital gain)” vs. “work class”

Dialog - 2:20 - Database Writer(Table Chapter3-Exercise2)

File

Settings | SQL Types | Advanced | Flow Variables | Memory Policy

- N

Database Driver

org.postgresgl.Driver
(Additional Database Drivers can be loaded in the KNIME preference page.)

Database URL
jdbe:postgresql://localhost:5432/Bock
Workflow Credentials

Ex2_Credl

User Name

Password

TimeZone

(®) No Correction (use UTC) () Use local TimeZone
(C) TimeZone: |Eurcpe/Berlin

Misc
[ Allow spaces in column names

Table Name
Chapter3Exercise2

Append Data

[]... to existing table (fany!)

oK
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Build these histograms using a “Histogram” node and a “Histogram (Interactive)” node

Plot age vs. hours per week in a scatter plot
Find the outlier points in terms of age and hilite them
Check how many outliers there are and how high their age is

Solution to Exercise 3

Figure 3.53 shows the workflow built for Exercise 3.
Notice the yellow triangle under some nodes.

If you hover on it, you will see that only some rows have been imported into
the “View”. This is because some nodes limit the rows in their default settings
to only a few thousand, in order to improve the “View” performance.

With respect to the outliers analysis, in the first 2500 rows there are 4 people
of age 90 who still work in the “Private” category. These records are located at
Row222, Row1040, Row1935, and Row2303.
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Histogram

Histogram

Histogram

workclass-RowCount

Histogram
(interactive)

-

age-RowCount, average(capital gain)

Histogram
(interactive)

catter Plot wiorkrlass-RowCount, aver agelcapical gain)

exkreme age

age-hours per week
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Chapter 4. My First Data Model

4.1. Introduction

We have finally reached the heart of the KNIME platform: data modeling. There are two categories of nodes in the “Node Repository” panel fully
dedicated to data modeling: “Statistics” and “Mining”.

The “Statistics” category contains the nodes to model a linear and a polynomial regression and a few more nodes to calculate statistical parameters
and perform statistical tests.

The “Mining” category contains data mining algorithms, from Artificial Neural Networks to Bayesian Classifiers, from clustering to Support Vector
Machines, and more.

Data modeling algorithms are usually implemented by two nodes: a “Learner” node and a “Predictor” node.

The “Learner” node reproduces the learning phase of the algorithm on a dedicated learning data set. The “Predictor” node classifies new unknown
data by using the model learned by the “Learner” node. For example, the “Mining” -> “Bayes” category implements naive Bayesian classifiers. The
“Naive Bayes Learner" node learns the Bayes rules on the learning (or training) data set and stores them in the model. The “Naive Bayes Predictor”
node reads the Bayes rules from the model and applies them to new data.

Therefore for most data modeling algorithms we need a learning set on which the model can learn its rules. We also need a test set of new data to
test how well the model generalizes to unknown data. We need to divide the original data set in two smaller data sets: the learning data set and the
test set. To partition, reorganize, and re-unite the data sets we use nodes from the “Data Manipulation” -> “Row” -> “Transform" category.

Sometimes problems can be incurred when there are missing values in the data. Not all data modeling algorithms can deal with missing data. The
model might also require that the data set follows a normal distribution. To remove missing data from the data sets and to normalize values in a
column, we can use more nodes from the category “Data Manipulation” -> “Column” -> “Transform”.

In this chapter, we will provide an overview of data modeling nodes, Learner nodes, Predictor nodes, and nodes to manipulate rows and transform
values in columns. We will work on the adult data set that we have already seen in the previous chapters. Let’s create a new workflow group
“Chapter4” and, inside that, a new workflow called “data_preparation”. We will use this workflow to prepare the data for further data modeling
operations. The first step of this workflow is to read the adult data set with a “File Reader” node.
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4.2. Split and Combine Data Sets

Since many models need a learning set and a separate test set, these two data sets have to be set up before we can start modeling the data. In order
to extract two data sets - one for training and one for testing - from the original data set, we can apply the “Partitioning” node. If we only need a
training set and not a test set and if we do not need to use the whole data set, we can apply the “Row Sampling” node.

Row Sampling
4.1. Configuration window for the "Row Sampling" node

The “Row Sampling” node extracts a sample (= a subset of rows) from the input data. R — RuwSam”nngumﬂwéﬂ

File
The “Row Sampling” node is located in the “Node Repository” panel in the “Data
Manipulation” -> “Row” -> “Transform” category.

Sampling Method | Flow Variables | Memory Policy|

() Absolute

The configuration window enables you to specify:
@ Relative[%]

- The sample size as an absolute number of rows or as a percentage of the () Take from top

() Linear sampling

original data set;
(@ Draw randomly

- The extraction mode
() Stratified sampling S income

- “Take from the top” means the first rows of the original data set
Use random seed 1279016294375

- “Linear Sampling” takes the first and the last row and samples between rows at
regular steps

- “Draw randomly” extracts rows at random Apply ] [ Cancel

- “Stratified sampling” extracts rows whereby the distribution of values in the
selected column is approximately retained in the output table

For “Draw randomly” and “Stratified sampling” a random seed can be defined so that
the random extraction is reproducible (you never know when you need to recreate the
same learning set).

Here, we selected a size of 20% of the original data set for the learning set. Rows were extracted randomly from the original data set. A size of 20% of
the original data set is probably too small; afterwards we should check that all the work classes we want to predict are actually represented in the

learning set.
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Note. The “Row Sampling” node only produces one data subset that we can use either to train or to test a model, but not both. If we want to

generate two data subsets, the first one according to our specifications in the configuration window, and the second one with the remaining rows, we

need to use the “Partitioning” node.

Partitioning

4.2. Configuration window of the "Partitioning" node

The “Partitioning” node performs the same task as the “Row Sampling” node: it extracts

a sample (= a subset of rows) from the input data. It also builds a second data set with
the remaining rows and makes it available at the other output port.

The “Partitioning” node is located in the “Node Repository” panel in the category: “pata
Manipulation” -> “Row” -> “Transform”.

The configuration window enables you to specify:

- The sample size as an absolute number of rows or as a percentage of the original
data set;

- The extraction mode

- “Take from the top” means the first rows of the original data set

First partiion | Flow Variables | Memory Policyl

Choose size of first partition

() Absolute

(@) Relative[%]
() Take from top
(@) Linear sampling
() Draw randomly

() Stratified sampling 8 income

Use random seed 1279016424187

- “Linear Sampling” takes the first and the last row and samples between rows at
regular steps

- “Draw randomly” extracts rows at random

- “Stratified sampling” extracts rows whereby the distribution of values in the
selected column is approximately retained in the output table

For “Draw randomly” and “Stratified sampling” a random seed can be defined so that
the random extraction is reproducible (you never know when you need to recreate the
same learning set).

Here, we selected a size of 50% of the original data set for the learning set plus a linear extraction mode. The learning set was made available at the

output port on the top; the remaining data were made available at the output port on the bottom.
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In the linear sampling technique, rows adhere to the order defined in the original data set. Sometimes it is not advisable to present rows to a model’s
Learner node in a specific order; otherwise the model might learn the row order among all other underlying patterns. To be sure that data rows are
presented to the model’s Learner node in a random order, we can extract them in the random mode or apply the “Shuffle” node.

4.3. Configuration window for the "Shuffle" node

File

Shuffle

The “Shuffle” node shuffles the rows of the input table putting them in a random order.

Seed | Flow Variables | Memary Policy|

The “Shuffle” node is located in the “Node Repository” panel in the “pata [ Use seed
Manipulation” -> “Row” -> “Transform” category.

In general, the “Shuffle” node does not need to be configured. If we want to be able to
repeat exactly the same random shuffling of the rows, we need to use a seed, as follows:

- Check the “Use seed” flag

- Click the “Draw new seed” button to create a seed for the random shuffling and J[ #epy |[ Concel
recreate it at each run

We only applied the “Shuffle” node to the training set. It does not make a difference whether the data rows of the test set are presented into a pre-
defined order or not.

Now we have a learning set and a test set. But what if we want to recreate the original dataset by reunifying the training and the test set? KNIME has
a “Concatenate” node that comes in handy for this task.
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Concatenate
4.4. Configuration window for the "Concatenate" node

The “Concatenate” node has two input ports, each one for a data set. The [. Diau.x_,-u:u:ﬁ-cor.c.a:.er.ate(au.-,wnga,mq.'.glﬂlgw
“Concatenate” node appends the data set at the second port (at the bottom) to the File
data set at the first port (at the top).

Settings | Flow Variables | Memory Policy|

Duplicate row ID handling

The “Concatenate” node is located in the “Node Repository” panel in category “Data © Skip Rows
Manipulation” -> “Row” -> “Transform”. )

@ Append Suffix: | _dup

The configuration window deals with the following: . Eail Execution

- What to do with rows with the same ID Column handing

() Use intersection of columns
- skip the rows from the second data set
- rename the RowID with an appended suffix @ Use union of columns

- abort execution with an error (This option can be used to check for unique
ROWIDS) Hiliting

- Which columns to keep

[ Enable hiliting

- all columns from the second and first data set (union of columns)

- only the intersection of columns in the two data sets (i.e. columns contained in
both tables)

- Hiliting of data ok || apply |[ Canca |[@

Figure 4.5 shows an example of how the “Concatenate” node works, when the following options in the configuration window are enabled:

- append suffix to RowID in rows with duplicate RowID
- use union of columns
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4.5. This is an example of how the "Concatenate" node works

First Data Table Second Data Table
RowlID scores RowlID name scores
Row1l 22 Row1 The Black Rose 23
Row3 14 Row?2 Cynthia 2
Row4 10 Row5 Tinkerbell 4
Row6 Mother 6
Row?7 Augusta 8
Row8 The Seven Seas 3

Concatenated Table

RowlD name scores
Row1l ? 22
Row3 ? 14
Row4 ? 10

Rowl dup The Black Rose 23
Row?2 Cynthia 2
Row5 Tinkerbell 4
Row6 Mother 6
Row7 Augusta 8
Row8 The Seven Seas 3

4.3. Transform Columns

In this section we explore two more data manipulation nodes that can help to prepare the data for the model.

|M

The first node deals with missing values. KNIME data cells can have a specia

missing value” status. By default, missing values are displayed in the

table view with a question mark (“?”). However, not all nodes, including models, plots, and data manipulation nodes, can handle missing values

appropriately. The “Missing Value” node replaces all missing values with values of your choice.
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4.6. Configuration window for ,,Missing Value*

4.7. Configuration window for ,,Missing Value” node:

Missing Value node: Tab “Default” Tab “Individual”
~a Dialog - 2:13 -Missing\_El@lg - Dislog - 3:14 - Missing Value =N ol
The “Missing Value” node replaces all missing valuesina |[Fi L
. . — efaulf] Individual | Flow variables | Memory Poli
data set with values of your choice. Serost sl varabes [enay Pl Q) e
rEqumns - 8 sex
The “Missing Value” node is located in the “Node | Integer I s o —
H . S final weight (©) Do Nothing @ Hemove Howt
Repository” panel in the “pata Manipulation” -> @ DoNotting @ Remove Row § st
“Column” -> “Transform” category. b ) Max i ok - et
S relationship _
() Mean (7) Most Frequent S race Bk
In tab “Default”, replacement values can be defined OFxvae: 0 ?ii.i‘:}fa.n
. capi 1055
separately for columns of Integer, Double, and String — Lromeues | o
. . Double Columns native-country
type and applied to the whole table (Fig. 4.6). The § meome
configuration settings require the replacement values for S ©Potating @ Renave Row
missing values in Integer columns, missing values in b s Ot b
Double columns, and missing values in String columns. O Mn ©max i i
} @ Mean (7} Most Frequent
() Mean
. . . @ Ei . () Fix Value: o
The configuration window also allows the removal of ® Fox vakue: -
rows with missing values in columns where the type is String Colurns
“Unknown”. —~
In tab “Individual”, a replacement value can be defined @lcotichasERSnas R
for each column and applied only to that column s
(F'g.4.7). @) Fix Value:
To define the missing value in a column:
- Double-click the column in the list on the left Unknown Columns
OR ? Unknown
. @ Do Nothi & R R
- Select the column from the list on the left T e
- Click the “Add” button at the bottom
CD
Then, select the desired missing value handling strategy.
“ ! ” . g . & gy H Cancel [ o [ appy ][ Cancel ]
A “Column Search” box is provided to help to find -
columns among many. A “Remove” button is also
provided in the data column frame to remove the
individual missing value handling strategy for the
selected column.
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We used the following replacement values for the missing values: 0 for Double and Integer data cells and an empty string for String data cells. We
applied the “Missing Value” node after the “File Reader” node. However, we did not use the results because the data models, that we are going to
use in this chapter, can deal with missing values. We introduced the “Missing Value” node here for demonstrative purposes only.

Sometimes a data model requires normalized input attribute values, for the data to be either normalized to follow the Gaussian distribution or just to
fall into the [0,1] interval. In order to comply with this requirement, we use the “Normalizer” node.

4.8. Configuration window of the ,,Normalizer” node

Normalizer Dialog - 0:15 - Normalizer(training data) - B
File

Methods | Flow Variables | Memory Policy

The “Normalizer” node normalizes data; i.e. it transforms the data to (® Manual Selection (3 Widcard Reges Selection
. . . . . . . . . Exdude Select Indlude
fall into a given interval or to follow a given statistical distribution.
Caolumn(s): Search add => Column(s): Search
[[] select all search hits [] Select all search hits
The “Normalizer” node is located in the “Node Repository” panel in =ddal >» T o
| education-num
the “Data Manipulation” -> “Column” -> “Transform” category. — | coton
capitaldoss
I hn:rs-perweek
. . N N remove all

The configuration window requires: —

(®@) Enforce exdusion () Enforce inclusion
- the normalization method

Settings
- the list of numerical data columns to be normalized (s mazsen s

(®) Z-Score Normalization (Gaussian)

(7) Normalization by Decimal Scaling
The column selection is performed by means of an “Exclude”/”Include” )

oK Apply Cancel @

frame, by manual selection or Wildcard/RegEx selection. For manual
selection:

) ) ) ) The “Normalizer” node has 2 output ports:
- The columns to be normalized are listed in the “Normalize” frame. All

other columns are listed in the “Do not normalize” frame. - Atthe first port we find the normalized data

- To move from frame “Normalize” to frame “Do not normalize” and vice - At the second port the transformation parameters are
versa, use buttons “add” and “remove”. To move all columns to one frame or

provided to repeat the same normalization on other data
the other use buttons “add all” and “remove all”.

(green square port)

Note. Triangular ports offer/read data. Squared ports offer/read parameters: model’s parameters, normalization parameters, transformation
parameters, color/shape parameters, etc ...
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Normalization Methods

Min-Max Normalization
This is a linear transformation whereby all attribute values in a column fall into the [min, max] interval and min and max are specified by the
user.

Z-score Normalization

This is also a linear transformation whereby the values in each column are Gaussian-(0,1)-distributed, i.e. the mean is 0.0 and the standard
deviation is 1.0.

Normalization by Decimal Scaling
The maximum value in a column is divided j-times by 10 until its absolute value is smaller or equal to 1. All values in the column are then
divided by 10 to the power of j.

Normalizer (Apply)

This “Normalizer (Apply)” node normalizes data; that is it transforms data to fall into a given interval or to follow a given statistical
distribution. It does not calculate the transformation parameters though; it obtains them from a “Normalizer” node previously applied to a
similar data set.

The “Normalizer (Apply)” node has two input ports: one for the data to be normalized and one for the normalization parameters.

The “Normalizer(Apply)” node is located in the “Node Repository” panel in the “Data Manipulation” -> “Column” -> “Transform”
category.

No additional configuration is required.

We applied the “Normalizer” node to the training set from the output port of the “Partitioning” node, in order to normalize the training set and to
define the normalization parameters.
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We then created a “Normalizer (Apply)” node to read the normalization parameters defined by the previous “Normalizer” node and to normalize the
remaining data from the “Partitioning” node (2" output port).

Let’s now write the processed training set and test set into a CSV file, “training_set.csv” and “test_set.csv” respectively. We used two “CSV Writer”
nodes: one to write the training set into “training_set.csv” file and one to write the test set into “test_set.csv” file. These last 2 nodes conclude the
“data_preparation” workflow that you can see depicted in figure 4.9.

4.9. The “data_preparation” workflow

Row sampling

Concatenate
S _
._g I::,_
20% subset .
training + test
CSY Writer
shuffle mMormalizer
File Reader Partitioning
= { = [ Lo ol
===}
@ = - training set
Node 5 kraining data
adult, data set S0% training sk
Mormalizer (Apply) CS¥ Writer
o D—D@
issing Yalue
- test data test set
-
Mode 7

4.4, Data Models

|II

Now let’s create a new workflow and call it “my_first_data_model”. We will use this workflow to show how data models can be trained on a set of
data and then applied to new data. To give an overview we will go through some standard data analysis method paradigms. Standard here refers to
the way the paradigms are implemented in KNIME -- for example with one node as the Learner and a separate node as the Predictor/Applier -- rather

than with regard to the quality of the algorithm itself.

The first two nodes in this new workflow are two “File Reader” nodes: one to read the training set and one to read the test set that was saved in two

CSV files in the “data_preparation” workflow at the end of the last section.
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In this workflow “my_first_data_model”, we want to predict the “workclass” label of the adult data set by using a few different data models. This
section does not intend to compare those data models in terms of accuracy or performance. Indeed not much work has been spent to optimize these
models to become the most accurate predictors. Contrarily, the goal here is to show how to create and configure such models. How to optimize the
model parameters to ensure that they will be as accurate as possible is a problem that can be explored elsewhere [3] [4] [5].

In every prediction/classification problem, you need a training set with a number of attributes where each row of the training set has been manually
assigned to a given class. These output classes of the data rows are contained in a column of the data set: this is the class column.

Most data models consist of two nodes: a Learner and a Predictor. 4.10. Learner and Predictor Nodes
The Learner node defines the model’s parameters and rules that make Training Data Output Model
the model suitable to perform a given classification/prediction task. The \ Lea

Learner node uses the input data table as the training set to define these D et

parameters and rules. The output of this node is then a set of rules s . Model Stats

and/or parameters: the model.

The Predictor node uses the model built in the previous step and applies Node 17
it to .a_set.of unkno.wh (i.e. new unc!ass!fled) dat.a to perform exactly the Input Model — )
classification/ prediction task for which it was built.

The Learner node requires a data table as input and provides a model as /
. Node 18
output. The output port of the Learner node is represented as a green Test Data

square rather than a white triangle. This is the symbol for a model port.

€——— (lassified Data

The Predictor node takes a data table and a model at the input ports (a white triangle for the data and a green square for the model) and provides a
data table containing the classified data on the output port.

Naive Bayes Model

Let’s start with a naive Bayes model. A Bayesian model defines a set of rules, based on the Gaussian distributions and on the conditional probabilities
of the input data, to assign a data row to an output class [3][4][5]. In the “Node Repository” panel in the “Mining” -> “Bayes” category we find two
nodes: “Naive Bayes Learner" and “Naive Bayes Predictor”.
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Naive Bayes Learner

The “Naive Bayes Learner” node creates a Bayesian model from the input
training data. It calculates the distributions and probabilities to define the
Bayesian model’s rules from the training data. The output ports produce the
model and the model parameters respectively.

In the configuration window you need to specify:

- The class column (= the column containing the classes)

- How to deal with missing values (skip vs. keep)

- The maximum number of unique nominal values allowed per column. If a
column contains more than this maximum number of unique nominal
values, it will be excluded from the training process.

- Compatibility of the output model with PMML 4.2

4.11. Configuration window for the ,Naive Bayes Learner” node
Dialog - 0:17 - Naive Bayes Learner = B
File

Options | Flow Variables | Memory Policy

Classification Column: | § workdass "
Default probability: 0.0F
Maximum number of unigue nominal values per atiribute: 08
Ignore missing values [] Create PMML 4.2 compatible model
oK Apply Cancel @

Naive Bayes Predictor

The “Naive Bayes Predictor” node applies an existing Bayesian model to the
input data table.

In the configuration window you can:

- Append the normalized class distribution values for all classes to the input
data table

- Use a Laplace corrector as the initial count for nominal columns with 0
count. A 0 value indicates no correction.

- Customize the column name for the predicted class

4.12. Configuration window for the , Naive Bayes Predictor” node

. Dialog - 2:15 - Naive Bayes Predictor =N R

File

Options | Flow Wariables | Memory Palicy

Laplace corrector: 0,0%

["] change prediction column name
Prediction (workdass)

Append columns with normalized dass distribution
Suffix for probability columns

ok || appy || Concel |
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4.13. Bayes Model's Classified Data

. The classified data - 2:15 - Naive Bayes Predictor
In the “my_first_data_model” workflow we connected a “Naive | g. el
Bayes Learner” node to the “File Reader” node that reads the || Table “default” - Rows: 16281 | Spec - Columns: 24 | Properties | Flow Variables|
training data set and it is named "training Set". In the Row ID P (work...| D P(work...| D P (work...| D P (work...| D P (work...| D P (wor.. _=§_Prediction (workdassu
Rowd 0.176 0,128 0.615 0.056 (o] Self-emp-TotEnT -
configuration window of the “Naive Bayes Learner”, we specified Row1 0.953 0 0.012 0.002 0 Private =
“ ” . . Row2 0,343 0,026 0,064 0,253 0 Private
workclass” as the class column, we opted to skip rows with Rows3 0.242 0.6 0,251 0.005 0 Seffemp-nc
.. . . . . . Row4 0.147 0.613 0.151 0.012 (u] Self-emp-inc
missing values in the model estimation and to skip a column if T 0351 015 013 0,208 g Privats
. Rowb 0.965 0,004 0,019 0,005 0 Private
more than 20 nominal values were found. Rows 0701 5 535 5002 5 —
Rows 0.989 ] 0.003 0.003 (o] Private
After this configuration, a yellow triangle appears under the Row3 0.232 0.033 0.018 0.24 0 Local-gov
“ . ” “ . o Row10 0,838 0 0,008 0,028 0 Private
Naive Bayes Learner” to say that column “native country” in the Rowil 0.041 0.073 0.875 0 0 Self-emp-notinc
. . . Rowl2 0.35 0.085 0,168 0.092 (o] Private
input data set has too many (> 20) nominal values and will be oG 0143 0513 0,293 00 0 T —
ignored. We can then run the “Execute” option for the “Naive T o s ate
Bayes Learner" node. Rowi6 0.893 0.001 0.005 0.044 (o] Private -
< | mn "

The next step involves connecting a “Naive Bayes Predictor” node to the “File Reader” node to read the test set — named “test set” — through the data
port; the “Naive Bayes Predictor” node is then also connected to the output port of the “Naive Bayes Learner” node through the model port.

After execution, the “Naive Bayes Predictor” shows a new column appended to the output table: “Prediction(workclass)”. This column contains the
class assignments for each row performed by the Bayesian model. How correct these assignments are, that is how good the performance of the
model is, can only be evaluated by comparing them with the original labels in “workclass”.

If the flag to append the probability values for each output class was enabled, in the final data table there will be as many new columns as there are
values in the class column; each column contains the probability for a given class value according to the trained Bayesian model.

KNIME has a whole “Mining” ->“Scoring” category with nodes that measure the classifiers’ performances. We will use the “Scorer” node to
measure the performances of the Bayesian classifier.
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Scorer

The “Scorer” node is located in the “Node Repository” panel in the “Mining” ->
“scoring” category. It compares the values of two columns (reference column and
prediction column) in the data table and shows the confusion matrix and some accuracy
measures.

The “Scorer” node has a View option, where the confusion matrix is displayed and the
“Hilite” functionality is available. Thus, the user can hilite the cells of the confusion
matrix to isolate the underlying rows and to see them, for example, by means of an
“Interactive Table” node.

The configuration window requires the selection of the two columns to compare. It also
provides a flag to enable the storing of the score values as flow variables (flow variables
though are not explained in this beginner’s book).

4.14. Configuration window of the ,,Scorer” node

wa Dialog - 2:5 - Scorer EI@

File

Scorer | Flow Variables | Memory Policy

First Column

[ S workclass -

Second Column

: S Prediction (workdass) v:

Sorting of values in tables

Seorting strategy: 'Inserﬁon order - | |:| Reverse order

Provide scores as flow variables

[ Use name prefix

We added a “Scorer” node into the workflow “my_first_data_model”. The node is connected to the data output port of the “Naive Bayes Predictor”.

The first column with the original reference values is “workclass”; the second column with the class estimation is the column called

“Prediction(workclass)” which is produced by the “Naive Bayes Predictor” node.

We can see the confusion matrix and the accuracy measures for the compared columns by selecting either the last two items or item “View Confusion

Matrix” in the context-menu of the “Scorer” node.
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4.15. Confusion Matrix from the “Scorer” node. The confusion matrix shows the number of rows belonging to one
class in the reference column “Workclass” (RowlDs) and assigned to the same or a different class in the prediction
column (column headers).

Confusion Matrix

In Figure 4.15, you can see the confusion matrix |[Fie
generated by the “Scorer” node. The confusion || Tk secame’-Rows: | spec-Colamns: 8 | Properties | Fow variables|

. . . [ Row ID | selfem...| | Private | state-gov| | Local-gov | | Federal...| | Self-emp-inc | without-pay | 4 Never-worked
matrix shows how many rows have a given value in R ————rey 5 73 = 3 e 5 5
- Private 791 9222 109 174 67 1027 1 0
the first column (reference column) and another — = = = . = 5 5
H H P Local-gov 93 591 27 220 16 115 1 0
given value in the second column (prediction e = : = - = = =
column) Self-emp-inc 103 205 3 4 2 223 0 0
' Withoutpay |4 2 o 0 0 0 0 0
Mever-worked [0 3 0 0 ] 0 0 0

The values found in the first column are reported

as RowIDs; the values found in the second column
are reported as column headers.

In our “Scorer” node, we selected the first column as the target classification column “workclass” and the second column as the output column of the
Bayesian classifier. Thus, this confusion matrix says that, for example, 780 data rows were classified as “Private” and belong to the class “self-
employed-not-incorporated” in the original data set; 9750 data rows were correctly classified as “Private”; 60 data rows were classified as “state-
government employees” while they were actually “self-employed-not-incorporated” ... and so on. The numbers in the diagonal cells of the confusion
matrix show the correct classifications. The higher the diagonal numbers are, the better the performance of the classifier.

The sum across one row of the confusion matrix indicates the total number of data in one class according to the original data set classification. The
sum across one column indicates the number of data rows assigned to one class by the Bayesian model. The sum of all columns and the sum of all
rows must therefore be the same, since they represent the total number of data.

Accuracy Measures
The second port of the “Scorer” node presents a number of accuracy measures [6] [7].

True Positives is the number of data rows belonging to a class in the original data set and correctly classified as belonging to that class.

True Negatives is the number of data rows that do not belong to a class in the original data set and are classified as belonging to a different class.
False Positives is the number of data rows that do not belong to a class but are classified as if they do.

False Negatives is the number of data rows that belong to a class but are assigned to a different class by the model.
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If we consider the confusion matrix
shown in Figure 4.16, for each class
we can see that:

The True Positives are in the diagonal

cells, where the number of data rows
is correctly classified

The False Negatives are in all the
other cells in a row besides the
diagonal cell

The False Positives are all the
numbers in a column excluding the
diagonal cell

The True Negatives are in all the
remaining cells

4.16. True Positives, False Negatives, True Negatives, and False Positives in the Confusion Matrix for the class “Self-emp-not-inc”.

Original Class

For class ,Self-emp-not-inc”

True Positives

2 Confgsion matrix - 0:5 -

False Negatives

Estimated
Class

File
Table "sgec_name” -Rows:y Spec - Columns: 8 | Properties | Flow Variables
Raly ID J’L%m | Private Si jthow... | | Never-... =
Self-emp-not-rk414 22 17 3 186 0 0 i
Private 9222 =
State-gov b3 43— |25 65 8 84 o 0
Local-gov 93 51 27 220 16 115 1 0
Federal-gov| |30 [@EE] 8 3 12 63 o 0
Self-emp-nc| [103 5 3 4 2 228 o 0
Without-pay | |4 K 0 0 0 0 o 0
Mever-worked \J0 _/ 3 T ——l] 0 0 VI,

False Positives

True Negatives

In the second output port, the “Scorer” node provides a few more accuracy measures derived from the True Positives, True Negatives, False Positives,

and False Negatives.

Sensitivity
Specificity

True Positives / (True Positives + False Negatives)
True Negatives / (True Negatives + False Positives)

“Sensitivity” measures the model’s capability to recognize one class correctly. If all instances of a given class are recognized correctly, the result is 0

“False Negatives” for that class; which means that no items of that class are assigned to another class. “Sensitivity” is then 1.0 for that class.

“Specificity” measures the model’s capability of recognizing what does not belong to a given class. If the model recognizes what does not belong to

that class, the result is 0 “False Positives”; which means no extraneous data rows are misclassified in my class. “Specificity is then 1.0 for that class.

In a two-class problem, “Sensitivity” and “Specificity” are used to plot the ROC Curves (see “ROC Curve” later on in this section).

Recall

Precision

True Positives / (True Positives + False Negatives) =
True Positives / (True Positives + False Positives)

This copy of the book “KNIME Beginner’s Luck” is licensed to: Dilcia Amaya

Sensitivity

134



“Precision” and “Recall” are two widely used statistical accuracy measures. “Precision” can be seen as a measure of exactness or fidelity, whereas
“Recall” is a measure of completeness.

In a classification task, the “Precision” for a class is the number of “True Positives” (i.e. the number of items correctly labeled as belonging to that
class) divided by the total number of elements labeled as belonging to that class. “Recall” is defined as the number of “True Positives” divided by the
total number of elements that actually belong to that class. “Recall” has the same definition as “Sensitivity”.

F-measure = 2 x Precision x Recall / (Precision + Recall)

The F-measure can be interpreted as a weighted average of “Precision” and “Recall”, where the F-measure reaches its best value at 1 and worst score
at 0.

Accuracy = (Sum(TP)+ Sum (TN)) / (Sum(TP)+ Sum(FP)+ Sum(FN)+ Sum(TN))
being TP = True Positives, FP = False Positives, TN = True Negatives, and FN = False Negatives.

Cohen’s Kappa is a measure of inter-rater agreement as [(Sum(TP)+Sum(FP)) — (P(chance))] / (1-P(chance)) with P(chance) coming from the
probability of positive events (one of the rater) and the probability of true events (the other rater).

“Accuracy” is an overall measure and 4.17. Accuracy Statistics Table from the ,,Scorer” node with the accuracy measures for each class
. ictire - (15 - - 0O =
is calculated across all classes. An LTS s SREE S L s SIS =N
File
accuracy Of 1.0 means that the Table "default” - Rows: 8 | Spec - Columns: 11 | Properties | Flow Variables
C|aSSiﬁed Va|ue5 are eXaCtly the same Row ID | TruePo...| | FalsePo...| | TrueMe...| | FalseN... | D Recal D Predsion | D Sensitivity| [ Spedfity | D F-meas... | D Accuracy | [ Cohen's kappa
. Self-emp-notinc|414 1043 13066 856 0.326 0.283 0.326 0.926 0.303 ? ?
as the original class values. Private 9222 2171 1823 2169 0.81 0.309 0.81 0.456 0.81 : :
State-gov 25 72 14572 615 0.039 0,127 0,039 0,988 0.06 ? ?
Local-gov 220 299 14023 343 0,207 0,424 0,207 0,979 0.273 ? ?
Al these accuracy measures are Federalgov |12 %6 14328 443 0.026 0.111 0.026 0.994 0.042 ? ?
reported in the data table in the Selfempinc  [228 1475 13362 320 0.416 0.134 0.416 0.901 0.203 ? ?
Without-pay 0 2 15375 3 0 0 0 1 MNaM ? ?
second port at the bottom of the IS |0 0 15362 ] 0 ? 0 L ? ? ?
Overall ? ? ? ? ? ? ? ? ? 0.658 0.171
“Scorer” node and give us

information about the correctness
and completeness of our model.
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Data Hiliting

The context menu of the “Scorer” node offers 2 possibilities to visualize the confusion matrix:
Iltem “View: Confusion Matrix”

Item “0: Confusion Matrix”

These two items lead to a slightly different visualization of the same confusion matrix. The
last item leads to the confusion matrix display that we have seen above. The first item “View:
Confusion Matrix” includes a few more options. Let’s have a look at the “View: Confusion
Matrix” window (Fig. 4.19).

The total percentages of correctly classified data and of wrongly classified data are shown at
the bottom of the table view.

The Top Menu includes an item for file operations and an item for “hiliting”.

The “File” item in the Top Menu includes the following options:
“Always on top” makes sure that the table is always visible on the screen

“Export as PNG” exports the table as an image. This latter option can be useful if we want to include the confusion matrix in a report.

4.18. The context menu of the “Scorer” node

&

&
f

)
5

of
(]

& View: Confusion Matrix

Configure...

Execute

Execute and Open Views
Cancel

Reset

Edit Node Description...
MNew Workflow Annotation
Collapse into Meta Node
Exp

Show Flow Variable Ports

Cut

=| Copy

b

Paste

Undo

Redo
Delete

&= 0 Confusion matrix
@ 1 Accuracy statistics

The “Hilite” item in the Top Menu was not present in the other view. Similarly to other plot views, “Hilite” allows the hiliting of cells in the confusion

matrix. Data rows underlying those cells are subsequently hilited in all other views of the workflow, for example in the view of an “Interactive Table”.

In this view of the confusion matrix, cells are selectable by clicking them (use Shift-click and Ctrl-click to select multiple cells). When a cell in the

confusion matrix has been selected, we can hilite it by using the items of the “Hilite” sub-menu. To “hilite” a cell of the confusion matrix means to

hilite the data rows to which this cell refers.

e “Hilite Selected” hilites the selected cells of the confusion matrix, i.e. it hilites the data that these cells represent

e “Unhilite Selected” unhilites all selected cells in the confusion matrix and all data underlying such cells

e “Clear Hilite” resets hiliting to a status where no cell is hilited
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Note. The “Hilite” option was not present in the confusion matrix window shown in figure 4.17 and reached via the context menu item “0: Confusion

Matrix”.

As an example, in the context menu of the “Scorer” node select “View:
Confusion Matrix”. The Confusion Matrix view opens (Fig. 4.19).

Select the cell containing the number 6; this is the number of data rows
belonging to class “self-emp-inc” and misclassified as “State-gov” .

In addition select (Ctrl-Click) the cell containing the number 4; this is the
number of data rows belonging to class “self-emp-inc” and misclassified as
“Local-gov”.

e Select “Hilite” in the Top Menu.
e Select “Hilite Selected”.

The two selected cells change to a pale yellow color. If we now select
another cell, the pale yellow of the two hilited cells changes into a bright
orange.

Let’s now insert an “Interactive Table” node from the “Data Views”
category. The “Interactive Table” node is connected to the data output
port of the “Naive Bayes Predictor” node. Indeed, in order to be able to
see the hilited data underlying the cells of the confusion matrix, the
“Interactive Table” node must have access to the same data as the
“Scorer” node. It therefore has to be connected to the “Naive Bayes
Predictor” output as the “Scorer” node is also connected.

e Right-click the “Interactive Table” node
e Select “View: Table View”
e Inthe Top Menu select “Hilite”

e Select “Filter” —> “Show Hilited Only”

4.19. Hilite functionality of window ,,View: Confusion Matrix”

‘ Hilited ‘ Selected ‘
. Confusion Matrix - 0:5 - B
Filg |Hilite
work ilite Selected ivate State-gov Local-gov Federal Selfemp-inc  Withoutpay Never-wor...
Unhilite Selected 8 22 17 3 186 0 0
- 22 109 174 57 | (w27 1 0
B Cleox Hike 1 25 5 E 54 0 o
gov  [93 591 27 220 16 115 1 7]
algov |30 309 e — 63 0 0
empnc|103 205 3 4 D | )28 0 0
pay |4 4 0 [ —""n 0 ]
-worked |0 3 0 0 0 o] o 0

Correct dassified: 10.121

Acouracy: 65,785 %

Wrong dassified: 5.264

Error: 34,215 %

4.20. Table View of an , Interactive Table” node connected to the “Naive Bayes
Predictor” node and showing the hilited data rows only

-a Table View - 0:10 - Interactive Table(to see hilited data_

File [Hilile MNavigation View Cutput

Hilite Selected S workdass | | finalwe...| § education | D educati... | § marital-...
Unhilite Selected Self-emp-nc (195322 Doctorate 2.293 Separated
Self-emp-nc  [215382 Masters 1.518 Separated
Clear Hilite Self-emndn- 1117963 Doctorate 2.293 Never-married
Filter 3 Show All Some-college 40,031 Divorced
U aUDY (ryey - Doctorate 2,293 Married-civ-...
RowS&01 0.537 ® || Show Hilited Only Masters 1513 Married-civ-...
Row7189 0.024 Show UnHilited Only | |Masters 1.518 Never-married
Row7465 0.537 Self-emp-nc  [62546 Doctorate 2.293 Separated
Rowli3sl 0.83 Self-emp-nc  [194514 Masters 1.518 Mever-married
Self-emp-nc (79536 Masters 1.518 Married-civ-...

Only the data rows corresponding to the two cells of the confusion matrix hilited above appears in the view of the “Interactive Table” node. That is,

only the data rows belonging to the class “Self-emp-inc” and misclassified in either the “State-gov” or “Local-gov” class will appear in the table view.
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The “hilited” status is inherited by the “Scorer” node and represented by the bright orange color of their RowID cells.
Decision Tree

Using the same workflow “my_first_data_model”, let’'s now apply another quite popular classifier: a decision tree [8]

[9].

The Decision Tree algorithm consists of two phases — training and testing - like the Naive Bayes classifier that we have
seen in the previous section. The decision tree is implemented in KNIME with two nodes: one node for training and
one node for testing, i.e.:

e The “Decision Tree Learner” node
e The “Decision Tree Predictor” node

The “Decision Tree Learner” node takes a data set as input (white triangle), learns the rules necessary to perform the
desired task, and produces the final model at the output port (blue square). Let’s connect a “Decision Tree Learner”
node to the “File Reader” node named “training set”.

Let’s also create a “Decision Tree Predictor” node to follow the “Decision Tree Learner” node. The “Decision Tree
Predictor” node has two inputs:

e Adata input (white triangle) with new data to be classified

e A model input (blue square) with the model parameters produced by a “Decision Tree Learner” node

4.21. Two nodes implement a
Decision Tree: the “Decision Tree
Learner” node and the “Decision

Tree Predictor” node

A MNode Repository =0
- | =
iy 10 -

. [E] Database

% Data Manipulation
» I, Data Views
. X Statistics
4 @ Mining
» 1= Bayes
- 1= Clustering
- =% Rule Induction

m

= Decision Tree
7" Decision Tree Learner
2 Decision Tree Predictor
| Decision Tree To Image

- 1=+ Ensemble Learning
- 1= Item Sets / Asseciation Rules
= MDS
. 1= PCA
. = SVM
- 1= Scoring
- = Meta
» ' Chemistry

The “Decision Tree Predictor” node has only one output table, consisting of the original data set with the appended prediction column and optionally

the columns with the probability for each class to be the right class.

The sub-category “Mining” -> “Decision Tree” also includes a “Decision Tree To Image” node. This node converts the visualization of a decision tree

model into an image that can then be exported into a report.

v}

Our “Decision Tree Predictor” node reads the data from the “File Reader
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Decision Tree Learner

The “Decision Tree Learner” node builds a decision tree from the input training
data. The algorithm can run in multiple threads, and thus, exploit multiple
processors or cores.

In the configuration window you need to specify:

The class column. The target attribute must be nominal.

The quality measure for split calculation: “Gini Index” or “Gain Ratio”.

The pruning method: “No Pruning” or a pruning based on the “Minimum
Description Length (MDL)” principle [8] [9].

The option Reduced Error Pruning, if checked, applies a simple post-processing
pruning.

The stopping criterion: the minimum number of records in each decision tree’s
node. If one node has fewer records than this minimum number, the
algorithm stops.

The number of records to store for view: the maximum number of rows to
store for the hilite functionality.

The “Average Split Point” flag. For numerical attributes, the user has to choose
one of two splitting strategies:

- The split point is calculated as the mean value between the two partitions’ attributes
(“Average Split Point” flag enabled)

- The split point is set to the largest value of the lower partition (“Average Split Point”
flag disabled)

Whether Binary nominal splits apply to nominal attributes. In this case:

4.22. Configuration window for the ,,Decision Tree Learner”

node

-a Dialog - 2:14 - Decision Tree Learner

File

Options | PMMLSettings I Flow Variables I Memary Policy|

=N B ==

General
Class column .S workdass -
Quality measure Giniindex - |
Pruning method 'MDL -

Reduced Error Pruning

Al

Min number records per node 2
Mumber records to store for view 10.000 =
[] Average split point
Mumber threads 35
Skip nominal columns without domain information
Binary nominal splits
[ Binary nominal splits

Max #nominal 101

[ Filter invalid attribute values in child nodes

ok || apply |[ Cancel

- The Maximum # of nominal splits, to reduce the computational load for this node.

- The Number of threads on which to run the node (default Number threads = number of processors available to KNIME).

We trained the “Decision Tree Learner” node with:
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Class column = “workclass”

Gini Index as quality measure

Pruning = MDL

Stopping criterion = 2 data points per node

We accepted all the default values for the other configuration settings; i.e.:

Number of records for hiliting = 10000
No split point calculated as the average point between the two partitions
No binary splits for nominal values

Since the previous flag is not enabled, the maximum number of nominal splits is irrelevant here

2 as number of threads, since we are working on a 2-core machine

We can now run the “Execute” command and therefore train our decision tree model. At the end of the training phase the model is available at the

output port (blue square) of the “Decision Tree Learner” node.

Decision Tree Predictor

The “Decision Tree Predictor” node assigns a Decision Tree model to the input
port and applies it to the input data table.

In the configuration window you can:

- Define the maximum number of records for hiliting (sometimes it is not
advisable to store all data records for hiliting for performance reasons)

- Define a custom name for the output column with the predicted class

- Append the columns with the normalized distribution of each class prediction
to the output data set

4.23. Configuration window of the ,, Decision Tree Predictor”

node
- Dialog - 216 - Decision Tree Predictor EI@
File
Options | Flow Variables I Memory Policy
Maximum number of stored patterns for Hilite-ing: 10,000 -5

[] change prediction column name
Prediction (income])

Append columns with normalized dass distribution
Suffix for probability columns

QK ] [ Apply ] [ Cancel

In our “Decision Tree Predictor” node we enabled the option to append the normalized class distribution at the end of the prediction data table. We

used the default maximum number of records for hiliting of 10000.
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4.24. Output data table from the “Decision Tree Predictor” node. The last column is the prediction column.
In between the original data columns and the prediction column you can see the columns with the
normalized distribution values for each class

We then ran “Execute” which produced a data table with
the class prediction and the class distributions on which

Normalized class distributions ‘ ‘ Final prediction |

the prediction was based (Fig. 4.24).

/
- Classified Data - 2:16 - Decision Tree Predictor (= |
File
Table "test_set.csv” -Rows: 16281 ‘SpechoI\.rrms: Zﬂfvnperhﬁ | Flow Variables |
Decision Tree Views RonD [tk D P (work...| D P (nge={ D P (work... | D P (norkdass=Federalgov) | D P (workdass=Self-empinc) | D P (workd...] D P (RO § Precict..)|
Row0. 0.05 0.043 Tt 0.0 0.087 O “private |
“ Rowl 0.036 0.01 0.014 0.013 0 0 0 Private =
In the context menu of both the “Decision Tree Row2 005 oo ooz o5 0057 D 0 prvate
Row3 0.05 0.0%8 0.092 0.05 0.097 0 0 Private
. ” . “ . . Rowd 0.05 0.0% 0.092 0.05 0.057 0 0 Private
Predictor” node (Flg 425) and the Decision Tree Rows jo.167 .10 0.08% l0.037 .04z 0 lo Private
Raws 0.002 0.003 0.107 0.004 0.084 0 0 Private
” ; ; ; Row? 0.069 0.024 0.085 0.014 0.022 0 0 Private
Learner” node, we can see two options to visualize the Bt fogs  poad ooy o o022 b prvate
. . Row9 ID.EE 0.043 10.092 .D.DE 0.097 0 .D Private
de(:|5|0n tree ru|es: Row10 0.058 0.033 0.061 0.013 0.007 0 0 Private
Rawll o.08e 0.024 [0.085 o012 0.022 0 o Private
Raw12 0.041 0.064 0.032 0.083 0.004 0 0 Private
g . .. . . ” Rowi3 Jo.087 0.043 l0.083 j0.033 0.037 0 lo Private
L View: Decision Tree View (Slmple) Rowld 0.032 .012 0.131 0.015 0.026 0 0 Private
g .. . ” Row15 _I].ElﬂZ 0.003 10.107 .D.EID4 0.084 .El _D Private
° View: Decision Tree View Rowlb 0.07 0.065 0.0t 0.052 0.007 0.002 0 Private -
< i v

4.25. Context menu of the

They correspond to two different views of the rules implemented by the decision tree. Both views are interactive and  «_ icion Tree predictor” node

allow opening the decision tree branches to see their contents in terms of data rows and implemented rule.

¥ Configure...
Execute
Execute and Open Views

The more complex view displays each branch as a rectangle. The data covered by this branch are shown inside the |Z

Cancel

rectangle and the rule implementing the branch is displayed on top of the rectangle (Fig. 4.26).

The simpler view represents each branch as a circle fraction, where the fraction indicates how much of the underlying
data is covered by the label assigned by rule. The rule is displayed at the side of the branch (Fig. 4.27).

In both views of the decision trees, a branch can be characterized by a little sign “+” indicating that more branches are
connected to it.

The decision tree always starts with a “Root” branch that contains all training data. The “Root” branch in our decision
tree is labeled “Private”, because it covers 11305 “Private” records out of 15340 from the training set. A majority vote is
used to label each branch of the decision tree. In the simpler view, the label’s cover factor is visualized by the circle
drawn on the side of the branch. The “Root” branch has a % circle, meaning that its label covers three quarters of the
incoming training records.
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The first split happens in the “Occupation” column. From the “Root” branch the data rows are separated into a number of sub-branches according to
their value of the “Occupation” attribute. Each branch is labeled with a predicted class coming from its cover factor. For example, the branch defined
by the split condition “Occupation = Sales” is labeled as “Private” since during the training phase it covered 1477 “Private” records out of its incoming
1846.49 training patterns. Fraction values as a total number of training patterns can occur when missing values are encountered during training. In
this event only fractions of the patterns are passed down the following branches.

Inside each branch more splits are performed and data rows are separated into different branches and so on deeper and deeper into the tree until
the final leaves. The final leaves produce the final prediction/class.

In the decision tree views a branch of the decision tree can be selected by clicking it. Selected branches are shown with a black rectangle border
(simple view) or with a darker background (complex view). A selection of multiple branches is not possible.

The “Decision Tree View” window has a top menu with three items.
“File” has the usual options:

e “Always on top” ensures that this window is always visible
e “Export as PNG” exports this window as a picture to be used in a report for example
e “Close” closes the window

“Hilite” contains all the hilite functionalities:

e “Hilite Selected Branch” hilites the selected branch and the data being classified by the selected branch
e “Unhilite Selected Branch” unhilites the selected branch and the data being classified by the selected branch
e “Clear Hilite” resets of the hilite status

“Tree” offers the commands to expand and collapse the tree branches:

e “Expand Selected Branch” opens the sub-branches, if any, of a selected branch of the tree
e “Collapse Selected Branch” closes the sub-branches, if any, of a selected branch of the tree

On the right side, there is an overview of the decision tree. This is particularly useful if the decision tree is big and very bushy. In the same panel on
the bottom, there is a zoom functionality to explore the tree with the most suitable resolution.
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4.26. ,Decision Tree View“ window 4.27. ,Decision Tree View (simple)” window
. Dedision Tree View - 0:7 - Decision Tree Predicto ol 3

|t S|

P

T —— |
a Decision Tree View (simple) - 07 - Decision Tree Pr.. [ |
File HiLite Tree [ -
File Hilite

1\, Tree only stored first 10000 (of 16281) rows for HiLiting!

= /1. Tree only stored first 10000 {of 16281) rows for Hiliting!
| p— B
| e
@D [root]: dass Private (w=15.332)
@D [occupation = Other-service]: dass 'Private (w=1.747,372)
@D [occupation = Prof-spedalty]: dass 'Private (w=2.176,282)
@D [occupation = Exec-managerial]: dass Private (w=2.197,361)
@D [occupation = Craft-repair]: dass 'Private (w=2.154,465)
@D[cocupaﬁon =Transport-moving]: dass Private (w=858,017)
@I:I [occupation = Machine-op-inspet]: dass 'Private (w=1.066,253)
: =
S - @D [occupation = Farming-fishing]: dass 'Private (w=545,903)
N o
::' t = e :, = @D[cocupaﬁon = Handlers-deaners]: dass Private (w=707,263)
e o [ 2 1
P rseptes A0
fuirdon @ 0 oxwn oo
e b o . @D[cocupahon = Adm-clerical]: dass 'Private (w=2.004,913)
Hosrtst & 0 pemeW R E——
e 0 e a0 o
= 2 L o =2 D[compaﬁon =Sales]: dass 'Private (w=1.912,213)
re
T T r—olﬁ
e i p— | —r—— @I:I [occupation = Tech-support]: dass Private (w=488,376)
rass—— F—— s )
S = Tk - T
ey o || |[eumn - gy -
s B3 1| || wn || [ e ° 0 @D[ncmpaﬁnn = Protective-serv]: dass 'Local-gov (w=333,638)
a0 | | s wn o[ | SeEe
srapnene @2 2 || ||sroeere w0 [ e e 0
0 0| (et un || [ e 0
el | [ il 8 8 @D[cocupaﬁon = Priv-house-serv]: dass Private (w=74,631)
wowratet 00 0| ||t un 0| [ w0
L | I [ T
Tt W | = [ T W o
@D [occupation = Armed-Forces]: dass 'Federal-gov (w=4,293)
oom:
b [ i v -
& = i i

In the “Decision Tree View (simple)” (Fig. 4.27) of our “Decision Tree Predictor” node we hilited the split condition “Occupation = Sales”.

We then connected an “Interactive Table” node to the “Decision Tree Predictor” node and opened its “Interactive Table View”. Here we selected
“Hilite” -> “Filter” -> “Show Hilited Only”. In the Table View we could then see all the input data rows that have been classified by this leaf

(“Occupation = Sales”) in the decision tree. The maximum number of input records that can be hilited is defined in the configuration window of the
“Decision Tree Predictor” node.

A similar hilite functionality can also be found in the “Decision Tree Learner” node and refers to its input data.
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In order to measure how well our decision tree has performed, we can use an “Entropy Scorer” node. The “Entropy Scorer” node works in the same
way as the “Scorer” node. It just offers a different set of quality measures.

4.28. The configuration window of the , Entropy Scorer” node

Entropy SCOl'el‘ -4 Dialog - 2:12 - Entropy Scorer EI@
File

The “Entropy Scorer” node compares the values of two columns (reference Defauit | Flow Variables | Memory Palicy]
column and clustering column) from two different data tables (reference table Reference Column: 'S workdass —
and clustering table) and calculates a number of quality measures. ' '
The “Entropy Scorer” node has no hilite functionality.

Clustering Column: jS Prediction (workdass) v:
The “Entropy Scorer” node is located in the “Node Repository” panel in the
“Mining” -> “Scoring” category.
In the configuration window you are required to specify the two columns to be oc [ meey || conce
compared.

Since we host the clustering column (that is the prediction column of the “Decision Tree Predictor” node) and the original classification column in the
same table, the “Entropy Scorer” node is connected to the same table on both input ports. We now select the column called “workclass” as the
reference column and the column called “Prediction(workclass)” as the clustering column.

The “Entropy Scorer” node has two options in the context menu (Fig. 4.29) to see the quality measures:
e “View: Statistics View” shows the quality measures plus a statistics summary (Fig. 4.30)

e “Quality Table” only shows the quality measures
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Quality Measures 4.29. Context menu of the
»Entropy Scorer” node

The quality measures implemented by the “Entropy Scorer” node follow the definitions adopted in [10]. A cluster here 5| | Eariimes
refers to a predicted class of the decision tree. . E"““:E .
xecute and pen Views
Size. This is the cluster size; i.e. how many input records belong to the final predicted class. é E"“:'
Entropy. This is the accumulated entropy of all identified clusters, weighted by the relative cluster size. It is not |, id;t:fk:::::::am
normalized and may be greater than 1. The lower the entropy, the better the classification performance. & E"”EPI‘:"”:‘E*IE“‘“‘*E
xpand Meta Node
Normalized Entropy. This is the entropy value divided by 1092 (number of original classes).The resulting value & " *=eye
Show Flow Variable Ports
is then scaled to fall into the interval [0,1]. e
=  Co
Quality. This is a measure defined over all records and all clusters. The quality of a single cluster is calculated as: & o
Quality(cluster) = (l-normalized entropy(cluster)) :j:
The overall quality is the sum of the qualities of the individual clusters weighted by the cluster size. The domain of the ; i
0 Quality Table

quality value is [0,1], with 1 being the best possible value.

4.30. The ,,Statistics View” window of the “Entropy Scorer” node 4.31. Workflow "my_first_data_model"
i — g ™ Interactive Table
. Statistics View - 0:12 - Entropy Score- =l

File

Maive Bayes Learner

L FiALE to see hiliked daka

Clustering statistics

Maive Bayes

.. File Reader
Data Statistics predictor

Statistics Value

Scorer

Number of clusters found: 3

Decision

Number of objects in clusters: 16281 Eraining set Tree Learner Mode 4 Mode 5
Number of reference clusters: 9
Total number of patterns: 16281 Decision Tree

Predictor

Data Statistics File Reader

Score Value @

Entropy: 1.5878

Entropy Scorer

Quality: 04991 best st Hods 12
Row ID D Entropy | D MNormali... | D Quality

Federal-gov 0 0 .
Selfemp-notine 1362 0.43 Ihteractive Table
State-gov 1.585 0.5
Private 1.587 0,501
Local-gov 1.789 0.564
QOwerall 1,588 0,501 : to see hilited data
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Artificial Neural Network

We move on now from a multi-class classification task to a two-class classification task. We would like to show how to train and apply a very basic
neural network, with Multilayer Perceptron architecture, one hidden layer, and the Back Propagation learning algorithm.

The neural network paradigm available in the “Mining” category is divided into:

e Alearner node (“RProp MLP Learner”)
e A predictor node (“Multilayer Perceptron Predictor”)

The learner node learns the rules to separate the input patterns of the training set, packages them into a model, and assigns them to the output port.

The predictor node applies the rules from the model built by the learner node to a data set with new records.

4.32. Configuration window of the ,,RProp MLP Learner” node

RProp MLP Learner . Dialog - 3:5 - RProp MLPW

File

The “RProp MLP Learner” node builds and trains a Multilayer Perceptron with the

BackPropagation algorithm. In the configuration window you need to specify: Options | Flow Variables | Memory Policy |

. . . . . Maximum number of iterations: 100
The maximum number of iterations for the Back Propagation algorithm

The number of hidden layers

-

Mumber of hidden layers: 1=

The number of neurons per each hidden layer Number of hidden neurons per layer: | 4%
The class column, i.e. the column containing the classes

class column: 5 income

You also need to specify what to do with missing values. The algorithm does
not work if missing values are present. If you have missing values you need to /] tgnere Missing Values
either transform them earlier on in your workflow or ignore them during [] Use seed for random initislization
training. To ignore the missing values just mark the checkbox at the bottom
of the configuration window.

Finally, you need to specify a seed to make repeatable the weight random

initialization. ok || appy || cancel

Random seed 529,209,323 =

The “RProp MLP Learner” only accepts numerical inputs.
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We created a new workflow in the workflow group “Chapter4” and named it “my_first. ANN”. We also used the data sets “training set” and “test set”
derived from the adult.data data set in the “data_preparation” workflow. We changed the classification/prediction task from predicting the
“workclass” column to predicting the kind of income. “Income” is a string column with only two values: “>50K” and “<=50K".

First, we inserted two “File Reader” nodes: one to read the training set and one to read the test set prepared by the “data_preparation” workflow
earlier on in this chapter.

Of all the string attributes in the adult data set, we decided to keep only the attribute “sex”, since we think that sex is an important discriminative
variable in predicting the income of a person. Of course we also kept the “Income” column to be the reference class. We removed all other string
attributes. The attribute “sex” has been converted into a binary variable “sex_01", according to the following rule:

IF Ssex$ = “Male” => $sex_01$ =“-1”
IF Ssex$S =“Female” = $sex_01$ = “+1”

In order to implement this rule, we used a “Rule Engine” node. “sex_01" is the newly created string column containing the binary values for sex. We
then used a “StringToNumber” node to convert “sex_01” from String to Double and a “Column Filter” node to exclude all remaining string columns
besides “Income”.

A “Normalizer” node was placed after the “Column Filter” node to normalize “sex_01" values to follow a Gaussian normalized distribution, i.e. we
applied a “Z-score normalization” to the “sex_01” column. This sequence of transformations (“Rule Engine” on “sex”, “Column Filter” to keep only
numerical attributes and “Income”, and “Z-score normalization” on “sex_01") was applied on both training and test set.

We then applied an “RProp MLP Learner” node to build an MLP neural network with 6 input variables, 1 hidden layer with 4 neurons, and 2 output
neurons, i.e. one output neuron for each “Income” class. We trained it on the training set data with a maximum number of iterations of 100. After
training, we applied the MLP model to the test set’s data by using a “Multilayer Perceptron Predictor” node.

The neural network’s predictor node applies the rules from the model built by the learner node to a data set with new records. The predictor node
has two input ports:

e Adatainput (white triangle) with the new data to be classified
e A model input (green square) with the model parameters produced by a “RProp MLP Learner” node
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Multilayer Perceptron Predictor

The “Multilayer Perceptron Predictor” node takes an MLP model, generated by an “RProp MLP

Learner” node, at the model input port (green square) and applies it to the input data table at

the input data port (white triangle).

The “Multilayer Perceptron Predictor” node can be found in the “Node Repository” in the

“Mining” -> “Neural Network” -> “MLP” category.

The only settings required for its configuration are a checkbox to append the normalized class

distributions to the input data table and a possible customized name for the output class column

4.33.Configuration window of the ,,MultiLayer Perceptron

Predictor” node

-4 Dialog - 0:25 - MultiLayerPerceptron Predictor
File

Options | Flow Variables I Memory Pclicy|

=1 Eol =

[ €hange prediction column name
Prediction {income)

Append columns with normalized dass distribution
Suffix for probability columns

oK ] [ Apply ] [ Cancel

1

Classified Data
We can visualize the results of the MLP Prediction:

e Right-click the “Multilayer Perceptron Predictor” node
e Select “Classified data”

The “Classified Data” data table (Fig. 4.34) contains the final
prediction class in the “Prediction (income)” column and the values of
the two output neurons in the columns “P (Income >50K)” and
“P(Income<=50K)".

The firing value of the two output neurons is represented by a red-
green bar instead of a double number. Red means a low number (<
0.5), green a high number (> 0.5). The highest firing output neuron
decides the prediction class of the data row.

4.34. Output Data Table of the ,,Multilayer Perceptron Predictor” node

Classified Data Final Prediction

1

File

Table “default” - Rows: 16251 | Spec-

i Classified Data - 0:25 - MultiLayePerceptron Predictor

RowlD e [ s=it |
Ao 2.705
Rowl |-0.708 — | — P |
Row? (1413 — | P
Row3 |-0.708 — — P
Rowd |-0.708 = il
AowS |-0. 705 — -_— [ =50
Aowt |-0. 705 — —_— =G0
Rowm? |-0. 705 — =G0
Aowd |0, 705 —  om =G0
Rowmd [1438 — s =G0
Rowld |1438 — =G0
Rowll |0, 705 — -_— | <=5
Rowl2 |-0. 705 — —_— |>50%
Rowl3 |-0. 705 — -_— =50
Rowld |-0. 705 — -_— =50
Rowls |-0. 705 — om =50
Rowl6 |0, 705 —  m =50

Note. No data hiliting is available for learner and predictor nodes of the “Neural Network” -> “MLP” Category.
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4.35. The ,,ROC Curve View" for the ,,ROC Curve node

ROC Curve i 5 o S =

File
ROC Curve

The “ROC Curve” node draws the ROC Curve for a two-class classification
problem. To draw an ROC curve the target classification column has to contain
two class labels only. One of them is identified as the positive class. A threshold
is then incrementally applied to the column containing the probabilities for the
positive class, therefore defining the true positives rate and the false positives
rate for each threshold value [5]. At each step, the classification is performed

o
E
c
o
]
g
=,
=
=
o
]
4
E

Line of random choice

as:
IF Probability of positive class > threshold = => positive class
ELSE => negative class o <=50K (Heuron 0) (0,617

.
0 False Positive Rate

The ROC Curve, in particular the area below the ROC curve, gives an indication e
of the predictor performance. The “ROC Curve” node does not have a hilite e o [z o Citesc) [soigamicias] [l mimiens
functionality.

The “ROC Curve” node is located in the “Node Repository” panel in the 4.36. Configuration window of the ,ROC Curve“ node
. . . . i -0 _ - O x
“Mining” -> “Scoring” category. The configuration window requires: e i et En

File

Standard Settings | Flow Variables | Memory Policy

e The column containing the reference class ; only two class labels are e o — v
allowed for a two-class classification problem Poitive dass value =Y
Limit data points for each curve to -1
e The class label representing the positive class Columns contairing the positive cess probabiites
Exclude Select Indude
e The column(s) with the probabilities for the positive class . — o S —
[[] Select all search hits [ select all search hits
It is possible to display multiple curves for different columns in the ROC Curve D o =t 3l >> D (neome=<=50)
D education-num
View, if we want to compare the performances of more than one classifier. B ot o e
g :::[SD?EPNEEk << remove all
If the data set is very large, the option “Limit data points for each curve to” B P fncome—>50
allows to work on a smaller subset, improving the execution time.
oK Apply Cancel @

The selection of the columns with the probabilities for the positive class is
performed by means of an “Exclude”/”Include” frame.
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We have used the Neural Network paradigm in a two-class classification problem (“Income > 50K” or “Income <=50K”). We can now apply an “ROC
Curve" node to the results of the “Multilayer Perceptron Predictor” node. We identified:

The class column as column “Income”
The label for the positive class as value “<=50K” in column “Income”
The column “P(Income <=50K)” as the column containing the probability/score for the positive class

The resulting ROC Curve is shown in Figure 4.35. The closer the curve is to the point [0,1], the better the classifier performance is. This can be seen in
the ROC Curve itself, but also in the area under the ROC curve. The optimal performance has an area of 1.0 under the ROC Curve. The last item of the
context menu of the “ROC Curve” node leads to the “Area under curve”. The “ROC Curve” node following the “Multilayer Perceptron Predictor” node
shows an underlying area of 0.819.

Write/Read Models to/from file

Once we have trained a model and ascertained that it works well enough for our expectations, it would be nice if we could reuse the same model in
other similar applications on new data. This means that we should be able to recycle the model in other workflows as well. KNIME offers two nodes to
write a model to a file and two nodes to read a model from a file.

4.37. Configuration window of the ,Mode Writer” node

Model Writer _. Dialog - 0:2:73 - ma_@l@lﬂ

File

The “Model Writer” node takes a model at the input port (gray square) and writes it
into a file by using the KNIME internal format.

Options | Flow Variables I Memory Policy'|

Selected File:

C:\data\book\MLF_my_first_ANN.zip -

The “Model Writer” node is located in the “10” -> “Write” category in the “Node
Repository” panel.

. . . . Overwrite OK
The configuration window only requires:

e The path of the output file (*.zip file)
e The flag to override the file if the file exists ok || ey |[ Cancel
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Note. In the same “10” -> “write” category, you will find a similar node: the “PMML Writer” node. The “PMML Writer” node writes a model into a

file with extension .pmml using the PMML standard format.

The final workflow “my_first ANN” is shown in figure 4.38.

4.38. Workflow ,,my_first_ ANN“

Conversion of the "sex" attribute to a number

Rule Engine String To Number Column Filter

B 82 I B ik
binary sex  sex 01 -» Double no String attr
File Reader Normalizer RProp MLP Lea
o+ u
training set Z-score Node 5
er (Apply)
File Reader @

Z-score apply

Rule Engine String To Number  Column Filter

> 82 - - ik

binary sex  sex 01 -» Double no String attr

Conversion of the "sex" attribute to a number

Node 14

PMML Writer

Node 24

ROC Curve

Node 22

At the same time, KNIME also provides two nodes to read a model from a file: the “Model Reader” node and the “PMML Reader” node. Both nodes

are located in the “10” -> “Read” category in the “Node Repository” panel.
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4.39. Configuration window of the ,,Model Reader” node

Model Reader _. Dialog - 0:2:25 -

The “Model Reader” node reads a model from a file using the KNIME internal File

format and makes it available at the output port (gray square). Options | Fiow Variables | Memory Policy
Selected File:

The “Model Writer” node is located in the “10” -> “Read” category in the C:\data\book MLP_my_first_ANN. zip
“Node Repository” panel.

The configuration window only needs:

e The path of the input file (*.zip file)

0K ] l Apply ] [ Cancel ] @

Note. Similar to the “Model Reader” node, the “PMML Reader” node reads a model from a file with extension .pmml, but requires the PMML

standard format.

In this last part of the chapter, we would like to show a few more nodes that are commonly used in data analysis. We will build a new workflow,

named “Clustering and Regression”, in the workflow group “Chapter4” to host these nodes.

We will use the same data that we used for the previous two workflows, “training set” and “test set”, created in the “data_preparation” workflow.
The first two nodes in the workflow will then be two “File Reader” nodes, one to read the training set and one to read the test set data.
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Statistics

The “Statistics” node calculates statistic variables on the input data, such as:

For nominal columns (available in a table on output port 1 and 2):

For numerical columns (available in a table on output port 0):
minimum variance
maximum median
Mean overall sum
Standard deviation kurtosis
skewness number of NaN/missing values
Histogram

number of occurrences of nominal values
Number of missing values
Histogram of nominal values

The configuration window requires:

e The selection of the nominal columns on which to calculate the
statistical measures (the statistical measures for numerical
variables are calculated on all numerical columns by default). The
column selection is performed by of

means an

“Exclude”/”Include” frame.

e The maximum number of most frequent and infrequent values to
display in the view

e The maximum number of possible values per column. This is to
avoid long lists of nominal values.

e Whether to calculate the median value
e Whether to preserve the hilite for the following nodes

All the statistical measures, described in the table above, are available at
the node output ports as well as in the node View. Note that the
“Statistics View” option in the context menu has no hilite functionality.

The “Statistics” node is located in the “Node Repository” panel in the “statistics” category.

4.40. Configuration window of the ,,Statistics” node

Billem = 132 - St -0
File
Options | Histogram | Flow Variables | Memary Policy
[] caleulate median values {computationally expensive)
Nominal values
(®) Manual Selection () Wildcard/Regex Selection () Type Selection
Exclude Select Include
Column(s): Search add => Column(s): Search
[] select all search hits [] select all search hits
D age add all >> S workdass
| final weight S education
D education-num S occupation
S marital-status SRR S relationship
D capital-gain S race
D capitalHoss 8§ sex
D hours-per-week << remove all § native-country
S income
() Enforce exdusion (®) Enforce indusion
Max no. of most frequent and infrequent values (in view): 20+
Max no. of possible values per column (in output table): 1,000
nable Hii
[ Enable HiLit=
oK Apply Cancel @
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The “Statistics” node has two visualization options: the “Statistics View” and the data tables on the output
ports. Both visualization options are reachable via the context menu.

The node has three output ports and the “Statistics View” has three specular tabs. Output port “Statistics
Table” corresponds to tab “Numeric” in the view; output port “nominal Statistical Values” corresponds to tab
“Nominal” in the view; and output port “Occurrences Table” corresponds to tab “Top/Bottom” in the view.

Tab “Numeric” contains a number of statistical measures calculated on all numerical columns, with an
approximate histogram. Each row then with all the statistical measures and the rough histogram offers an idea
of the statistical properties and distribution of the values in a numeric data column.

Similarly, the “Nominal” and the “Top/Bottom” tabs give an idea of the statistical properties of the values in a
nominal data column.

4.41. Context menu of the “Statistics” node

Note. The statistics of nominal columns is calculated only for the nominal columns included in the
configuration window.

¥ Configure...

(]

2 View: Statistics View

& 0 Statistics Table

L1 Occurrences Table

Execute

Execute and Open Views
Cancel

Reset

MNew Workflow Annotation
Collapse into Meta Mode

Expand Meta Node

Show Flow Variable Ports

Cut

Copy
Paste
Unde

Redo

Delete

4.42. The “Numeric” tab of the “Statistics” node view displays statistical measures and

. calculated on all numerical columns.
In our workflow’s node we excluded the column “marital-

Statistics View - 0:33 - Statistics
File

Numeric | Nominal | Top/bottom

status” from the nominal columns and the corresponding

—mEm

Column Min Mean Median Std. Dev. Skewness  Kurtosis

column pair “marital-status” and “marital status_Count” is not

age -1.5867 -3.01E-16 ? 3.7503 1 05573 -0.1631

in the “Occurrences Table”.

final weight 12285 190.469.3365 1455435 105884.9181 1.3903 5.5062

In “Statistics View” -> tab “Nominal Columns” we find the
same information, but the lists of nominal values are sorted by

education-num  -3.5175 1.06E-16 ? 22020 1 0.3325 0.6563

frequency. For each column we find two table cells: one at the
top for the most frequent (top 20) nominal values in the

capital-gain -0.1463 2.57E-17 134239 1 119683 1552778

column and one at the bottom for the least frequent (bottom
20) nominal values in the column.

capital-loss 0211 0.36E-18 ? 10.8728 1 47485 22075

‘hours-per-week -31728 -2.58E-17 ? 47053 1 02383 30342

No. Missing
0

No.+oo

No.-o  Histogram

|

1.500.000
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4.43. The “Occurrences Table” contains the number of occurrences of nominal

values calculated only on the selected nominal columns

File

4.44. ,Statistics View" -> Tab ,, Top/Bottom” with the number of occurrences of nominal values
calculated only on the selected nominal columns and sorted in descending order

Statistics View - 0:33 - Statistics

——ma

Table "default” -Rows: 41 | spec - Calumns: 16 | Properties | Flow Variabies|

Row ID _;S__workdass | workdass_Count_P§ education | | educati...| § occupa... | | ocoupa... | § relation...
RowD Frivate H5-grad 5278 Prof-spedalty (2086 Husband ~
Rowl Self-emp-no... |1271 Some-college (3607 Craftrepair  [2055 Not-in-family [
Fow2 Local-gov 1030 Bachelors 12748 Exec-manag... [1985 Own-child |E
Row3 ? 940 Masters 836 ‘Adm-clerical {1875 Unmarried ||
Rowd State-gov 657 IASSOC-VOC (T3] Sales 1346 Wife
Row5 Self-emp-inc  |568 11th 592 (Other-service (1644 Other-relative
Rows Federal-gov  |499 \Assoc-acdm  [538 Machine-op-... (394 2
Row? Without-pay |6 10th 450 ? 944 ?

Rows Mever-worked |4 7th-8th 1331 [Transport-m... |735 ?
Rowd ? ? Profschool (275 Handlers-cle... (704 ?
Rowi0 ? ? ath 1257 Farming-fish... 476 ?
Rowll 2 ? Doctorate ‘ 1212 Tech-support 467 2 a2
L) L1} L3
Regression

File
Numeric | Nominal | Top/bottom
Top 20: Top 20: Top 20: Top 20: Top 20: Top 20: Top 20: Top 20:
Private - 11305 HS-grad - 5278 Prof-specialty : 2086 Husband : 6639 White - 13918 Male - 10879 United-States - 14560 =50K : 12359
Self-emp-not-inc : 1271 | Some-college : 3607 || Craft-repair : 2055 Not-in-family - 4144 |Black : 1538 Female - 5401 Mexico : 326 >50K : 3921
Local-gov : 1030 Bachelors - 2748 Exec-managerial - 1985 | Own-child : 2510 Asian-Pac-Tslander - 519 7:298
7:940 Masters : 836 Adm-clerical - 1875 Unmarried : 1716 | Amer-Indian-Fskimo : 153 Philippines : 94
State-gov - 637 Assoc-voc - 668 Sales 1846 Wife - 785 Other - 152 Germany © 75
Self-emp-inc - 568 11th: 502 Other-service - 1644 Other-relative - 486 Canada - 73
Federal-gov - 400 Assoc-acdm - 538 || Machine-op-inspet - 994 Puerto-Rico - 59
Without-pay : 6 10th : 450 7:044 El-Satvador : 54
Never-worked : 4 Tth-8th: 331 Transport-moving : 785 India: 49
Prof-school : 275 Handlers-cleaners - 704 Cuba : 46
Oth - 257 Farming-fishing : 476 Jamaica - 42
Doctorate : 212 Tech-support - 467 South : 41
12th : 206 Protective-serv : 335 China - 40
Sth-6th - 161 Priv-house-serv : 79 England - 37
Ist-4th - 88 Armed-Forces - 5 Traly - 37
Preschool : 33 Japan:33
Vietnam : 35
Guatemala - 34
Columbia : 33
Dominican-Republic - 33
Bottom 20: Bottom 20: Bottom 20: Bottom 20: Bottom 20: Bottom 20: Bottom 20: Bottom 20:
Haiti : 24
Taiwan : 24
Portugal - 21
Nicaragua : 19
France - 19
Tran - 17
Ecuador - 17
Peru: 13
Greece: 12
Hong : 12
Ireland - 11
Laos: 10

Outlying-US(Guam-USVI-etc) :
Trinadad& Tobago : 8
Cambodia - §

Thailand - §

Honduras : 6

Hungary : 6

Yugoslavia : 6

Another very common task in data analysis is the calculation of the linear regression [3] [4] [5]. In the “Node Repository” panel, in the “Statistics” ->
“Regression” category, there are two learner nodes to learn the regression parameters: one node performs a multivariate linear regression, the other

node a multivariate polynomial regression. Both regression learner nodes share the predictor node.

Regression Learner nodes have two input ports and two output ports. At input, the node is fed with the training data and optionally with a pre-
existing model. After execution, the node produces the regression model and the statistical properties of the model in a data table.

The predictor node takes the regression model, linear or polynomial, as input and applies it to new input data rows to predict their response. In this
book, we will only show how to implement the linear regression.
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Linear Regression (Learner)

4.45. Configuration window for the “Linear Regression (Learner)” node

The “Linear Regression (Learner)” node performs a multivariate

-a Dialog - 2:31 - Linear Regression Learner EI@
linear regression on a target column, i.e. the response. File
Settings | Flow Variables I Memary Policy
The “Linear Regression (Learner)” node can be found in the Target
“Node  Repository” in category “Statistics” -> D housper-nesk =
“Regression” Values
(@ Manual Selection (7 Wildcard/Regex Selection (7) Type Selection
. . . . Exdude Select Indude
In the configuration window you need to specify:
Column(s): Column(s):
[ select all search hits [ Select all search hits
[ ]
The target column for which the regression is calculated e -
e The columns to be used as independent variables in the o et e
linear regression s e R e iy
. S relationship s
e The number of the starting row and the number of rows § race
S sex
to be visualized in the node’s scatter plot view ® Enforce exchsion © Enforce indusion
e The missing value handling strategy
e A default offset value to use Regression Preperties
[] Predefined Offset Value: ok
Selection of the input data columns is performed by means of Missing Yalues in Input Data Seatter Plot View
the column selection framework: by manual selection with e e 1
“Include/Exclude” panels; by type selection, by Wildcard/Regex © Fallon observing mising vales. Rowcmnt |20
expression selection.
i QK ] [ Apply ] [ Cancel I .
The node outputs the regression model as well as the model’s

coefficients and statistics.

We connected a “Linear Regression (Learner)” node to the “File Reader” with the training data. We wanted to predict the columns “hours-per-week”
by using the columns “age”, “education-num”, “capital-gain”, “capital-loss”, “native-cuntry”, and “income” as independent variables for the linear
regression.

Note. The “Linear Regression (Learner)” node can only deal with numerical values. Nominal columns are automatically discretized using a dummy
coding available for categorical variables in regression http://en.wikipedia.org/wiki/Categorical variable#Categorical variables in regression.
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The “Linear Regression (Learner)” node produces the regression model at the node’s output port. The regression model is subsequently fed into a
“Regression Predictor” node and used to predict new values for a different data set.

Regression (Predictor) 4.46. Configuration window for the “Regression (Predictor)”
node
The “Regression (Predictor)” node obtains a regression model from one of its input ports
8 ( ) . & . . P P -a Dialog - 2:32 - Regression Predictor EI@
(blue square) and data from the other input port (white triangle). It uses the model and the —

data to make a data based prediction.

Settings | Flow Variables | Memory Policy

The “Regression (Predictor)” node needs input data in the same format as the data that was Prediction column
used to build the regression model, i.e. with the same columns as the training data. [C] Custom prediction column name: | Prediction (hours-per-week)
Since all information is already available in the model, this node only needs the minimal LT I LT T TS TR R TR R R

. . . . . . Append columns with predicted probabilities
predictor settings: possible customized name for the output classification column and a flag to o

append the output class distribution columns to the input data table. Suffixfor probabity columns:

The “Regression (Predictor)” node is located in the “statistics” -> “Regression” category
in the “Node Repository” panel. [

ok || Apply || Cancel

Clustering

The last topic that we want to discuss in this chapter is clustering. There are many clustering techniques around and KNIME has implemented a
number of them.

As in data models we already looked at, we have a trainer node and a predictor node for the clustering models. The learner nodes implement a
clustering algorithm; that is they build a number of clusters by grouping together similar patterns and calculate their representative prototypes. The
predictor then assigns a new data vector to the cluster with the nearest prototype. Such a predictor is not specific to only one clustering technique,
but it works for any clustering algorithm that requires a cluster assignment on the basis of a distance function in the prediction phase. This leads to
many specific clustering learner nodes (implementing different clustering procedures) but to only one clustering predictor node.

A learner node could implement the k-Means algorithm, for example. The k-Means procedure builds k clusters on the training data, where k is a
predefined number [3] [4] [5]. The algorithm iterates multiple times over the data and terminates when the cluster assignments no longer change.
Note that the k clusters are only built on the basis of a similarity (distance) criterion. k-Means does not take into account the real class of each data
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row: it is an unsupervised classification algorithm. The predictor performs a crisp classification that assigns a data vector to only one of the k clusters
which were built on the training data; in particular it assigns the data vector to the cluster with the nearest prototype.

We will focus on the k-Means algorithm to give you an example of how clustering can be implemented with KNIME (see the “Clustering and
Regression” workflow).

k-Means

The “k-Means” node groups input patterns into k clusters on the basis of a distance criterion and calculates their prototypes. The
prototypes are built as the mean value of the cluster patterns. This node takes the training data on the input port and presents the model
at the blue squared output port and the training data with cluster assignment on the data output port (white triangle).

The “k-Means” node can be found in the “Node Repository” in the “Mining” -> “Clustering” category.

In the configuration window you need to specify: 4.47. Configuration window of the “k-Means” node

e The final number of clusters k Fle

K-Means Properties | Flow Variables I Memory Policy

number of dusters:

e The maximum number of iterations to ensure that the
learning operation converges within a reasonable time

max. number of iterations:

e The columns to be used to calculate the distance and the ~ Exclude Select - Indude
prOtOtypes Column(s): Column(s):
. . i [ Select all search hits [ select all search hits
e Flag “Always include all columns” is alternative to the T
. D e
column selection frame. D final weight
e D education-num
. . D capital-gain
Column  selection is performed by means of an D contalioss
“Exclude”/”Include” frame. <<removeal D hours-per-neck

e The columns to be used for the distance calculation are listed in

. . Alw indude all col
frame “Include”. All other columns are listed in frame [ Aways incude o cokamz
“Exclude”.

. Appl Cancel @
e To move from frame “Include” to frame “Exclude” and vice oy [ e ] [@)]

versa, use buttons “add” and “remove”. To move all columns to
one frame or the other use buttons “add all” and “remove all”.
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The “K-Means” node has a “Cluster View” option in the context-menu: “View: Cluster View”. The Cluster View shows the prototypes of the k clusters.

Note. Since clustering algorithms are based on distance, a normalization is usually required to make all feature ranges comparable. In the “Clustering

and Regression” workflow, we normalized the input features all into [0,1] by using a “Normalizer” node.

The “K-Means” algorithm though just defines the clusters in the input space on the basis of a representative subset of the same input space. Once the
set of clusters is defined, new data rows need to be scored against it to find the cluster they belong to. To do that, we use the “Cluster Assigner”

node.

Cluster Assigner

The “Cluster Assigner” node assigns test data to an existing set of prototypes that have been calculated by a clustering node such as the “k-
Means” node. Each data row is assigned to its nearest prototype.

The node takes a clustering model and a data set as inputs and produces a copy of the data set with an additional column containing the

cluster assignments.
The “Cluster Assigner” node is located in the “Mining” -> “Clustering” category in the “Node Repository” panel.

It does not need any configuration settings specific to its cluster assignment task.

Note. The “Cluster Assigner” node is not specific for the “k-Means” node. It performs the cluster assignment task from a cluster set based with any of

the available clustering algorithms.

The final workflow “Clustering and Regression” is shown in figure 4.48.
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Hypothesis Testing

A few nodes are available in KNIME to perform classical statistical hypothesis testing. Most of them can be found in “Statistics” -> “Hypothesis
Testing”: the single sample t-test, the paired t-test, the one way ANOVA, and the independent group t-test. Only the node performing the chi-square
test is located outside of the “Hypothesis Testing” sub-category into the “Crosstab” node.

4.48. Workflow ,,Clustering and Regression* 4.49. The "Hypothesis Testing" sub-category

Statistics

l Mode Repository

= B8

el

> iy 10 -
+ [ Database
Node 33 » % Data Manipulation
File Reader Linear Regression > Datal ‘-f.iews
Learner 4 ¥ Statistics
. ] )' Hypothesis Testing
@ Regr " N2 Single sample t-test L

ﬁ Independent groups t-test

,
training set M2 Paired t-test

Mode 31

Normalizer

b One-way ANOVA
> f/ Regression
H Linear Correlation
p—_, Correlation Filter

I Pl 1l Statistics
s m .-ﬁ- i- Crosstab
¥i Value Counter
. a4 @ Mining
File Reader Min-max normalization MNode 26 Cluster Assigner . (& Bayes
@ i | 4 "
__
Node 27
test set
4.5, Exercises
Exercise 1

Using the wine.data file (training set = 80% and test set = 20%) train a decision tree to recognize the class to which each wine belongs.
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Run the decision tree on the wine test set and measure the decision tree performance. In particular, we are interested in finding out how many false
negatives for class 2 there are.

We would also like to identify the row number in the original test set of the wine belonging to class 2 that has been erroneously classified into class 3.

4.50. Exercise 1: workflow

Solution to Exercise 1 Interactive Table
Decision
Tree Learner

In the “Decision Tree Learner” node we used column “class” as the

o]
class column. n-m
File Reader Partitioning Node &
“ 2 H
We then used a “Scorer” node to see how many False Negatives a = Hode 3 Decision Tree
. . . . . EA Predict S
were produced in the accuracy statistics and/or in the confusion recieror corer

.
matrix. wine,data Mode 2
Mode 4 Mode 5
4.51. Exercise 1: ,View: Confusion Matrix” window for the “Scorer” node
A Confusion Matrix - 0:5 - Scorer
File  Hilite
Class | Pr... | 1 2 3 We open the “View: Confusion Matrix” option in the context menu and look for
; 11 12 ? the number of records belonging to class 2 (Y-axis) that are misclassified as class
3 0 2 5 3 (X-axis).
There is only one record that has been misclassified to class 3 from class 2. We
Correct dlassified: 31 Wrang dassified: 5 . ) . . ..
prect fassE o FasstE can use the hiliting function to find this record in the original test data table.
Accuracy: 86,111 % Error: 13.839 %

We hilited the cell in the confusion matrix that contains the number of such misclassified records. Next, we added an “Interactive Table” node to find
the data row belonging to class 2 that has been assigned to class 3 in the data set resulting from the “Decision Tree Predictor” node. As a result of the
interactive brushing property supported by the “Interactive Table” node and the “Scorer” node, the hilited cells in the Confusion Matrix View of the
“Scorer” node hilite the corresponding records in the view of the “Interactive Table” node. The “Interactive Table” node was connected to the output
port of the “Decision Tree Predictor” node. If we now open the option “View: Table View” in the context menu of the “Interactive Table” node, we
find that one record is hilited. This is the misclassified record we have been looking for.
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4.52. Exercise 1: Table View of the “Interactive Table” node.
The hilited row is the row producing the one misclassified record in the confusion matrix of the “Scorer” node.

Table View - 2:6 - Interactive Table "wine.data” (36 x =k
File Hilite Mavigation View Output
Row ID S Class D Alcohal D Malicadd | D Ash D Alcalinit...| | Magnes...
Row3 1 14.37 1.95 2.5 15.8 113 -
Rows 1 13.86 1.35 2.27 16 98
Row10 1 14.1 2,16 2.3 13 105
Rowill 1 14,12 1.48 2.32 16.8 35
Rowil2 1 13.75 1.73 2.41 15 39
Row15 1 13.63 1.81 2.7 17.2 112
Row21 1 12.93 3.8 2.65 18.6 102
Row23 1 12,85 1.6 2,52 17.8 95
Row33 1 13.76 1.53 2.7 19.5 132 L
Row43 1 13.24 3.93 2.29 17.5 103 3
Row44 1 13.05 1.77 2.1 17 107
Row57 1 1320 e = 16.8 102
2 12.29 161 2.21 20.4 05—
Row7a p oy g Fs) 101
RowB2 2 12.08 1.13 2.51 24 78
Rowd4 2 11.34 0.89 2.58 13 94
Row86 2 12.16 1.61 2.31 22.8 30
Rowsa0 2 12.08 1.83 2.32 18.5 31
RowS1 2 12 1.51 2,42 22 35
Rows5 2 12.47 1.52 2.2 18 162
RowsS7 2 12.29 141 1.98 16 35
Row100 2 12.08 2.08 1.7 17.5 97
Row105 2 12.42 2.55 2.27 22 30
Row11d 2 11.32 1.47 1.99 20.8 35
Row120 2 11.45 2.4 2,42 20 96 -

-

1 (3

Note. “Decision Tree” nodes need at least one nominal value to be used as the classification column.

The “File Reader” node reads the wine data class as Integer, since the classes are “1”, “2”, and “3”. To make this a nominal value, go to the
configuration window of the “File Reader” node and right-click the column header and select Type = “String”.
Exercise 2
Build a training set (80%) and a test set (20%) from the wine.data. Train a Multilayer Perceptron (MLP) on the training set to classify the data
according to the values in column “Class”.
Next, apply the MLP to the test set and measure the classification entropy.
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4.53. Exercise 2: workflow

Interactive Table
Solution to Exercise 2 Dedision
Tree Learner
We use a “Normalizer” node to scale the data before
Lo
feeding them into the MLP. m QL=
MNode 6

Since the wine dataset is very small, we used the 223 Decision Tree

’ File Reader Partitioning Mode7 Predictor Scorer
whole data set to define the normalization =
parameters. @ B @
The next step involved using a neural network with wine.data Node 2 Node 4 Node 5

only one output neuron to model the three class
values: “1”, “2”, and “3”.

As a neuron has a continuous output value, its output has to be post-processed to assign a class in the form of “1”, “2”, and “3” to each data row. To
do this we used a “Rule Engine” node that implements the following rule:

IF Sheuron output$ <=0.3 =>class 1
ELSEIF  SneuronoutputS >0.3 AND S$neuron outputS <0.6 => class 2
ELSEIF  Sneuron output$ >=0.6 =>class 3

The entropy measure can be found in the “Entropy Scorer” node, where we need to compare the original class values with the neural network’s
predicted class values.

Exercise 3

Read the data “web site 1.txt” with a File Reader node. This data set describes the number of visitors to a web site for the year 2013.

Compute a few statistical parameters on the number of visitors, such as the mean and the standard deviation. Train a Naive Bayesian Network on the
number of visitors to discover whether a specific data row refers to a weekend or to a business day.

Finally, draw the ROC curve to visualize the Naive Bayesian Classifier performance.
Solution to Exercise 3

We used a “Rule Engine” node to translate the column called “Day of Week” into a “weekend/not weekend” binary class.
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We filtered out the “Day of Week” column as not to make the classification task too easy for the Naive Bayesian Classifier.

We trained the Bayesian Network on the binary class “weekend/not weekend” and we built the ROC curve on the “weekend” class probability (Fig.

4.55),
4.54. Exercise 3: workflow
Statistics
MNode 18
Interactive Table
File Reader Rule Engine Column Filter
Maive Bayes Learner
R T =
@; @ 6 i
L
Node 11
web site data Node 12 Node 15

Node 16
ROC Curve

MNade 17 MNaode 5

Nede 10
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4.55. Exercise 3: ROC Curve on the results of the Bayesian classifier
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Chapter 5. The Workflow for my First Report

5.1. Introduction

The KNIME Report Designer is based on BIRT (Business Intelligence Reporting Tool), which is open source software for reporting.

BIRT and KNIME communicate inside the same platform. For each workflow | can open a default pre-set report and from each report | can go back to
the original workflow just by clicking a button. The KNIME workflow generates the data, while BIRT takes this data and puts them inside a report

layout. The data generated by the KNIME workflow and used by the BIRT report are automatically updated every time | move into the report space.

Usually reporting is only one part of a bigger data analysis structure. For example it can be used to show the model scores to the management board
or to quantify performances for your boss. In this case, it is convenient to save the intermediate data into some history files, in order to be able to
easily replicate the reports or to proceed with further data analysis later on. Generally, the KNIME workflow underlying the report is implemented to

produce the data in almost the exact shape that is required by the report. A number of KNIME nodes are available to help us in this data manipulation

task.
In this chapter we show how to build a report; that is how to 5.1. Data Structure of the "Projects.txt" file
implement a workflow to prepare the data for the report File
i i Table "Projects. txt” - Rows: 132 ‘ Spec - Columns: ?I Properties I Flow Var\ables|
In the next chapter we learn how to shape the report itself in the e e elaa [hrmiag [elimmey ey e e o e
Row0 Sahara green 1 365 420 2009 Q1 -~
reporting tool; i.e., how to edit the report layout and how to switch i Mojave black 15 520 510 2003 a1 El
Row2 Kalahari pink 7 260 252 2008 Q1
A A Row3 Blue blue 2 400 410 2005 Q1
back and forth from the KNIME environment to the BIRT environment. Rowa wihite white G 300 z7 2009 Q1
Row5 Gobi yellow 5 435 435 2009 Q1
. . . Rows Kara Kum brown 3 379 386 2009 Q1
During this chapter we build an example workflow to demonstrate Row? Lo Guzjra_[siver 3 a0 a2 003 Gl
Rowa Patagonia purple 10 453 453 2009 Q1
. . ' chi Id
how to generate data for a report. Before continuing, let’s create a S oy ¢ s 000 = o
Rowll Sahara green 1 319 320 2008 Q1
new workflow group “Chapter5” and open a new workflow with name i Mojave biack = 200 200 2008 at

“Projects”.

We will use the data “Projects.txt” available in the book’s “Download Zone”. This file describes the evolution, in terms of money, of 11 fictitious
projects across 2007, 2008, and 2009.
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Each project is identified by the name of a different desert. Each project also has a unique color and a unique priority ranking, which remain the same
over the years. Finally, the file describes the amount of money assigned to each project and the amount of money actually used by each project for
each quarter of each year. After reading the file with a “File Reader” node, we get the data structure as in Figure 5.1. We also assign the name
“Projects File” to the File Reader node, in order to quickly understand which data this node is applied to.

5.1. Installing the Report Designer Extension

The “KNIME Report Designer” is not included in the basic standalone version of KNIME. It can be downloaded as a separate extension package from
the “KNIME.com Extensions” in the “Help” -> “Install New Software” window.

To install the “KNIME Report” package:

- Start KNIME

- Inthe Top Menu click “Help” -> “Install New Software ...”

- Inthe “Available Software” window in the text box “Work with”, select “KNIME Update Site — http://www.knime.org/update/2 .x”
- Expand “KNIME & Extensions”

- Select the package “KNIME Reporting”

- Click the button “Next” on the bottom

If the installation runs correctly, after KNIME is restarted, you should have:

- A new category “Reporting” in the “Node Repository” panel with a “Data To Report” node
- A new option called “Edit Report” in the context menu of the workflows in the “KNIME Explorer” panel

5.2. Transform Rows

The goal of this chapter is to prepare the data for a report. Usually, data needs to reach the report in a predefined form. In this section we explore a
few KNIME nodes that can help us to reach the desired data set structure.

The data for the report comes from the file “Projects.txt”, which contains a list of projects and details how much money has been assigned to or used
by each project during the years 2007, 2008, and 2009. We want to show 3 tables and 2 charts in the report.

The first table should show the project names in the row headers, the years in the column headers, and how much money has been assigned in total
to each project for each year in the table cells (Fig. 5.2).
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The second table has the same structure, but it shows how much money has been used in total by each project for each year in the table cells (Fig.
5.2).

The third table has the same structure as the two tables above and shows the remaining amount of money (= money assigned - money used) for each
project for each year (Fig. 5.2).

The first chart should show the total amount of money assigned to each project (y-axis) over the three years (x-axis). The BIRT chart report item is fed
with a data set where the values for x-axis and the values for y-axis are listed in two different columns; that is a data set where the year and the
corresponding sum of money belong to the same row (Fig. 5.3).

The second chart has the same structure as the first chart, but shows the total amount of money used instead of the total amount of money assigned.
That is, the chart must show the total amount of money used by each project (y-axis) over the three years (x-axis). For this reason, it needs a data set
with year and total money used by each project separated into different columns (Fig. 5.3).

5.2. Data structure required for the tables in the report ("Pivoting" node) 5.3. Data structure required for the charts in the report ("GroupBy" node)
Project Name \ year 2007 2008 2009 Project Name year Sum(money)
Project 1 Sum (money) for Sum (money) for Sum (money) for Project 1 2009 Sum (money) for
project 1 in year project 1 in year project 1 in year project 1 in year 2009
2007 2008 2009 Project 2 2009 Sum (money) for
Project 2 Sum(money)for project 2 in year 2009
project 2 in year Project 3 2009 Sum  (money) for
2007 project 3 in year 2009
Project 3

For both tables and charts structures, we need to calculate the sum of money (assigned, used, or remaining). However, we need to insert this sum
into a different data structure. For example, the years are the column headers in one case and the column values in the other.

In KNIME we can produce an aggregation based on variables — in this case the sum of money based on year and project — and we can report the final
aggregation values on tables with different structure by using two different nodes: the GroupBy node and the Pivoting node.

Both nodes (“GroupBy” and “Pivoting”) are located in the “Node Repository” panel in the “Data Manipulation” -> “Row” -> “Transform"
category.
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GroupBy

The “GroupBy” node finds groups of data rows by using the combination of
values in one or more columns (Group Columns); it subsequently
aggregates the values in other columns (Aggregation Columns) across
those groups. Column values can be aggregated in the form of a sum or a
mean or just a count of occurrences (Aggregation Method).

The GroupBy node is located in category: “Data Manipulation” ->
“Row” -> “Transform"

The configuration window of the “GroupBy” node consists of two tabs:
“Groups” and “Options”.

5.4. Configuration window for the "GroupBy" node: tab “Groups”

. Dialog - 0:2:3 - GroupBy(mo = )

File

Settings | Description | Flow Variables | Memory Policy |

Groups | gptions

~Greupretiings

- Available column(s)

o

[F] Select all search hits:

S color
| ranking
| money assigned (1000)

Select - Group calumn(s)

=

[7] Select all szarch hits:

add all >>
8 rame
| reference year

| money used (1000)
S Quarter

<< remove all

0K

[ ooy J[ conca | [@]

Tab “Groups” defines the grouping options. That is, it selects the group column(s) by means of an “Exclude”/”Include” frame:
e The still available columns for grouping are listed in the frame “Available column(s)”. The selected columns are listed in the frame “Group column(s)”.
e To move from frame “Available column(s)” to frame “Group column(s)” and vice versa, use the “add” and “remove” buttons. To move all columns to

one frame or the other use the “add all” and “remove all” buttons.

Tab “Options” defines the aggregation settings, that is:

e The aggregation column(s)
e The aggregation method (one for each aggregation column)
e The name of the resulting column

Several aggregation methods are available in the “Options” tab. The most
frequently used are: Maximum, Minimum, Mean, Sum, Variance, Percent,
and Count.

The name of the result column is by default “Aggregation Method(column
name)”. We can either change it to “Column name(Aggregation Method)” or
keep the original “column name”.

5.5. Configuration window for the "GroupBy" node: tab “Options”

File

Settings | Desaiption | Flow Variables | Memory Policy |

_. Dialog - 0:2:3 - GroupBy(mor = J

| Groupk| Options
‘Aggregation settings

Available columns Select

S color

Ta change multiple columns use right mouse click for context menu.
Column Aggregation (digk to change)  Missing

| money assigned (1000) Sunt
[N money used (1000)

| ranking

| money assigned (100
| money used (1000}
S Quarter addall »>

Mean
|Standard deviation

<]

Adwanced settings
Maximum unique values per group | 10,0002 Column naming: | Agaregation method (column name) |

Value delimiter ,

] Enable hiiting ] Process in memory ] Retain row order

[ ox [ ey || cancel ]
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Pivoting

5.6. Configuration window for the "Pivoting" node: tab “Groups”

The PlVOtlng node finds groups of data rows by using the (.'; Dialog—O:Z:ZO—Pim‘ting(mnneyused_ E!E!\

combination of values from two or more columns: the “Pivot” | q.

columns and the “Group” columns. It subsequently aggregates

Settings | Description | Flow Variables | Memaory Policy|

the values from a third group of columns (Aggregation

L
L Groups | Piyots | Options

Columns) across those groups. Column values can be

] i - Available column(s) - Group column(s)
aggregated in the form of a sum or a mean or just a count of
occurrences (Aggregation Methods). Column5) Column(s):

[ select all search hits [ select all search hits
Once the aggregation has been performed, the data rows are add all >> S rame
reorganized in a matrix with “Pivot” column values as column ranking

money assigned {1000)
money used (1000)

<< Femove

headers and “Group” column values in the first columns.

reference year

The “Pivoting” node is located in the category “Data S Quarter <<remove al
Manipulation” -> “Row” -> “Transform"

The “Pivoting” node has one input port and three output ports:

e The input port receives the data

o The first output port produces the pivot table

Cancel

e The second output port produces the totals by group I

columns
e The third output port presents the totals by pivot
columns

The “Pivoting” node is configured by means of three tabs: “Groups”, “Pivots”, and “Options”.

Tab “Groups” (Fig. 5.6) defines the group columns by means of an “Exclude”/”Include” frame:

e The still available columns for grouping are listed in the frame “Available column(s)”. The selected columns are listed in the frame “Group column(s)”.

e To move from frame “Available column(s)” to frame “Group column(s)” and vice versa, use the “add” and “remove” buttons. To move all columns to
one frame or the other use the “add all” and “remove all” buttons.
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Tab “Pivots” (Fig. 5.7) defines the “Pivot” columns again by means of an
“Exclude”/”Include” frame:
e The still available columns for grouping are listed in the frame “Available
column(s)”. The selected columns are listed in the frame “Group column(s)”.

e To move from frame “Available column(s)” to frame “Pivot column(s)” and
vice versa, use the “add” and “remove” buttons. To move all columns to one
frame or the other use the “add all” and “remove all” buttons.

At the end of this tab window there are three flags:

o  “Ignore missing values” ignores missing values while grouping the data rows

e “Append overall totals” appends the overall total in the output table “Pivot
totals”

e “Ignore domain” groups data rows on the basis of the real values of the group
and pivot cells and not on the basis of the data domain. This might turn out
useful when there is a discrepancy between the real data values and their
domain values (for example after using a node for string manipulation).

Tab “Options” selects the aggregation columns and the aggregation method
for each aggregation column. The column selection is again performed by
means of an “Exclude”/”Include” frame:

For each selected aggregation column in the right frame, you need to choose
an aggregation method.

Several aggregation methods are available. The most frequently used are:
Maximum, Minimum, Mean, Sum, Variance, Percent, and Count.

The “Column naming” box defines the naming criterion for the output
columns, following the same naming criterion as for the “GroupBy” node.

Once the aggregation has been performed, the data rows are reorganized in
the pivot table as follows:

e Column headers = <pivot columns distinct values> + <aggregation
variable name selected criterion>

e  First columns contain the group columns distinct values.

5.7. Configuration window for the "Pivoting" node: tab “Pivots”

File

Settings | escription | Flow Variables | Memory Policy |

. Dialog - 0:2:20 - Pivnling[mu_b‘ﬂg

Pivot settings
r Available column(s)

Select

r Pivot column(s)

Column(s): Column(s):

[ Select all search hits [ Select all search hits
S neme zdd ol | reference year
S color
| e
| money assigned (1000)
| maney used (1000)
g

Ignore missing values ( [T] Append overall totals Ignore domain
[ o J[ Ay ][ Concel |

5.8. Configuration window for the "Pivoting" node: tab "Options"

. Dialog - 0:2:20 - pmi.\g{m_blﬂlg

File

Settings | Description | Flow Variables I Memory Poll:yl

Groups | Pivats | Options

Aggregation settings
Available columns

S color

| ranking

| money assigned (100
| money used (1000)
S Quarter

4 [ | »

Advanced settings

[ Enable hilting

Column
[ money used (1000)

Maximum unique values per group | 10,000 =

Value delimiter |,

To change multiple columns use right mouse dick for context menu,

(Aggregation (Jlick to change)  Missing

Geometric standard deviation
[First

lLast

[Minimum

Column naming: | Aggregation method (column name) A

[] Process in memory [] Retain row order

l OK I l Cancel ]

Apply ] [
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In our “GroupBy” node, we calculated the sum (= aggregation 5.9. Output data table of the GroupBy node

. V% . ” : rou e - - mon L C=ren x|
method) of the values in the column “money assigned (1000)” and = Groupable - 23 - Groupymeney by proect oy vee) I ="

File
in the column ”money used (1000)” (= mUItIpIe aggregation Table "default” - Rows: 33 |5Dec—Cqumns:4|Properﬁes|FIcw Variables|
columns) for each group of rows defined by the combination of RowiD |8 name | I reference year | @ Sim(money sssigned (1000)) $D Sum(money used (1000)
[ Rowo Elue 2007 1,360 ————————— |1,300 o
distinct values in the columns “reference year” and “name” (= | Blue 2008 1,277 1,124 T
W Row2 Blue 2009 1,565 1,650
Group Columns)_ I Row3 Gobi 2007 1,203 1,220
W Rowa Gobi 2008 1,424 1,308
. . . [l Rows Gobi 2009 1,740 1,740 =
In the resulting data table, the first two columns contained all M Rowe Kelshari 2007 630 876
. . L . W Row7 Kalahari 2008 300 758
combinations of distinct values in the “name” and “reference year” | O Kalhari [2009 1,192 1,178
X | Rowd Kara Kum 2007 800 800
columns. The aggregations were then run over the groups of data [ Row10 KaraKum __[2008 833 552
[l row1t Kara Kum 2009 1,516 1,544
rows defined by each (“name”, “reference year”) pair. The I Row 12 La Guajra___[2007 1,020 1,200
| Rowl3 La Guajira 2008 1,404 1,648
aggregated values are displayed in two new columns “Sum(money W Row 14 LaGuajra __|2009 1,436 1,518
| Rowl5 Mojave 2007 1,300 2,000
assigned (1000))” and “Sum(money used (1000))" . W Row 16 Mojave 2008 1,813 1,820
I Rowl7 Mojave 2009 1,860 1,309 -
We named the new “GroupBy” node “money by project by year”.
5.10. Output pivot table of the ,,Pivoting” node
Distinct values in pivot Sum(used money)
We used two “Pivoting” nodes in the workflow named “Projects”. Distinct values in column ,reference year” For project Kara Kum
group column ,,name* + aggregation variable name in 2008
In one “Pivoting” node we calculated the sum (= aggregation \ /
method) of the values in column “money assigned(1000)” (= . Pivot table - 2:2)- Pivoting(money used by project géeh yea..)
aggregation column) for each combination of values in the File \ /
“ ” . “ ” Table "default” - Rowg" 11 Nuec—Columns: 4] Proﬁh‘es | Fiow variables| '/
reference year (= pIVOt C0|umn) and name (= group COIUmn) Row ID S name\ D 2007-+money used (1000) DD 2008-+money used)ﬁﬁo} D 2009+money used (1000)
up; R P W Rowo [ [Blue \ L 1,124 e 1,650
columns. In the other “Pivoting” node we calculated again the sum Brout e 3 3 — 150
_ . . “ Il Rowz Kalahari 376 1,178
(= aggregation method) of the values in column “money B S e oy o
” - H H H | Row4 La Guajira 1,200 ! 1,518
used(1000)” (= aggregation column) for each combination of B . 2500 0 a0
. V% ” o[ o “ ” o[ [ Rows Patagonia 1,332 2,139 1,364
values in the “reference year” (= pivot column) and “name” (= B s = L Lo
Il Rowa \lsechura | [3,600 3,113 4,000
group column) columns. B o ] et : =
Il Row10 hite  J [se0 348 1,347

In both “Pivoting” nodes, we chose to keep the original names in
the “Column naming” box.
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The aggregated values are then displayed in a pivot table with <year + aggregation variable> as column headers, the project names in the first column,
and the sum of “money assigned(1000)” or “money used(1000)” for each project and for each year as the cell content.

We named the new Pivoting nodes “money assigned to project each year” and “money used by project each year”.

In order to make the pivot table easier to read, we then moved the values of the project name column to become the RowIDs of the data table and
we renamed the pivot column headers with only the reference year value. In order to do that, we used a “RowID” node and a “Column Rename” node

respectively.

RowlID

-> “Row” -> “Other” category.

The RowID node allows the user to:

e Replace the current RowlDs with the values of another column (top half of the
configuration window)

e Copy the current RowIDs into a new column (bottom half of the configuration window)

When replacing the current RowlIDs a few additional options are supported.
e “Remove selected column” removes the column that has been used to replace the RowlIDs.

e  “Ensure uniqueness” adds an extension “(1)” to duplicate RowlIDs. Extension becomes “(2)” or
“(3)” etc... depending on how many duplicate values are encountered for this RowID.

e “Handle missing values” replaces missing values in RowIDs with default values.

e “Enable hiliting” keeps a map between the old and the new RowIDs to keep hiliting working in
other nodes.

5.11. Configuration window for the

,RowlID“ node

The RowlID node can be found in the “Node Repository” panel in the “Data Manipulation”

Options | Flow Variables | Memary Policy|

File

Replace RowID:

Replace RowID with selected column values or create a new one

Mew RowID column: | § name

e

[] Ensure uniqueness
[] Handle missing values

[ Enable hiliting

Append RowID column:

[] Create new column with the RowID values

New column name:

oK ] ’ Apply ] ’ Cancel

In the “Node Repository” panel, under the node “Pivoting” you can find a node “Unpivoting”.

Although we are not going to use the “Unpivoting” node in our example workflow, it is worth it having a look at it.
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Unpivoting

The “Unpivoting” node rotates the content of the input data table. This
kind of rotation is shown in figures 5.13 and 5.14. Basically, it produces a

5.12. Configuration window for the ,,Unpivoting” node

o e .

File

Options | Fiow Variables | Memory Pokcy

‘ Columns to ungroup ‘

“GroupBy”-style output data table from the “pivoted” input data table.

The “Unpivoting” node is located in the “Data Manipulation” ->
“Row” -> “Transform" category.

In the settings you need to define:

e Which columns should be used for the cells redistribution
o  Which columns should be retained from the original data set

The unpivoting process produces 3 new columns in the data table:

input data table

headers of the input data table

cell values to their RowlID and column header

|H

one frame or the other use the “add all” and “remove all” buttons.

e One column called “RowlIDs”, which contains the RowlIDs of the

e One column called “ColumnNames”, which contains the column

e One column called “ColumnValues”, which reconnects the original

Vakse columns
- Exdude
Column{s): Seanch
Select all search hits /
s ] add all >>
[ << remove

<< remove all

.o Enforce exdusion

[7] Skip rows containing missing cells

Enforce indusion

/1 2007+5um{maney used (1000)
| 2008-+Sumimaney used (1000))

‘ Original Columns to retain in the new tahle

Retaned columns
[ ‘-__..--""__sdgr"""-—- ~ Indude
Cotumaie): [(seran | Camésh TS
Select all search hits || Select al search hits
(1 2007+50m{money used (1000]) @, [ name
| 2008 +5um{mensy used (1000))
| 20094Sumimoney used (1000)) [ <<remove
<< remove all
Enforce exdusion @ Enforce indusion
Options
] Enable hiiting
oK Apply | [ Cancel ][F]

The column selection follows the already seen an “Exclude”/”Include” frame:

“Enforce Inclusion/Exclusion” keeps the included/excluded columns as fixed and adds possible new columns to the other column set.

e The still available columns for grouping are listed in the frame “Available column(s)”. The selected columns are listed in the frame “Group column(s)”.

e To move from frame “Available column(s)” to frame “Group column(s)” and vice versa, use the “add” and “remove” buttons. To move all columns to
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5.13. Input Data Table

Coll Col2 | Col3
ID1 1 3 5
ID 2 2 4 6

5.14. Unpivoted Data Table
RowlIDs | ColumnNames ColumnValues
Row 1 ID1 Coll 1
Row 2 ID1 Col2 3
Row 3 ID1 Col3 5
Row 4 ID 2 Coll 2
Row 5 ID 2 Col2 4
Row 6 ID 2 Col3 6

Note. Notice that:

Pivoting + Unpivoting =

The output data tables of the “GroupBy” node and of the “Pivoting” node are sorted by the group columns’ values (Fig. 5.9 and 5.10). If this were not

the case, like in versions of KNIME previous to 2.4, we would need to sort the rows alphabetically according to their value in the “name” column.

The “Sorter” node, like the “Pivoting” and the “GroupBy” node, is another node that is frequently used for reporting. For demonstrative purposes we

briefly show here the “Sorter” node.
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Sorter

The “Sorter” node sorts the rows of a data table by sorting the values of one of its columns. In
the settings you need to select:

e The column(s) to be sorted (the RowlIDs column is also accepted)
e Whether to sort in ascending or descending order
It is possible to sort the table by multiple columns. To add a new sorting column:
- Click the “new columns” button
- Select the new column

The first column (in the top part of the configuration window) gives the primary sorting; the
second column gives the secondary sorting, and so on.

5.15. Configuration window for
the,,Sorter” node
. Dialog - 0:217 - smmw@g

File

Next by:

S -ROWKEY - -

7 -DO NOT SORT - -

® Ascending

Default initial (0 Descending

sorting column

@ Ascending

(7) Descending

Add columns

21| new columns

[] sort in memory
[] Mave Missing Cells to end of sorted list

0K

J (oo ] |

5.3. Joining Columns
After applying the two “Sorter” nodes, we now have two data tables with the same column structure:
e RowlD containing the project names
e  “2009” column with the used/assigned money for year 2009
e  “2008” column with the used/assigned money for year 2008
e  “2007” column with the used/assigned money for year 2007

Now, it would be useful to

e Have all values for used and assigned money over the years together for each project in the same row, for example:

RowlID assigned 2009 | assigned 2008 | assigned 2007 | used 2009 | used 2008

used 2007

<project name>
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e Calculate the remaining money for each year for each project, as: remain <year> = assigned <year> -used<year>

Basically, we want to join the two data tables, the table with the values for the assigned money and the table with the values for the used money, into
one single table. After that, we want to calculate the remaining money values.

First of all, in order to be able to perform the table join without confusion, we need different columns to bear different names. We will see that
actions need to be taken in case of a join of tables with columns with the same name. Let’s connect a “Column Rename” node to each “RowID” node.

In the table resulting from the node “money used by project each year”, let’'s rename the column called “2009 + money used(1000)” as just “used
2009”, the column called “2008 + money used(1000)” to “used 2008”, and the column called “2007 + money used(1000)” to “used 2007”. In the table
resulting from the node “money assigned to project each year”, let’s rename the column called “2009 + money assigned(1000)” to “assigned 2009”,
the column called “2008 + money assigned(1000)” to “assigned 2008”, and the column called “2007 + money assigned(1000)” to “assigned 2007".

The data tables we want to join now have the structure reported in figures 5.16 and 5.17.

5.16. Money assigned to each project each year 5.17. Money used by each project each year
+a Renamed/Retyped table - 2:11 - Column Rename{ass'l... s Renamed/Retyped table - 2:23 - Column Rename..

File

Table "default” -Rows: 11 | Spec - Columns: 3 | Properties | Flow Variables|

File

Table “default” -Rows: 11 | spec - Columns: 3 | Properties | Flow Variables|

Row ID

D assigned 2007

D assigned 2008

D assigned 2009

Blue

1,360

1,277

1,565

Gobi

1,203

1,424

1,740

Kalahari

630

300

1,192

Kara Kum

300

338

1,516

La Guajira

1,020

1,404

1,496

Mojave

1,800

1,819

1,860

Patagonia

364

2,008

1,359

Sahara

306

1,457

1,495

Sechura

3,200

2,966

3,540

Tanami

433

0

453

White

360

1,087

1,420

Row ID

D used 2007

D used 2008

D used 2009

Elue

1,300

1,124

1,650

Gobi

1,220

1,308

1,740

Kalahari

376

768

1,178

Kara Kum

300

992

1,544

La Guajira

1,200

1,648

1,518

Mojave

2,000

1,620

1,309

Patagonia

1,332

2,133

1,364

Sahara

905

1,460

1,670

Sechura

3,600

3,113

4,000

Tanami

591

0

468

White

360

948

1,347

Now that we have the right data structure, we need to perform a table join. We want to join the cells to be in the same row based on the project
name; i.e. in this case this is the RowID. In fact we want the row of used money for project “Blue” to be appended at the end of the corresponding
row of the table with the assigned money. KNIME has a very powerful node that can be used to join tables, known as the “Joiner” node.
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loiner 5.18. Configuration window for the ,Joiner” node, which includes two
tabs to be filled in: “Joiner Settings” and “Column Selection”

. ” . . “ . 1 . - ialog - 0:2:18 - Joiner C=1ren
The “Joiner” node is located in the “Node Repository” panel in i °

File
“Data Manipulation” -> “Column” -> “Split & Combine”

e ————
( Joiner Settings | [}Iumn Selection | Flow Variables I Memary Pohcyl

Join

The “Joiner” node takes two data tables on the input ports and matches Sonmode [ o
a column of the table on the upper port (left table) with a column of the '
table on the bottom port (right table). These columns can also be the T

ROWID CO|umnS' Left Table Right Table

Joining Calumns

+ | [Row D
There are two tabs to be filled in, in the “Joiner” node’s configuration s

WlndOW D assigned 2007
D assigned 2008

D assigned 2009

e The “Joiner Settings” tab contains all the settings pertaining to:

o The join mode

Performance Tuning

o The columns to be matched Pemum s of epen fls: 200
[] Enable hiliting

o Other secondary parameters Row IDs
Row ID separator in joined table:
e The “Column Selection” tab contains all settings pertaining to:

o  Which columns from the two tables to be included in
the joined table

o How to handle duplicate columns (i.e. columns with the
same name)

o Whether to filter out the joining column from the left
and/or from the right data table or none at all
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5.19. Configuration window for the ,Joiner” node: “Joiner

Joiner node: the ,Joiner Settings” tab Settings” tab
= oiaeg 0213 ener (N ]
File
The “Joiner Settings” tab sets the basic joining properties, like the “join mode”, the e e G i [ Fow i ey
“joining columns”, the “matching criterion”, and so on. ' Jontede .
Joining Columns
The first setting is the join mode (Fig. 5.21). R e T
Left Table Right Table
¢ Inner join keeps all rows where the two joining columns match; fo® 3™ "E]
e Left join keeps all rows from the left table and matches them with the EZZZE?iéiﬁgé
rows of the right table, if the match exists;
e Right join keeps all rows from the right table and matches them with the eremee e
rows of the left table, if the match exists; i

[] Enable hiliting

e Outer join keeps all rows from the left and right tables and matches them s
with each other, if the match exists.

Row ID separator in joined table: | _

The columns to match can be selected in the “Joining Columns” panel. Joining on
multiple columns is supported. To add a new pair of joining columns:

- Click the “+”button;

- Select the joining column for the left table and the joining column for the
right table.

ok |[ apety ][ Concel ]

There are two matching criteria.

e Match all of the following. A row from the left input table and a row from the right input table match if the values of all specified column
pairs match.

e Match any of the following: A row from the left input table and a row from the right input table match if the values of at least one
specified column pair match.

Other settings:

e “Maximum number of open files” is a performance parameter and defines the maximum number of temporary files open at the same
time.

e |If tables are not joined on the RowlIDs, a new RowID is created by concatenating the two original RowIDs as string. “RowlID separator in
joiner table” sets the separator character in between the two original RowlIDs.
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Joiner node: the “Column Selection” tab

Tab “Column Selection” defines how to handle the columns that are not
involved in the match process.

Once we have two rows that match we can keep some or all of the
columns with unique headers from the left and the right table.

The column selection” panel is applied to both input data tables (left and
right) by means of an “Exclude”/”Include” frame.

e The columns to be kept in the new joined table are listed in frame
“Include”. All other columns are listed in frame “Exclude”.

e To move from frame “Include” to frame “Exclude” and vice versa, use
buttons “add” and “remove”. To move all columns to one frame or the
other use buttons “add all” and “remove all”.

Under each “Column Selection” frame there is a flag called “Always
include all columns”. If this flag is enabled, the “Column Selection” frame
is disabled and all columns from this table are retained in the joined
output data table.

The “Duplicate Column Handling” panel offers a few options to deal with
the problem of columns with the same header (= duplicate columns) in
the two tables.

e  “Filter duplicates” filters out the duplicate columns of the right table
and keeps those of the left table

e  “Do not execute” produces an error

e  “Append suffix” appends a suffix, default or customized, to the name of
the duplicate columns in the right table

“Joining Columns Handling” defines whether the joining columns of the
left and/or of the right table or none are filtered out.

5.20.

Configuration window for the ,,Joiner” node: “Column

Selection” tab

o Dialog - 218 - Joiner

=l

File

-Jmnar Settings | Column Selection | Flow Variables I Memory Policy

Left Table
Exdude

Column(s):

Select all search hits

Search

Right Table

Exdude

Column(s):

Select all search hits

Search

Duplicate Column Handling
(@ Filter duplicates

() Don't execute

() Append suffix (automatic)

=

() Append custom suffix: ]

Select Indude

add 5> Column(s): Search

Select all search hits

T B used 2007
B used 2008

§ used 2009
<< remove

<< remove all

Always indude all columns

Search

Select Indude

add >> Column(s):

m

Select all search hits

add el > B assigned 2007

B assigned 2008

B assigned 2009
<< remove

<< remove all

Always indude all columns

Joining Columns Handling

[ Filter left joining columns

Filter right joining columns

ok || Apy || camce |[@
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5.21.

Join modes with the “Filter duplicates” option enabled.

Join mode

o Tae |

Join by ID

Table “defaudt” -Rows: 4 |

- Columns: 4 Flow Varisbies

8 income [ dmss |

| | 20
i 23 <aSOK F1
7 i

<wSOK F3

2 > 50K A4

<=SOK

Left Outer Join

Inner Join

nght Table

_!"

ht ta... |

§ Income | § sex

<=S0K

<mS0K

>50K

<=S0K

>50K

<= S0K

Right Outer Join

Missing values in
the right table.
S income | § dass '__ln:(') Is i oe  |Sixome [Sdas |4 [ 1 ae(9 |8 income() s sex
23 (<! Row 23 <eS0K Fi ] = <aSK M
Row3, 2 >50¢ A4 | | ,rz_s >50K M
Y Row2 ) D7 e 2 2= caSK___ P
? Row3 ? ? ? 23 >50K M
PRows | [P ? ? Jis 21 <=5 F
TRowb R P P P P 24 <mSK M
e ———
Full Outer Join
File
Table “defoudt” -Rows: 8 | Spec - Cokumns: | Propertes | Flow Variobes| Missing values in
" rwD | I D I2c  [Siwome [Scass | 4D |4 ace(d | income() S sex therighttable
Missing valuesm Rowl Rowl ||t 1123 <mS0K £1 1 < S0K M
Row3_RowS |5 2 >S0K A4 T—
[ the left table. e 5 sk 3 /E 2 ’ .
- 3 I = ? ? ? — A
7_Row2 > ) > \ R — P ——
2Row3 | |7 ? ? ? A 23 |>S0K M
2Rowd N 1 ? ? ? 75 21 [<m5K F
2 Rowé —— 2 2 7 24 [<m50K M
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We joined the two tables (money assigned and money used) using the RowIDs as the joining column for both; we chose to filter out the columns from
the left table with the same name as the columns from the right table; and we chose the inner join as join mode.

5.22. Output Data Table of the ,,Joiner” node with “Inner Join” as join mode

. Joined table - 2:18 - Joiner o o e e S

File

The resulting data is shown in figure 5.22.
You can see that now the “assigned money”
values and the “used money” values are on
the same row for each project.

Table “default” - Rows: 11 | Spec - Columns: & | Properties | Flow Variables|

Row ID Dused2. | Dused2.. | D used2.. | D assigne...| D assigne...| D assigne...

It is of course possible to make the join on I Blue 1,300 1,124 1,650 1,360 1,277 1,565

. Gobi 1,220 1,308 1,740 1,203 1,424 1,740
different columns than the RowIDs columns. W kaizhar a7e 23 1178 c30 200 1192
However, the joining on RowID allows the B Kara Kum 300 992 1,544 500 585 1,516
user to keep the original RowID values which M L= Guajira 1,200 1,548 1,518 1,020 1,404 1,436

isht be i tant f b ; B Mojave 2,000 1,320 1,309 1,300 1,319 1,360
might be Important for some subsequen W Patagonia 1,332 2,138 1,364 364 2,008 1,359
data analysis or data manipulation. In this B sahara 905 1,460 1,670 805 1,457 1,495
case we need the RowlDs to contain the M sechura 3,600 3,113 4,000 3,200 2,968 3,940
L . B Tanami 531 0 458 453 0 453
joining keys. In order to manipulate the W vihit= 280 m 1,347 260 1,087 1,420
RowID values, KNIME has a “RowID” node.

5.4. Misc Nodes

In our report we want to include the remaining money for each year, calculated as: <remaining value> = <assigned value> - <used
value>. There are two ways to calculate this value: the “Math Formula” node and the “Java Snippet” nodes. All of these nodes are located in the

“Misc” category.

The “Java Snippet” nodes allow the user to execute pieces of Java code. We can then use a “Java Snippet” node to calculate the amount <remaining
value>. Actually, we will use three “Java Snippet” nodes: one to calculate the <remaining value 2009>, a second one to calculate the <remaining value
2008>, and a third one to calculate the <remaining value 2007>. We name the three “Java Snippet” nodes “remain 2009”, “remain 2008”, and
“remain 2007”.

There are two types of “Java Snippet” nodes: the “Java Snippet” node and the “Java Snippet (simple)” node. The functionality is the same: run a pice a
Java code. However, the “Java Snippet” node has a more complex and more flexible GUI, while the “Java Snippet (simple)” node offers a more
simplified GUI. That is, the “Java Snippet” node is for more expert users and more complex pieces of code, while the “Java Snippet (simple)” node is
for medium expert users and more simple pieces of Java code.
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Java Snippet (simple)

a number of panels.

code.

A “Java Snippet (simple)” node allows the execution of a piece of Java code and
places the result value into a new or existing data column. The code has to end
with the keyword “return” followed by the name of a variable or expression.

The “Java Snippet (simple)” node is located in the “Node Repository” panel in
the “Misc” -> “Java Snippet” category.

When opening the node’s dialog for configuration, a window appears including

- The Java editor is the central part of the configuration window. This is where
you write your code. Please remember that the code has to return some value
and therefore it has to finish with the keyword “return” followed by a variable
name or expression. Multiple “return” statements are not permitted in the

- The list of column names is on the top left-hand side. The column names can
be used as variables inside the Java code. After double-clicking the column
name, the corresponding variable appears in the Java editor. Variables carry
the type of their original column into the java code, i.e.: Double, Integer, String

5.23.

Configuration window for the “Java Snippet” node

File

Java Snippet | Additional Libraries I Flow Variables I Memory Pulicyl

Global Variable Dedaration

<

| used 2007

[ 2

| used 2008
| used 2009
D assigned 2007
assigned 2008,

Me

Flow Variable List
& knime.workspace

Q return sassigned 20095 - sused 2009%;

<

Replace or append result

() Replace Column:

@ Append Column:  remain 2009

1 | 3

[ Insert Missing As MNull Compile on dose

Return type
() Integer ) Long
(@) Double () String

D assigned 2009
[] Array Return

and Arrays. Array variables come from columns of the type Collection Type.

[ 0K ] [ Apply ] [ Cancel ]

- The “Additional Libraries” tab allows the inclusion of non-standard Java Libraries.

- The name and type of the column to append or to replace. The column type can be “Integer”, “Double”, or “String”. If the column type does not match
the type of the variable that is being returned, the Java snippet code will not compile.

- Itis also possible to return arrays instead of single variables (see the checkbox on the bottom right). In this case a number of columns (as many as the
array length) will be appended to the output data table.

- Inthe “Global Variable Declaration” panel global variables can be created, to be used recursively in the code across the table data rows.

- Inthe “Global Variable Declaration” panel global variables can be created, to be used recursively in the code across the table data rows.

For node “remain 2009” we used the Java code:

return Sassigned 2009$ - S$Sused 2009S

The same code could be used with other two Java snippet nodes to calculate “remain 2008” and “remain 2009”. The same task could have been

accomplished with a “Java Snippet” node.
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]ava Snlppet 5.24. Configuration window for the “Java Snippet” node
; “ : ; ” “ ; ” - Dideg 02419 o riperenain 209 I o
Like the “Java Snippet (simple)” node, the “Java Snippet” node allows the ey O e et 2

File

execution of a piece of Java code and places the result value into a new or vaSrprct | Addtond Ubrares | Templtes | Fow Varabie | My Poicy|
existing data column. The node is located in the “Node Repository” panel in —

the “"Misc” -> “Java Snippet” category.

The configuration window of the “Java Snippet” node also contains:

| used 2007
| used 2008
used 2009
Dhassigned 2007 ~

- The Java editor. This is the central part of the configuration window and it
is the main difference with the “Java Snippet (simple)” node. The editor
has sections reserved for: variable declaration, imports, code, and cleaning &l e
operations at the end.

o

Flow Variable List

34 ¢But_remain = c_assigned - c used2009%
35 Math:

Pl rEe=r cmainder (double argo, double arg1) : double - Math
& abs(double arg0) : double - Math

& abs{fieat argd) : fioat
=4 & abs(int argo) : int
& abs(long arga) : long -
. . ) & acos(double argD) : double
o The “expression_start” section contains the code. & asi(double argl) : doubie
- & atan(double arg0) : double
& atan2(double argd, double arg

double TEEEremainder(double paramd, double param1)

[ »

+ double - Math

o The “system variables” section contains the global variables, et & cortdouble D) s double - 42t =
Column / Flow variable J K
those whose value has to be carried on row by row. Variables D eshped 205 Pose mstred
declared inside the “expression_start” section will reset their —
H Field Type Replace Column /Flow Variable  Output Type Arra; Java Type Java Field Add
value at each row processing. o | ] renan 209 D b T ke

o The “system imports” section is for the library import declaration.

Self-completion is also enabled, allowing for an easier search of methods
and variables. One or more output variables can be exported in one or [
more new or existing output data columns.

ok [ aepy || cance

- The table named “Input”. This table contains all the variables derived from the input data columns. Use the “Add” and “Remove” buttons to add input
data columns to the list of variables to be used in the Java code.

- The list of column names on the top left-hand side. The column names can be used as variables inside the Java code. After double-clicking the column
name, the corresponding variable appears in the Java editor and in the list of input variables on the bottom. Variables carry the type of their original
column into the java code, i.e.: Double, Integer, String and Arrays. Their type though can be changed (where possible) by changing the field “Java Type”
in the table named “Input”.

- The table named “Output”. This table contains the output data columns to be created as new or to be replaced by the new values. To add a new
output data column, click the “Add” button. Use the “Add” and “Remove” button to add and remove output data columns. Enable the flag “Replace” if
the data column is to override an existing column. The data column type can be “Integer”, “Double”, or “String”. If the column type does not match the
type of the variable that is being returned, the Java snippet code will not compile. It is also possible to return arrays instead of single variables, just by
enabling the flag “Array”. Remember to assign a value to the output variables in the Java code zone.
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Both “Java Snippet” nodes are very powerful nodes, since they allow the user to deploy the power of Java inside KNIME. However, most of the times,
such powerful nodes are not necessary. All mathematical operations, for example, can be performed by the “Math Formula” node. The “Math
Formula” node is optimized for mathematical operations and therefore tends to be faster than the “Java Snippet” nodes.

Math Formula
5.25. Configuration window of the ,,Math Formula“ node

The “Math Formula” node enables mathematical formulas to be [&odes 2 wenFomisienan 5o IR e
File
implemented and works similarly to the “String Manipulation” node (see

Math Expression | Flow Variables | Memry Policy|

section 3.5). =y — <] [omanaicoans .

The “Math Formula” node is not part of the basic standalone KNIME. It has T vmea 207 —

to be downloaded with the extension package (see par. 1.5) “KNIME Math &ﬁiw S(j?w i

Expression Extension (JEP)”. Once the extension package has been installed, i el I

the Math Formula node is located in the “Node Repository” panel in the ) 3

“Misc” category. :h}g)w

In the configuration window there are 3 lists: E—— i - -
- The list of column names from the input data table Espga 26095 -$used 20095 -
- Thelist of variables (to see in the “KNIME Cookbook”) 4
- Alist of mathematical functions, e.g. log(x).

- The expression editor

(©) Replace Column: | D assigned 2009

Double-clicking data columns from the list on the left automatically inserts I Convert o it

them in the expression editor. You can complete the math expression by

ok ][ aeey ][ cance ] [@]

typing in what’s missing. Here, like in the “Java Snippet” nodes,

S<column_name>$ indicates the usage of a data column.
A number of functions to build a mathematical formula are available in the central list.

At the bottom you can insert the name of the column to be appended or replaced.
The node exports double type data, but integer type data can also be exported by enabling the “Convert to Int” option.

In the configuration window shown in figure 5.23 we have implemented the same calculation of values <remain 2009> mentioned in the “Java
Snippet” node earlier in this chapter. We simply needed to:

184
This copy of the book “KNIME Beginner’s Luck” is licensed to: Dilcia Amaya



- Double-click the two columns Sused 2009S$ and Sassigned 2009S in the column list
- Type a character “-“between the two data column names in the expression editor.

In the “Projects” workflow we decided to use this implementation of the remaining values with the “Math Formula” nodes. That is, we used 3 “Math
Formula” nodes, one after the other, to calculate the remaining values for 2009, the remaining values for 2008, and the remaining values for 2007
respectively.

We also kept the implementation with the Java Snippet nodes for
. “ ” 5.26. »Math Formula“ node implementing a 2009 vs. 2008 ratio
demonstration purposes. However, only the sequence of “Math Formula s 105 T —

nodes has been connected to the next node. We gave the “Math Formula” |fs.
nodes the same names that we used for the Java Snippet nodes, to indicate Math Expessn | Fow Varabls amery Poicy|

H Column List Category Description
that they are performing exactly the same task. rouncer = ] e e GO ST .
. . . . | used Function
Let’s have a look at another example (Fig. 5.26). The following ratio is : s owcoT -
e ROWINDEX [
implemented: B et on p 3
D assigned 2009 [COL_MIN(col_name)
.
<used ratio 2009-2008> = (<used 2009> - <used 2008>) /<used o
2008> oo oot rane)
ICOL_VAR (col_name)
. . . . Ing<) i
e Type a parenthesis “(“ in the expression editor Fow Varbl Let eat
Expression
. i A ($used 20295-$used 20083)/pused 20085 -
e Double-click the column name “used 2009” in the “Column list” panel. <
Variable Sused 2009$ appears in the expression editor.
e Type a minus sign “-“ in the expression editor after Sused 2009S. © sppend ol s rato 2009 2000
() Replace Column: D assigned 2009
e Double-click the column name “used 2008” in the “Column list” panel. ——
e Type a closed parenthesis and a division sign “)/“ in the expression o [ ey ][ oma ][2)

editor after Sused 2008S.

e Double-click the column name “used 2008” again in the “Column list”
panel

e Select “Append Column” and enter a name to append the new column
to the data table.
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5.5. Marking Data for the Reporting Tool

We built the “Projects” workflow to produce a report. The KNIME reporting tool is a different application in comparison to the workflow editor, even
though it is integrated into the KNIME platform. The idea is that the KNIME workflow prepares the data for the KNIME Report Designer, while the
KNIME Report Designer displays this data in a graphical layout.

The two applications, the workflow editor and the reporting tool, need to communicate with each other; in particular the workflow needs to pass the
data to the reporting tool. This communication between workflow and reporting tool happens via the “Data to Report” node.

5.27. Configuration window of the "Data To Report"

Data to Report node.
_. Dialog - 0:2:15 - Data to Report(money table) . [ R =

The “Data to Report” node can be found in the “Node Repository” panel in the “Reporting” File
category.The “Data to Report” node marks the KNIME data table at the input port to be Options | Flow Variables | Memory Poiicy |
recognized as a data set by the KNIME Report Designer. FETEDE

|:| Use custom image scaling

When switching from the workflow editor to the reporting tool, all data tables marked by a
“Data to Report” node are automatically imported as data sets. Each data set carries the name Heghtz 100 With: |100
of the originating “Data to Report” node. Therefore the name of the “Data to Report” node is Export Images As

important! It has to be a meaningful name to facilitate the identification of the contents of the @G Osve

derived data set in the report environment.

Since the “Data to Report” node is only a marker for a data table, it does not need much
configuration. The configuration window contains just a flag “use custom image scaling” to

scale images in the data to a custom size. Default image size is the renderer size.

We used two “Data to Report” nodes in our workflow. One is connected to the sequence of “Math Formula” nodes and exports the data for the tables
in the report. The second one is connected to the “GroupBy” node named “money by project by year” and exports the data for the charts in the
report. We named the first node “money table” and the second node “money chart”. When we switch to the reporting tool, we will find there two
data sets called “money table” and “money chart” respectively. We therefore know immediately which data to use for the tables and which data for
the charts.

In the category “Reporting” there is also the “Image to Report” node. The “Image to Report” node works similarly to the “Data to Report” node, it
only applies specifically to images.
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5.6. Cleaning Up the Final Workflow

The “Projects” workflow is now finished, however we can see that it is very crowded with nodes, especially if we want to keep all the “Java Snippet”
nodes and the “Math Formula” nodes. To make the workflow more readable we can group all nodes that belong to the same task in a “Meta-node”.
For example, we can create meta-node “remaining money” that groups together all the nodes for the remaining values calculations.

Create a Meta-node from scratch

5.28. "Meta-node" icon in the Tool Bar

A meta-node is a node that contains a sub-workflow of nodes. A meta-node does not
perform a specific task; it is just a container of nodes.

To create a “Meta-node”: CeDoGBE =8¢
e Inthe Tool Bar click the “Meta-node” icon

OR
e Inthe Top Menu click “Node” and select “Open Meta Node Wizard”

You can choose between a number of pre-defined meta-node structures (1 input - 1 output,
2 inputs - 1 output, and so on). In addition, the “Customize” button enables you to adjust
any selected meta-node structure.

To open a “Meta-node”: 5.29.  Meta-node predefined strs
e ey
o Double-click the “Meta-node” Select MetoNade Template -

If you want to create a MetaMode with a usual number of data in and out ports, select one: | °=
OR Ut{\ErWISE click next to define a custom MetaMNode i Er #

o Right-click the “Meta-node” and select “Open sub-workflow editor”

e A new editor window opens for you to edit the associated sub-workflow contained Metatiode 0:1 | [ Metatiode 11 | | Metattode 122
in the “Meta-node”. & DEF Dﬁ
MetaNode 2:1 MetaNode 2:2

To fill a “Meta-node” with nodes:

e Drag and drop nodes from the “Node Repository” panel as you would do with a
normal workflow

OR

e Cut nodes that already exist in your workflow and paste them into the sub-

‘

il

ol I

< Back Customize> | [ Finish | [ Cancel

workflow editor window
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Note. The “Configure” option is disabled in a meta-node, as there is nothing to configure. All the other node commands, such as “Execute”, “Reset”,
“Node name and description” etc..., are applied in the familiar manner, as for every other node. In particular, the “Execute” and “Reset” respectively

run and reset all nodes inside the meta-node.

5.30. Workflow ,,Projects”

File Edit View  Search Run [Node] Help
v @ bal 5 Contue. o pel [g-uf@@@@@@;ﬂ@A - -
[ARMEEkell 0 "Y5 cecne F7 = 0|2\ Node Description 22| = O

gEB|SY| 5 Execute All Shifts F7 1
Fiter v @ 5 Execute and Open Views Shift+F10 L g project each year
24 EUAMPLES (quest@pubbcsener knmecngd: () Cancel ) RowlD ol Risiiing

4 2 LOCAL fLocal Werkspace) Cancel All ShifteF9 “ws

7] m‘fl > b——— )] »Add Meta-node“icon
i Chapter3
1@ Chaptesd

Reset F8
Open First Out-Port View Shift« F6 [ )] [ )]
Open First View F10)| [amesas Rowl) S med cyenrs
Update Meta Node Links Cude AltsU
Shift+F12
Ctrl+Alt«Q
Ctri+ A+ F6
Ctris Alt«F7
Ctrl+ Alt+FE

o
&
&
=
Q,
™~

SR
¥ Personal favorite nodes

€7 Most frequently used nodes
(@ Last used nodes

Meta-node

- £ Server Workflow Proj... 53| = O

‘QNochqaositocy = U‘ vl |
| & 88 ®|h

Frrgle] - | Workflow Server: | publicserver knu

! Database

E4 Data Manipulation =0 D—DE Status: not conr

u Column

= Row @ @o | ,OpenMetaNode Wizard“

&> Filter money by project by year money chart 2

& Transform menu item
3% Bitvector Generator
£ Concatenate
%] Concatenate (Optiona
= GroupBy
5 Ungroup
2 paniioning vy =
¥ Pivoting || 8% Outline 22 | B Console 2

B Row Sampling KNIME Console
<23 Equal Size Sampling T TTTTTTTTTTTeTETTETTETETETETETETETETETETTT -
o Shuffle
] Sorter
&l unpiveting
1 Other
(3 Matrix
S PMML -l S~ -
= m I 4

et @~-r3-=0|

Log file 1is located act: C:\Users\rosy\knime 2.5.0\book_workspace\.metadata\knime\knime.
WARN Unpivoting No column 'value' defined for unpivoting operation.

WARN Unpivoting No column ‘'value' defined for unpivoting operation.

WARN Unpiveting No column 'value’ defined for unpivoting operation.

WARN Sorter No selected columns to sort

n

e — ‘
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Collapse pre-existing nodes into a Meta-node

In the workflow editor, select the nodes that will be part of the meta-nodes (to
select multiple nodes in Windows use the Shift and Ctrl keys)

Right-click any of the selected node
Select “Collapse into Meta Node”

A new meta-node is created with the sub-workflow of selected nodes

Option “Expand Meta Node” performs exactly the opposite task by extracting the sub-
workflow from the meta node and inserting it into the parent workflow.

From the context menu of a meta-node it is also possible to change the structure of the

meta-node itself.

Right-click an existing meta-node
Select “Reconfigure Meta Node”

The Meta Node Wizard for custom meta-node (Fig. 5.32) then opens allowing to
add / move/ remove input and output ports.

5.31.

D@

TEFEEE B

P
£

x

"Collapse into Meta Node" option in the
context menu of selected nodes
Configure...
Execute
Execute and Open Views
Cancel
Reset
Edit Mode Description...
New Worlkflow Annotation
Collapse inte Meta Node
Expand Meta Node
Open Meta Node
Reconfigure Meta Node
Save as Meta Node Template...
Update Meta Node Link
Reveal Meta Node Template

Disconnect Meta Node Link

Cut

Copy

Paste

Undo Delete
Redo

Delete

0 Connected te: Output data

We created a new “Meta-node”, and named it “remaining money”. We connected its input port to the output port of the “Joiner” node and its output
port to the input port of the “Data to Report” node named “money table”. We then cut the “net 2009”, “net 2008”, and “net 2007” nodes (both “Java
Snippet” nodes and “Math Formula” nodes) from the main workflow and we pasted them into the meta-node’s sub-workflow. The output data table
of the “remaining money” meta-node now contains the same results as the previous output data table of the last “Java Snippet” or the last “Math

Formula” node of the “remaining money” sequence.

There are a number of pre-packaged meta-nodes in the KNIME “Node Repository” panel in category “Meta” . The “Meta” category contains useful

meta-node implementations for loops and features elimination.

Figure 5.33 shows the final “Projects” workflow.
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5.32. The Meta Node Wizard for custom meta-nodes 5.33. The "Projects"” workflow
Money used by each project each year

Pivoting

p—— G b—— B ——= [

| E &
. " . . - v b=
Specifiy the name of the node and define the number and type of the desired in and out ports. : #
5 project name by RowID used <year>
mg’;‘:-'{";;:t as RowlD Joiner  MetaMode 1: 1 [Data to Reporf

Meta Mode Name: m

each year '
.
File Reader -

remaining moneyl [Q=D]
Mode18 money table

In Ports: Add... Out Ports: Add...

in_0 (Data) out_0 (Data)
Remove Remove

Projectsfilg ney assigned to each project each year

U U
A =B RowlD Sorter Column Rename,

Pivoting

i3

fip b—> B — [

ect name by RowlD assigned <year>
money assigned
to project
each year
GroupBy Data to Report Unpivoting
= D—Da Filg
money money chart Node 23
by project
by year

5.7. Exercises

Exercise 1
Use the input data adult.data to do the following:
e Calculate the total number of people with income > 50K and the total number of people with income <= 50K for each work class

e Sort rows on the “work class” column in alphabetical order
e C(Create a data table structured as follows:

Work class Nr of people with Income > 50K Nr of people with Income <= 50K
Work class 1

Work class n

e Mark this data set for reporting
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Solution to Exercise 1

Read the data.

5.34. Exercise 1: The workflow
y . Column Rename Sarter Data to Report

File Reader Pivoting

b b ) b 1 Q

i -
- ) ) )
<=50K by workclass  work class - income

adult.data set waorkelass / income

> 50K

Use a “Pivoting” node to build the data table in the requested format. The “workclass” column should be the group column and the “Income”

column should be the pivot column.
3. Optionally rename the column headers to make the table easier to read.
4. Attach a “Data to Report” node to be able to export the data into a report later on

Exercise 2

Extend Exercise 1

e Calculate the total number of people with income > 50K and with income <= 50K

e Calculate the total number of people for each work class

e Calculate the total number of people
e Extend the data table produced for exercise 1 as follows:

Work class Nr of people with Income > 50K Nr of people with Income <= 50K Nr of people
Work class 1
total Sum(nr of people with Income > 50K) | Sum(nr of people with Income <= 50K) Sum(nr of people)

Solution to Exercise 2
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1. To calculate the number of people for each “workclass” and each income class, we use the “Pivoting” node built in Exercise 1. The “Pivoting”
node has three outputs: the pivot table, the totals by row, and the totals by column. Remember to enable “Append overall totals” in the “Pivots”
tab.

2. We then join on the “workclass” values the pivot table with the totals by row using a “Joiner” node.
3. We then concatenate the data table resulting from the “Joiner” node with the totals by column of the “Pivoting” node.

4. Finally attach a “Data to Report” node and name it “workclass-income”

5.35. Exercise 2: The workflow
Joiner
L.-
~
File Reader Pivoting Concatenate Column Rename Data to Report
Node 27 -
] = 2= o =183 L
G -
adult.data set workclass / income Node & Node 29 workclass - income

Exercise 3

Read the csv file SoccerWorldCup2006.txt from the “Download Zone”. This file describes the results of soccer games during the soccer world cup 2006
(www.fifa.com). The second semifinal game for the third and the fourth placement is not reported.

For each team calculate:

e The total number of played games

e The total number of scored goals

e The total number of taken goals

e The average number of scored goal per game
e The average number of taken goal per game

e Afitmeasureas: (total number of scored goals — total number of taken goals)/number of played games
Document each step with the appropriate node’s name and description.

Make the workflow readable by using meta-nodes.
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Solution to Exercise 3

5.36. Exercise 3: workflow

MetaMNode 1:1

Joiner MetaNode 1: 1 Sorter to Report

= ° - Da

KPT calculation
Mode 51 by # scored goals # scored goals

File Reader

2006 WC Calendar

# taken goals
5.37. Meta-node "# scored goals"/"# taken goals" 5.38. Meta-node “KPI Calculation”
GroupBy Rename
e .
eh - Math Formula Math Formula Java Snippet
team 1 Mode 29 R fm [ [ fm [ I gl‘l [
Concatenate GroupBy RowID
Her— et G — avg # scored goals avg # kaken goals fit measure
MNode 28 tatal
GroupBy Rename

e ]
team 2 Mode 31
In the “# scored goals” meta-node, first we sum team 1’s scores over all team 1, then the sum of team 2’s score over all team 2’s, and finally we sum
the total scores of team 1 and team 2 when team 1 = team 2.

Meta-node “# taken goals” has the same structure as Meta-node “# scored goals”. The only difference lies in the aggregation variable of the first two
“GroupBy nodes. In the meta-node “# scored goals” the first “GroupBy” node sums the “score of team 1” for all “team 1” values and the second
“GroupBy” node sums the “score of team 2” for all “team 2” values. In meta-node “# taken goals” the first “GroupBy “node sums the “score of team

Ill

2” for all “team 1” values and the second “GroupBy” node sums the “score of team 1” for all “team 2” values.

In the “KPI calculation” meta-node we used 2 “Math Formula” nodes and one “Java Snippet” node. It could have been any other combination of “Java

Snippet” and “Math Formula” nodes.
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Chapter 6. My First Report

6.1. Switching from KNIME to BIRT and back

In the previous chapter we have shown how to build a workflow to generate data ready to use in a report. In this chapter we will show how to use the
KNIME Report Designer to read the data produced by the workflow, to shape the report layout and produce the final document.

The KNIME Reporting tool is based on BIRT (Business Intelligence Reporting Tool), which is open source software for reporting. BIRT and KNIME are
two different tools using the same environment with customized properties. In KNIME we develop workflows for data manipulation and modeling. In
BIRT we create and shape the report to represent the workflows’ data.

Only one report is associated to one workflow and vice versa. It is not possible to associate more than one report to one workflow. When we move
into the BIRT environment, we open the report associated with the workflow. If it is the first time that we open the report associated with the
workflow, the report will be empty. From a KNIME workflow, you can switch to the BIRT environment and open the associated report by:

- Opening the workflow in the “KNIME Explorer” 6.1. The Report icon in the Tool
panel -
File Edit View Search Run Node Help
- Clicking the “Report” icon in the tool bar. i Fridlrely Wiy i d B 100% '@} ~ L2008
A oL Denincee | = [l NDecieese 52 |

The BIRT report editor then opens the report associated with the selected workflow. The report editor creates a new tab in the KNIME Editor window.

6.2. The new tab in the KNIME Editor for the selected report

BT —

File Edit Insert Element Data Page View Search Run Help

rﬁ - Qn - i - . - . % - | $ @ -
-5 KNIME Explorer 2 — B 4 0:Projects ([ Report: Projects 22 )
— I A o | L . - o -
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To go back from the report to the workflow editor, you can: 6.3. The KNIME icon in the Tool Bar

- Select the workflow’s tab File Edit Insert Element Data Page View Search Run Help
L=<JP - 40'.' - - - % v@ f&. l:'ﬂ -
r = . .
° -5 KNIME Explorer 52 O || 4 0 Projects Report: Projects &2
1 T, N | El L}

- Click the KNIME icon in the tool bar
This will take you back to the more familiar KNIME environment.

Let’s continue our work on the “Projects” workflow created in the previous chapter. We have the data, now we want to put together an appealing
report to show it.

To open the report, select the “Projects” workflow in the “KNIME Explorer” panel; next right-click the workflow and select “Edit Report”. This takes
you to the BIRT environment, to a default empty report.

6.2. The BIRT Environment

BIRT is developed as an Eclipse Plug-In as KNIME is. This means that they both inherit a few properties and tools from the Eclipse platform. As a
consequence, the BIRT report editor and the KNIME workflow editor are very similar, which makes our learning process easier for the reporting tool. In
this section we provide a quick overview of the BIRT report editor. For more information on the BIRT software, the book listed in [2] gives a detailed
overview of BIRT potentials.

Let’s have a look at the different windows in the BIRT environment with an empty report.

The “KNIME Explorer” panel is still in the top left corner and it still contains the list of available KNIME workflows.

Under the “KNIME Explorer” panel, we find the “Data Set View” panel. This panel contains all data sets that are available for the report.
Under the “Data Set View” panel, we find the list of all available report items to create our report, like Table, Label, Chart, and so on.

In the center, as for the KNIME workflow editor, we find the report editor. Like in KNIME, where we built workflows by “dragging and dropping” the
nodes into the workflow editor, here we can compose the report by “dragging and dropping” the report items into the report editor.

Finally in the center bottom of the window there are a few tabs, of which three are interesting for our work: Layout, Master Page, and Preview.

Layout is the page editor, where the single report page is processed.
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Master Page, as in PowerPoint Master Page, defines a template for every page of the report. This is where the page header and footer are designed.

Finally, Preview allows the user to get a rough idea of what the report will look like. It is useful to see an intermediate view of the work without
having to generate the final document for every little change.

6.4. The Report Editor in the BIRT environment

e SToFEs
File Edit Inset Element Data Page View  Search Run Help

B-RE £~ if-F~i% i q-idlwe -¢ @~

24 KNIME Exglorer 23 =0 A :Projects | [3 Report: Projects | A 2: KNIME_project w =0
BEB| &S| 3 . 1 . 2 . 3 . 4 . s . & . 7 . D

Fiter -
2

i EXAMPLES (guest@publicserver knirl
2 LOCAL (Local Warkspace)
i@ BeginnersLuck
A KNIME_project

KNIME Workflows || Report Editor L

| & Oataset view 2 ® =aj-
& dats |

Data Set View

7 Palette =8|

‘ Layout/Master Page/Preview ‘

[; Pointer Select

1%, Rectangle Select
(> Report Items ol

551 Label - - . gl

AlTe ayout| Mastes Page | Script| XML Source | Preview

ab| Dynamic Teat 7 Propery ERTETREpI— oD

[ Data Properties |

G image General ~ General

£ Grig Descripti \ o

= Report ltems giticn | Acthor y

= Tobie Conmets | Crestedby: Eclipse BIRT Designer Version 37220120213 Build <37 2v20120214-1408>

User Properties = =

l Cht - } p.-uc C\Users\rosy\knime _2.7.0_2012-11-26_12-06-56\book_werkspace| KNIME_project\default_repor

[ Cross Tab Resources | T .
& Quick Tools @ || EventHandler | Themes: None =

[E] Aggregation Advanced | Report Orientation: | Left To Right =

5 Relative Time Period Display Name:

Thumbrail femplates/blank _report.gif ()

6.3. Master Page

We now have an empty report to fill with tables and charts. First of all let’s define its basic properties, such as paper size, borders, running headers,
footers and so on. Basically, we want to define its Master Page.
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6.5. The Header Editor inside the Master Page Editor

" KNIME

File [Edit Inset Elernent Data Page View Search Run  Help

MrEE A B e QA wx - @

2 KNIME Explorer 57 | = 0| A o:Projects | 5] Report Projects | A 2 KNIME_project | 5] Reports KNIME project £3, =0
EBE|eE T T, R I BT -

Filter
&

i, EXAMPLES (guest@publicserver knir
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i BeginnersLuck
A, KNIME project
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% Palete =o||: Master Page editor Chart

[i; Painter Select X

‘B, Rectangle Select )
(& Report Ierms ||
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[l Image "4
[ Grid
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&3 Page
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Cross Tab
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Property editor

Right below the report editor, there are three tabs: “Layout”, “Master Page”, and “Preview”. Let’s select tab “Master Page”.

Now the report editor in the center has become the Master Page editor and, below the three tabs, you can see the Master Page’s Properties Editor.
There are 5 property groups: “General”, “Margins”, “Header/Footer”, “Comments”, and “Advanced”.
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We would like to prepare a report to be exported into slides in PowerPoint format. We also want to have a running title with a logo on all the slides.

Usually PowerPoint slides have a landscape orientation. To change the paper orientation, we go to the “Orientation” field under the property
“General”. We change it to “Landscape”.

To create a running title, we should change the header in the Master Page. The property 6.6. The ,Edit Image Item“ window
“Header/Footer” offers only check boxes about showing or not showing the header and the etmagetem
footer. In order to actually change the header and the footer, we need to work in the Master Page Select Image from: () URI

editor itself. In the top part of the Master Page editor there is a dashed rectangle. This is the R

header editor. (2 Dynamic image

To insert a logo in the header of each slide go to the Master Page editor: Embed image into the report

reportlng_logo_ai&png
- Right-click the header editor T ——

- Select “Insert”

TDMRS

- Select “Image” G _sisens e
- Inthe “Edit Image Item” window upload your image, for example as an embedded file
The logo image will appear in the top left corner of the header editor.

Instead of an image you can insert a “Label” in the header editor to have a running title in your
slides. You can also combine both, a running title and a logo, in the header editor. However, you
can only combine more report items side by side by using the “Grid” report item.

Now click the “Preview” tab. You should get a rough idea of what your report with the new header
will look like. For the moment it is just the logo in the top left corner and the footer with the
KNIME advertisement.

6.4. Data Sets

Data sets contain the data available for the report. Each report is linked to one and only one workflow. In the integration of BIRT inside KNIME, data
sets are automatically imported from the data tables marked by a “Data to Report” node in the underlying workflow. In the integrated version there is
no other way to generate data sets in the reporting environment.

Let’s have a look at the data sets available for the report of workflow “Projects”.
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In the “Data Set View” panel you should see two data sets, named “money chart” and “money table”. These were the names of the two “Data to
Report” nodes in the “Projects” workflow. Indeed, when switching from the KNIME workflow editor to the BIRT report editor, the data of the “Data to
Report” nodes are automatically exported as data sets into the report environment. For this reason, it is important to give meaningful names to the
“Data to Report” nodes, so that when switching into the report editor we are not confused by data sets with obscure names.

6.7. ,,Preview Results” shows the content of the data set

A mEE
H “" ”
If you cannot remember which “Data to Report” node the data set has oats o preview Reslls ..
been generated from or to check that the data set got exported /- o F — ——
) _ ) Dk Lo = reference year o —
correctly, you might need to preview the data in the data set. In order to Perameters Fou Blae 2 1360 000
Fiters Row2 Blue 2000 1565.0 1650.0
do that: Property Binding Row3 Gobi 2007 1203.0 1220.0
PG Rowd Gobi 2008 1424.0 1308.0
Rows Gabi 2009 1740.0 1740.0
Raowe Kalahati 2007 630.0 876.0
Raw? Kalahati 2008 800.0 TRE.0
A Raws Kalahati 2009 1192.0 1178.0
- Double-click the data set hout ek o b et
Rowll Kara Kum 2009 1516.0 1544.0
Rowlz La Guajira 2007 1020.0 1200.0
OR hons 5 G oo I A
RowlS Mojave 2007 1300.0 2000.0
Rowlf Mojave 2008 1819.0 1820.0
- Right-click the data set and select “Edit” Rois Potoneric pr Hap T
then Total 33 record(s) shown,
- Inthe “Edit Data Set” window select “Preview Results”

6.5. Title

Let’s now start assembling the report. Click the “Layout” tab to move away from the Master Page editor and back to the Report editor. What we see
now is an empty page. First of all, we would like to have a title for our report, something like “Project Report: Money Flow” for example. We are going
to place tables, charts, and more explicative labels under the main title.

To build a title:

- Dragand drop the “Label” report item from the “Report Items” panel in the bottom left corner into the Report editor

- Double click the label and enter the title "Project Report: Money Flow”

- Select the whole label by clicking its external contour

- In the “Property” editor under the Report editor, go to the tab called “General” and select the properties for your title: font, font size, font
style, font color, background color, and so on.
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We chose font “Cambria”, color “green”, size “24 points”, style “bold”, and adjustment “centered”.

Note. The font size settings consist of 2 parameters: the number and the measure unit (%, cm, in, points, etc...). Be sure to set both of them
consistently! If you set the number to 24 and the unit to “%” you will not see your title label anymore and will wonder what happened to it.

6.8. Drag and drop a “Label” item into the Report Editor to create the report title
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N -ER S if-Eiwig-iAll i@

£ KNIME Explorer &3 | T D[4 2Projects | B Report Projects | A O KNIME_project | ) Report: KNIME project 12 =08
EBBE| & E| I I I Beoora e PN B cra ke e Frr e [
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i Chapter2
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i@ Chapterd
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[& money chart

abe

Property Editor

i ; Rectangle Select

(2 Report Items @l :
Layout| Master Page | Script| XML Source | Prfview|
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[ Data
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6.6. Grid

| am sure you have noticed that the title label has been automatically placed at the top of the page and that it spans the complete width of the page.
You cannot move it around to place it anywhere else nor shrink it to occupy only a part of the page width. This automatic adjustment (full page width
and first available spot in the page from the top) will affect all report items that are dragged from the “Report Items” panel and dropped directly into
the Report editor. For the title item this is not so bad, since the title usually spans the whole page width and is placed at the page top. It is however
undesirable for most other report items.

In our report we would like to have three tables: two tables at the top describing the amount of money assigned and used for each project each year,
and one table in the middle of the page under the two previous tables to show the remaining money. It would also be nice if all tables had the same
size; i.e. something less than the half of the page width. Under the tables we would like to place two bar charts side by side to show respectively how
the money has been assigned and used. In order to have the freedom to place report items anywhere in the report page and to give them an arbitrary
size, we need to place them inside a “Grid”.

A “Grid” is a report item, something like a table that creates cells in the report page with customizable location and size to contain other report items.
For our report, we need:

- one row with two cells: one for the assigned money table and one for the used money table
- one row with only one cell for the remaining money table
- one row with two cells again for the 2 bar charts

We therefore want to create a “Grid” with 3 rows and 2 columns and merge the two cells of the second row into one cell only.
To create the “Grid”:

- Drag and drop the “Grid” report item from the “Report Items List” panel into the Report editor under the title label
- Enter 2 for the number of columns and accept 3 for the number of rows

- Select both cells in the second row by clicking the external left border of the row

- Right-click the two-cells selection

- Select the “Merge cells” option
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6.9. Drag and drop the “Grid” report item into the Report editor, select 3 rows and 2 columns, and merge the two cells in the middle row
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[s Pointer Select :
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@ Data B ]
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Bicklicg) Element ID:
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Note. Sometimes | use over-detailed grids. That means | define grids with more columns and rows than necessary. This gives me more freedom in
adjusting distances between report items and other margins.

6.7. Tables

To create a table we can follow the standard procedure:

- Dragand drop the “Table” report item into the report editor
- Bind the “Table” to a data set
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- Bind each data cell to a data set field

OR we can:

- Dragand drop the data set into the report editor
- Remove any undesired columns

The second method is easier especially for big tables.

6.10. Drag and drop a data set from the “Data set View” panel to produce a table with as many columns as many data set’s fields

Fle Edt Incert Element Dsta Page View Sesrch Run Help

i-EH@ A Q- A (o o @

24 KNIME Explorer 52 = O] A o:frojects |[2 *Report: Projects £1 | - o
= . T I O e R O O [
cervecso . [

» iy EXAMPLES (guest@publicserverkni || o
4 2 LOCAL (Local Workspace) .
i@ BeginnersLuck . .
- @ Crapterz Project Report: Money Flow
@ cromt : I i I I i I |
- i Chapterd N
+ i ChapterS . B |row ID used 2009 used 2008 used 2007 assigned 2009  assigned 2008 assigned 2007 | net 2009 net 2008
i : ::':::s N 5] [Row 1D] [used 2009] [used 2008] [used 2007] [assigned [assigned [assignied [net 2009] [net 2008]
2 X 2009] 2008] 2007]
A KNIME project & /
‘ Data Set <-> table ‘
|+
 Palette. =8|
1; Ponter Slct y -
(. Rectangle Select Lot | Master Page  Preview -
(2 Report: Ttems < || B8 property Edeos - Tebis | -
Exuatel Propaties | Bndng | Groups | Map | Highlghts | Sarting | Fiters
General General
argh Narme: | Elemers I0: =3
Border
Page Break width; 100[% %] Hewte: [ >
T vertical sigrenent: | Auko ¥ xhgoundedor: [ Ao ¥
Bockmark: Srle: | one | Dlcansheink
L r n r - n
User Froperties Funi: | ¥erdana | Sz o | ports w|
Narmed Expressions I 1
S| Bt | " C S ¥ EOEE EEEm
Advanced

In the report layout a table is composed of three rows:
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- aheader row
- adatacell row
- afooter row

The header row and the footer row contain only labels or other static report items and appear in the final report only once at the beginning and end
of the table respectively. The data cell row contains the data set fields. In the real report, the data cell row multiplies into as many rows as there are in
the data set.

After dragging and dropping the Data Set into the report editor, we see a table with as many columns as there are fields in the data set. The column
headers are automatically set as labels with the data set field’s name. The footer row is empty. The data cell row contains the data set fields. Let’s now
adjust the look of the table.

Remove unwanted columns
e Select the whole table. If you hover over the left bottom corner of the table with the mouse, a small gray rectangle with the word “Table”
appears. To select the whole table, click that rectangle.
e Select the unwanted column. To select a whole column click the gray rectangle above the column’s header.
e Right-click the top of the unwanted column
e Select “Delete”

Change the column header

The header of each column is an editable label
e Double click the header label
e Change the text

Change column position
e Select the whole table
e Right-click the top of the column (the gray rectangle) that you want to move
e Select “Cut”
e Select the column to be positioned on the left; do this right-clicking the gray rectangle at the top of the column
e Select “Insert Copied Column”

Change font properties
e Asfor “Labels”, in the “Properties” window (“General” tab) you can change font, font size, alighment, style, etc...
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Format number
e Select a cell containing a number
e Inthe “Properties” editor, select the “Format Number” tab
e Choose the format for the number in your cell

Define width and height
e Selectarow oracolumn
e Inthe “Properties” window, go to the “General” tab and change the height and width

Set borders
e Select the item that needs borders (full table, row, or single cell).
e Inthe “Properties” editor, select the “Border” tab
e Choose the desired border

Note. The property “Border” is not available for columns.

Set table size
e Select the whole table
e Inthe “Properties” window, select the “General” tab
e Choose the desired width and height

Note. For the font, cell, and table size, the height and width can be expressed in different measure units. Verify that the unit you are using is a

meaningful one. BIRT performs some kind of automatic adjustment on the width and height of the cells. You must define a suitable height and width

for the full table first for the height and width of the single cells to become effective.

We dragged and dropped the “money table” data set into each one of the two cells in the first row and into the only cell in the second row of the

“Grid”. The table on the left of the first row will show the assigned money. We then deleted all “*used*” and “*remain*” columns. The table on the

right of the first row will show the used money. We then deleted all “*assigned*” and “*remain*” columns. The table in the second row will show the

remaining values. Here we deleted all “*used*” and “*assigned*” columns.
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In each table, the “RowID” column contains the project name. We therefore changed the header label to “Name”. The data and header cell for the
“Name” column were left aligned while the last 3 cells were all right aligned. The tables had a green border running around it and also a green border
between the header row and the data row.

The size of the first two tables was set to 80% (= 80% of the grid cell) and the size of the third table, which in a grid cell is double the size of the
previous two, was set to 40% (= 40% of the grid cell). The alignment property of the three grid cells was set to “Center”.

In the first table, we then set the font to “Cambria” and font size to “10 points” in both header and data cells. The header’s font style was also set to
“bold” and the color to “green”. Finally, the data cells containing numbers were formatted with “Format Number” set to “Fixed” with 2 decimal places
and 1000s separator. All these operations should be repeated for the second and the third table as well.

6.11. Create a new Style Sheet

T knIME
Toggle Breadcrumb -Fi\e Edit Insert Element Data Page View Search Run Help
] B - T )@ -
. 2 KNIME Explorer 52 = B || 4 0 Project: Repart: PRdjecte 23| 4 1: my first data_exploration o
In the tOp bar you can f|nd the "TOgg|e breadcrumb” bUtton- BB & & % » [ Grid » T Row b [ Cell » [ Table ¥ CORow b [] Cell ¥ B Data(asslgnedlﬂﬂ‘.‘)J
Filter - S — = = .
This button displays the hierarchy of a report item over the layout, for putll ——— g
: ] & guet@publicserverke] || .
example the hierarchy of the “assigned 2008”data cell as: 5|L-ocﬁi;(::;a:Lvuu:k,kspmj - Project Rep
& Chapter2 _‘
. . = Fha:xtia . Assigned money
Grid -> Row -> Cell -> Table -> Row -> Cell -> <data set field name> i Exercses :
A my first_data exploration| | Name 2009 2008 2007
“%‘a\:;:::una [Row ID) [assigned 2Uﬂg@ssigﬂed 2007]
Chapters ~
A ?\IIME;mJe(t .

6.8. Style Sheets

Sometimes it can be tedious to format all single elements of a report item, especially if many of these report items have to be formatted with the
same style. For example, in the previous section we were supposed to format all data cells and header cells of three tables in the same way. To avoid
having to repeat such tedious operations, we can use the style sheets.

Style sheets are widely used in web programming to share style specifications across the many elements of web pages. Similarly, the KNIME reporting
tool supports style sheets which can be used to apply style attributes to multiple report items.
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Create a new Style Sheet

Right-click anywhere on the report editor

- Select “Style”

- Select “New Style”

The “New Style” window opens.

A Edit Style
General
Background
Text Block.

Box

Border

Farmat Mumber
Format DateTime
Format String
Page Break

Map

Highlights
Comments

6.13. The ,Edit Style” window

Font

Decoration: [ JUnderline [Jowerine []Lline-through

Sampls Preview

AaBbYyZz

L EX

6.12. Create a new Style Sheet

A KNIME
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1 2 R L R
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i Exercises
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A mﬁ's P'::m © Name net 2008 net 2008
) ' [Row ID] [net 2003) [net 2008]
T ootaset iew 52 -0
@ [& money chart .
® [B] money tatle
7 Palette co
[+ Pointer Select
{} Rectangle Select M
> Regert ems: e
] Label Lsyout | Master Page Preview
e 15 Property Edbor - Repart
b Dynasric Text Propertis
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’ y General Refrach Library
] imege Export to Lbrary...
— DEmbRo Author:
- TG Createdy: Ecipse BIRT Designer Version 2.3.2.1232,_20090202 Buld <2.3.2,v200302 1-0730>
— e xepac Path: 2.1 2bck,_workspacelCh
- : 2.1, X :_repert.rptdesion
T Tatle: Named Exprassions ey
i Resources
7 Cross Tab Event Handsr. Themes: e ~|
S aukiok | s Layonk Preference: | Ao Lapout ~
(2] Apgregation Report Orientation: | Left To Right ~|
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In the “New Style” window, you need to define:

- The name of the style sheet in the “General” tab

- The font properties in the “Font” tab

- The number properties in the “Format Number” tab

- And so on with more properties in other tabs

used 2008
[used 2008]

net 2007
[net 2007)

usec,

[use
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Taking the tables in the previous section as an example, it is easy to see that there are two groups of cells for each table:

- Header cells with font “Cambria”, font size “10 points”, font style “bold”, and font color “green”
- Data cells with font “Cambria”, font size “10 points”, and number format with 2 decimal places and 1000s separator

We then built two style sheets, one for the data cells and one for the header cells with the properties listed above. We chose “large” font size for both
Style Sheets, named them “data cell” and “header cell” and applied them to each header cell and each data cell of the three tables.

Note. Not all font sizes are available in the Style Sheet editor as in the Property Editor. Only a few pre-defined font sizes can be used in a Style Sheet.

Apply a Style Sheet

- Right-click the report item (table cell, label, etc...)
- Select “Style”
- Select “Apply Style”

- Select the name of the Style Sheet you want to apply

6.14. Apply a Style Sheet to a report item for example a data cell
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bl Ovnanic Text

(@ image
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[ Takie
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i Cross Tab
5 Quik Tools
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Q- @
& 0: Projects 5| Report: Projects (- =0
Project Report: Money Flow
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[Row D] [assigned 2009] [assigned 2003] [assigned 2007] | [Row 1D] [used 2009) {used 2008)
ame s ) net 2008 net 2007
[Row 1D) ] (net 2008) [net 2007]
= ot
o
e
3 Delete
3
Creats Template Report Item,..
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Layout | Master Page Freview
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Hyperin.
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Localzation
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Let’s now run a “Preview” (“Preview” tab above the Property editor frame) to have a rough idea of what the report will look like. Probably the “large”
font size we have chosen for the data cells and header cells will be too big for the tables to nicely fit into one page. We can easily reduce the font size

This copy of the book “KNIME Beginner’s Luck” is licensed to: Dilcia Amaya

208




by setting it to “small” in one or both Style Sheets. This will automatically apply to all those table cells that have been formatted by these Style Sheets.
This is one of the big advantages of using Style Sheets.

Let’s put a label on top of each table to say what the table is representing: “assigned money”, “used money”, and “remaining money”. We can then
change the column headers from “<assigned/used/remain> <year>" to just “<year>”, for example “assigned 2009” to just “2009” and so on. Let’s also
add a few empty labels after each table to make the report layout more spacious. If we run a Preview now, the report will look similar to the one
shown in figure 6.15.

6.15. Report Preview after creating and formatting the three tables

Note: Current maximum number of data rows is limited to 500. {Click to change Preview Preferences)
o e e | ~
[ e
P H ) TH
cumn  seen s |
Project Report: Money Flow
Assigned Money Used Money
Name 2009 2008 2007 Name 2009 2008 2007
Elus 1565 1277 1360 Elue 1650 1124 1300
Gobi 1740 1424 1203 Gobi 1740 1308 1220
Kalahari 1192 800 630 Kalahari 1178 768 876
Kara Kum 1516 888 800 Kara Kum 1544 992 800
La Guajira 1496 1404 1020 La Guajira 1518 1648 1200
Mojave 1860 1819 1800 Mojave 1809 1820 2000
Patagonia 1359 20938 864 Patagonia 1364 2139 1332
Sahara 1495 1457 806 Sahara 1670 1460 905
Sechura 3940 2966 3200 Sechura 4000 3113 3600
Tanami 453 1} 453 Tanami 468 1} 591
White 1420 1087 860 White 1347 S48 860
Remaining Money
Name 2009 2008 2007
Blue -85 153 60
Gobi 0 118 -17
Kalahari 14 32 -246
Kara Kum -28 -104 o
La Guajira -22 -244 -180
Mojave 51 -1 -200
Patagonia -5 -41 -468
Sahara -175 -3 -99
Sechura -60 -147 -400
Tanami -15 o -138
White 73 139 0
,"."" Created with KNIME Report Designer. Provided by KNIME.com GmbH, Zurich, Switzerland 3
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6.9. Maps

Sometimes, we might want to map numeric values to descriptive values.
For example in a financial report, we can map one column with numeric
values as:

Values <0 to “negative”
Values =0 to “zero”
Values >0 to “positive”

The mapping functionality is found in the “Maps” tab in the “Properties”
editor of table report items (Fig. 6.16); that is cells, rows, columns, and even
the whole table.

Select the data cell, row, column, or table to which you want to apply your
mapping
Select the “Maps” tab in the “Properties” editor
Click the “Add” button to add a new mapping rule
The “New Map Rule” editor opens.
Build your condition in the “Map Rule Editor”, for example:
row[”remain 2009”] Greaterthan 0 -> “positive”

Click “OK”

Click the “Preview” tab to see the new mapped values.
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6.16. The Tab ,,Maps“ in the table Properties Editor defines text mapping for a table
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6.17. The ,New Map Rule” editor
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6.10. Highlights

The “Highlights” property works similarly to the “Maps” property, only that it
affects the cell and row layout rather than cell text content.

The “Highlights” property is located in the “Highlights” tab in the Property editor
of the “Table” report items: cells, rows, columns, and the whole table.

For example, we would like to mark all the cells with a “remain 2009” value smaller
than 0 in red.

- Select the data cell [remain 2009] (or another cell, a row, or a column
where the highlighting should occur)

- Click the “Highlights” tab in the Property editor
- Click the “Add” button

The “New Highlight” editor opens.

In the “Condition” section:

- Enter the rule for the highlight, for example:
Row[net 2009] smaller than 0

To build the rule you can also use the “Expression Editor” which is
explained later in this chapter.

- In the “Format” section, enter the formatting you want to be applied,
when the condition is true.

Do this by clicking the button next to “Background Color” and then select
red in the color dialog.

- Click “OK”

6.18. The ,Highlights” tab in The Properties Editor defines conditional

oamE

Fle Edt Incet Element Dsta Page View
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" O|[4 0:Projects | B Report Proj
3

properties for a table item

Sewch fun Help
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Project Report: Money Flow
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[ | 2o07] e ]
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{remain 2007

e s s

7 Propety Editor - Dat

ropts sl e s
Map List:

Display Value:

6.19. The ,Highlights” Rule Editor”

A New Highlight 3]
Highlight

Apply conditional formatting to data item, Specify the conditional expression and the format.

The format wil be applied F the expression evaluates to trus,

Condtion

[ rowf*remain 2005°] v [A&] [tessthan ~l|[o v|[A&

Format

Preview:

After closing the Highlight dialog, click the “Preview” tab to see the new red highlighted cells.
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The zebra style

The zebra style is very popular for tables in reports. This is where the
table’s rows have alternating colors. To produce a zebra style table, you
need to add the following condition in the “New Highlight” editor:

e Select the whole data row in the table, by selecting the gray
rectangle on the left of the table row

e Select the “Highlights” tab in the Property editor

e Select the “Expression Builder” icon. This is the icon with “fx”
close to the “Condition” input box

e In the “Expression Builder” dialog, select “Available Column
Bindings” and then “Table”

e Double-click “RowNum” in the right column of the “Expression
Builder” table

e row.__rownum appears in the “Expression Builder Editor”

e Write “row.__rownum % 2” in the “Expression Builder ” dialog
and click “OK”

e Select “Equal to” and enter “0” in the “New Highlights” editor

e In the “Format” section, select the background color “gray” or
“silver” in the consequent field of the rule

e Click “OK”

Click “Preview” to see the zebra style table.
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6.20. The icon to open the ,,Expression Builder Editor

A New Highlight X
Highlight
Apply conditional Formatting to row, Specify the condiional expression and the format,
The Format will be applizd I the expression evaluates to trus.
Conditian
FoW. __rownumtez ” Equal ta o -
Format
Apply Styles |None v
Faont: | Auto v Size: | Auto v
Calor: :] Auto v
Biackground Color: E] Filver v
Preview:
AaBbCeYyZz
6.21. The zebra style table
Net money
Name 2009 2008 2007
Blue -85.00 153.00 60.00
Gobi 0.00 116.00 -17.00
Kalahari 14.00 32.00 -246.00
Kara Kum -28.00 -104.00 0.00
La Guajira -22.00 -244.00 -180.00
Mojave 31.00 -1.00 -200.00
Patagonia -3.00 -41.00 -468.00
Sahara -175.00 -3.00 -00.00
Sechura -60.00 -147.00 -400.00
Tanami -13.00 0.00 -138.00
White 73.00 139.00 0.00
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6.11. Page Break

We want to export the final report to Powerpoint. This first part of our
report fits nicely into a Powerpoint slide. A page break at this point
would be very useful to prevent undesired page format effects in the
final document.

To insert a page break after a report item:
- Select the report item
- Inthe Property editor, select the “Page Break” tab

- Set your page break by changing the page break option from
“Auto” to “Always”

In the example workflow, the page break was set after the “remaining
money” table.

6.12. Charts

6.22. ,Page Break” tab in the Property editor

£

s

Layout | Master Page | Freview

Properties | Binding | Groups | Map | Highlights | Sorting | Filters

General

Margin

Border

Page Break
visibillty

Table of Contents
Bookmark.
Comments

User Properties
Mamed Expressions

Event Handler

=

Page Break

Before: Auto

Inside: Auto

Master Page: | Nene

| [#]Repest Header

The final part of this report consists of two charts to be placed side by side in the last row of the grid. One chart shows assigned money over the years
and the other chart shows used money over the years. The two charts should have an identical look.

To create a chart, drag and drop the “Chart” report item from the “Report Item List” into the report editor. After the
chart has been dropped, the “Chart Wizard" opens to guide you in setting the right properties for the chart.

The “Chart Wizard” covers three main steps for all types of charts:

- Select the Chart Type
- Select the Data
- Format the Chart

The “Chart Wizard” can be reopened at any moment by double-clicking the chart.
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6.23. ,Chart” report item in the

“Report Items” panel
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6.24. First Step of the ,,Chart Wizard”: Select Chart Type

New Chart E'
Select Chart Type New Chart _
Select chart bype and choose an output Format, :'_l"
[l select Chart Type | B Select Data | [l Format Chart
The first step of the “Chart Wizard” consists of selecting the chart .
Chart Preview
type.
Bar Chart Title

There are many chart types available and each chart type has a 14 |
number of chart subtypes. 12 |

10 |
In addition, each chart can be rendered in 2D, in 2D with depth or in B | [ series
full 3D. " .

| | .| [ ]

Flip Axis will change the orientation of the chart. The X-axis will then N B C o £
be vertical and Y-axis horizontal.

Select Chart Type Select Subtype

[.l Bar

- Select your chart type B2 Lne
- Click “Next” to proceed to the next chart wizard’s step. @ Q_fea ] I |

@ Meter . I
We chose a “Tube” chart type in a simple 2D dimension. 2 scattr

"e Eubble Dimension: 20 * | Output Format:

l"r" Difference Multiple ¥ Axis:

C m — Orientation: [CIFlip &xis
Cone
m Pyramid
':':’:' < Back. Mext = ] [ Finish ] [ Cancel ] [ Apply
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Select Data 6.25. Second Step of the ,,Chart Wizard”: Select Data
Edit Chart X

Edit Chart

To connect the chart to a Data Set is the second step. e R =

ligd Select Chart Type | [ Select Data | lff Format Chart

- Bind the chart with a Data Set with option “Use Data from”.

Chart Preview
. 2007 =1 2008 ) 2009
- In the data preview table select the column data to be on the o et
. . . . 1800
X-axis or on the Y-axis or to work as group data. Right-click on 1700 ;
the column header and select one of those options: Vokim (1) Saremr® | } =
1 Series 1 vi® 51500 | Optional Y Series Grouping:
o Use as Category (X) axis T el %) € 1400 —— ‘ 5 | rowlveference yea
o Plot as Value (Y) series | | == | =
o Use to group Y-series 2 g
Project name
- If you need additional Y-series, select “<New Series ...>” in the L Category () series:* [Fownane) ‘
menu called “Value (Y) Series”. Select Data
o s
- . (5 Use Data i har v
- Category data are sorted on the X-axis in descending order by e T

Data Preview

default. If you do not want any sorting, click the sorting icon ik menu or drag the column nto series felds.

(the one with the down arrow on the side of the “Category

. N . " o ‘money assigned (1000)) | [Sum{money used (1~~~ 1T 1 ence year
(X) Series:” text box) and disable “Grouping”. ) 1,300 Ot &2 ok O e | [ e—
7 1,124 Plot as Value (Y) series (C  rFiers.. )
3 1,650 Use to group Y series S e—
i _evameels...
- Sometimes not all data rows from the data set need to be il 1,220 Gabi 207 _ :“n;w
shown in a chart. To filter out rows from the data set, click
the “Filters” button on the bottom right and add rules to o
. ?) [ <Back J[ mwext> [ Fnsh [ concel |
include or exclude rows from the data set (see below).
- Click “Next” to move to the next wizard’s step.
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To filter rows in the data set: 6.26. The ,Filters” window

- Click the “Filters” button

i

- In the “Filters” window, click the
“Add” button

Expression Operatar

The “New Filter Condition” window

appears.

walue 1 value Z

add...

Insert your filtering rule in the “New Filter

OK

l [ Cancel

Condition” window.

Here on the right is an example of a filtering rule that excludes all rows where column
“name” = “total”. Notice that “total” is inside quotation marks. Do not forget the
quotation marks in a string comparison, since BIRT needs quotation marks to recognize
strings.

The first chart is supposed to show the assigned money over the years. We selected:

- Data set “money chart”

- Column “name” as Category Series (X-axis) unsorted
- Column “Sum(assigned money(1000))” as Y-Series

- Column “reference year” to group the Y-series

We have only represented one Y-series in this chart and no filter was applied to the
data set rows.
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6.27. The ,Filter Condition Editor”
A New Filter Condition

New Filter Condition
Please fill Fallowing contents ta create a filker condition,
Enter a filker condition:
row["name"] Vl I"-Jn:-t Equal to v | | “tatal" v
Ok ] [ Cancel
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Format Chart

The last Wizard step guides you through the chart
configuration.

layout

On the left, a tree shows the formatting options for the chart.

In “Series” you can change the name of the Y-series. The default
names are just “Series 1”, “Series 2 “, etc....

In “Value (Y) Series” you can add and format labels on top of each
point of the chart.

Under “Chart Area” you can define the background color and style.

Under “Axis”, you can define labels, scale, gridlines and everything
else related to the chart axis (X-axis or Y-axis).

“Title” has options for the title text, layout, and font.
“Plot” is similar to “Chart Area”, but refers only to the plotting space.

“Legend” helps you with the position, layout, font properties and
everything else related to the chart legend.

Edit Chart
Edit Chart

backgr borders,

6.28. Third Step of the ,,Chart Wizard”: Format Chart

Fine tune your chart by defining the series properties, interactivity, layout, as well as general formatting of text, shadows,

elect Chart Typel, [ Select Data [W Farmat Chartl

| Seties
- Yalue (¥) Series
2- Chart Area
|- fixis

Chart Preview

Tube Chart Title

1800
1700
1600
1500
1400
1300
1200

] 2007
] 2008
2009

Blue Gohi

Series

Series
Yalue (1) Series

Title Type

Tube Series il

Seties Palette

Visible Stacked Translucent

O

I

et = Finish Cancel

J

Apply
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Series

In “Series” you can change the name (labeled as “Title”) of each Y-series. The default
names are just “Series 1”, “Series 2 “, etc.... which are not very meaningful. The Y-
series can be hidden by disabling the checkbox “Visible” on the right of the “Title”
textbox.

The “Series Palette” button leads to a choice of colors for the Y-series. You can select
a different color for each one of the Y-series values.

We changed the name of the Y-series from “Series 1” to “money assigned”. This
name will appear in the legend. We kept the default series palette.

Value (Y) Series
In “Value (Y) Series” you can add labels on top of each point of the plot, by enabling
the option “Show Series Labels”.

The “Labels” button opens the “Series Labels” window to format the series labels.

Series Label window

The “Series Labels” window helps us format the labels on top of each point in the
plot, providing we choose to make them visible.

Here you can define the label position, font, background, shadow, outline, and even
inset points.

You can also define which values you want shown on top of each point: current Y-
value, percent Y-value, X-value, or series name. The label can also be built around the
shown value with a prefix, a suffix, and a separator.

The small button with an “A” inside leads to the “Font Editor”.

The “Format” button leads to the “Format Editor” (you need to select an item in the
“Values” list to enable this button).

There is no “OK” or “Cancel” button in this “Series Labels” dialog. The new settings
are applied immediately. For the “Projects” report we decided to make the series
labels visible.
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6.29. Chart Format: Series

il Edit Chart 53]
Edit Chart -
Fine tune your chart by defining the series properties, interactivity, layodt, as well as general formatting of text, shadows, background and =
borders. L1l
lii® Select Chart Type | & Select Data i Format Chart
I Series -
Chart Py
Yalue (V) Series art Previewr @
= Chart Area _
= dois Tube Chart Title
etos
W-Aixis 1800
T |
Plot 1700
Legend 1600 ‘ 1,565 —
| = [ 2007
1500 ‘ [ 2008
1400 1360 [ 2009
1300 ‘ RE
|
1200 =
Blue Gobi
Series
Color By: |value Series v
Series Title Type visible Stacked Translucent
Walle (¥) Series [money assigred )| O ]
omraae D
®@ Fiish | [ cancel | [ foely

6.30. Chart Format: Value (Y) Series
Il Edit Chart

Edit Chart
Fine tune your chart by defining the series properties, interactivity, layout, as wellas generl formatting of text, shadaws, background and
borders
li¥ Select Chart Type | [ Sedect Data | [l Format Chart
= Series
Yalus () Series
(= Chart Area

GChart Preview

= duds Tube Chart Title
Hodxis
V-Aixis 1800
Title
Plot 1700
Legend 1600 1585

Blue Gobi

value (V) Series

Series Detals
Series Outline: | Auta

Show Series Labels )[] Show Curve Fitting Line

=1
—
@ Frsh | [ cancel | [ _seplr
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6.31. The ,Series Labels” window. The ,,A” button opens the “Font Editor”. The “Format” button opens the “Format Editor”

A Edit Font X
Fort: | [T v
Size: 7 w Color: | Auto v
. le: I 5
FontEditor /Swe EE)E
1 Rotation: | o . Preview: [auy,
‘-
—_—
" .
& Series Labels PO
Format ) o 5 degress
Pasition: _Outside
Rt [ auo ()|

Background: | Transparent v/

Shadow: Transparent ¥ | A Edit Format E]

Outline Category Data V: Preview:
[visible [ ] 0.12
Suffie: | Data Type:  Number v
| | Separator: ., O Nane
[ Insets (Paints) (@ standard
: Top: o Prefix: Suffix:
Bottom: |0 Multipber: Fraction Digits: | 2 =
O Advanced
P ) . . i
©@ @ Series Label window
() Fraction
Format Ed |tor\\

Font Editor

The “Font Editor” is a standard window that you will find in the “Format Chart” step anywhere, where it is possible to change a font format. It
contains the usual font format options: font name, size, style, color. A new option is “Rotation”.

“Rotation” rotates the label by the required number of degrees. “0 degrees” (= the red dot in the tachymeter) corresponds to horizontally written
labels. “-90 degrees” writes labels vertically from top to bottom. “+90 degrees” writes labels still vertically but from bottom to top. “-45 degrees”
writes labels on a 45 degrees pending line from top to bottom. And so on ... The option “Rotation” is very useful for crowded charts or for very long
labels.
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For the charts in the report “Projects” the only setting we made was to specify the series labels font size as 7.

Format Editor

The “Format Editor” is used to format numeric values, dates, and even
strings. The most common usage is however to format numbers.

There are 4 possible number formats: none, standard, advanced,
fraction. A multiplier is used to represent numbers with smaller strings,
for example money in million units rather than in real currency. The
fraction digits are the digits after the comma. Prefix and suffix are also
available to format strings and are used to build a label around the basic
value.

In our chart we formatted the series labels on “Value data” (that is the
data of the series) using 2 decimal digits.

Chart Area

In the “Chart Area” you can define the background color and style of the
chart.

If you click the “Background” menu, you are shown a number of options
you can use to set the background:

A simple color

- “Transparent” which means no background color
- Agradient between two colors

- Acustom color

- Animage

6.32. Chart Format: Chart Area

[l

Edit Chart
Fine tune yaur chart by defining the series properties, inkeractivity, layaut, as well as general Formatting of kext, shadows, background and
borders.

ls% Select Chart Type | B Select Data [[d§ Format Chart

=) Series

) Chart Preview
Yalue (¥) Series

= Chart Area
=l Adis
mefxis
-dxis
Title:
Flat
Legend

Tube Chart Title

1,565.00

1.360.00

[ 2007
[ 2008
[ 2009

Elue Gaohi

Chart Area

Background: R

v Preview

Style:
Enable Chi

-

Opacity: 255
<

v

Transparent

Gradient

Outline opertiss | | Inkeractivity

Custom Color

Cancel

Crna ]|

Apply

J |

J

We selected the “Gradient” option. The “Gradient Editor” needs the start and end color and the gradient direction expressed in degrees. Finally, we
made the chart outline visible by clicking the “Outline” button and enabling the option “Visible” in the “Outline Editor”.
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6.33. The ,,Gradient Editor” 6.34. The ,,Outline Editor”

Start Color: Rotation Insets (Points)
-a0 — Top: |3 |LeFt: |3 |
z
Y = . . Boktorn: |3 |Right: |3 |
Preview - .
. Style: | \:|
. inich; | v
Color: | I ~
@ @
*
*
Ok ] [ Cancel
6.35. Chart Format: Axis
Edit Chart o
E'”Z kune your chart by defiring the series properties, interactivity, layout, as well as general Formatting of text, shadows, hackground and '_L
B % Seleck Chark Type | R Select Data |l Format Chart
AXIS = Se"‘:‘ua P Chart Preview FE
. . . . hart Area
Under “Axis”, you can define the type and color of both X-axis and Y-axis. There are a few | =& Tube Chart Title
axis types available depending on the value types displayed on the axis (Text, Number, or e s }
. . . . . Legend 156500 _
Datetime). Linear and logarithmic axes apply only to numerical values. ol . =l
1400 } 1.380.00 [~ 2008
Let’s leave the default linear scale for the value(Y) axis. e
Blue Gobi
All other axis settings, like fonts, gridlines, and scale can be defined for each axis s
separately. The two windows for X-axis settings and Y-axis settings are almost identical, s visble Type color
. . . . Catocors ) [ ] uto ¥
besides two category options in the X-axis frame. e () [ew B | g
DateTime:
@ < Back Frish ][ Coneel | [ apph
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X-Axis / Y-Axis 6.36. Chart Format: X-axis

Edit Chart

Fine tune your chart by defining the series properties, interactivity, layout, as well as of text, shadows, and
borders, CLL

Here the user can set an appropriate title and make it visible.

The most important part is to define the axis labels: format, font, and layout. The wa s ot _
- rt Preview oo
upn “« . ” L r"“:v’s”i”
usual “A” button leads the user to the “Font Editor”. o e
[ X-Ais:
. . . Vs 1800 e
The button with the Format icon leads to the “Format Editor”. e - I
« ” “« . ” . ot :Egz e 2007
The “Label” button leads to the “Label Layout Editor”, where we can define the label b gzuun
2009
position, background, outline, etc.... 1300
1200
Gobi
The “Scale” button defines the step size for numerical values on the axis. It is disabled o
for text values. DlRersse o

Title: [ visble .
The “Title” button defines font and layout of the axis title if the checkbox was enabled Trs: [tk ”

Origin: | Min v

to make the title visible.
X X Labels: | Auto (o) wsm [ stagger
The “Markers” button introduces lines to mark areas of the plot. Label Layout

scale Gridines | [ markers | [ Interactivity |

@ < Back [ mmsh [ cancd | [ apey |

6.37. The , Axis Interactivity”
window
W Axis Interactivity
Event: |M0use Click. v|
Action: <Mone= w
The “Interactivity” button opens the “Axis Interactivity” window where you can set an action to follow an event. This Action D

is used for dashboards or html reports. For example a mouse-click can start a Java script. Many events, such as the
mouse-click, and many actions, such as a hyperlink or a script, are available.

® @
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The “Gridlines” button opens the “Axis Gridlines” window to enable gridlines for this axis; that
is horizontal gridlines for the Y-axis and vertical gridlines for the X-axis.

There are major and minor grids on the plot as well as ticks on the axis.

For the

Edit Chart
Edit Chart

“Projects” report we enabled the following:

Gridlines on the Y-axis, major grid and major grid ticks only. We overlooked the minor
grid not to make the chart too crowded.

Labels with font size 7 and rotated to -90 degrees on the X-axis

Title visible on both axis with “Project name” as text for the X-axis and “money” for the
Y-axis, font size is set to 8 and rotated to -90 degrees on the Y-axis

No interactivity
No markers

No scale

6.39. Chart Format: Title

6.38. The ,,Axis Gridlines” window

Axis Gridlines

[ Hide Axis Line

Cross between Categories

Axis Line Color: | Transparent

]

Orienkation:  Horizontal

Major Grid

[ visible
[———— |
[—— ~I
| |

Ticks
Visible

Shyle; | Across w |

<]

Minor rid

[Jwisible
[—————— |
——
| |

Ticks
[ visible

borders.

E Series

= Chart Ares
£ dis
*-diis
V-aiis
Title
Fiot
Legend

Value () Series
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X
Fing tune your chart by defining the series properties, interactivity, layout, as well as general formatting of text, shadows, background and ;
lii¥ select Chart Type | B Select Data ||l Format Chart .
Chart Preview @ Tltl e
5 “Title” sets a title in the chart. If you enable the title to be visible, the “Title” frame has
.- e o options for the title layout, font, and interactivity. | usually do not set the title to be visible,
c —
E‘ 0 o because it takes space from the chart. | use a label on top of the chart in the report layout to
B act as the chart title.
Blue Gobi
Project name
e In the “Projects” report we have disabled the title.
Chert Tile: m
Fort: auto 1) [A]
Frsh | [ Concel | [ Apoly
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Plot

“Plot” is similar to “Chart Area”, but refers only to the plotting space.

Legend

“Legend” helps you with the position, the layout, the font properties and everything else related to the chart legend.

If you decide to include a legend in the chart, first of all you need to make the legend visible in the legend frame (“Visible” checkbox at the very

beginning of the “Legend” frame).

After that, you need to define the legend layout (“Layout” button) and font properties (“Entries” button).

6.40. Chart Format: Legend. Button , Layout” leads to the “Legend Layout” window. Button “Entries”
leads to the “legend Entries” window.

In the “Projects” report we set the following properties for the
legend:

- Fontsize: 7
Edit Chart
- Orientation: horizontal e
- Direction: left to right e
=

- Position: above

When you are finished formatting the chart, click “Finish”. The
chart wizard takes you back to the report.

Resize the chart to fit the grid cell. Insert a label above the
chart to make the chart title, for example where the text is
“money assigned per year to each project”.

e 1 e ehavt by alar e Sovies Eeopentans, wierBetivty, oyéad, 36 wel a5 geesteal fertmattr of Lest, shaboes, Badhground st

ik sedect Chast Type | 1}, Sebcrouta g Fomat chary

Chart Proview

g s
e s
o ‘ [ 1aem]
EZ \mom | —

'.i"vg‘
= Blue B Goba. B
Project name
Legend

e

[Evstie
Thie:

Legend Entries

Veha  [Ishowaie

& Legend Entries

e

@ @

Text Area

Insats (Points)

T [z Left: [

Botton: | 2 Righk: | 2

Sepasator
[ visble

Style:
Width:
coior: | [

~

This copy of the book “KNIME Beginner’s Luck” is licensed to: Dilcia Amaya

Legend Layout

% Legend Layout
Legand Area
criertation: ([T | Cutine
Cvisible
Poskion: Right -
Anchor: Tep -
Stretch: Horizonkal %
L |
Background: | Transparent ¥
Grmm Top Bottom | | Insets (Points)
Top:  [3 Left: [3
] ‘Wrapping width: | O
Battam: | 3 Right: [ 3

Max Percent: | 33

Tie Percent | 60

o

a0

5} FontEditor
el @
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How to change the chart properties

Change a format property

Run the “Preview”. If you do not like what the chart looks like, just go back to the “Layout” tab, double-click the chart and change the settings that
you did not like. In the “Projects” report, for example, the “Series Labels” look a bit too crowded. To disable the “Series Labels”:

- Double-click the chart

- At the top, select the “Format Chart” tab

- Select “Value (Y) Series”

- Disable the “Show Series Labels” checkbox
- Click the “Finish” button

Change data assignment
We need to create an identical chart on the right cell of the grid, but with reference to the money used instead of the money assigned.

- Copy and paste the chart and its title label from the cell on the left to the cell on the right
- Double-click the chart on the right

- Select the “Select Data” tab

- In “Data Preview”, right-click the header of column “Sum(money used (1000))”

- Select “Plot as Value Y Series”

- Click the “Finish” button

6.13. Generate the final document
In order to generate the final document, go to the Top Menu:

- Select “Run”
- Select “View Report”
- Select the format for your report, for example “PPT” for Powerpoint
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BIRT generates your document in the desired format.

6.14. Exercises

6.41. Generate the final document

| KNIME

File Edit Insert Element Data Page View

il & - - G~ | @ ViewReport b @ 1InWeb Viewer
4 KNIME Explorer & = O|| 4 0: Projects @ Generate Document Wl 2AsDOC
B B ‘ o <==(=>‘ ) o @, External Tools » A 3AsHTML -
& 4asoDP [_
Fitter A\ = F 5As0DS
-l H & 6AsODT
=, EXAMPLES (guest@publicserver.knir| || ~ ‘{J T AsPDF .0
a LOCAL (Local Workspace) - & As POSTSCRIPT
i@ BeginnersLuck . B 9AsPPT
i@ Chapter2 - =
& Chapter2 As KLS
l&@ Chapterd Name | 2009 2008

Search Help

The exercises for this chapter follow on from the exercises in Chapter 5. In particular, they require shaping a report layout for the data sets built in

Chapter 5 exercises.

Exercise 1

Using the workflow built in Chapter 5\Exercise 1, build a report with:
- Atitle “income by work class”
- Atable on the left side like:

Work class
[work class]

Income <= 50K
[nr <= 50K]

Income > 50K
[nr > 50K]

- A bar chart with:

Work class on the X-axis

o O O O O

Font size 7 on the axis

“Income <= 50K” and “Income > 50K” on the Y-axis
Background gradient style

Font size 8 in the legend

Legend placed above the plot and running horizontally
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o No title
o No axis titles

Export as Word document

Solution to Exercise 1

6.42 Exercise 1: the final report

Income by work class

workclass Income <=50K Income >=50K il SOk | EI 50K
ncome <= ncome >

12000
16000
14000
12000
10000
2000
&000
4000
2000

Aob-eaapay
Anb-|e0

PaRA0 Mol AEh
mealig
ou-dwa-yes
oul-3ou-dwa-y=g
aob-mels
Aed-anoyarm

Exercise 1a

In the chart in Exercise 1, the “Private” work class causes the scale too large to see the other work class incomes.

Thus, extend Exercise 1 to:

- Define style sheets for table cells and table headers
- Apply the style sheets to the table. The resulting table must look the same as the original one

- Remove the “Private” work class from the chart
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Solution to Exercise 1a

6.43. Exercise 1a: the final report without work class “Private”

Income by work class

work class Income <=50K Income >

? 1645 191

Federal-gov t£gg 371

Local-gov 1476 517 o

MNever-worked 7 0 1600

Private 17733 4963 1400

Self-emp-inc 494 622 1200

Self-emp-not- 1817 724 L

inc 200
500

State-gov 945 353 i

Without-pay 14 0 200

i[ncome <= 50K |.Income = SOk

rabeEiapad
nob-ea0]
S dwayEs

[ESTLECN]

BN TENTEY=S

nob-mes

A d-3n oy

n
":; Created with KNIME Report Designer. Provided by KNIME.com GmbH, Zurich, Switzerland

Exercise 2

From the workflow developed in Chapter5/Exercise2 build a report with:

A running header with a logo and a running title “Income by work class”
o The logo is an arbitrary image
o Title has font “Teen”, font size “18 points”, font color “Blue”, and font style “Bold”
Landscape format to be exported into PPT slides
Table centered in the first slide, same layout as in exercise 1, but font “Teen”
2 charts in the second slide side by side
o Chart on the left shows “total nr of people” on the Y-axis and “work class” on the X-axis
= Use line chart
= Remove “tota
= Set all fonts as “Teen”

I"

values from the chart
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= No legend

= Change the title to “Nr of people by work class”
= Show labels on each chart point

= Show axis titles

o Chart on the right shows the nr of people by work class with income <= 50K and with income > 50K
= Use Area chart
= Remove “total” row
= Set all fonts as “Teen”
= Set legend inside the chart on the right with outline
= Change title to “nr of people by work class and income”
= Show labels on each chart point,
e use the same color as used for the corresponding area
e place labels on the left and right of the point to make them more readable
= Show axis titles
- Export as ppt slides

Solution to Exercise 2

6.44 Exercise 2: the final report, slide 1 6.45. Exercise 2: the final report, slide 2

=== Income by werk class Income bywork class
ZDMR=

&l
Bl
O

o of peagie by work ciass. N of progie by wor ciass ard ncome

T
B

"
oy

Exercise 3

With the workflow designed in Chapter5/Exercise 3, build the following report.
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- Running title + logo
o Use an arbitrary image for the logo
o Running title “Soccer World Cup 2006”

List of charts one on top of the other:

- Bar/Tube Chart with total number of scored goals and total number of taken goals (Y-axis) vs. team (X-axis)

- Bar/Tube Chart with average number of scored goals and average numbers of taken goals (Y-axis) vs. team (X-axis)
- Average number of scored goals vs. average number of taken goals with team name as label on each chart point

- Format legends, axis, axis titles, etc ... so that the charts are readable

- Display the table with:

Team name

Number of played games

Number of scored goals

Number of taken goals

Average number of scored goals

O O O O O

Average number of taken goals

o Fit measure
- Use different font colors for teams with fit measure > 0 (green), fit measure = 0 (orange), fit measure < 0 (red).
- Format the report to have only one chart/table per page

Solution to Exercise 3
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6.46. Exercise 3: final report, slide 1

6.47. Exercise 3: final report, slide 2

6.48. Exercise 3: final report, slide 3

I
@ Soccer World Cup 2006

Total number of scared goals and total number of taken goals

Soccer World Cup 2006

Average number of scored goals and average number of taken goals

Soccer World Cup 2006

Average number of scored goals vs. average number of taken goals
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6.49. Exercise 3: final report, slide 4

6.50. Exercise 3: final report, slide 5

@ Soccer World Cup 2006

s " a '
' B . s 1w =
s B 7 'm 1o va
' ' i 1w = =
3 3 s o 2m 2m
5 H . o n 1
. 3 . o m s
2 1 agr 2m n
2 : a5 =
H 1 ) n 7
2 asr 0 "
H 15 n i

Soccer World Cup 2006

Note. In the Table’s “Page Break” property you can also find the number of rows for each page. You need to adjust this number to fit your table nicely

in each page of the report.
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KNIME Beginner’s Luck

This book is born from a series of lectures on KNIME and KNIME Reporting. It gives
a quite detailed overview of the main tools and philosophy of KNIME data analysis
platform. The goal is to empower new KNIME users with the necessary knowledge
to start analyzing, manipulating, and reporting even complex data. No previous
knowledge of KNIME is required. The book has been updated for KNIME 2.10.

The book shows:

- how to move inside (and install) the KNIME platform (Chapter 1);
- how to build a workflow (Chapter 2);

- how to manipulate data (Chapters 2,3,4,and 5);

- how to perform a visual data exploration (Chapter 3);

- how to build models from data (Chapter 4);

- how to design and run reports (Chapters 5and 6).
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